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PREFACE

The last decade has seen a remarkable improvement in clinical outcomes for most patients with cancer. The develop-
ment of targeted therapies, the direct result of the sweeping discoveries of the past two decades related to the causation 
of cancer, has revolutionized treatment of cancer. The sweeping events of the past two decades have resulted in the 
mapping and sequencing of the human genome, the identification of molecular causation for many types of cancer, and 
the use of this information to develop targeted therapy has initiated a change, not only in the outcomes associated with 
cancer, but also the modes and approaches of therapy.  

These changes have induced several profound changes in the medical needs of cancer patients. The first is that a larger 
percentage of cancer patients are living for longer periods of time. Unlike previous generations of patients treated for 
cancer in which survival was often poor, these “survivors” live longer and are in many cases undergoing chronic therapy 
for cancer. The important point is that they are surviving.  Along with survivorship go many of the co-morbidities associ-
ated with cancer or short- and long-term side-effects of therapy. For example, survival in patients with myeloma was very 
poor as short a time ago as five years. Advances over the past two to three years using combinations of proteasome 
inhibitors and thalidomide derivatives have created a significant population of myeloma patients who are well controlled 
while they are on chronic therapy. Along with the beneficial effects of these medications, however, are a constellation of 
side effects that include fatigue, thromboembolism, peripheral neuropathy, and bone and cardiac abnormalities.  

The goal of this textbook is to focus on existing and newly emerging internal medicine problems associated with cancer 
or its treatments. These problems include not only those associated with older chemotherapeutic agents, but also newer 
classes of drugs such as monoclonal antibodies and signaling pathway-specific small molecules. This textbook will also 
address emerging management issues for comorbid conditions in cancer patients.  

This text is a focused attempt to systematically categorize and describe the complex and rapidly evolving field of inter-
nal medicine in cancer survivors. Although the pace of new therapies for cancer treatment is moving so rapidly that any 
textbook is likely to be out of date at the time of publication, we believe that the contents will provide you with a different 
perspective and a framework to organize rapidly accumulating new information.

“To cure the curable and make life livable for the incurable!”  ‘Tis our motto.

vi
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1

Introduction to the Care of the  
Cancer Patient

Robert F. Gagel, MD

The beginnings of medical oncology in the middle 
of the twentith century pitted the enterprising 
and aggressive young internist, the newly minted 
“oncologist,” against cancer, a terrifying disease. 
Other than those tumors that could be treated 
effectively with surgery or radiotherapy, there 
were few tools in the oncologist’s armamentarium 
to treat malignancy. The advent and rise of  
cytotoxic chemotherapy during the first 25 years 
following the Second World War resulted in a 
number of therapeutic successes. These included 
the development of successful treatment proto-
cols for testicular cancer, Hodgkin’s lymphoma, 
and several other tumors. The next 20 to 25 years 
were characterized by the introduction of several 
new agents but, more importantly, by the  
combining of several chemotherapeutic agents 
and other forms of therapy. Notable among the 
successes were the impact of adjuvant chemo-
therapy in the management of breast cancer, the 
use of multiple chemotherapeutic agents in acute 
lymphoblastic leukemia, and the combined use of 
chemotherapy and surgery in sarcoma. 

The past 10 to 15 years have been defined by 
molecular biology and genomics. The identifica-
tion of oncogenes and tumor suppressor genes, 
and the insight gained from the deciphering of 
the genome and characterizations of signal trans-
duction pathways important for regulation of cell 
growth have led to targeted therapies. Most newly 
developed therapeutic agents target specific signal 
transduction pathways. These therapies include 
small organic molecules, monoclonal antibodies, 
genetic treatments, vaccines, and other com-
pounds. The first high-impact success of this 
period has been the development of imatinib, a 
specific tyrosine kinase inhibitor, as a highly  
effective oral therapy for chronic myelogenous 
leukemia and gastrointestinal stromal tumors. 
The success of these agents has led to a pro-
liferation of activity by the biotechnology and 
pharmaceutical industries, leading to additional 
improvement in therapies for a number of  
malignancies and the prospect of more to come.

This recent frenetic activity occurs on a  
background of already improving outcomes for a  
wide range of malignancies. In a broad spectrum 

of malignancies, there has been a significant 
improvement in survival over the past 30 years 
(Figure 1). Even more remarkably, much of the 
improvement, particularly during the period  
covered in this table, occurred during a time  
when relatively few new therapeutic agents were 
approved for use. Although the reasons for this 
improvement are unclear, the application of  
combined chemotherapy and new surgical and 
radiotherapy approaches are the most likely 
explanations.

The current pace of therapeutic discovery 
superimposed on the steady improvement in out-
comes observed over an extended period of time, 
creates on expectation that this trend will con-
tinue over the next several decades. The result 
may be that cancer is turned into a chronic  
disease akin to many others, such as diabetes  
mellitus, immunologic disease, kidney disease, or 

coronary artery disease. In each of these examples, 
affected individuals live with chronic disease that 
is controlled for years or decades, often dying 
from other causes. 

The evolving paradigm of cancer as a chronic 
disease is filled with both hope and a growing 
sense among survivors that the long-term price, 
both financially and the loss of quality of life, of 
cancer cure or control is substantial. For many 
patients, this is a rollercoaster ride with terrifying 
periods when the cancer is diagnosed and treated, 
and extended periods of relief when the disease is 
arrested or its growth rate slowed. Unfortunately, 
for many, the control of the cancer is associated 
with a variety of medical problems caused by the 
malignancy, its therapy, or the stress associated 
with the treatment process. 

The success of oncology has spawned a new 
discipline of internal medicine, separable from 

Figure 1  Trends in 5-year relative survival rates by year of diagnosis, 1974–1999. The figures shows survival 
rates during the 1974–1976, 1983–1985, and 1992–1999 periods for many different malignancies. The thick 
black line shows the improvement in 5-year survival for patients with cancer over this 25-year period. Adapted 
from Cancer facts and figures 2004. Atlanta (GA): American Cancer Society; 2004.
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oncology, and focused on the management of  
the multitude of problems, acute and chronic, 
experienced by patients treated for cancer. Some 
of these problems are caused by the underlying 
malignancy; others result directly from the  
therapy; and still others evolve over years and 
decades caused by some combination of the  
natural aging process, other disease states, and 
long-term toxicity of the cancer treatment. 
Although most of these patients are joyous in 
their victory over a dreaded disease, they are  
uniformly disappointed that they have traded one 
problem for others they had not anticipated.  
I vividly recall a patient who approached me  
following a patient education lecture on bone loss 
following breast cancer who thrust a book of 
poetry into my hands. The book, Reflections on 
Facing Cancer Fear & Loneliness, by Lois Tschetter 
Hjelmstad, describes the cancer experience from 
a patient’s perspective.1 She opened the book she 
had authored to show me the following poem:

The test show
I have osteoporosis

The doctor seems surprised
I am dismayed.

I feel betrayed again-
Alienated from my body-

I was counting on
My bones to hold me up

The rest of my life

This example illustrates the anxiety felt by many 
and, more importantly, the uncertainty about 

where patients should turn to obtain help for  
a variety of unanticipated problems — fatigue,  
sleep disorders, depression, and the more specific 
organ-related effects of cancer or its treatment. 
This confusion has only worsened in recent years 
as new treatment protocols have proliferated. 
Inevitably, each of the new therapies targets a 
pathway important not only for the growth of 
cancer but also compromises a variety of normal 
physiologic functions. 

When patients are discharged from oncology 
care, they have a difficult time identifying physi-
cians comfortable with management of disorders 
that occur in the context of the cancer patient. 
Their reintegration into the community is often 
challenging. Oncology patients who have been 
successfully treated feel, at times, like Sisyphus, 
the king of Corinth, who was condemned in 
Hades to roll a huge stone up a hill only to have it 
roll back down when it neared the top, necessitat-
ing that it be pushed back up again. Having 
defeated their malignancy, they are dismayed 
having to confront a new set of problems. The 
frustration experienced by these patients is  
palpable, and their increasing numbers have,  
in turn, spawned the development of patient 
advocacy programs focused on survivorship.

The good news is that the growth in this 
patient population has stimulated major cancer 
centers to develop broad-based expertise focused 
on these problems. There is an increasing empha-
sis, not only on the therapeutic benefit of a  
particular oncologic agent, but also its impact on 

quality of life. physicians who are not oncologists 
routinely work alongside oncologic investigators 
to assess the broader impact of therapies and  
to develop management strategies. Specific exam-
ples include bone loss and fractures associated 
with aromatase inhibitors, hypertension and 
bleeding disorders associated with certain tyro-
sine kinase inhibitors, the cardiac effects of  
certain monoclonal antibodies, and many others. 

The goal of this textbook is to begin to iden-
tify, organize, and catalog the broad spectrum of 
nononcologic problems experienced by oncology 
patients. We see this textbook as a companion to 
the standard internal medicine and oncology 
textbooks, whose content will inevitably overlap 
each of these subject areas. We also recognize that 
as the number and complexity of therapies for 
cancer have increased, oncology texts have  
systematically shortened the discussion of the 
long-term side effects of therapy and other medi-
cal problems associated with cancer. We seek to 
fill this void.

please join us in this inaugural edition. If you 
are convinced of its value and place it on your 
bookshelf adjacent to standard internal medicine 
and oncology texts, pulling it down periodically 
to address specific medical problems, then we will 
have been successful.

RefeRence

1. Tschetter Hjelmstad L. Reflections on facing cancer fear & 
loneliness. Mulberry Hill press; 1992.
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Mechanisms of Complications of  
Malignancy

Jessica P. Hwang, MD, MPH 
Sarah E. Cooper, BS
Robert F. Gagel, MD

What differentiates internal medicine from most 
other subspecialties is its focus on deciphering 
complex symptoms to identify and treat the 
underlying disease processes. In no other disease 
state is the internist challenged as in the manage-
ment of patients with cancer. Cancer is a protean 
disorder in which broad and confusing symptom 
complexes occur with some regularity. The  
challenge for the internist is to sort through these 
symptom complexes to identify those caused  
by the underlying malignancy or its therapy or 
associated with another disorder unrelated to the 
malignant process. The steady improvement in 
cancer outcomes over the past several decades 
heightens the need for sharpening this skill set. 
Two to three decades ago, most common malig-
nancies evolved over a period of weeks, to months, 
to years, making palliative care and comfort mea-
sures most important. The steady improvement 
in outcomes for most malignancies has changed 
the evolution of cancer to years, to decades, to a 
lifetime. In other words, most cancer patients will 
live with their disease for prolonged periods of 
time and develop the broad spectrum of health 
problems seen in the noncancer population. This 
improvement in cancer outcomes has occurred so 
rapidly that most general internists and family 
practice physicians who manage the bulk of these 
patients long term have insufficient experience 
with the management of patients in this new  
paradigm. Under the new paradigm of cancer 
care, patients may continue therapy indefinitely. 
The prolongation of therapy for cancer, particu-
larly in older individuals, in whom most cancer 
develops, leads to a situation in which the cancer 
patient is likely to develop a host of other medical 
problems. Those of us who work in cancer centers 
have struggled with the appropriate management 
of such patients. Should the oncologist, the person 
most knowledgeable about the malignancy, direct 
general internal medicine care for these patients? 
Although this is logical and makes sense, the sheer 

volume of patients who live with cancer has made 
this impractical. In most large cancer centers, 
departments of internal medicine have developed 
to provide general and subspecialty internal  
medicine to patients. 

This chapter is an introduction to a thought 
process and knowledge base that, it is hoped, will 
enable the reader to sort through the complaints 
of a patient with cancer and identify clinical com-
plexes that are unique and separable from those 
seen in patients without cancer. In subsequent 
chapters, other authors expand on each of the 
subspecialty areas of internal medicine with the 
goal of identifying medical problems in cancer 
patients as separable from more general medical 
problems.

It is important for the clinician to reject the 
concept that symptoms in patients with cancer 
(eg, weakness, fatigue, weight loss) are indeci-
pherable. Patients with specific types of cancers 
and treatments develop reproducible clinical  
syndromes that can be understood and, in many 
cases, treated. Patients with cancer are also sub-
ject to the broad variety of age-related diseases 
seen in the general population, many of which 
cause symptoms that can be confused with cancer-
related disorders. This text is not meant to replace 
the excellent general internal medicine or oncol-
ogy texts but rather to fill a gap that exists between 
the more active treatment role of the oncologist 
and the broad perspective of the general or  
subspecialty internist or family practitioner.

In this chapter, we introduce a conceptual 
framework for thinking about the interplay 
between cancer and the broad spectrum of disor-
ders that fall under the rubric of internal medi-
cine. The themes that are discussed are not new: 
they can be outlined under several straightfor-
ward headings (Table 1). What is new is the  
proliferation of information about these disor-
ders and therapeutic options that makes it worth-
while for the clinician to better understand these 

mechanisms and to differentiate them from the 
more common mechanisms of disease in patients 
without cancer.

We seek to provide examples that will high-
light specific mechanisms and focus on what is 
known rather than what is not, anticipating that 
we should encourage clinicians to think analyti-
cally and positively about impacting the care of a 
particular patient. Most importantly, it is impor-
tant to complement the efforts of the oncology 
community, which is appropriately focused on 
development and application of therapies to  
positively impact the outcomes in patients with 
cancer. There is value for the patient in this  
complementary approach. 

How does the thought process of an internist 
in the oncology environment differ from that of 
the oncologist? The most important distinction  
is that the oncologist is focused primarily on  
the therapy and management of the malignancy, 
whereas the internist thinks more broadly about 
the spectrum of disorders that might explain the 
symptom complex in a particular patient. Most 

Table 1  Mechanisms of Disease in Patients with 
Cancer

Local effects
 Compression
 Obstruction
 Infiltration

Systemic effects
 Hormonal
 Nutrition
 Immunologic
 Idiopathic

Treatment-related effects
 Cytotoxic chemotherapy
 Bystander effects caused by death of tumor
  cells
 Unintended effects of targeting specific signal
  transduction pathways
 Toxic effects of radiation therapy
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oncologists are far more knowledgeable about the 
specific patterns of cancer behavior; on the other 
hand, nononcology internists who work in the 
cancer environment are focused on the broader 
spectrum of medical problems. Although these 
two thought processes intersect at many points, 
there are also substantial differences.

Fundamental Characteristics of 
Cancer

In the accompanying text in this series, Cancer 
Medicine, the senior editor, James Holland, 
defines the cardinal manifestations of cancer.1 
One of the primary concepts he develops is the 
failure of cancer cells to adhere to normal biologic 
principles of cellular physiology. This manifests 
in a number of different ways: cancer cells do not 
die at appropriate times, they do not conform to 
the normal spatial constraints of organs, and they 
have developed mechanisms to grow in tissues in 
which one would not normally expect to find 
them. Transformed cells also activate transcrip-
tional pathways that are normally silenced, result-
ing in aberrant production of a broad spectrum  
of tumor products, some of which have biologic 
effects. These observations form the beginning of 
our discussion of how cancer interfaces with the 
broader discipline of internal medicine. 

Mechanisms of Organ Dysfunction 
in Cancer

To grasp the spectrum of clinical presentations 
that may impact oncology care, it is important to 
describe the multiple ways in which malignant 
tumors can impact normal physiology. Table 1 
provides an overview of major mechanisms. Of 
equal importance is to consider that the symptom 
complex may have nothing to do with cancer. 
Perhaps this characteristic—the ability to blend 
knowledge of oncology clinical syndromes with  
a broad, in-depth knowledge of internal medi-
cine—defines the nononcology internal medicine 
specialist.

To outline the broad spectrum of potential 
causes for a particular problem, it may be helpful 
to describe a common problem in an oncology 
center: a patient with lung cancer who presents 
with a grand mal seizure and confusion that 
extends beyond the postictal period. This hypo-
thetical patient is being treated with a tyrosine 
kinase inhibitor that targets several tyrosine 
kinase receptors (vascular endothelial growth 
factor, epidermal growth factor, and fibroblast 
growth factor receptors). In the evaluation of 
such a patient, a broad spectrum of causes needs 
to be considered. It is important to recognize that 
neurologic problems are one of the most common 
reasons that cancer patients are admitted to the 
hospital.2,3 These include spinal cord compres-
sion, brain metastases, brachial and lumbosacral 

plexopathies, and leptomeningeal metastases. 
Although brain metastases are the most common 
neurologic complication in the general cancer 
population,4 the incidence of these complications 
also depends on the primary cancer.

Given the frequency of brain and spinal 
metastasis in lung cancer, it would be appropriate 
to examine the patient for a mass effect or to con-
sider the possibility of leptomeningeal metastasis 
of the lung cancer. It would also be important  
to consider other potential causes, which would 
include metabolic (hypo- or hyperglycemia, 
hyponatremia,5 hypercalcemia, or severe hypo-
thyroidism), a paraneoplastic syndrome, drug-
induced (hemorrhagic effect at a site of tumor 
metastasis of a tyrosine kinase inhibitor that  
targets the vascular endothelial growth factor 
receptor), an infectious cause, or the broad spec-
trum of neurologic disorders (cerebrovascular, 
hemorrhagic, demyelinating) that might contrib-
ute to or cause the presenting complaint. In this 
particular case, the patient had no evidence of 
brain metastasis or hemorrhage but was found to 
have hyponatremia caused by excessive produc-
tion of vasopressin by the malignancy. Correction 
of the hyponatremia quickly reversed the neuro-
logic abnormalities. This example highlights the 
importance of a broad perspective. The sections 
that follow amplify the basic outline in Table 1.

Compression, Obstruction, and  
Infiltration

Airway Obstruction
One particularly important example is airway 
compression, obstruction, or infiltration. 
Common symptoms of airway involvement and 
obstruction include dyspnea, wheezing, stridor, 
and cough. Hemoptysis, recurrent respiratory 
infections, atelectasis, and hoarseness may also be 
associated with this complication. Obstruction  
of the airway can occur through several mecha-
nisms, such as invasion through or compression 
of the airway by an adjacent tumor, direct inva-
sion of the larynx, and bilateral vocal cord paraly-
sis.6,7 Invasion from a primary adjacent tumor, 
usually of the lung, is the most common cause  
of airway obstruction. This complication is also 
found frequently in esophageal, thyroid, and 
mediastinal malignancies.6 Tumors involving the 
trachea or carina may be asymptomatic until the 
airway narrowing has become life threatening, 
whereas obstruction involving the bronchi is typ-
ically not immediately life threatening.6 Airway 
obstruction can also be caused by tumor invasion 
through the bilateral vocal cords causing subse-
quent paralysis. Lung cancer is the most common 
cancer associated with bilateral vocal cord paraly-
sis.8 In this condition, the flaccid vocal cords are 
drawn inward during inspiration, obstructing the 
upper airway. A vocal cord lesion may precede, 

succeed, or be concurrent with the tracheal occlu-
sion. Bilateral vocal cord paralysis can occur con-
currently with malignant tracheal stenosis and a 
respiratory-digestive fistula.9 

Hemoptysis with life-threatening bleeding 
into the airway is a particularly difficult manage-
ment problem. This is particularly evident in  
pulmonary metastasis associated with renal cell 
carcinoma in which there is a tendency for even 
small tumors to bleed. In the past, little could be 
done in this clinical situation, but the rapid evo-
lution of interventional bronchoscopy, using laser 
techniques to cauterize a hemorrhagic tumor, has 
positively impacted outcomes.10 Similarly, these 
same techniques have made it possible to clear 
obstructing tracheal or bronchial lesions or to 
place a stent that bypasses the obstructive  
process.

In this situation, it is also important to recog-
nize that obstruction can mimic other disorders 
of the respiratory system, including pneumonia, 
tuberculosis or fungal infection, lung abscess, 
asthma, or chronic obstructive pulmonary  
disease. Indeed, postobstructive pneumonia or 
abscess is a common occurrence,11–13 further 
clouding the differential diagnosis. 

Blood Vessel Obstruction
Obstruction can also affect other structures in the 
chest. A relatively well-documented complication 
associated with solid tumors is superior vena cava 
syndrome (SVCS). This syndrome often pro-
gresses slowly, although cases with acute onset 
have been reported. Dyspnea and swelling of the 
face, torso, and upper extremities are the most 
common symptoms. Patients may also experi-
ence chest pain, cough, dysphagia, venous disten-
tion, and, rarely, vocal cord paralysis. Headache 
and seizures, Horner’s syndrome, changes in con-
sciousness, and cyanosis have also been reported. 
If left untreated, obstruction of the superior  
vena cava may progress to tracheal obstruction,  
cerebral herniation, and even death. 

The superior vena cava is particularly suscep-
tible to occlusion owing to tumor compression, 
invasion, or thrombus formation because of its 
low pressure and thin vein wall. Its close proxim-
ity to several organs also makes it vulnerable  
to tumor-related complications.34 Lung cancer  
is most commonly associated with SVCS,14–16  
causing 75 to 85% of cases, whereas lymphomas 
account for 10 to 15%.14 Metastatic cancers, espe-
cially breast cancer, account for the rest of the 
cases of SVCS of neoplastic origin.14,15 Three to 
5% of lung cancer patients develop SVCS, with 
the small cell variant being the most common 
type.15,16 

Neoplasms can also cause injury and stasis  
in other vessel walls, leading to deep venous 
thrombosis and pulmonary embolism.15 Along 
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with vessel wall stasis caused by the infiltration of 
cancer cells, activation of thrombotic mechanisms 
adds to the increased risk of clot formation.

Gastrointestinal Compression,  
Obstruction, or Infiltration
Assessing gastrointestinal symptoms is among  
the more challenging tasks facing a clinician in 
the context of cancer. Not only does a broad  
spectrum of therapeutic agents for cancer cause 
gastrointestinal symptoms that mimic intestinal 
obstruction such as abdominal distention and 
vomiting, but metabolic disorders may also  
cause ileus and other gastrointestinal symptoms. 
Indeed, there are no clinical signs or symptoms 
that differentiate malignant from benign causes, 
but establishing the correct etiology is important 
to determine treatment. Like airway obstruction, 
intestinal obstruction can be caused by either 
extrinsic pressure or tumor invasion, but, sur-
prisingly, 26 to 38% of intestinal obstructions  
in patients with a cancer history are not due to 
recurrent or metastatic disease.17 This is some-
what less true for ovarian cancer patients, who are 
more likely to have cancer as the cause of their 
obstruction than the general cancer population.18 
The cancers most commonly associated with 
obstruction are local abdominal cancers such as 
colorectal, ovarian, and gastric cancers.4,17 Tumors 
from outside the abdomen associated with this 
complication include breast cancer, melanoma, 
and soft tissue sarcoma. Approximately a quarter 
to as many as half of patients with ovarian cancer 
will develop intestinal obstruction,4,17 usually 
from extrinsic compression rather than intralu-
minal tumor invasion.19 In addition to mechani-
cal intestinal obstruction, motility problems may 
occur from the invasion of the tumor to the leaves 
of the mesenteries.18 Gastric outlet obstruction, 
although uncommon, is frequently caused by 
malignancy. In one series, 61% of patients  
presenting with this disorder were found to have 
a causative malignancy.20 

Signs and symptoms vary with the site of 
obstruction. Pain is the most common symptom, 
usually at the site of obstruction, whereas vomit-
ing is generally common only with high small 
bowel obstruction. Abdominal distention is the 
most pronounced in patients with large bowel 
obstruction. Dehydration and electrolyte and 
acid-base imbalances are most likely to be a severe 
problem in patients with a low small bowel 
obstruction.4

As with other organ systems, it is important 
to consider noncancer causes of obstruction. 
Infection or abscess in immunosuppressed 
patients, adhesions from previous surgical proce-
dures, and abscesses resulting from perforation, 
volvulus, or obstruction to normal blood flow in 
the intestine should be considered as well. 

Hepatic or Biliary Infiltration or 
Obstruction
The liver is the second most common metastatic 
site for cancer, after regional lymph nodes. Forty 
to 50% of patients with solid tumors develop 
hepatic metastasis in the course of their disease.21 
Neoplasms that most commonly metastasize to 
the liver are those of the gastrointestinal tract,  
followed by tumors of the lung, breast, and skin.21 
Many other tumors, such as renal cell carcinoma, 
metastasize to the liver as well. A serious compli-
cation of these metastases is liver failure. In some 
cases, liver metastases occur and cause liver  
failure rapidly after the initial primary cancer 
diagnosis. Diffuse liver metastases can cause liver 
failure without producing identifiable lesions  
in the liver,22 and, occasionally, there is selective 
interference with a particular aspect of hepatic 
function, such as gluconeogenesis (causing fast-
ing hypoglycemia) or production of important 
clotting factors.

Biliary obstruction can occur intra- or extra-
hepatically. Intrahepatic obstruction requires the 
compression or infiltration of both sides of the 
intrahepatic bile duct. Extrahepatic obstruction 
can be caused by tumor infiltration of the extra-
hepatic duct, a fragment from a necrotic tumor 
traveling to the bile duct, or hemorrhage caused 
by the tumor.23 Primary cancers causing this com-
plication include tumors of the bile duct, ampulla, 
duodenum, and pancreas.24 Obstructive jaundice 
can also have a metastatic cause. Although this is 
extremely rare, gastric carcinoma is commonly 
the cause when metastatic biliary obstruction 
occurs,25 although any metastatic cancer can cause 
this complication. Common signs and symptoms 
of biliary obstruction other than jaundice include 
nausea, pruritis, and nutritional deficiencies.26 It 
is important to keep in mind that cholecystitis 
and obstructive biliary disease caused by stones 
occur with the same or greater frequency than  
is observed in the normal population. Therefore, 
the entire spectrum of hepatobiliary disease 
should be considered before concluding that the 
cause is related to malignancy.

Systemic Effects

Some of the most challenging manifestations of 
cancer are those caused by production and secre-
tion of proteins and other substances by malig-
nant neoplasms. For some, we understand the 
underlying pathophysiology; for others, we asso-
ciate the clinical syndrome with cancer but cannot 
identify a specific mechanism.

Hormone Production by Malignant 
Tumors
Perhaps the best characterized of the paraneo-
plastic syndromes are those associated with  
hormonal production. These fall into two broad 

categories: those in which the malignant cell type 
normally produces the causative hormone and in 
which the symptoms are related to excessive or 
unregulated hormone secretion or the “ectopic” 
or unexpected production of a hormonal sub-
stance by a cell type that does not normally pro-
duce this product. Specific examples of the former 
are carcinoid tumors (serotonin and its metabo-
lites) that cause flushing, diarrhea, and carcinoid 
heart disease or islet cell malignancies in which 
excessive insulin, gastrin, or glucagon causes 
clearly defined clinical syndromes. Examples of 
the latter include ectopic production of adreno-
corticotropic hormone by lung carcinoma. In 
each of these examples and others, a clearly 
defined hormonal agent has been implicated in 
the causation of these clinical syndromes. This  
is an important point: in situations in which a 
specific hormone has been implicated, it has often 
been possible to develop therapeutic approaches 
that abrogate the effects of the hormone. The 
most recent example is the development of vaso-
pressin receptor antagonists for treatment of the 
syndrome of inappropriate antidiuretic hormone 
secretion described at the beginning of this  
chapter.27 

Disordered Production of Clotting  
Factors
Coagulation disorders occur commonly in 
patients with malignancy. Tumor cells have been 
shown to produce a variety of factors that either 
activate the clotting system or alter the normal 
balance between pro- and anticoagulation.7 Many 
of the coagulation disorders associated with 
cancer can be traced to over functioning of the 
clotting system. Tumors may secrete substances 
that cause the abnormal activation of the clotting 
system.28 Neoplastic cells have been shown to 
generate thrombin and procoagulants.15 Tissue 
factor, a cofactor for factor VII/VIIa that helps 
activate procoagulation factor X,29 has been seen 
in solid tumors and in the macrophages of patients 
with cancer. Elevated levels of the coagulation 
factors V, VIII, IX, and XI have been seen in 
patients with malignancy in which vesicles shed 
from tumor cells bind to factor V, accelerating the 
coagulation pathway.29 Fibrinolysis is impaired  
in tumors with increased levels of plasminogen 
activator inhibitor 1.29 In addition to producing 
proclotting factors, tumors may also decrease the 
levels of proteins that inhibit thrombosis, such as 
protein C, protein S, and antithrombin III.

Common complications caused by increased 
clotting activity include deep venous thrombosis, 
pulmonary embolism, and inferior vena cava 
obstruction. There is an increased risk of pulmo-
nary embolus in patients with mucin-producing 
tumors, particularly those with pancreatic, lung, 
stomach, colon, kidney, and ovarian cancer.14 
Most symptomatic cerebrovascular infarctions 



6 Chapter 2

are related to the tumor in cancer patients.3 
Whereas SVCS is usually caused by compression 
or invasion from a tumor, inferior vena cava 
obstruction is usually caused by thrombosis.28

Nutritional Effects in Cancer
A common complaint of patients with cancer is 
weight loss. More importantly, there is abundant 
evidence that anorexia and weight loss are highly 
correlated with performance status and clinical 
outcomes in most types of metastatic cancer. Sev-
eral overlapping mechanisms contribute to weight 
loss. The first is iatrogenic: the nausea and vomit-
ing induced by many therapeutic agents, includ-
ing radiotherapy.30 In most cases, these symptoms 
can be managed by use of pharmacologic agents 
that selectively antagonize 5-hydroxytryptamine 
3 receptors or by short-term enteral or parenteral 
feeding methods. The second is more compli-
cated and incompletely understood at present: 
the complex interplay between cytokines and 
other substances produced or induced by cancer 
cells and the hypothalamic neuroendocrine 
system that controls orexigenic and anorexigenic 
signaling pathways.31 There has been progress 
toward understanding the normal physiologic 
pathways that regulate appetitite and satiety. 
These include leptin, melanocortin, orexin,  
neuropeptide Y, and endocannabinoid signaling 
pathways.32–35 One hypothesis, partially supported 
by current information, is that cytokines (eg, 
interleukin [IL]-1b, IL-6, interferon [IFN]-c, 
tumor necrosis factor –[TNF] a) produced by 
malignancies impact serotoninergic or dopami-
nergic pathways that, in turn, regulate the neuro-
endocrine pathways that control appetite and 
satiety.36,37 In addition, tumors produce other  
factors, such as proteolysis-inducing factor and 
lipid-mobilizing factor, that cause protein and  
fat degradation, leading to a cachectic state.37,38 
The development of competitive inhibitors for 
several cytokines and their application in patients 
with cancer will make it possible to determine 
whether these hypotheses are correct. The third 
factor that almost certainly impacts eating behav-
ior is the development of depression. Depression 
is a common occurrence in patients with cancer 
metastasis and has been shown to have an effect 
on the outcome of treatment.39 Although patients 
with metastatic cancer may have good reason  
to be depressed, it seems likely that a cytokine  
cascade that depresses serotoninergic pathways is 
also involved in the development of depression  
in cancer patients.40,41 

The important point for the general internist 
dealing with the cancer patient is to understand 
the complexity of weight loss in the cancer patient. 
In many cases, the diagnosis of cancer-related 
cachexia or weight loss may be complicated by 
other underlying treatable medical conditions.  
In the absence of specific diagnostic criteria or 

diagnostic markers for cancer-related weight loss, 
it is important to search for treatable causes, 
including anemia, liver or renal dysfunction, 
endocrine deficiency or excess, cardiomyopathy, 
malabsorption, or pulmonary failure.

It is also important to identify and correct 
nutritional deficiency syndromes, a point often 
overlooked. All patients with cancer should be 
given a daily oral multivitamin. In patients  
who are losing weight or otherwise not faring 
well, studies should be performed to determine 
whether vitamin deficiency is a factor. If there is  
suspicion of malabsorption, parenteral vitamin 
supplementation should be considered.

Immunologic Effects
The immune system is normally activated in 
response to invasion by a pathogen or to facilitate 
clearance of a protein recognized as foreign. Sub-
stances such as bacteria or other foreign antigens 
are recognized by macrophages, natural killer 
cells, or dendritic cells and then presented to  
T cells, which, in turn, activate B or antibody- 
producing cells or other components of the 
immune system. Once the offending antigen has 
been eliminated, the immune system returns to 
its basal state. In many types of cancer, there is 
chronic activation of the immune system by  
the aforementioned production or activation of 
cytokine pathways. Cytokines can be broadly 
classified as proinflammatory (IL-1a, IL-1b, IL-2, 
IL-12p35, IL12p40, IL-15, TNF-a, and IFN-c) or 
anti-inflammatory (IL-4, IL-8, IL-10, and IL-5), 
with some uncategorized. Normally, there is  
a balance between these two classes of  
cytokines; during periods of infection or inflam-
mation, there is activation, but under normal  
circumstances, this system is quiescent.42 

In the cancer environment, production or 
activation of proinflammatory cytokine pathways 
continues unabated, leading to chronic stimula-
tion not only of the immune system but also of 
the tumor cells by cytokines. For example, in 
chronic hepatitis B infection, there is often a  
failure of the immune system to clear the virus, 
leading to chronic activation of cytokine produc-
tion.43 This, in turn, leads to recruitment of acti-
vated immune cells to the liver, resulting in 
chronic stimulation of hepatocytes and resultant 
fibrosis, cirrhosis, and hepatocellular carcinoma. 
In varying ways, this same type of process can 
affect the progression of many other tumors.

Activation of the immune system can also be 
used to treat cancer. There is ample evidence that 
cytokine treatment of several hematologic malig-
nancies is effective and in some cases has caused 
long-term remission of disease. Antigenic  
stimulation has also been used with success in 
melanoma. The challenge for the future will be to 
identify those features of the immune system that 

promote tumor regression without causing other 
detrimental bystander effects.

Other aspects of the immune system contrib-
ute to morbidity and mortality in the cancer 
patient. Therapies used to treat specific cancer 
types, including cytotoxic chemotherapy and  
corticosteroids, can have profound suppressive 
effects on cellular and humoral immunity, lead-
ing to an increased risk of infection. After death 
from cancer metastasis, infection is the leading 
cause of death in patients treated for cancer. There 
is the strongly held belief that better understand-
ing of the immune system and the development 
of strategies to manipulate the immune system 
will improve outcomes of cancer therapy and  
prevent infections.

Idiopathic or Clinical Syndromes  
without an Identifiable Cause
A number of protean manifestations of cancer 
occur with some frequency. These clinical syn-
dromes fall into three broad categories: neuro-
logic, systemic or hematologic, and endocrine 
(Table 2). The pathophysiology is understood for 
some; for others, there is no identifiable explana-
tion. These clinical syndromes are discussed in 
greater detail in several subspecialty sections in 
this book. Internists caring for oncology patients 
should have a working knowledge of these  
syndromes as they can be confused with their 
counterparts in patients without a malignancy. 

In addition, each of these syndromes chal-
lenges the skills of the internist. One example, 
hypoglycemia, has a multiplicity of causes, which 
can include increased use of glucose, such as is 
seen in tumors that produce insulin or insulin-
like growth factor 2, decreased production of glu-
cose when there is hepatic infiltration by tumor, 
or combinations of the two, such as in cortisol or 
growth hormone deficiency.44 The neurologic 
presentations of myopathy and neuropathy can 
also be challenging.

Treatment-Related Effects

Cytotoxic Chemotherapy
Cancer therapy has evolved from single-agent 
therapy to the current use of multiple agents  
that target different cellular processes. These 
combination chemotherapies are designed to 
deliver a lethal blow to the rapidly dividing cancer 
cell. In the evolution of chemotherapy use, at  
each stage, there has been the need to balance the 
efficacy of the therapeutic regimen with short- 
and long-term toxicity. The short-term effects of 
chemotherapy can include leukopenia, anemia, 
mucositis, nausea and vomiting, hepatic  
dysfunction, renal damage leading to decreased 
glomerular filtration, and cardiac and endocrine 
dysfunction. As one observes the progression  
of treatment paradigms for specific malignancies 
for the past several decades, a pattern emerges. 
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Earlier treatment regimens applied to malignan-
cies in which survival was poor tended to be more 
toxic while the oncology community searched for 
efficacious treatments. In tumor types in which 
successful combinations of chemotherapeutic 
agents were identified, there have been systematic 
efforts to identify therapies with as great or better 
efficacy but with lower toxicity. The example of 
breast cancer is illustrative. Earlier chemothera-
peutic regimens used to treat breast cancer had 
greater side effects than those used after outcomes 
improved. There is a continuing trend to use less 
chemotherapy, particularly in early breast cancer, 
or to combine other treatment modalities with 
the use of aromatase inhibitors, whose effect on 
reducing the recurrence of breast cancer is related 
primarily to the lowering of plasma estrogen 
levels. 

Toxicities tend to be of two types: those 
directly related to therapy and those whose effects 
are indirect. Perhaps the single best example of 
the former is the effect of anthracyclines (doxoru-
bicin) on cardiac function. Anthracyclines remain 
an effective therapy for a broad spectrum of 
malignancies and remain front-line therapy in 
the treatment of a number of malignancies.  
Cardiac toxicity caused by anthracyclines is dose 
related and cumulative, occurring in approxi-
mately 30% of individuals who receive doses 
greater than 500 mg/m2,45 and cardiac mortality 
in this group of patients is significant. The intro-
duction of liposomal forms of anthracycline has 
lowered but not eliminated short-term toxicity.46 
Over the longer term, anthracycline toxicity  
contributes to overall cardiac mortality. Indeed, 
as coronary artery disease has receded as the  
most important cause of middle-age death,  
cardiac muscle dysfunction or cardiomyopathy 
has assumed greater importance. Thus, patients 

who are cured of their underlying malignancy  
by anthracycline-based chemotherapy have a  
significant probability of developing later cardiac  
failure. Although active efforts are under way  
to ameliorate the effects of anthracycline  
toxicity on the heart or to replace this effective  
chemotherapeutic agent, progress has been slow.

The second type of effect from chemotherapy 
is one that is a secondary effect. One good exam-
ple of this phenomenon is the induction of an 
early menopause in women with breast cancer 
treated with adjuvant chemotherapy. A signifi-
cant percentage of these women develop an early 
menopause, with its attendant problems of bone 
loss, memory and cognitive dysfunction, and 
symptoms of hot flashes, vaginal dryness, and loss 
of libido. In recent years, these issues have been 
exacerbated by the further lowering of plasma 
estrogen levels by use of aromatase inhibitors,  
a class of agents that further lower breast cancer 
recurrence rates.47 The efficacy of aromatase 
inhibitors has been so recently demonstrated  
that the long-term effects of decades of estrogen 
deficiency, particularly for young women, have 
not been clearly defined. 

The general or subspecialty internist will 
have the greatest impact in the area of long-term 
effects. Most short-term effects of cancer therapy 
are managed skillfully by oncologists. Once a suit-
able period of observation (5–10 years) following 
treatment has passed, most patients will be 
returned to the care of a general physician.  
In-depth knowledge of potential long-term  
problems and their management is essential.

Unintended Effects of Targeting Specific 
Signal Transduction Pathways
Another new and rapidly evolving area of interest 
for the internist caring for cancer patients is the 

side effects of targeted therapy. These agents, 
many of which are small organic molecules or 
monoclonal antibodies that target specific signal 
transduction pathways, were developed with  
the intent of being cancer specific. As might be 
predicted, many of these pathways are also  
important in normal cells, leading to a variety of 
unexpected side effects. Examples of side effects 
are developing almost as rapidly as these agents 
are being introduced into clinical trials. Promi-
nent among this group because of their success in 
the treatment of cancer are tyrosine kinase inhib-
itors that target the family of vascular endothelial 
growth factor receptors.48 In addition to effects  
on vascular endothelial growth, inhibition of this 
class of receptors causes hypertension and through 
its effects on vascularity may cause tumor-related 
hemorrhage. In addition, this group of tyrosine 
kinase receptors shares considerable homology 
with receptors for epidermal growth factor, glial 
cell–derived neurotrophic factor, and fibroblast 
growth factor.49 As a result, skin rashes (from tar-
geting of the epidermal growth factor receptor) 
and nausea, vomiting, and diarrhea are common 
side effects. In the new paradigm of cancer treat-
ment, patients whose tumors respond to these 
therapeutic agents are expected to remain on 
these agents for long periods of time, in some 
cases for life. Longevity of therapy has led to 
increasing concern regarding these side effects. 
For example, the recent observation that suni-
tinib, an agent with efficacy in renal cell carci-
noma, causes cardiac dysfunction and failure in 
approximately 10% of patients treated with this 
agent is of concern, particularly if long-term ther-
apy is envisioned.50 The paradox presented by this 
rapidly evolving literature is that agents effective 
for treatment of malignancy as chronic (lifetime?) 
therapy may have to be discarded unless strategies 
are developed to deal effectively with these  
problems. As internists in cancer centers, we will 
have to be in the forefront of the effort to collate  
these side effects and develop effective preventive 
strategies.

Bystander Effects Caused by the Death 
of Tumor Cells
Tumor lysis syndrome is characterized by the 
release of neoplastic cellular contents into the  
circulation following an exuberant response to a 
cancer therapeutic agent.51 This clinical syndrome 
occurs most often within the first 48 to 72 hours 
after initiation of therapy for a rapidly proliferat-
ing tumor that is responsive to therapy. It occurs 
most commonly with leukemia or lymphoma but 
may be seen with any solid tumor. The major 
manifestations result from a failure of the kidney, 
liver, and other buffering mechanisms to clear  
or inactivate the large volume of cellular material 
released following a therapeutic response. Mani-
festations include hyperkalemia, hyperuricemia, 

Table 2  Categorization of Paraneoplastic Syndromes

Neurologic paraneoplastic syndromes
 Autonomic and sensory neuropathy
 Cord and brain lesions, including myelopathy, cerebellar degeneration, limbic encephalitis, 
  encephalopathy 
 Muscle disorders, including myasthenia gravis, neuromyotonia, rippling muscle syndrome, stiff-man
  syndrome, and myoclonus
 Gastrointestinal pseudo-obstruction

Systemic and dermatologic paraneoplastic syndromes
 Hypogammaglobulinemia, acquired
 Red cell aplasia
 Alopecia
 Pemphigus

Endocrine paraneoplastic syndromes
 Hypercalcemia caused by parathyroid hormone–related protein
 Carcinoid syndrome
 Hyperpigmentation
 Hyperthyroidism
 Syndrome of inappropriate antidiuretic hormone
 Hypoglycemia
 Diabetes mellitus
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hyperphosphatemia, and hypocalcemia. Acute 
renal failure occurs with some frequency and is, 
most commonly, caused by precipitation of uric 
acid or calcium phosphate crystals. Subsequent 
life-threatening events include cardiac arrhyth-
mias, metabolic acidosis, and fluid overload  
causing pulmonary edema and hypertension. 

Detrimental Effects of Radiation  
Therapy
Radiation for treatment of malignancy is a well-
established and effective form of therapy for mul-
tiple forms of cancer. Its use has been incorporated 
into the primary management of multiple forms 
of cancer, and it is routinely used to treat metas-
tasis in the central and peripheral nervous  
systems, skeleton, and many other sites. Older 
techniques for delivering radiation therapy used 
higher doses of radiation and were less focused, 
thereby resulting in a large field of exposure. 
Newer techniques using computerized imaging 
(intensity-modulated radiation therapy [IMRT] 
and gamma knife) to more narrowly defined 
fields of radiation exposure and the increasing  
use of proton beam therapy have reduced but  
not completely eliminated some of these effects. 
As these newer techniques have been used only 
during the past decade and rarely outside major 
cancer centers, there is still a substantial group of 
patients who have received radiation therapy 
using older technologies. It is important that  
the practicing internist be aware of radiation 
effects and include appropriate screening techni-
ques for these effects in long-term management 
approaches. In the following sections, we provide 
some illustrative examples to highlight the  
concerns.

Radiation to the Central Nervous 
System
Irradiation to the brain is used to treat a number 
of benign and malignant conditions, including 
primary malignancies of the brain, metastasis  
of many types of cancer, and benign processes, 
such as pituitary tumors. The long-term effects of  
cranial radiation may be dramatic, such as the 
development of a secondary primary malignancy, 
or subtle, as evidenced by gradual development of 
endocrine deficiency and associated loss of regu-
latory control over appetite and energy consump-
tion. For example, more than half of patients who 
have received skull-based or neck radiation will 
develop some evidence of endocrine deficiency 
(growth hormone deficiency, hypothyroidism, 
hypogonadism, or adrenal insufficiency) over the 
course of a lifetime.44 These effects are particu-
larly evident in children treated for benign or 
malignant brain tumors in whom growth retarda-
tion, hypothalamic obesity, memory loss, fatigue, 
and other endocrine deficiency syndromes occur 

with some regularity.44 It is important to consider 
these possibilities, particularly those that are easily 
treated by hormonal replacement, in patients 
who develop ill- or vaguely defined symptoms  
in the years or decades following cranial  
irradiation. 

Long-Term Effects of Breast Radiation
Over the past two decades, there has been a trend 
to combine less aggressive surgical resection with 
radiotherapy to the affected breast for treatment 
of localized breast carcinoma with comparable or 
better results than earlier and more aggressive 
surgical approaches. Unfortunately, application 
of this type of radiation has had unintended 
effects. In a number of studies, including a large 
analysis of the Surveillance, Epidemiology, and 
End Results (SEER) database, the incidence of 
lung cancer and cardiac dysfunction is increased 
in irradiated regions.52–56 Although most of these 
analyses were conducted on cohorts that received 
radiation more than a decade ago using tech-
niques that are currently outdated, they highlight 
the concerns. Fortunately, radiation techniques 
have improved, there is clear evidence of benefit 
in patients with localized breast cancer with one 
to three positive nodes, and it can be expected 
that the incidence of these complications will fall 
in future years.57 The important point is that the 
internist, oncologist, or cardiologist who follows 
these patients should incorporate cardiac and 
cancer screening (breast and lung) into long-term 
management.

Effects of Abdominal Radiation
Radiation is applied to treat many malignancies 
that occur in the abdomen or adjacent structures. 
A broad spectrum of side effects is observed  
following abdominal radiation. The most serious 
is radiation-induced enteritis. Symptoms of this 
disorder include nausea, vomiting, pain, diarrhea, 
and rectal bleeding. Patients with severe enteritis 
may develop sepsis, a con dition resulting from 
acute radiation impairment of normal cell divi-
sion, micro- and macroulceration, and resultant 
passage of bacteria and/or endotoxin into the  
circulation. Radiation damage to blood vessels 
supplying the intestine may also contribute to  
this process. Cotreatment with several chemo-
therapeutic agents, including 5-fluorouracil, 
methotrexate, and doxorubicin, may increase the 
radiation-induced damage to normal tissues. In 
most patients, these acute effects will resolve 
within a period of 1 week, although complete 
recovery may take months or longer. 

There are also long-term effects of radiation 
therapy to multiple structures within the abdo-
men. These may include hepatic or renal injury, 
ureteral strictures, narrowing of the aorta, impair-
ment of uterine development in young patients, 
premature ovarian failure, and skeletal effects, 

such as insufficiency fractures or failure of normal 
skeletal development. 

Moreover, recent advances in the use of more 
focused radiation, such as IMRT and proton 
beam therapy, have already had an impact on  
the bystander effects of radiation. It is likely that 
this trend will continue, reducing the effects of 
abdominal radiation. 

Conclusions

There are several inescapable trends in oncology. 
The first is that survival in cancer patients is 
improving, with more than 50% of patients 
treated for cancer now surviving long term. More-
over, this trend is likely to continue and accelerate 
in the coming years as newer pathway-specific 
agents enter routine therapy. In this new world  
of oncology, long-term management of patients 
treated for cancer will merge with the broad spec-
trum of other disease processes. This will neces-
sitate the active collaboration of oncologists and a 
group of general and subspecialty internists or 
family physicians conversant in the management 
of cancer, the side effects of therapeutic agents, 
and the broader spectrum of disorders that  
affect the general population. Success in oncology 
therapy will almost certainly lead to a new and 
interesting discipline of internal and general 
medicine that will be defined as a discrete subspe-
cialty. We look forward to the challenges that  
successful therapy of cancer will bring.
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Over the last several decades, significant improve-
ments in outcomes have been achieved for many 
patients with cancer. Surgical treatment has  
been and remains a principal modality for cure. 
Technological improvements and advances in 
surgical management have allowed for more 
extensive operative interventions, and multidisci-
plinary approaches have expanded surgical 
options for previously nonoperative patients.  
The increase in long-term survivorship has led to 
an increased focus on the functional outcomes 
and quality of life of cancer survivors. In this 
chapter, we discuss the long-term management  
of some of the more commonly encountered  
consequences of cancer surgery.  

Management of Lymphedema

Regional lymph node dissection is routinely 
employed in the management of invasive breast 
cancer or malignant melanoma following a  
positive sentinel node biopsy or in the setting of 
breast cancer with known axillary metastases or 
stage III melanoma. Aside from disease recur-
rence, lymphedema is the most dreaded sequela 
of these procedures, with reported rates of 6 to 
70% after level II axillary dissection for breast 
cancer1 and 6 to 20% following inguinal and 
pelvic lymph node dissection for melanoma.2 
Patients who are obese and patients who undergo 
adjuvant radiation therapy are at an additionally 
increased risk of developing lymphedema.1,3 
Although rarely life-threatening, lymphedema is 
a problem of significant clinical importance. In 
addition to causing pain, swelling, tightness,  
and heaviness of the affected extremity, it places 
the patient at risk of recurrent skin infections,  
and chronic lymphedema increases the risk of 
developing lymphangiosarcoma (Stewart-Treves 
syndrome) in the affected limb. Other studies 
have documented a significant degree of  
functional impairment, psychological morbidity, 

Unfortunately, there is no cure for lymph-
edema. Therapeutic efforts focus on minimizing 
the edema to reduce the risk of chronic and  
recurrent infections and to restore the functional 
and cosmetic nature of the limb. Options for the 
treatment of lymphedema include compression 
therapy with fitted compression garments,  
complex decongestive therapy (CDT) (manual 
lymphatic drainage, bandaging, proper skin care, 
compression garments, and remedial exercises), 
or pneumatic compression pumps (chambered 
pumps that deliver compression distally to proxi-
mally along the limb) (Table 1). Comparison of 
the relative success of these methods is difficult 
owing to substantial variation in the definitions 
of lymphedema, treatment interventions, and 
outcome measures. Since 1989, four randomized 
controlled trials (RCTs) and two cohort studies of 
the nonpharmacologic treatment of lymphedema 
in patients with breast cancer have shown a  
significant reduction in lymphedema with the use 
of standard compression therapy (11–86%).10–15 
Similar findings were seen in three RCTs and 
eight cohort studies with CDT (10–79% volume 
reduction).12–22 Three small RCTs and two cohort 
studies have shown a 15 to 50% volume reduction 
with the use of the pneumatic compression 
pump.10,11,15,18,23 

Prior to initiating any form of therapy, it  
is important to identify and treat other possible 
sources of limb swelling, such as infection, deep 
venous thrombosis, or recurrent or metastatic 
disease. Compression therapy, CDT, and pneu-
matic compression pumps all require a referral  
to a certified physical therapist. Patients with a 

and reduced quality of life in patients suffering 
from lymphedema.4,5 Furthermore, the psychoso-
cial impact of lymphedema has been reported by 
patients to be as distressing as their initial cancer 
diagnosis as it serves as a reminder of the cancer 
and can be an overt physical disfigurement.6

The diagnosis of postoperative lymphedema 
is usually first considered by the clinical finding  
of unilateral enlargement of the operated  
limb. Lymphedema can occur immediately post-
operatively or weeks, months, or even years later.7 
Other symptoms of lymphedema include a sense 
of fullness in the affected limb; decreased flexibil-
ity in the hand, wrist, or ankle; and difficulty  
fitting into clothes or jewelry.8 Although a variety 
of methods are available for the detection of 
lymphedema (circumferential measurements at 
various points, volumetric measures using water 
displacement, optoelectronic scanning), there  
are neither established guidelines for the use of 
many of these methods nor consensus within the 
literature regarding the degree of enlargement or 
impairment that defines lymphedema. Currently, 
a circumferential measurement of selected points 
along the limb is the most commonly used anthro-
pometric assessment in the clinical setting. A 
recent prospective study of 90 breast cancer 
patients evaluated the sensitivity and specificity of 
several different criteria for circumferential mea-
surements and volume assessment for the detec-
tion of lymphedema. Lymphedema was identified 
in 43% of patients, and the authors concluded 
that a change in the circumference of greater than 
1 cm at specific sites along the length of the arm 
provided reliable detection of lymphedema, with 
91% sensitivity and 46% specificity.9 Regardless 
of the method used, limb volume changes com-
pared over time and with the contralateral limb 
provide the most complete objective assessment 
for lymphedema diagnosis and treatment. Early 
diagnosis and treatment help improve both the 
prognosis and the clinical condition. 

Table 1  Results of Treatment for Lymphedema

Treatment Modality Percent Volume  
 Reduction

Standard compression therapy 11–86
Complex decongestive therapy 10–79
Pneumatic compression pump 15–50
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history of congestive heart failure may not be  
eligible for CDT or pneumatic compression pump 
therapy. Recommendations for the prevention  
of lymphedema include but are not limited to 
close surveillance for any swelling, avoiding  
venipuncture or blood pressure measurement on 
the at-risk limb, meticulous skin care, avoiding 
vigorous, repetitive movements and heavy lifting, 
avoiding tight jewelry or clothing, avoiding 
trauma, and wearing a well-fitted compression 
garment when flying.24 Currently, these lifelong 
precautions apply to all patients until further 
studies better stratify an individual patient’s risk 
of lymphedema.  

Endocrine and Exocrine Function 
after Pancreatectomy

Surgical treatment for pancreatic malignancy fre-
quently requires resection of either the pancreatic 
head and duodenum (pancreaticoduodenectomy 
or Whipple procedure) or distal pancreatectomy. 
These procedures commonly result in intestinal 
disturbances and may also lead to glucose intoler-
ance and the development of anastomotic ulcers. 
Patients with tumors limited to the neck or body 
may be treated with a segmental resection, often 
termed central or median pancreatectomy. Such 
limited resection is well tolerated and rarely  
leads to the development of the complications 
discussed below.25–27  

Exocrine Insufficiency 
The incidence of pancreatic exocrine insufficiency 
has been reported to range from approximately 
30% to as high as 100% following pancreatic 
resection.28–31 This wide range is due to variations 
across studies in how this is defined, the type of 
pancreatic resection, and the duration of follow-
up. Reports of pancreatic insufficiency may define 
this biochemically (serum para-aminobenzoic 
acid [PABA] levels, fecal elastase 1 assay) or clini-
cally by the presence of diarrhea or symptoms 
requiring pancreatic enzyme supplementation. 
Studies that have measured pancreatic insuffi-
ciency by fecal stool content and fecal elastase 
assay have shown that biochemical alterations  
in pancreatic exocrine dysfunction can be found 
in nearly 100% of patients following pancreatico-
duodenectomy.28,29 However, clinical determina-
tions of pancreatic insufficiency based on the 
presence of steatorrhea and/or the requirement 
for pancreatic enzyme replacement have identi-
fied one-third to two-thirds of patients who  
continue to show signs of exocrine insufficiency 
at 1 to 2 years of follow-up after pancreatic head 
resection.28–30,32

A number of factors lead to the development 
of exocrine dysfunction after pancreatectomy. 
These include the extent of resection, the  
presence of fibrosis in the remnant pancreas, 

occlusion of the pancreatic duct, inactivation of 
pancreatic enzymes by gastric content, and the 
rate of gastric emptying. Notably, although the 
extent of resection is clearly important, there is no 
linear relationship between the volume of pancre-
atic parenchymal loss and the development of 
pancreatic insufficiency.33

The clinical manifestations of pancreatic 
exocrine insufficiency are primarily diarrhea, 
abdominal pain, malabsorption, and, ultimately, 
weight loss (or lack of weight gain postoperatively 
to a preillness state).29,30 Some groups have sug-
gested that preservation of the pylorus during 
pancreaticoduodenectomy is associated with 
improved long-term nutritional status.31,34,35 
However, recently reported results of a prospec-
tive randomized trial of 170 patients showed no 
statistical differences in weight loss up to 6 months 
postoperatively between patients who had  
preservation of the pylorus and those who had 
standard pancreaticoduodenectomy with distal 
gastric resection.36 van Berge Henegouwen and 
colleagues suggested that differences in postop-
erative weight gain between patients undergoing 
pancreatic resection have more to do with posi-
tive margins of resection rather than the type of 
pancreaticoduodenectomy.30 Patients with distal 
pancreatectomy appear to be at a substantially 
lower risk of development of pancreatic exocrine 
insufficiency.27

Management of pancreatic exocrine insuffi-
ciency is usually based on clinical symptoms  
and is aimed at reversing the malabsorption and 
associated weight loss. The hallmark signs and 
symptoms include steatorrhea and abdominal 
pain. Confirmation of the diagnosis can be 
achieved with a number of tests, including direct 
measurements of fecal fat, an enzyme-linked 
immunosorbent assay for assessment of fecal 
elastase 1 levels,121 and serum PABA levels.37,38 
Patients with clinical symptoms of pancreatic 
insufficiency should be treated with pancreatic 
enzyme supplementation. Treatment with  
pancreatic enzymes is titrated to relief of gastro-
intestinal symptoms. Significant dosage may  
be necessary in some patients, and high-dose 
preparations are available. Dietary alterations,  
in particular restriction of dietary fat intake, are  
not required. Given the sensitivity of pancreatic 
enzymes to degradation within the acid environ-
ment of the stomach, pancreatic enzyme prepara-
tions are frequently enteric coated and release 
enzyme only at nearly neutral pH levels. Acid-
reducing agents such as H2 blockers may some-
times be necessary to enhance the activity of oral 
pancreatic enzyme preparations. Subsequently, 
patients should closely monitor the efficacy of 
combining pancreatic enzymes with H2 blockers 
because this may lead to premature dissolution of 
the enzyme preparation within the stomach, with 
a possible reduction in the efficacy of pancreatic 
enzyme therapy. 

There has also been interest in the clinical  
use of agents that may ameliorate the sequelae of 
pancreatic exocrine insufficiency by promoting 
the regeneration of the remnant pancreas. 
Although regeneration of the pancreas is seen in 
animal models of pancreatic resection, in humans, 
atrophy of the remnant pancreas is the more 
common occurrence.28 One hormone believed  
to be important in the growth of the pancreas is 
gastrin. Jang and colleagues used proton pump 
inhibitors (PPIs) in patients with pancreatic 
resection to increase serum gastrin levels.33 
Patients treated with PPIs for 3 months postop-
eratively had less atrophy of the remnant pan-
creas, were able to maintain pancreatic enzyme 
levels, and demonstrated improved nutritional 
status compared with those who did not receive 
PPIs. However, although such data are encourag-
ing, longer-term data from such a strategy are 
required. In addition, the possible role of gastrin 
as a growth factor in pancreatic cancer has been 
raised by some groups,39,40 and the use of an  
antigastrin antibody has been investigated thera-
peutically in patients with advanced pancreatic 
carcinoma.41 Therefore, the impact of long-term 
PPI treatment on the survival of patients with 
pancreatic cancer needs to be evaluated prior to 
generalized use of PPIs to stimulate pancreatic 
regeneration following resection for carcinoma.  

Alterations in Glucose Metabolism
Pancreatic cancer has been associated with 
impaired glucose metabolism,42 with an improve-
ment in diabetic status noted following resec-
tion.43 These observations have led some to 
propose that a diabetogenic factor may be pro-
duced by pancreatic adenocarcinoma.43 For those 
patients who do not have diabetes at presenta-
tion, the risk of developing de novo glucose intol-
erance and frank diabetes following pancreatic 
resection is primarily related to the extent of  
surgery and the duration of follow-up. The rela-
tive concentration of islets is denser in the tail of 
the pancreas compared with the head or body of 
the gland.44 This would suggest that patients 
undergoing distal pancreatectomy may be at 
greatest risk of the long-term development of  
diabetes.  

Some authors have suggested that overt dia-
betes is unlikely to occur in patients undergoing 
pancreaticoduodenectomy despite the reduced 
capacity to secrete insulin and glucagon in the 
remnant pancreas.45 However, most series with 
longer-term follow-up demonstrate that pancre-
atic head resection does, in fact, increase the  
likelihood of new-onset diabetes, although it is 
difficult to ascertain the exact incidence. At 1 year 
of follow-up, Anderson and colleagues reported 
that 2 of 47 patients (4%) not previously diabetic 
developed diabetes after pancreaticoduodenec-
tomy.46 A similarly low incidence was reported  
by Lemaire and colleagues, who followed a cohort 
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of 19 patients after pancreaticoduodenectomy  
for a median of 3 years.28 Of 17 patients with 
normal fasting blood glucose preoperatively,  
3 showed impaired glucose tolerance at 42, 73, 
and 120 months postoperatively, although none 
had overt diabetes. The two remaining patients 
had non–insulin-dependent diabetes preopera-
tively, and both required insulin after pancreatic  
resection. 

In contrast, van Berge Henegouwen and  
colleagues reported a 24% incidence of patients 
requiring oral hypoglycemics or insulin for  
management of endocrine insufficiency at 1 year 
after pancreaticoduodenectomy.30 Furthermore, 
of patients who show early signs of abnormal  
glucose metabolism postoperatively, long-term 
follow-up studies suggest that further deteriora-
tion may occur over time. Ishikawa and colleagues 
followed 51 patients who were treated with  
pancreaticoduodenectomy and survived more 
than 7 years without recurrence of tumor.47 At  
3 months after surgery, 30 patients had a normal 
oral glucose tolerance test; none of these patients 
developed glucose intolerance or diabetes at  
7 years. Of the 21 patients with abnormal glucose 
tolerance or diabetes at the 3-month analysis,  
14 patients (67%) had further deterioration in 
pancreatic endocrine function at the longer-term 
follow-up. The incidence of diabetes in these 
latter studies appears to approach that seen in 
patients following distal pancreatectomy. From a 
group of 24 nondiabetic patients treated with 
distal pancreatectomy, Yamaguchi and colleagues 
found that nearly half had deterioration of  
glucose tolerance at 6 months of follow-up.27 

The data clearly suggest that irrespective  
of the type of pancreatic resection, patients need 
to be monitored closely and consistently over 
time for development of alterations in glucose 
metabolism.  

Postgastrectomy Syndromes

Postgastrectomy syndromes have been described 
in approximately 20% of patients. These  
syndromes encompass a number of specific  
conditions, including dumping, postvagotomy 
diarrhea, alkaline reflux gastritis, atonic gastric 
remnant, and Roux stasis syndrome, as well as 
more generalized consequences, such as malnu-
trition and anemia. They occur as a result of loss 
of gastric reservoir capacity, loss of the pyloric 
valve mechanism, and loss of vagal innervation 
important for both the reservoir and emptying 
functions of the stomach. The likelihood of occur-
rence of any one of these specific conditions 
depends on both the type of gastric resection 
(total, subtotal proximal, subtotal distal) and  
the method used to restore gastrointestinal  
continuity (Billroth I, Billroth II, or Roux-en-Y 
gastrojejunostomy).  

Management of these syndromes depends on 
recognizing those that are amenable to medical 
treatment and those for which surgery is the  
preferred intervention (Table 2). The clinical 
manifestations of postgastrectomy syndromes are 
described below. In general, they can be catego-
rized as disorders secondary to rapid gastric  
transit (dumping, postvagotomy diarrhea), dis-
orders secondary to functional and mechanical 
obstruction (Roux stasis, atonic gastric remnant), 
and disorders secondary to reflux of intestinal 
content (bile reflux gastritis). For patients with 
postgastrectomy syndromes, a clinical history, 
upper endoscopy, barium radiography, and 
nuclear medicine gastric emptying studies are 
important elements for accurate diagnosis of the 
specific disorder.

Dumping
Dumping syndrome occurs in approximately  
20 to 30% of patients48,49 and is divided into early 
and late forms based on the interval between oral 
intake and the development of symptoms. Early 
dumping symptoms occur within 30 minutes of 
ingestion; patients experience gastrointestinal 
discomfort (abdominal pain, nausea, vomiting, 
and diarrhea) and vasomotor symptoms (dia-
phoresis, palpitations, hypotension, dizziness). 
These changes are mediated by gastrointestinal 
peptide hormones in response to rapid gastric 
emptying into the small intestine.50 The sudden 
appearance of a large volume of hyperosmolar, 
high-carbohydrate load in particular tends to 
generate the symptoms of early dumping. 

Late dumping occurs in approximately 2%  
of postgastrectomy patients and consists of  
vasomotor symptoms alone seen 2 to 4 hours 
after oral intake. The underlying pathophysiology 
is the presence of hyperosmolar food within  
the small intestine that triggers an exaggerated 
insulin response and subsequent hypoglycemia.  

Management of dumping is aimed at altering 
the pattern of oral intake by reducing intake  
of concentrated carbohydrates, taking frequent, 
small meals, and avoiding concomitant intake of 
solids and liquids. In patients with late dumping, 

the development of symptoms can be alleviated 
by intake of carbohydrates to counter the hypo-
glycemia. In patients with severe symptoms that 
cannot be managed by behavioral alterations,  
50 µg of octreotide taken 15 to 30 minutes  
before meals appears to counter the effects of  
gastrointestinal hormones and alleviate dumping  
symptoms in many patients.51–53 In general, the 
symptoms of dumping improve during the course 
of the first year with conservative measures.

Postvagotomy Diarrhea
The pathophysiology of this disorder is likely  
a combination of decreased gastric relaxation  
secondary to vagal denervation and rapid gastro-
intestinal transit. Postvagotomy diarrhea is char-
acterized primarily by watery diarrhea that occurs 
after eating and may be confused with dumping 
syndrome. However, unlike dumping syndrome, 
there is no clear and consistent association with 
the type or volume of oral intake. Postvagotomy 
diarrhea is also frequently episodic.  

The highest incidence of postvagotomy  
diarrhea occurs immediately after gastric resec-
tion, and symptoms generally abate over time. 
Treatment is largely symptomatic with the use of 
antidiarrheal and antimotility agents. The use of 
cholestyramine, which binds bile acids, has also 
been described.54 Dietary modifications of reduc-
ing fluid intake and avoidance of dairy products 
should also be attempted. In contrast to dumping 
syndrome, octreotide appears to be less effective 
in the treatment of postvagotomy diarrhea.55  
In addition to symptomatic treatment, it is  
important to rule out other causes of diarrhea, 
including infection and malabsorption  
syndromes.

Bile Reflux Gastritis
Bile reflux gastritis occurs as a result of loss of the 
normal pyloric function and consequent reflux of 
intestinal content into the gastric remnant. 
Whether delayed gastric emptying is also a  
primary component of the pathophysiology of 
this disorder56 or the secondary effects of bile 
injury to the gastric pouch remains unclear.57  

Table 2  Postgastrectomy Syndromes

Syndrome Symptoms Primary Management

Dumping Postprandial gastrointestinal  Dietary modification; octreotide in 
  distress and vasomotor symptoms  refractory cases
Postvagotomy diarrhea Postprandial diarrhea Dietary modification; antidiarrheal  
   agents
Bile reflux gastritis Epigastric pain, bilious emesis Prokinetics/acid-reducing  
   agents/cholestyramine
  Surgical revision may be required
Gastric atony Epigastric pain, nausea, vomiting Prokinetic agents
  Surgical revision may be required
Roux stasis Epigastric pain, nausea, vomiting Surgical revision
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The incidence may be as high as 50% after some 
gastric operations.49 Patients with bile reflux 
experience burning epigastric pain, nausea, and 
bilious vomiting. Eating exacerbates symptoms; 
therefore, many patients reduce their food intake 
with consequent weight loss. 

Diagnosis is based on the clinical history and 
confirmation by endoscopic biopsy to distinguish 
bile reflux gastritis from bile staining of the  
gastric mucosa. Other etiologies, such as gastric 
outlet obstruction, gastroesophageal reflux,  
ulcer disease, and Helicobacter pylori, should be 
ruled out. Nuclear medicine scans may be a help-
ful adjunct but cannot be used as the primary 
diagnostic modality because transient reflux can 
also be seen in asymptomatic patients. Gastric 
emptying studies will usually demonstrate delay.  

Single-agent treatments with bile-chelating 
agents, sucralfate, and prostaglandins have gener-
ally shown disappointing results.58–61 Nonetheless, 
an initial trial of intensive therapy with a combi-
nation of prokinetic agents, cholestyramine, and 
acid-reducing agents is recommended. Patients 
whose symptoms persist should be referred for 
consideration of surgical treatment.

Gastric Atony
Gastric atony results from loss of vagal innerva-
tion that controls gastric contractility and empty-
ing. Symptoms include postprandial epigastric 
pain, nausea, and vomiting. Gastric emptying 
scans will show marked delay. Endoscopy and 
contrast radiography are important components 
of the workup to rule out mechanical causes  
of obstruction. Upper gastrointestinal series will 
typically demonstrate a large, flaccid gastric reser-
voir. Treatment with prokinetic agents is gener-
ally unsuccessful, and many patients ultimately 
require surgical revision.62 

Roux Stasis Syndrome
Roux stasis syndrome presents as a functional 
obstruction in patients who have had gastrointes-
tinal continuity reestablished using a Roux-en-Y 
gastroenterostomy. The underlying pathophysi-
ology is likely due to altered motility in the jejunal 
limb as a result of disruption of the intestinal 
pacemaker by resection of the jejunum to fashion 
the Roux-en-Y gastroenterostomy. Symptoms  
are similar to those of gastric atony and consist  
of abdominal pain, nausea, and vomiting after 
meals. Roux stasis has been described in approxi-
mately 30% of patients and appears to be related 
to the length of the Roux-Y limb.63  

As with gastric atony, an important part of 
the differential that needs to be excluded is 
mechanical obstruction. Upper endoscopy and 
upper gastrointestinal series should be used to 
exclude this possibility. Nuclear medicine scans 
to document transit times through the Roux-Y 
limb are also helpful for making the diagnosis. 
The treatment is surgical revision. 

Malnutrition and Anemia
Malnutrition and weight loss are not uncommon 
after gastrectomy. Although in some cases, these 
may be due to malabsorption, in many patients, 
there is inadequate caloric intake to avoid adverse 
symptoms. For such patients, emphasis on alter-
ing eating behaviors, in particular switching from 
three meals daily to frequent small meals, is essen-
tial. Additionally, some patients with no preop-
erative history of lactose intolerance have been 
known to develop intolerance of dairy products 
after gastrectomy. The increase in intestinal pH 
levels with a subsequent change in the bacterial 
flora can lead to anaerobic bacterial overgrowth 
and malabsorption.64  

The most frequently noted etiology for 
anemia after total or distal gastrectomy is loss of 
the intrinsic factor and subsequent malabsorp-
tion of vitamin B12. Parenteral vitamin B12 replace-
ment is therefore necessary. In addition, iron 
deficiency anemia and deficiency in folic acid are 
also described, and these sources should be sought 
out and treated in patients with chronic anemia 
following gastrectomy. 

Functional Complications of  
Esophageal Surgery

A number of functional consequences of esopha-
geal surgery are recognized. These include dys-
phagia, vocal cord paralysis, regurgitation, delayed 
emptying of the neoesophagus, and dumping 
syndrome. Most of these complications may be 
seen irrespective of the surgical approach to resec-
tion (transhiatal, transthoracic) or the conduit 
used. Although many patients will continue to 
have some long-term functional complaints, 
studies suggest that quality of life for many returns 
to national norms.65,66

Dysphagia
Some degree of dysphagia has been reported by  
as many as 45% of patients after esophagectomy 
followed for over 5 years.66 Dysphagia may be a 
symptom of underlying mechanical obstruction, 
commonly from anastomotic strictures. The 
severity of symptoms has been shown to correlate 
with the probability of stricture, those patients 
with severe symptoms all having evidence of 
mechanical obstruction.67 Patients with com-
plaints of dysphagia should be evaluated with 
endoscopy and cine-esophagrams.  

Most strictures are seen within the first  
3 months of surgery, and early postoperative dila-
tation may be required for as many as 30 to 50% 
of patients after esophagectomy.68,69 Most stric-
tures can be successfully managed by dilation.68–70 
Multiple sessions are frequently required. By  
1 year after surgery, only about 5 to 10% of 
patients will continue to have symptomatic  
strictures that require continued dilatation.69,70 

These patients may be candidates for surgical 
intervention. In addition, stricture dilatation in 
patients with colonic or jejunal interpositions 
carries a higher risk of perforation, and surgical 
revision should be considered earlier in these 
patients. 

A neurogenic etiology should be considered 
in patients with dysphagia who do not have radio-
graphic or endoscopic evidence of obstruction.67 
Injury to branches of the recurrent laryngeal 
nerve is the most likely cause.67 These patients are 
managed supportively, in particular with greater 
emphasis on thorough chewing. Most symptoms 
resolve with time. 

Vocal Cord Paralysis
The incidence of vocal cord paralysis has been 
reported to be 20 to 30% after esophagectomy67,71 
and is a result of injury to the recurrent laryngeal 
nerve. Paralysis may be either unilateral or bilat-
eral. The primary symptom is that of hoarseness; 
however, additional difficulties with swallowing, 
breathing, and pulmonary complications may 
also be present. In the majority of patients with 
recurrent nerve injury, the hoarseness is transient, 
and many patients have resolution of symptoms 
within the first 4 to 6 months.67,71 Patients with 
recurrent nerve injury have been reported to  
have a higher incidence of postoperative pulmo-
nary complications,71,72 and those with severe 
hoarseness are more likely to have problems with 
activity and quality of life.72 

Patients with persistent hoarseness should be 
referred for laryngoscopy to confirm the clinical 
diagnosis. Patients with repeated pulmonary 
complications after esophagectomy should be 
similarly evaluated. Treatment is aimed at medi-
alization of the vocal cord by intracordal injection 
with silicone or Gelfoam. The success rate in 
improving patient symptoms is 90%.73 

Regurgitation 
Many patients will experience occasional reflux 
after esophagectomy, with some reports showing 
approximately 60% of patients with intermittent 
symptoms.66,74

The factors that contribute to reflux are mul-
tiple, including loss of the natural antireflux 
mechanism, impaired motility of the neoesopha-
gus, and delay in gastric emptying.74 In addition 
to typical symptoms of burning, patients may also 
complain of chronic cough and recurrent pneu-
monia.74 Lying supine frequently exacerbates 
symptoms. Treatment is supportive. Avoidance 
of large meals, particularly prior to sleep, can 
minimize the occurrence of regurgitation. Use of 
prokinetics in patients with motility disorders 
may also be of benefit. Regurgitation that neces-
sitates that the patient sleep upright at night is 
uncommon.69 
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Delayed Conduit Emptying
Delayed conduit emptying may be the result of 
either poor motility of the neoesophagus or a 
delay in gastric emptying as a result of denerva-
tion of the gastric tube. Patients will frequently 
complain of early satiety. Contrast radiography 
can help elucidate the underlying etiology of 
delayed motility. Treatment is primarily pharma-
cologic, using promotility agents such as meto-
clopramide or erythromycin.75,76 In addition, for 
patients who have delayed gastric emptying as a 
result of pyloric narrowing, upper endoscopy 
with balloon dilatation should be performed. 

Dumping
Postvagotomy dumping syndrome is noted in 
approximately 25% of patients after esophagec-
tomy.74 As with dumping after gastrectomy, the 
management is alteration of dietary behavior, 
with emphasis on frequent, small meals, separat-
ing liquids and solid intake by about 30 minutes, 
and the use of antidiarrheal agents. 

Pelvic Operations

The complex neuroanatomy of the pelvis, the 
close proximity of pelvic organs, and extended 
multivisceral resections for advanced disease 
place patients undergoing pelvic surgery for blad-
der, prostate, gynecologic, and rectal malignancy 
at risk of the development of urinary, sexual, and 
anorectal dysfunction after such operations. In 
addition, patients with stomas for fecal or urinary 
diversion can present with long-term complica-
tions of stenosis and prolapse and may also 
develop significant metabolic problems. 

Sexual Dysfunction
Injury to the parasympathetic and sympathetic 
nerves in the pelvis plays a primary role in the 
development of sexual dysfunction following 
pelvic operations. Additional factors that may 
contribute include vascular injury, psychosocial 
factors, and, particularly in women, pelvic scar-
ring. Data regarding postoperative sexual func-
tion are more readily available in men than 
women. In part, this reflects the availability of 
clearly defined end points of sexual function in 
men, namely potency and ejaculation. 

Erectile dysfunction (ED) in men is defined 
as an inability to achieve and maintain erections 
sufficient for sexual intercourse. The incidence of 
ED after pelvic surgery is highly variable and 
depends on several factors, including the type of 
surgery and the patient’s age.77–83 The relationship 
with the type of surgery in large part reflects  
the ability to preserve the parasympathetic and 
sympathetic innervation of the pelvis during  
the procedure. Preservation of neurovascular 
bundles bilaterally correlates with an increased 
likelihood of recovering sexual function; data 

from prostatectomy studies indicate that, depend-
ing on age, 50 to 90% of men with full erections 
preoperatively can be expected to recover potency 
after bilateral nerve preservation compared with 
only approximately 25 to 50% for those with  
unilateral nerve preservation.77–79 Importantly, 
for men who were potent preoperatively, recov-
ery of sexual function after pelvic surgery can take 
as long as 40 months.77,84,85  

Given that the primary etiology of ED in men 
after pelvic surgery is nerve injury, specialized 
testing to evaluate for the causes of ED in this  
setting is not warranted. However, exclusion of 
metabolic and endocrine conditions that impact 
sexual activity, such as measurement of serum 
testosterone, lipid profile, and thyroid function, 
is appropriate, particularly for men with  
complaints of decreased libido.86,87 

Treatment of ED was substantially advanced 
with the introduction of sildenafil. The initial 
reports of the efficacy of sildenafil in ED included 
patients with both organic and psychogenic  
disorders.88 More recent reports, specifically on 
patients with ED after pelvic operations, have 
similarly confirmed the effectiveness of sildenafil 
in this cohort.89,90 Overall, approximately 80% of 
patients with partial or total ED after pelvic oper-
ations can be expected to respond. Doses of 100 
mg will often be required to achieve satisfactory 
results.88–90 However, the success of recovery of 
sexual function with sildenafil is also dependent 
on the preservation of pelvic neuroanatomy.90 
The rates of response to sildenafil according  
to the status of the neurovascular bundles are 
72%, 50%, and 15% for bilateral, unilateral, and 
non–nerve-preserving operations, respectively.90 

The reported side effects of sildenafil include 
headache, flushing, and dyspepsia, although few 
men discontinued the medication secondary to 
these side effects.88 Sildenafil should be used with 
caution in patients with cardiovascular disease 
and is contraindicated for those patients on 
nitrates.91 For patients who do not respond to 
sildenafil or for whom sildenafil is contraindi-
cated, alternative treatments include implanta-
tion of a penile prosthesis, vacuum constriction 
devices, and intracorporeal injection or  
transurethral delivery of alprostadil. 

Data on sexual function in women after 
pelvic surgery are not as readily available. Physical 
factors are known to be altered after pelvic opera-
tions, particularly after gynecologic and rectal 
operations. These include a shortened vagina, 
pain, vaginal dryness, and bleeding.92–94 In patients 
who have had proctectomy, leakage of stool 
during intercourse is also reported.92–94 Reports 
on sexual function and activity are more varied. 
Data from women following proctectomy suggest 
that despite some complaints of physical changes, 
sexual arousal, sensitivity, and frequency were 
unchanged postoperatively.92,94 However, in a 

long-term follow-up of 105 women after radical 
pelvic surgery, Corney and colleagues found that 
66% of patients had persistent sexual difficulties, 
including nearly half who reported a lack of 
desire.93 They found that psychogenic causes,  
in addition to organic ones, had a significant 
impact on postoperative sexual function. The 
management of sexual dysfunction in female 
patients is primarily supportive counseling. The 
role of sildenafil for treatment of sexual dysfunc-
tion in women has been investigated, with studies 
showing mixed results.95–97 These studies have not 
included women experiencing deterioration of 
sexual function following pelvic surgery. 

Anorectal Function after Pelvic Surgery
Alterations in bowel habits are primarily seen in 
patients following resection of the rectum. Loss of 
the rectal reservoir and loss of rectal compliance 
contribute to an increase in stool frequency, 
urgency, incontinence to stool and/or flatus, and, 
in some instances, constipation.98–101 The proba-
bility of these functional outcomes is usually 
inversely correlated with the level of the colorectal 
anastomosis.98–101 As the residual rectum gains in 
compliance and capacitance, in many patients, 
these symptoms improve over the first 6 to  
12 months, and in some series, functional out-
comes have continued to improve 2 to 5 years 
after surgery.100,102,103 

Treatment is directed at management of 
these symptoms. A rectal examination is impor-
tant to confirm that rectal tone is normal and 
there is no impaction. Furthermore, for patients 
with severe symptoms that show no sign of  
abating over time, a barium enema or endoscopy 
to rule out stricture or secondary causes is impor-
tant. Increasing stool bulk through the use of  
fiber is the mainstay of management. Intake of 
fiber supplements is gradually titrated upward  
to achieve a more formed bowel movement. 
Occasionally, antidiarrheal agents are necessary 
to control loose bowel movements, but these 
should be used cautiously to avoid alternating 
cycles of constipation and diarrhea.   

In addition to pharmacologic treatments, 
patients should be encouraged to perform Kegel 
exercises daily to strengthen the muscles of the 
pelvic floor. Lastly, education and management 
of expectations are important components of  
care in these patients.  Despite improvements in 
anorectal function that occur over many months 
postoperatively, most patients will ultimately  
stabilize at an average of two to three bowel  
movements daily,102,104 and only 50 to 75% will be 
completely continent.98,103,104

Urologic Dysfunction
As with sexual function, preservation of the pelvic 
autonomic nerves is important for maintenance 
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of normal bladder function postoperatively.105–108 
Depending on the type of nerve injury, patients 
may present with symptoms of urinary retention, 
such as urinary strain, overflow incontinence, 
and loss of sensation of bladder fullness. Alterna-
tively, patients may complain of urgency and 
stress incontinence. 

Although transient postoperative difficulties 
requiring intermittent catheterization are not 
uncommon after pelvic operations,107,109 the per-
sistence of voiding problems 6 to 8 weeks after 
surgery requires further evaluation. Such a 
workup should start with a postvoid residual as 
measured by catheterization or bladder ultraso-
nography, as well as a urinalysis and culture to 
rule out infection. Patients with postvoid bladder 
volumes exceeding 500 mL should be started on a 
regimen of clean intermittent catheterization. 
Further workup will require formal urodynamic 
studies to better define the etiology of urinary 
dysfunction and initiate appropriate pharmaco-
logic treatment.  

Metabolic Consequences of Urinary and 
Bowel Diversion
Urinary Diversion  

For patients undergoing cystectomy, diversion  
of urine flow is generally through a segment of 
bowel, typically the distal ileum or a segment of 
colon. These urinary diversions may serve simply 
as a conduit to an external stoma or may be fash-
ioned such that they form a continent urinary 
pouch. Among the most common complications 
of such urinary diversions is the development  
of acidosis, renal insufficiency, and renal  
calculi, occurring in 15 to 20% of patients  
(Table 3).86,87,110 

The incidence of metabolic acidosis depends 
on the method of follow-up. Electrolyte analysis 

of venous blood samples will demonstrate an 
incidence of approximately 15% of patients.86,87,110 
The incidence is much higher if patients are  
monitored by arterial blood gas measurements.111 
Whether these acid-base abnormalities impact 
bone metabolism is not clear.110 However, alka-
linizing agents, such as sodium or potassium 
bicarbonate, should be used in children with  
urinary diversion as chronic acidosis may lead  
to bone loss and orthopedic problems.110 In  
addition, selective use of alkalinizing agents  
in patients with a base excess < -2.5 has been  
recommended.112 In a series of 27 patients with 
urinary diversion, Stein and colleagues assessed 
the long-term impact of early alkalinization in 
individuals with a base excess < -2.5.112 They 
found no abnormalities in bone mineral density 
in their cohort. 

Development of stones, in both the kidney 
and the conduit, is also not uncommon in patients 
with urinary diversion and likely results from a 
combination of stasis and bacterial colonization 
of the conduit. Antibiotic treatment for coloniza-
tion is not warranted, and such therapy is reserved 
for those patients with objective evidence of infec-
tion. The presence of bacteria has also been  
postulated to play a role in the risk of cancer 
developing at the ureteroenteric anastomosis. 
This risk was well documented when ureterosig-
moid anastomoses were performed for urinary 
diversion,113 and sigmoidoscopy every 2 years is 
warranted in these patients. More recently,  
isolated ileal or colonic conduits for urinary 
diversion have replaced ureterosigmoidoscopy. 
Long-term data on the cancer risk in these  
isolated bowel conduits have not been  
established. 

Additional complications following urinary 
diversion that require monitoring include  
renal insufficiency, deficiency of vitamin B12 and 
malabsorption of bile salts as a result of resection 
of the terminal ileum for conduit formation, 
hyperammonemia, especially in patients with 
liver insufficiency, and drug intoxication with 
drugs that are excreted unchanged by the kidney 
and reabsorbed by the bowel conduit. 

Bowel Diversion

Although reestablishment of intestinal continuity 
after gastrointestinal surgery is the primary  
objective, ostomy formation, either temporary or 
permanent, is occasionally required in the man-
agement of the cancer patient. Long-term com-
plications of such ostomies include prolapse, 
stenosis, peristomal fistula, parastomal hernia, 
and retraction of the stoma.114–116 In addition, 
patients with ileostomy are prone to dehydration 
and electrolyte abnormalities. Control of high 
ileostomy output (generally > 1 L/d) is important 
and can be accomplished through the use of fiber 
and antimotility agents. Alterations in uric acid 
levels are also seen in patients with ileostomy, 

which predisposes patients toward the formation 
of uric acid stones.117,118 Treatment of patients 
with aciduria has been suggested to prevent the 
formation of such stones.119 An increased inci-
dence of cholelithiasis has also been reported.120 
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Collateral Damage Associated with  
Chemotherapy

Anne S. Tsao, MD 
David J. Stewart, MD

A major problem with chemotherapy is the  
occurrence of marked toxic effects that patients 
experience. Extensive research has been con-
ducted to understand the pathogenesis of toxic 
effects so that they might be prevented; however, 
acute intratherapeutic effects of nausea, vomit-
ing, diarrhea, and myelosuppression remain  
limiting factors in cancer treatment. Long-term 
sequelae of the chemotherapy can include infer-
tility, carcinogenesis, and damage to the heart, 
kidney, lung, and nervous system. Standardized 
systemic symptoms are helpful for uniform  
management of patients on clinical trials and  
for initiation of appropriate dose adjustments. 
Several toxicity definition and grading systems 
are in use, largely in cooperative groups; one used 
frequently is the National Cancer Institute (NCI) 
Common Toxicity Criteria for Adverse Events 
(version 3) (<http://www.fda.gov/cder/cancer/
toxicityframe.htm>), which grades each symp-
tom on a scale of 0 to 4 by severity. A dose- 
limiting toxicity (DLT) is the clinical toxic 
response that determines the maximum tolerated 
dose.1 

Additional factors to consider when evaluat-
ing toxicities of chemotherapy include determin-
ing whether they are acute or chronic and whether 
they are cumulative. The DLT of a single agent 
may differ depending on the method of adminis-
tration (intravenous bolus or infusion over 
hours).1 Treatment schedule, route of adminis-
tration, other agents’ used, and patient comor-
bidities can also affect a patient’s tolerance to 
chemotherapy. In addition, such patient charac-
teristics as age, renal and hepatic function,  
pharmacogenomic status, and previous amount 
of therapy are major contributors to patient  
tolerance of therapy.1–3 

This chapter provides a general overview of 
both the systemic and nonsystemic toxic effects of 
cancer chemotherapies, along with a discussion 
of the various classes of chemotherapy and their 
mechanisms of action. 

Systemic Toxic Effects

Myelosuppression
One of the most common DLTs of chemotherapy 
is hematopoietic toxicity causing myelosuppres-
sion.1 The severity of any toxic effect is dependent 
on the drug type, dose and bioavailability, dura-
tion of exposure, and frequency of admini-
stration.4 Because most cytotoxic chemotherapy 
agents target proliferating cells, most hemato-
poietic progenitor cells (mature granulocytes, 
erythrocytes, and thrombocytes) that are in the 
peripheral circulation are affected by the therapy. 
Pluripotent hematopoietic stem cells do not 
divide frequently, and in normal cases, stem cells 
will produce one daughter cell that differentiates 
and another daughter cell that becomes another 
stem cell.5 Bone marrow stem cells may also be 
affected, especially by alkylating agents, which 
can result in an even longer period of myelosup-
pression.1,4 High doses of chemotherapy will  
prolong the bone marrow recovery period, and 
studies have found that a decrease in granulocyte-
macrophage colony-forming unit cells can be 
seen for up to 3 years after therapy.4 

Different chemotherapy agents will affect a 
patient’s bone marrow reserve differently. These 
agents target different phases of the cell cycle 
(Figure 1). For example, alkylating agents cause 1 
to 4 weeks of myelosuppression, with recovery 
within 4 weeks, whereas antimetabolite agents 
will nadir granulocyte counts within 1 week, with 
recovery approximately 3 weeks later. Myelosup-
pression can also be delayed by agents such as 
mitomycin-C, nitrosoureas, and procarbazine, 
which depress granulocyte counts 3 to 4 weeks 
after treatment.4

Anemia is reported in up to 90% of patients 
receiving chemotherapy. Clinical symptoms 
include fatigue, lethargy, weakness, irritability, 
dyspnea, and reduced performance status.6  
The severity of chemotherapy-induced anemia 
depends on the dose of the agent, the duration  
of treatment, and the patient’s bone marrow 

reserve.6,7 Younger patients with more cellular 
bone marrow are likely to tolerate chemotherapy 
better than older patients. Patients with iron  
deficiency anemia or marked bone marrow  
infiltration by tumor will have more complicated 
cases of chemotherapy-induced anemia.7  
Chemotherapy may also complicate preexisting 
anemia; anemia owing to chronic disease is  
associated with erythroid hypoplasia of the bone 
marrow, and chemotherapy agents compound 
the problem by delaying the maturation of  
the erythroid lineage cells.8 Treatment for  
anemia consists of red blood cell transfusions, 
administration of recombinant erythropoietin, 
and vitamin supplementation and should be ini-
tiated based on the clinical presentation.9,10 In 
general, patients who are symptomatic and have 
hemoglobin levels below 10 g/dL should receive 
intervention.11 Patients with a cardiac history  
of angina may require more aggressive therapy. 
Iron supplementation should be initiated if the 
ferritin level drops below 100 ng/mL.7 Cisplatin 
may cause anemia through reduced erythropoie-
tin production resulting from the agent’s  
nephrotoxicity. 

Thrombocytopenia occurs 8 to 14 days  
after chemotherapy and can occur concomitantly 
with neutropenia.7 As a general rule, chemother-
apy should be delayed if platelets are below 
100,000/mm3. Thrombocytopenia places patients 
at increased risk of bleeding, but spontaneous 
bleeding rarely occurs when the platelet level is 
above 20,000/µL.7 Patients who are not bleeding 
should still receive platelet transfusions when 
their platelet counts drop below 10,000/mm3. 
Other factors that complicate thrombocytopenia 
include hypersplenism, concomitant use of  
antiplatelet and anticoagulant medications, and 
sepsis. Thrombocytopenia has been reported as a 
DLT for gemcitabine, carboplatin, darcarbazine, 
5-fluorouracil (5-FU), lomustine, mitomycin, 
and thiotepa. Cumulative effects from carmus-
tine, fludarabine, lomustine, mitomycin-C, strep-
tozocin, and thiotepa have also been reported, 
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and agents that have cumulative bone marrow 
toxicity are also more likely to cause thrombocy-
topenia than are agents with relatively little  
cumulative effect. 

Neutropenia is a common DLT chemother-
apy. Neutrophils have life spans of 6 to 8 hours 
after their release from the bone marrow and are 
the initial responders to infection and develop-
ment of a host reaction to infectious agents.  
Neutropenia occurs within 5 to 14 days after che-
motherapy, with recovery of counts in 721 days.7 
Neutropenia is defined as an absolute neutrophil 
count (ANC) less than 1,500/mm3 by some 
authors, whereas others define it as a count less 
than 1,000 or 500/mm3. The risk of infection rises 
as the neutrophil count falls below 1,000/mm3 
and is inversely related to the neutrophil count 
during neutropenia. As a general guideline, che-
motherapy should be withheld if the ANC drops 
below 1,000 to 1,500/mm3. The NCI toxicity grad-
ing scale quantifies neutropenic toxic responses 
on a scale of 1 to 4. A grade 4 or life-threatening, 
toxic response is defined as an ANC less than  
500/mm3. 

Patients with hematologic malignancies are 
at higher risk of neutropenic complications owing 
to the underlying disease.12 Febrile neutropenia  
is considered a life-threatening oncologic emer-
gency and requires immediate intervention with 
antibiotics and evaluation for sepsis.12 Febrile 
neutropenia has been defined in several ways.  
For example, some authors have defined it as  
a temperature greater than 38.2°C (101°F) with a 
granulocyte count of less than 1,000/mm3, 
whereas others have defined it as fever greater 
than 38.2°C for over 1 hour associated with a 
grade 4 ANC.1 Neutropenia can be treated using 
human granulocyte colony-stimulating factor 
(CSFs).12 The current American Society of  

Clinical Oncology (ASCO) guidelines recom-
mend primary prophylactic use of CSFs when the 
anticipated risk of febrile neutropenia exceeds 
40% in patients who are at high risk of febrile 
neutropenia or infection. Patients who have had 
one episode of febrile neutropenia after chemo-
therapy are considered high risk and should 
receive CSF support during subsequent cycles of 
chemotherapy unless the chemotherapy dose is 
reduced. However, CSFs have not shown any 
benefit in disease-free or overall survival, and 
their use in febrile patients receiving chemother-
apy is not recommended except in a high-risk 
situation.13 

Gastrointestinal Symptoms 
The gastrointestinal toxic effects of chemotherapy 
include nausea, vomiting, diarrhea, and mucosi-
tis. Chemotherapy-induced nausea and vomiting 
(CINV) may markedly affect a patient’s quality  
of life during chemotherapy and can be a factor  
in determining a patient’s ability to tolerate  
further treatment. The risk factors for CINV 
include a high level of chemotherapy emetogenic-
ity (Table 1), young patient age, female gender, 
history of pregnancy-related or motion sickness, 
nausea, patient anxiety, history of CINV with 
previous chemotherapy, and low social function-
ing. Patients with a history of heavy alcohol use 
appear to have a reduced risk of CINV.14–16

Acute CINV (defined as CINV occurring 
within the first 24 hours after chemotherapy 
administration) arises when chemotherapy dam-
ages enterochromaffin cells in the gastrointestinal 
tract, resulting in the release of serotonin. The 
serotonin binds to 5-hydroxytryptamine3 (5-HT3) 

receptors in vagal afferent nerves and the chemo-
receptor trigger zone, activating the vomiting 

center in the medulla lateral reticular formation.15 
The release of dopamine and its interaction with 
dopamine receptors play a lesser role than the 
serotonin pathway. CINV may also be “delayed” 
or “anticipatory.”15 Delayed emesis is defined as 
emesis occurring after 24 hours and maintained 
for several hours (sometimes 120 hours or more) 
afterward and is thought to be mediated by  
substance P neurokinin-1(NK-1) receptor path-
ways.15,17 NK-1 receptors line the intestinal tract 
and the nucleus tractus solitarius of the brain. 
Substance P, a tachykinin, binds to the NK-1 
receptors at the nucleus tractus solitarius and 
induces vomiting.16 Substance P is released in two 
phases, first from the direct cytotoxic effect of 
chemotherapy on the chemoreceptor zone and 
then from the damaged enterochromaffin cells in 
the gastrointestinal tract. CINV is also regulated 
by dopamine 2 receptors. Dopamine receptors 
are located in the chemoreceptor trigger zone, 
and blockade enables some control over emesis.

Anticipatory nausea is nausea that occurs 
prior to chemotherapy administration and is a 
conditioned response to chemotherapy. In this 
setting, antiemetic prophylaxis is less effective 
and behavioral modification is recommended.15 
Two additional minor categories of CINV are 
reported: breakthrough CINV and refractory 

Table 1  Emetogenicity of Commonly Used 
Chemotherapy Agents

High 
 Cisplatin
 HD cyclophosphamide
 HD carmustine
 Dacarbazine
 Dactinomycin  

Moderate
 SD cyclophosphamide
 SD carmustine
 Doxorubicin
 Cytarabine
 Irinotecan
 Ifosfamide
 Melphalan
 Carboplatin
 Mitoxantrone  

Low
 5-Fluorouracil
 Methotrexate
 Gemcitabine
 Etoposide
 Paclitaxel
 Docetaxel
 Topotecan  

Minimal
 Bleomycin
 Capecitabine
 Vinca alkaloids

Adapted from Grunberg S.15

HD = high dose; SD = standard dose.

FigurE 1  Schematic showing chemotherapy agents that act during specific phases of the cell cycle phase. 
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CINV.16 Breakthrough CINV occurs in patients 
who are receiving preventive antiemetic therapy. 
Patients with refractory CINV develop adverse 
symptoms after initially responding to antiemetic 
therapy during the first few cycles of  
chemotherapy. 

If effective antiemetics are not given,  
acute CINV can occur in up to 98% of patients 
receiving highly emetogenic agents, such as  
cisplatin. Delayed CINV has been reported in up 
to 61% of patients. The incidence is lower for  
less emetogenic agents.15 Antiemetic regimens  
for acute CINV include 5-HT3 receptor antago-
nists in combination with corticosteroids.  
Corticosteroids are thought to prevent emesis by 
prostaglandin antagonism, although the exact 
mechanism is unclear. Delayed CINV requires 
additional therapy with steroids, possibly 5-HT3 
antagonists, dopamine 2 receptor antagonists 
such as (metoclopramide), and NK-1 receptor 
antagonists. Control of acute CINV may decrease 
the incidence of delayed CINV.15,16 

Diarrhea, if prolonged and severe, can lead to 
dehydration and malabsorption. Chemotherapy-
induced diarrhea is graded by the number of 
additional bowel movements above a normal 
baseline. The pathophysiology of chemotherapy-
induced diarrhea is not clear but is partly due  
to chemotherapy-induced damage to intestinal 
crypt cells, which divide rapidly, and a delay in 
regeneration of the intestinal villi and intestinal 
absorptive surface. Changes in absorptive capa-
bility lead to diarrhea by altering the osmotic gra-
dient in the intestine. Inflammatory cytokines, 
which promote secretion of intestinal fluids and 
electrolytes from the crypt cells, are also secreted.18 
Chemotherapy itself will occasionally lead to  
the development of Clostridium difficile–induced 
diarrhea. 

Agents that commonly cause diarrhea include 
5-FU, irinotecan, methotrexate, docetaxel, and 
doxorubicin. Diarrhea is dose limiting in irinote-
can and 5-FU combinations. Patients who develop 
chemotherapy-induced diarrhea should modify 
their diet to avoid greasy, spicy, or fried foods and 
any milk products. The BRAT diet (bananas, rice, 
applesauce, and toast) with clear liquids is recom-
mended until the diarrhea lessens.18 Maintaining 
fluid intake is critical to replace the volume  
lost and can require up to 3 to 4 L of fluid per  
day. Antidiarrheal agents such as loperamide, 
diphenoxylate or atropine, and, in severe cases, 
octreotide can be used.18

Mucositis can occur at any mucosal surface 
between the mouth and the rectum or vagina and 
is characterized by inflammation of the mucosa. 
The patients most likely to develop mucositis 
include those undergoing high-dose chemother-
apy with hematopoietic stem cell transplantation 
or patients with head and neck cancer receiving 
concomitant radiotherapy. The agents most likely 
to cause mucositis are methotrexate, etoposide, 
5-FU, and irinotecan.19 

Chemotherapy likely induces mucosal injury 
through direct toxicity or indirectly by stimulat-
ing reactive oxygen species, causing destruction 
of the stem cells in the basal layer of the epithe-
lium. This injury, in turn, leads to epithelial  
thinning, ulceration, and secondary colonization 
by infectious pathogens. In addition to causing 
epithelial injury, the generation of reactive oxygen 
species leads to activation of nuclear factor kB, 
which leads to the production of proinflamma-
tory cytokines, tumor necrosis factor, interleu-
kin-6, and platelet-activating factor. Additional 
transcription factors lead to apoptosis of  
sub mucosal endothelial cells and fibroblasts, 
which leads to changes in capillary permeability 
and the submucosal supportive layer. Mucosal 
injury with ulceration then occurs, with develop-
ment of a pseudomembrane and colonization by  
bacteria.20 

Stomatitis or oral mucositis can be acute 
(with mucosal inflammation, ulceration, or 
bleeding) or chronic (with xerostomia, taste 
alterations, trismus, or soft tissue and bone necro-
sis).20 With chemotherapy-induced stomatitis, 
the injury occurs within 1 to 2 weeks of treatment. 
The risk factors for development of stomatitis 
include poor nutritional status, alterations in  
oral flora, poor salivary function, old age, male 
gender, and the presence of inflammation.20,21 
Symptoms will generally improve with the resto-
ration of bone marrow products. Several agents 
are under investigation to prevent oral mucositis, 
among them amifostine, benzydamine, and  
N-acetylcysteine.20 Taste alterations can occur, 
with more perception of bitterness, a metallic 
taste, or increased perception of sweetness.  
The agents that most commonly affect taste  
perception are cyclophosphamide, dacarbazine, 
doxorubicin, 5-FU, levamisole, methotrexate, 
nitrogen mustard, cisplatin, and vincristine. 
Esophagitis may have symptoms of dysphagia, 
odynophagia, and epigastric pain. Substernal 
symptoms indicate worsening esophagitis. Previ-
ous or concurrent radiation will worsen the effects 
of chemotherapy. Dactinomycin, doxorubicin, 
and gemcitabine may markedly potentiate radia-
tion injury to the esophagus, whereas 5-FU, 
hydroxyurea, procarbazine, and vinblastine have 
a lesser potentiation effect.22 Severe esophagitis 
may require placement of a feeding tube. Vagini-
tis is uncommon but can occur 3 to 5 days  
after therapy and resolve within 7 to 10 days. 
Superimposed Candida infections may  
complicate esophagitis and vaginitis. 

Skin Changes
Chemotherapy can induce skin hyperpigmenta-
tion, hypersensitivity, acral erythema, pruritus, 
photosensitivity, alopecia, nail pigmentation or 
Beau’s lines, and onycholysis. Hyperpigmenta-
tion can be seen in the skin, nails, and mucous 
membranes and tends to be more prominent  

in patients with darker skin. Bleomycin can cause 
a typical flagellate hyperpigmentation.23 Other 
agents that cause hyperpigmentation are busul-
fan, cyclophosphamide, carmustine, irinotecan, 
5-FU, doxorubicin, and etoposide. Skin hyper-
sensitivity reactions can include urticaria and 
angioedema and can be accompanied by anaphy-
laxis. l-Asparaginase causes hypersensitivity in 10 
to 20% of patients.23 Paclitaxel or the Cremophor 
EL vehicle within which it is formulated can cause 
rapid onset of hypotension, rash, dyspnea, and 
bronchospasm. Docetaxel causes skin hypersensi-
tivity, rash, anaphylaxis, and fluid retention.  
Cisplatin, carboplatin, etoposide, procarbazine, 
cytarabine, levamisole, topotecan, trimetrexate, 
melphalan, methotrexate, all-trans retinoic acid, 
and nitrogen mustard can also cause hypersensi-
tivity. Single-agent busulfan, etoposide, procar-
bazine, hydroxyurea, bleomycin, methotrexate, 
and cytarabine or high-dose combination che-
motherapy can lead to erythema multiforme. 
Skin desquamation, “hand-foot” syndrome, acral 
erythema, or erythrodysesthesia is typically  
associated with cytarabine, doxorubicin, 5-FU, 
paclitaxel, or docetaxel.23 This reaction may 
increase with subsequent therapy, and the cause is 
unknown. Photosensitivity to ultraviolet light 
may be caused by 5-FU, dacarbazine, all-trans 
retinoic acid, vinblastine, and high-dose  
methotrexate. 

Alopecia, or hair loss, is a common toxic 
effect and is often seen with trimetrexate, cyclo-
phosphamide, doxorubicin, dactinomycin,  
daunorubicin, etoposide, idarubicin, ifosfamide, 
irinotecan, mechlorethamine, paclitaxel, topote-
can, and vincristine. Milder hair loss is seen  
with bleomycin, carmustine, epirubicin, 5-FU, 
methotrexate, melphalan, mitomycin, mitoxan-
trone, teniposide, and vinorelbine. Hair is the 
most rapidly proliferating cell population in the 
body and is therefore susceptible to the effects  
of chemotherapy. Chemotherapy can also cause 
mitotic arrest and atrophy of the root bulb.  
Alopecia has been reported to be more severe 
when more highly lipophilic metabolites are used 
as these agents can penetrate the hair follicles 
more easily.24 Chemotherapy also may decrease 
nail-bed growth in a similar manner and manifest 
as Beau’s lines or onycholysis. 

Cardiotoxic Effects
Cardiotoxicity may have immediate or delayed 
effects. Toxic effects can occur during or immedi-
ately after the chemotherapy infusion or within a 
few days or weeks. Acute toxicity can manifest as 
pericarditis, arrhythmias, electrocardiographic 
changes, and pump dysfunction and is likely to 
resolve once therapy is stopped. Chronic cardio-
toxic effects occur months or years after therapy 
and can consist of nonreversible cardiomyopathy 
and congestive heart failure.25,26 
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Anthracyclines are the agents most often 
associated with acute and chronic cardiotoxic 
effects. Several risk factors are associated with a 
greater likelihood of cardiotoxic response: a 
higher cumulative dose, preexisting heart disease, 
older patient age, mediastinal irradiation, female 
gender, hypertension, high rate of administra-
tion, bolus administration, and combination  
chemotherapy (doxorubicin with trastuzumab or 
cyclophosphamide).25,26 The exact mechanism of 
action is not proven, but the cardiotoxic effects of 
anthracyclines are suspected to result from the 
generation of free oxygen radicals and oxidative 
stress.26 These free oxygen radicals are directly 
toxic to myocytes and lead to the loss of myocar-
dial fibrils, mitochondrial changes, and apopto-
sis.26–28 Unfortunately, anthracycline-induced 
cardiomyopathy is irreversible and carries a poor 
prognosis. Current recommendations for anthra-
cycline use include limiting the cumulative dose 
(eg, to less than 550 mg/m2 in the case of doxoru-
bicin), prolonging the drug infusion time, and 
considering the use of liposomal formulations  
in high-risk patients. Dexrazoxane, an iron- 
chelating cardioprotectant, may sometimes be 
used during chemotherapy. However, this agent 
should be used only on selected patients as  
its effect on the antitumor efficacy of the  
anthracycline is unknown.25

High-dose cyclophosphamide has been  
associated with acute pericarditis, myocarditis, 
and congestive heart failure. Although rare,  
these side effects can be fatal.26 The cardiotoxic 
effects are not cumulative, and the risk factors 
include concurrent doxorubicin use, a higher 
dose (> 1.5 g/m2/d), and previous irradiation.26 
The toxic effect can be reversed once the agent  
is stopped. Patients treated with ifosfamide  
have similar findings, but up to 17% of them may 
experience cardiotoxicity.25 

5-FU is cardiotoxic in 8% of patients. The 
effects generally occur within the first 72 hours  
of infusion and include angina, acute ischemia, 
arrhythmia, myocardial infarction, and even  
cardiac arrest.25 Risk factors include concurrent 
radiation, preexisting heart disease, and the con-
tinuous infusion route of administration. Patients 
who have experienced cardiotoxicity should  
cease therapy immediately and should not be 
rechallenged.25,26

Paclitaxel can cause asymptomatic bradycar-
dia, hypotension during infusion, and myocardial 
infarction or other arrhythmias (including  
atrioventricular conduction blocks, left bundle 
branch blocks, ventricular tachycardia, and atrial 
fibrillation).25 Approximately 30% of patients 
develop asymptomatic bradycardia. Symptoms 
can be exacerbated with concomitant cisplatin 
administration.26

Neurotoxic Effects
The neurotoxic effects of chemotherapy can occur 
in the central nervous system (CNS) or peripheral 

nervous system (PNS). Cerebellar toxicity  
causing ataxia may be caused by 5-FU and by 
high-dose cytarabine. Potentially serious meta-
bolic encephalopathy may occur with ifosfamide 
(particularly at high doses or in the presence of 
hypoalbuminemia) and is also seen occasionally 
with high-dose paclitaxel, cisplatin, nitrosoureas, 
and (rarely) cytarabine.29 The encephalopathy is 
usually reversible after the cessation of therapy.  
In rare situations, carboplatin can cause cortical 
blindness, and cisplatin can lead to headaches, 
strokes, and seizures.29

High-dose systemic methotrexate given 
intravenously can cause a transient leukoenceph-
alopathy, and intrathecal methotrexate can cause 
aseptic meningitis, with onset 2 to 4 hours after 
methotrexate injection and a duration of up to  
3 days. In some cases, transverse myelopathy  
can develop,29 but the risk may be reduced by 
ensuring that the saline used as a diluent is preser-
vative free. A combination of delayed neurotoxic 
effects and leukoencephalopathy has been seen in 
patients who received high-dose methotrexate 
with brain irradiation. This condition carries  
a poor prognosis and is characterized by  
progressive dementia, gait disturbances, aphasia, 
hemiparesis, and death. The etiology is unclear.29

PNS toxic effects most frequently consist of a 
pure sensory neuropathy (possibly owing to the 
lack of a blood-nerve barrier in the dorsal root 
ganglion), with motor neuropathies being seen 
less frequently and cranial neuropathies rarely. 
With the vinca alkaloids and taxanes, the neu-
ropathy is often acute, with symptoms coming on 
soon after drug exposure and frequently accom-
panied by neuralgic pain. Conversely, with cispla-
tin, the peripheral neuropathy is often delayed in 
onset and may not first appear until several weeks 
after the completion of therapy. The more severe 
the neuropathic symptoms, the lower the proba-
bility that they will resolve, although very gradual 
improvement may occur in some patients, even 
in the face of severe symptoms. In some cases,  
the neuropathy can be disabling, either owing to 
neuropathic pain or to the patient’s inability  
to feel his or her feet (making it very difficult to 
maintain balance and walk in the dark).29,30 Motor 
neuropathy, with weakness and loss of ankle 
reflexes, can be seen in patients with severe  
neuropathy, particularly those who received vinca 
alkaloids. Patients at higher risk of chemother-
apy-related peripheral neuropathy include  
diabetics, patients with preexisting peripheral 
neuropathy, patients with hepatic insufficiency, 
and those receiving large cumulative doses  
of neurotoxic agents (eg, cisplatin doses  
> 400 mg/m2).29 The degree of neurotoxicity 
varies within families of drugs, with vincristine 
being the most neurotoxic of the currently used 
vinca alkaloids and vinorelbine being the least 
neurotoxic, paclitaxel being more neurotoxic 
than docetaxel, and oxaliplatin being more  

neurotoxic than cisplatin, which, in turn, is more 
neurotoxic than carboplatin.31 Cytarabine is  
rarely associated with painful sensory neuropa-
thy, brachial plexopathy, and lateral rectus muscle 
palsy.29 Neuropathic pain can occur in the PNS  
as axons regenerate. As the axons repair damaged 
endings, the threshold for stimuli is lowered  
and patients have an increased perception of  
sensitivity and pain. Another mechanism that  
has been suggested is abnormal sensitivity of  
the afferent neurons to the sympathetic nervous 
system response and noradrenergic agonist  
receptor binding. Also, tumor necrosis factor a  
is reported to activate nociceptors.30 

In addition to causing sensory and motor 
neuropathies, vincristine (and, to a lesser extent, 
other neurotoxic agents) may cause autonomic 
neuropathy, manifesting as constipation, bladder 
atony, impotence, orthostatic hypotension, and 
an altered cardiac rate. Ototoxic effects consisting 
of tinnitus and high-frequency hearing loss owing 
to the loss of hairs in the organ of Corti may  
be caused by cisplatin and, to a lesser extent,  
by carboplatin. This condition is permanent, 
cumulative, and dose related and is more likely  
to occur in pediatric patients, in older patients 
with preexisting hearing loss, and in patients 
receiving cranial irradiation. Nitrogen mustard, 
vincristine, and vinblastine also have been 
reported to be ototoxic.31 Nitrogen mustard 
causes loss of the outer hair cells in the cochlea 
and leads to irreversible sensorineural hearing 
loss and tinnitus. Vincristine and vinblastine are 
suspected to affect the organ of Corti sensory 
cells, and vincristine also affects the spiral  
ganglion cells and fibers.31 

Pulmonary Toxic Effects
Pulmonary toxic effects may be irreversible and 
serious. Presenting clinical symptoms can include 
a nonproductive cough and dyspnea. Symptoms 
of progression are heralded by basilar rales, 
hypoxia, and cyanosis. Eventually, pulmonary 
insufficiency may become irreversible and death 
can occur.32 Generally, destruction of endothelial 
cells is followed by pneumocyte necrosis, with 
altered pulmonary parenchyma and connective 
tissue, and obliteration of alveoli, manifested  
as restrictive lung disease and decreased diffusion 
capacity. Toxicity can manifest as diffuse alveolar 
damage (DAD), nonspecific interstitial pneu-
monia (NSIP), bronchiolitis obliterans  
organizing pneumonia (BOOP), or pulmonary 
hemorrhage.33 

DAD can result from bleomycin, busulfan, 
carmustine, cyclophosphamide, mitomycin, or 
melphalan exposure. The acute phase of DAD 
occurs 1 week after exposure and manifests as 
alveolar and interstitial edema. Type II pneumo-
cytes then proliferate, and pulmonary fibrosis 
develops a few weeks later. This can progress to  
a honeycomb lung. A drop in diffusing capacity  
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is seen in severe cases.33 NSIP is characterized  
by inflammation and hyperplastic type II pneu-
mocytes. NSIP can occur in isolated patches of 
the lung and is associated with methotrexate,  
carmustine, and chlorambucil.33

BOOP is characterized by the proliferation  
of immature fibroblastic plugs located in the 
respiratory bronchioles, alveolar ducts, and 
spaces. Radiographs show bilateral peripheral 
opacities that are distributed equally throughout 
the lungs.33 BOOP is associated with bleomycin, 
cyclophosphamide, and methotrexate. Pulmo-
nary hemorrhage is uncommon but can result 
from high-dose cyclophosphamide, mitomycin, 
and cytarabine.33 

Bleomycin causes lung toxicity in 3 to 5%  
of the patients who receive it.34 Bleomycin is inac-
tivated by hydrolase enzyme, which is not present 
in lung tissue; hence, bleomycin can accumulate 
in the lung. Endothelial cell type I pneumocytes 
are damaged early on, resulting in type II pneu-
mocyte migration into alveolar spaces and  
interstitial changes. Fibroblasts then proliferate, 
causing pulmonary fibrosis.33 

Cytarabine is directly toxic to pneumocytes 
and endothelial cells. Both cytarabine and  
mitomycin-C can cause capillary leak syndrome. 
This leads to pulmonary edema and respiratory 
failure. Cyclophosphamide can lead to alveolar 
hemorrhage and fibrin deposition. Carmustine 
inhibits lung glutathione disulfide reductase and 
can cause pulmonary toxic effects 6 weeks to 3 
years after therapy. Among all patients exposed to 
carmustine, 20 to 30% will experience pulmonary 
toxicity. This percentage can increase to 50% 
when a cumulative dose above 1,500 mg/m2 is 
given.35 Methotrexate can damage type I pneu-
mocytes and stimulate the formation of hyaline 
membranes. 

Hepatotoxic Effects
Hepatotoxic agents can act by damaging the 
parenchymal cells. Also, obstruction of hepatic 
blood flow leads to hepatocellular necrosis,  
cholestasis, hepatitis, and veno-oclusive disease. 
Hepatotoxic effects range from elevation of 
hepatic enzymes to cirrhosis.36 High-dose metho-
trexate, high-dose cytarabine, 5-FU, gemcitabine, 
irinotecan, and trimetrexate can all lead to  
elevated hepatic enzymes.37 Fluorodeoxyuridine 
given intra-arterially causes chemical hepatitis 
and stricture of intra- and extrahepatic bile ducts. 
Irreversible biliary sclerosis also can develop.36 
Most chemotherapy agents are not hepatotoxic, 
however. Dose modifications of certain chemo-
therapy agents are recommended in some patients 
with hepatic compromise (see the Appendix).

Genitourinary Toxic Effects
Hemorrhagic cystitis can result from cyclophos-
phamide or ifosfamide therapy and can manifest 
as microscopic hematuria or frank bleeding. It is 

caused by binding of the metabolite acrolein to 
the bladder mucosa, resulting in inflammation 
and ulceration.38,39 Cyclophosphamide induces 
microscopic hematuria in 10% of patients. Mesna, 
a uroprotectant, contains sulfhydryl, which binds 
and inactivates acrolein. Chronic complications, 
such as long-term cystitis, bladder fibrosis,  
contraction, and bladder cancer, can occur.40–42 
Ifosfamide is also metabolized to acrolein and 
requires mesna administration. Gemcitabine can 
cause microscopic hematuria and proteinuria. 

Chemotherapy can cause both acute and 
chronic nephrotoxic effects, ranging from direct 
renal cell damage to obstructive nephropathy 
caused by metabolite precipitate formation.43 
Renal tubules are highly vulnerable to chemo-
therapy-induced damage because of their gener-
ous blood supply and their resorption of drugs, 
which prolongs exposure time. Tumor lysis  
syndrome can also lead to urate nephropathy and 
renal failure. A list of chemotherapy agents that 
require dose modification with renal compromise 
is found in the Appendix. 

Cisplatin damages both proximal and distal 
tubules, with acute focal tubular necrosis of the 
distal convoluted tubules and collecting ducts. 
Casts can also form, with dilatation of the convo-
luted tubules.42,44 Acute damage often occurs 3  
to 21 hours after cisplatin administration and 
may be irreversible. Patients can have permanent 
decreases of 20 to 30% in glomerular filtration 
rates.44 The histologic changes seen in chronic 
renal damage include thickening of the tubular 
basement membrane, interstitial fibrosis, and 
degeneration of the renal tubule epithelium. 
Magnesium wasting caused by changes in renal 
tubular function is a common chronic problem.44 
When tubular damage occurs, urinary excretion 
of endothelin 1 and Tamm-Horsfall protein may 
occur. 

Ifosfamide can also cause widespread damage 
throughout the nephron. Often glomerular, 
proximal, and distal tubule damage is seen, along 
with renal tubular acidosis. Risk factors include  
a high cumulative dose, young patient age, con-
current use with cisplatin, and preexisting renal 
abnormalities.43 The exact pathogenesis is not 
certain but is suspected to be related to the metab-
olite chloroacetaldehyde. Other agents that can 
cause renal dysfunction are lomustine and  
carmustine, which cause delayed renal failure; 
mitomycin-C, which causes microangiopathic 
hemolytic anemia; and gemcitabine, which causes 
hemolytic-uremic syndrome (HUS). 

Thrombotic thrombocytopenic purpura–
hemolytic-uremic syndrome (TTP-HUS) has 
been associated with mitomycin-C and gem-
citabine. To a lesser degree, cisplatin, 5-FU, cyta-
rabine, and daunorubicin have also been reported 
to cause TTP-HUS.45 This condition is character-
ized by thrombocytopenia, anemia, neurologic 
deficits, renal failure, and fever. Although rare,  

it is a serious complication of chemotherapy. 
Mitomycin-C is thought to cause a decrease in 
prostacyclin, which leads to direct damage to the 
renal endothelium and platelet aggregation.45 

Rheumatologic Toxic Effects
Arthralgias and myalgias commonly occur after 
chemotherapy. In general, the symptoms begin  
1 to 2 days after therapy and last for 3 to 5 days. 
Taxanes have been reported to induce moderate 
to severe arthralgia and myalgia.46,47 The mecha-
nism of action is unclear, and supportive analge-
sia is the recommended treatment. Treatment 
should begin with nonsteroidal or codeine- 
containing agents and can be advanced to short 
courses of glucocorticoids, if needed, in more 
severe cases.47

Agents and Mechanisms of Action
Antimetabolite Toxic Effects 
Antimetabolites are weakly acidic molecules  
that inhibit cellular metabolism. These agents are 
all cell cycle phase specific and act as false  
substrates for deoxyribonucleic acid (DNA) or 
ribonucleic acid (RNA) synthesis.48 Methotrexate 
is an antifolate with activity against leukemia, 
lymphoma, breast cancer, head and neck cancer, 
osteogenic sarcoma, colon cancer, bladder cancer, 
and choriocarcinoma. This agent inhibits de novo 
purine and pyrimidine biosynthesis and demon-
strates the majority of its activity during the  
S phase of the cell cycle. Methotrexate is a highly 
specific inhibitor of dihydrofolate reductase that 
regulates the intracellular tetrahydrofolate pool. 
When methotrexate becomes polyglutamated, 
inhibition of thymidylate synthase also occurs.49 

The primary route of elimination for metho-
trexate is renal.49 The methotrexate half-life may 
be prolonged and toxicity increased in patients 
with third-space fluid collections (ascites or pleu-
ral effusions, which ideally should be drained 
prior to methotrexate administration) and in 
bladder cancer with ileal conduits. Intrathecal 
administration of methotrexate to treat menin-
geal cancer can also result in myelosuppression  
or mucositis because therapeutic blood levels  
may be reached. If high-dose methotrexate with 
leucovorin rescue is used, patients must receive 
aggressive intravenous hydration and the urine 
should be kept at a pH > 7 for 24 to 48 hours by 
intravenous sodium bicarbonate to ensure that 
the methotrexate does not precipitate in renal 
tubules. Blood levels should be monitored every 
24 hours starting 24 hours after high-dose metho-
trexate administration. Leucovorin must be given 
24 hours after infusion and continued until the 
methotrexate blood level is < 50 nM.49 

The DLT of intravenous methotrexate is 
myelosuppression. Another common toxic effect 
is mucositis, which occurs 3 to 7 days after  
systemic administration.49 Renal toxic effects 
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result from intratubular precipitation of metho-
trexate. Pneumonitis and hepatotoxicity may be 
seen with chronic daily oral administration.49 
High-dose methotrexate may cause acute  
encephalopathy (starting within 6 days and 
resolving 48 to 72 hours later), with paresis, apha-
sia, behavioral abnormalities, and seizures.29,50 
Chronic encephalopathy may develop 2 to 3 
months after high-dose therapy, with dementia 
and paralysis.29 

Intrathecal methotrexate may cause acute 
chemical arachnoiditis, subacute arachnoiditis, 
and chronic encephalopathy. Acute chemical 
arachnoiditis occurs immediately after intrathe-
cal therapy. Patients present with nuchal rigidity, 
vomiting, fever, and inflammatory cell infiltrate 
in the cerebrospinal fluid. Subacute arachnoiditis 
occurs in 10% of patients after the third or  
fourth course of intrathecal therapy and causes 
cranial nerve palsies, seizures, motor paralysis, or 
coma.29,51 Chronic encephalopathy occurs months 
to years after intrathecal therapy and presents as 
dementia, limb spasticity, and, in advanced cases, 
coma.29 

5-FU is most commonly used in colorectal, 
breast, head and neck, pancreatic, gastric, anal, 
and esophageal cancers and hepatocellular  
carcinoma. Within the cell, 5-FU is converted 
into active metabolites that are incorporated into 
DNA or RNA or that inhibit DNA synthesis. 5-FU 
is eliminated by metabolic conversion by dihy-
dropyrimidine dehydrogenase (DPD). Patients 
who are DPD deficient because of an inborn error 
of metabolism experience greater myelosuppres-
sion, gastrointestinal toxicity, and neurotoxicity 
and should not be rechallenged with 5-FU.49,52  
5-FU is not usually markedly neurotoxic unless 
administered in the setting of DPD deficiency.29 

5-FU has a short plasma half-life of 7 to  
20 minutes and is generally administered by  
bolus injection daily for ≥ 5 consecutive days or  
as a multiday continuous intravenous infusion.49 
The main DLT is myelosuppression, which occurs 
more often with a bolus administration route. 
Mucositis, diarrhea, and hand-foot syndrome 
occur more often with continuous drug infusion. 
5-FU occasionally causes angina, coronary vaso-
spasm, electrocardiographic changes, cerebellar 
ataxia, or encephalopathy with somnolence,  
confusion, seizures, and, rarely, coma.49,53 Ocular 
toxic effects include blepharitis, tear duct steno-
sis, and acute and chronic conjunctivitis.54 With 
hepatic artery infusion, cholestatic jaundice with 
biliary sclerosis can occur. 

5-FU interacts with several drugs, which 
increase its toxicity.49 When methotrexate is given 
before 5-FU, 5-FU metabolite formation increases, 
as does toxicity. When 5-FU is combined with 
allopurinol, acute or subacute cerebellar dysfunc-
tion, visual disturbances, or seizures can occur.29 
Leucovorin enhances 5-FU’s effect by forming  
a ternary complex with thymidylate synthase  

and the 5-FU metabolite 5-fluorodeoxyuridine 
monophosphate. 

Capecitabine (Xeloda) is a third-generation 
oral fluoropyrimidine that is absorbed intact by 
the gastrointestinal mucosa and is activated by 
three successive enzymatic steps in the intestine, 
liver, and tumor (by thymidine phosphorylase). 
Thymidine phosphorylase is expressed at higher 
levels in tumor than in normal tissue.49 
Capecitabine is used in breast cancer and in  
cancers in which 5-FU has clinical activity. 
Capecitabine is contraindicated in patients with 
CrCl < 30 m/min and requires dose reductions  
in patients with moderate renal impairment. The 
most common toxic effects include hand-foot 
syndrome and diarrhea.49,55 Infrequently, mucosi-
tis, myelosuppression, alopecia, and hyperbiliru-
binemia can be seen.56 Drug interactions can 
occur with warfarin and phenytoin. 

Cytarabine (Ara-C) is an arabinose nucleo-
side isolated from the Cryptotethya crypta sponge. 
It is commonly used in leukemias, non-Hodgkin’s 
lymphoma, and meningeal carcinomatosis. Intra-
cellular activation to the triphosphate ara-CTP  
is required for therapeutic activity. Cytarabine 
inhibits DNA synthesis and repair. Cytarabine 
has a short plasma half-life (7–20 minutes) and is 
excreted in the urine as an inactive metabolite.49 
Intrathecal cytarabine rarely causes encephalopa-
thy, seizures, aseptic meningitis, and myelopa-
thy.29 The pathophysiology of action of intrathecal 
cytarabine neurotoxicity is unknown, but the risk 
appears to be reduced by using preservative-free 
saline as a diluent. Standard-dose intravenous 
cytarabine can lead to myelosuppression (neutro-
penia and thrombocytopenia), nausea, vomiting, 
diarrhea, intrahepatic cholestasis, and, rarely, 
pancreatitis. In rare cases, “Ara-C syndrome” can 
occur, characterized by an allergic reaction pre-
senting as fever, myalgia, bone pain, skin rash, 
and conjunctivitis. High-dose cytarabine can 
cause severe myelosuppression, mucositis, cere-
bral and cerebellar dysfunction, noncardiogenic 
pulmonary edema, pneumonia, conjunctivitis, 
and hand-foot syndrome.49 

Gemcitabine is a fluorine-substituted ana-
logue of deoxycytidine and requires intracellular 
activation by deoxycytidine kinase. This agent has 
activity in cancers of the pancreas, lung, ovary, 
bladder, breast, and colon. Gemcitabine inhibits 
DNA synthesis and repair and alters RNA pro-
cessing and messenger RNA translation. Gem-
citabine also targets ribonucleotide reductase. 
Gemcitabine is metabolized in the liver, plasma, 
and peripheral tissues; most of the drug is excreted 
in the urine within 24 hours of administration. 
Common toxic effects of gemcitabine include 
myelosuppression (neutropenia and thrombocy-
topenia), flu-like syndrome, mild nausea and 
vomiting, mild proteinuria or hematuria, and 
transient elevations in liver function test values. 
An infusion reaction, characterized by acute onset 
of dyspnea, flushing, facial swelling, headache, or 

hypotension, occurs in a small proportion of 
patients. In addition, HUS has been reported.49,57 

Purine Analogues
6-Thiopurines are used to treat acute leukemia. 
They inhibit de novo purine synthesis in the  
cell after conversion by hypoxanthine-guanine 
phosphoribosyltransferase to ribonucleoside 
monophosphates. At high doses, most of the 
agents are eliminated renally. The main toxic 
effects include myelosuppression (neutropenia 
and thrombocytopenia), nausea and vomiting, 
diarrhea, mucositis, cholestatic jaundice, and 
altered cell-mediated immunity.49 Drug interac-
tions can occur with allopurinol, which inhibits 
xanthine oxidase, an enzyme that regulates the 
thiopurine 6-mercaptopurine. A 6-mercaptopu-
rine dose reduction of 50 to 75% from the stan-
dard single-agent dose is needed when this agent 
is used in conjunction with allopurinol. No dose 
reductions are needed, however, when using the 
related agent 6-thioguanine. 

The fluorinated antimetabolite fludarabine 
enters cells and undergoes phosphorylation by 
deoxycytidine kinase to the triphosphate metabo-
lite fludarabine triphosphate (F-Ara-ATP), which 
competes with deoxyadenosine triphosphate for 
incorporation into DNA. This process leads to the 
inhibition of DNA synthesis and repair and RNA 
processing. Fludarabine is used primarily in the 
lymphoid malignancies chronic lymphocytic  
leukemia and non-Hodgkin’s lymphoma. The 
main route of elimination is renal. The main toxic 
effects include myelosuppression (neutropenia 
and thrombocytopenia), nausea and vomiting, 
diarrhea, fatigue, mild elevation in liver function 
test values, and fever. In addition, immune system 
abnormalities can occur.49 Fludarabine can sup-
press CD4+ and CD8+ T cells, leaving patients 
with an increased risk of opportunistic infec-
tions.58,59 It may be more than a year after treat-
ment before CD4 counts normalize, and patients 
should receive trimethoprim-sulfamethoxazole 
prophylaxis against Pneumocystis pneumonia. In 
rare situations, autoimmune hemolytic anemia 
and thrombocytopenia can occur.60 

Cladribine is a purine nucleoside analogue 
primarily used in the treatment of hairy cell  
leukemia. This agent can also be used in indolent 
lymphoid malignancies, such as chronic lympho-
cytic leukemia, low-grade non-Hodgkin’s lym-
phoma, and some T-cell leukemias. Cladribine 
enters cells, becomes metabolized to cladribine 
triphosphate, and accumulates until reaching 
lymphotoxic levels. This agent also inhibits ribo-
nucleotide reductase and DNA synthesis and 
repair and can initiate apoptosis of quiescent 
lymphocytes. A single course of therapy can 
induce complete remission in 65 to 91% of 
patients with hairy cell leukemia.49 Cladribine is 
eliminated renally, with 25% of the drug excreted 
unchanged. The most common toxic effects 
include myelosuppression (neutropenia and 



24 Chapter 4

thrombocytopenia), nausea and vomiting, and 
fever.61 Approximately 40 to 50% of patients with 
hairy cell leukemia receiving cladribine develop  
a fever,49 which may be related to tumor cell apop-
tosis and release of cytokines or pyrogens.62 
Cladribine also induces marked immunosuppres-
sion, with both T and B cells being affected.  
Some patients require up to 1 year after cladribine 
therapy to recover their T-cell counts and up to  
2 to 3 years for the B cells to normalize.63 

Alkylating Agents 
The alkylating agents consist of a wide spectrum 
of drugs, including cyclophosphamide, ifos-
famide, nitrogen mustard, melphalan, chloram-
bucil, carmustine, procarbazine, dacarbazine, 
busulfan, and thiotepa. Alkylating agents attack 
negatively charged, electron-rich nucleophilic 
sites on DNA, most commonly the N7 of guanine, 
the N3 of cytosine, and the O6 of guanine. This 
action alters DNA structure and function and 
interferes with DNA base pairing, replication, 
and transcription. Alkylating agents can react 
with one or two strands of DNA to form a  
covalent “cross-link.”32 The main toxic effects of 
alkylating agents include myelosuppression 
(which is the DLT), nausea and vomiting, muco-
sitis, diarrhea, oligospermia, amenorrhea, and 
infertility with prolonged use32; teratogenicity 
with fetal malformations in the first trimester of 
pregnancy; and carcinogenesis (which is more 
likely with melphalan than cyclophosphamide). 
Infrequently, pulmonary interstitial pneumonitis 
and fibrosis can be seen after treatment with 
busulfan, melphalan, chlorambucil, cyclophos-
phamide (particularly with prolonged daily,  
low-dose oral administration), mitomycin-C, 
and carmustine.32 Melphalan, an amino acid  
analogue, is used in multiple myelomas, high-
dose myeloablative therapy, and isolated limb 
perfusion for melanoma and sarcoma.32 

Cyclophosphamide is activated by liver  
P-450 microsomal enzymes into cytotoxic metab-
olites that cross-link DNA and inhibit DNA  
synthesis and function at all phases of the cell 
cycle.32 Although cyclophosphamide is metabo-
lized extensively in the liver, it is eliminated in  
the urine. The toxic metabolite acrolein causes 
hemorrhagic cystitis in 5 to 10% of patients.64,65 
Cyclophosphamide doses must be reduced in 
patients with renal dysfunction. The major toxic 
effects associated with cyclophosphamide include 
myelosuppression (nadir at 1.5 to 2.5 weeks and 
recovery within 3 weeks for granulocytes), nausea 
and vomiting, syndrome of inappropriate secre-
tion of antidiuretic hormone (SIADH) with 
hyponatremia, and hypersensitivity. High-doses 
may be cardiotoxic. Cyclophosphamide has 
marked immunosuppressive effects and is often 
used in the treatment of autoimmune diseases 
and as part of the preparative regimen for  

bone marrow transplantation.32 Rare cases of 
neurotoxicity have occurred, causing vision 
changes, confusion, and dizziness.29 An uncom-
mon late sequela of cyclophosphamide use is 
bladder contracture or fibrosis with bladder 
cancer.40,64 An increased risk of treatment-related 
acute myelogenous leukemia is also reported.66 

Ifosfamide is an isomer of cyclophosphamide 
and has a similar mechanism of action. Ifosfamide 
is activated at a slower rate than cyclophospha-
mide but is more likely to cause hematuria  
and therefore must be administered with mesna 
and hydration to provide uroprotection.32  
Ifosfamide is metabolized to chloroacetaldehyde, 
which is thought to contribute to both its neuro-
toxicity and renal toxicity.67 Ifosfamide can cause 
acute encephalopathy characterized by cerebellar 
and extrapyramidal symptoms, seizures, and 
sometimes coma. The clinical findings begin 
within 1 day of drug infusion and resolve within 
3 to 4 days. The risk factors associated with 
encephalopathy include hypocalcemia, low serum 
albumin, high dose of the drug, rapid infusion, 
renal or hepatic impairment, and previous cispla-
tin exposure.29 Marked drug interactions can 
occur, with precipitation of the anticoagulant 
effect of warfarin and an increased risk of neuro-
toxicity when given with phenobarbital.29

Carmustine, a nitrosourea, can cross the 
blood-brain barrier and enter the CNS,32,68,69 
where concentrations can reach more than 50% 
of plasma drug levels. Carmustine is mainly used 
to treat brain tumors either in an adjuvant setting 
or for advanced disease.70 Carmustine spontane-
ously decomposes into chloromethylisocyanate, 
which is a known pulmonary toxin.32,71 Higher 
cumulative doses of the drug are associated with 
greater pulmonary toxicity, and pulmonary func-
tion tests may be considered at baseline and peri-
odically during treatment. An increased risk of 
pulmonary toxic effects is seen in patients with  
a baseline carbon monoxide diffusing capacity  
< 70%. Nitrosoureas often produces two granu-
locyte nadirs, with an early drop during the first  
3 weeks of treatment, apparent recovery, and  
then a subsequent drop at 5 to 6 weeks after treat-
ment.32 Nausea and vomiting are also prominent 
with carmustine. Carmustine is formulated in 
ethanol at concentrations that are high enough to 
cause symptoms in some patients.

Hydrazine and triazine derivatives are agents 
that methylate the O6 position of the guanylic 
acid in DNA.32 Procarbazine, a phenylhydrazine 
derivative, has clinical activity against brain 
tumors, Hodgkin’s disease, and non-Hodgkin’s 
lymphoma.32 It was originally developed as a 
monoamine oxidase inhibitor and can potentiate 
other CNS agents (eg, barbiturates, opiates, anti-
histamines, and phenothiazines). Hypertensive 
reactions can occur when using procarbazine 
with other sympathomimetics, tricyclic antide-
pressants, or tyramine-rich foods (eg, wine, dark 

beer, bananas, yogurt, and ripe cheese). Alcohol 
use can precipitate a disulfiram (Antabuse) effect, 
with symptoms of sweating, flushing, and head-
ache. Procarbazine also causes nausea, vomiting 
and myelosuppression. Procarbazine is activated 
by the P-450 system; the interaction leads to the 
formation of a metabolite that methylates DNA. 
Procarbazine is rapidly and completely absorbed 
after oral dosing, with peak plasma levels achieved 
within 1 hour. 

Dacarbazine is a triazene derivative that is 
used in the treatment of melanoma and Hodg-
kin’s disease.32 After intravenous administration, 
dacarbazine is metabolized into a methyldiazo-
nium that methylates DNA.72,73 It is highly  
emetogenic and somewhat myelosuppressive. 
Temozolamide, another triazene analogue that 
decomposes into a methyldiazonium ion,32 is 
administered orally and is much less emetogenic 
than dacarbazine. It is currently used in the  
treatment of CNS tumors and melanoma. 

Anthracyclines 
The anthracyclines include doxorubicin, dauno-
rubicin, idarubicin, and epirubicin; they are 
related to the anthracenediones, such as mitoxan-
trone. Doxorubicin is used in cancers of the 
breast, lung, ovary, stomach, and bladder and in 
soft tissue sarcoma, hepatoma, Hodgkin’s disease, 
and non-Hodgkin’s lymphoma. Daunomycin  
is used in acute lymphoblastic leukemia and  
acute myelogenous leukemia. Mitoxantrone has 
activity in prostate cancer, lymphoma, leukemia, 
and breast cancer. Anthracyclines and anthra-
cenediones form complexes with topoisomerase 
II and DNA strands, preventing rejoining of the 
DNA strands after topoisomerase II temporarily 
breaks it to enable DNA unwinding for replica-
tion. This leads to topoisomerase II–dependent 
DNA double-stranded breaks. In the presence of 
iron, these agents can also form free oxygen radi-
cals and cause peroxidation of membrane lipids. 
These agents are primarily metabolized in  
the liver, with 40 to 50% excretion in the stool.74 
Dose reductions are required in patients with 
liver dysfunction. 

The main toxic effects associated with anthra-
cyclines are dose-limiting myelosuppression and 
mucositis, diarrhea, alopecia, skin radiation recall, 
severe local tissue damage if the drug extravasates 
into subcutaneous tissues, and red-orange discol-
oration of the urine for 1 to 2 days after therapy.74 
Cardiotoxicity may be experienced and can be 
severe. Acute pump failure within the first 2 to  
3 days of treatment can occur, with arrhythmias 
or conduction problems, pericarditis, or myocar-
ditis. Chronic cardiotoxic effects (eg, dilated  
cardiomyopathy) are associated with a high 
cumulative dose and are thought to arise from 
membrane lipid peroxidation related to the 
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heart’s decreased ability to detoxify oxygen free 
radicals.28 Associated risk factors include age > 70 
years, a history of hypertension or other cardiac 
disease, previous irradiation of the mediastinal 
region, and a high cumulative drug dose (eg, 
above 450 to 500 mg/m2 for doxorubicin).25,75 
Giving the drug by prolonged administration 
reduces both the peak drug concentration and the 
risk of cardiomyopathy but increases the risk of 
both mucositis and extravasation. Epirubicin is 
somewhat less cardiotoxic than doxorubicin. 
Mitoxantrone, which is somewhat less likely to 
cause nausea and vomiting, alopecia, and cardio-
toxic effects than anthracyclines, may cause bluish 
discoloration of the fingernails, sclera, and urine 
for 1 to 2 days.

Several drug interactions can occur between 
P-450 active drugs and the anthracyclines.  
Phenobarbital and phenytoin may enhance the 
metabolic clearance of doxorubicin. Cyclophos-
phamide, mitomycin-C, and trastuzumab can 
increase the risk of cardiotoxic effects.25,28  
Dexrazoxane, an iron chelator, can reduce the 
cardiotoxicity of doxorubicin but may also 
decrease its efficacy.25

Platinum Analogues 
Commonly used platinum agents include cispla-
tin, carboplatin, and oxaliplatin. The platinums 
are among the most useful of all chemotherapy 
agents, with a very wide range of activity. Cispla-
tin has activity in breast, lung, head and neck, 
ovarian, bladder, testicular, esophageal, and gas-
tric cancers.76 The only common malignancies 
that are generally unresponsive to platinum are 
cancers of the colon and kidney. Cisplatin binds 
covalently to DNA, with preferential binding to 
the N7 of guanine and adenine, and forms intra- 
and interstrand DNA cross-links. DNA adduct 
formation leads to inhibition of DNA synthesis, 
transcription, and function and induction of 
apoptosis. The platinum compounds also form 
complexes with nuclear and cytoplasmic proteins, 
which contributes to their antitumor activity  
and toxicity. 

Whereas cisplatin is excreted in the urine via 
glomerular filtration and tubular secretion, the 
major method by which cisplatin is detoxified is 
by rapid, irreversible binding to albumin. The 
active, toxic free drug has a plasma half-life of 
only about 30 minutes, whereas the half-life of 
protein-bound drug in the plasma is several days. 
The main DLT is nephrotoxicity, which affects  
30 to 40% of patients.76,77 Renal damage is cumu-
lative and mainly involves the proximal and distal 
convoluted tubules. The risk of serious nephro-
toxicity is decreased by ensuring adequate hydra-
tion during and after drug administration and by 
use of mannitol to induce diuresis. The risk 
increases with increasing doses and may be peak 
concentration related in that it may be more 

common in the case of rapid drug administration. 
Patients often have an asymptomatic, acute rise  
in serum creatinine in the first few days after  
cisplatin administration, followed by gradual 
improvement over the subsequent 2 to 3 weeks. 
Hypomagnesemia owing to renal wasting is very 
common and often requires magnesium replace-
ment. In most patients, this condition gradually 
improves after discontinuation of therapy. Salt 
wasting, metabolic acidosis, hypocalcemia, hypo-
kalemia, and SIADH caused by tubule damage 
occur occasionally.76 

Neurotoxicity can also be dose limiting,  
with development of an irreversible sensory 
peripheral neuropathy.76 Cumulative doses above 
400 mg/m2 will often cause paresthesias and 
numbness. Peripheral neuropathy may begin  
several weeks after the completion of therapy, 
very gradually worsen over time, and then very 
gradually improve. Cisplatin occasionally causes 
autonomic neuropathy. Rare cases of encepha-
lopathy, stroke, and seizures have been reported.29 
Impairment of color vision can be detected by 
sensitive retinal test, but often the impairment is 
not clinically detectable. 

Cisplatin is highly emetogenic. As in other 
emetogenic chemotherapies, acute nausea is due 
to damage to gastrointestinal enterochromaffin 
cells, which causes release of the neurotransmitter 
serotonin. As serotonin becomes elevated, it  
triggers nausea and vomiting by interacting with 
5-HT3 receptors in vagal nerve endings and in the 
chemoreceptor trigger zone. Typically, the nausea 
and vomiting begin 5 to 6 hours after therapy, 
although patients who become severely nauseated 
after one course of therapy may develop antici-
patory nausea that occurs much earlier (poten-
tially even while thinking about an upcoming 
appointment for treatment). 

The acute nausea and vomiting generally last 
for 8 to 12 hours, and delayed nausea (thought to 
be due to the release of substance P) can last for 3 
to 5 days. In addition, foods may taste metallic 
and the patient may experience a loss of appetite. 
Ototoxicity causing high-frequency hearing loss 
(4,000–8,000 Hz) or tinnitus by damaging the 
cochlear hair cells is very common. Although it is 
usually very mild, it is severe in some patients and 
irreversible.77 The risk of ototoxic effects increases 
with an increase in the cisplatin dose per course, 
with an increase in the rate of drug administra-
tion (ie, with a high peak concentration) if cranial 
radiation is also given and with a preexisting  
hearing impairment. Ototoxic effects typically 
manifest within 24 hours of drug administration. 

Myelosuppression is relatively uncommon 
with normal doses of cisplatin, and part of this 
agent’s usefulness derives from the fact that full 
doses of it can be given with full doses of other 
myelosuppressive agents. Reduced erythropoietin 

production is a common consequence of cisplatin 
nephrotoxicity and causes anemia that is amena-
ble to treatment by recombinant erythropoietin 
analogues. Anemia may also be caused by a  
direct effect of cisplatin on bone marrow. Rarely, 
hemolytic anemia arises. 

In rare cases, side effects include arrhyth-
mias, acute ischemic vascular events, Raynaud’s 
syndrome, pulmonary fibrosis, glucose intoler-
ance, and pancreatitis.44,77 Although cisplatin is 
not generally regarded as a vesicant, intra-arterial 
administration may occasionally result in severe 
local tissue damage. 

Several drug interactions do occur with  
cisplatin administration. Caution is particularly 
important when cisplatin is given with other 
nephrotoxic agents (eg, aminoglycosides and 
amphotericin B). Cisplatin reduces the renal 
clearance of etoposide, ifosfamide, methotrexate, 
and bleomycin, and systemic thiol-containing 
proteins (eg, amifostine and mesna) may inacti-
vate cisplatin. In addition, cisplatin administered 
before paclitaxel will lower paclitaxel clearance 
rates, which may lead to increased myelosuppres-
sion. Cisplatin’s toxicity is also increased if it  
is administered before topotecan instead of after 
it. The efficacy of the cisplatin-etoposide combi-
nation in small cell lung cancer is schedule depen-
dent, with greater activity if cisplatin is given 
before etoposide. 

Carboplatin is a second-generation com-
pound; its mechanism of action is identical to 
that of cisplatin, and it has an identical spectrum 
of antitumor activity, although in some malig-
nancies, it is felt to be somewhat less effective than 
cisplatin. Its spectrum of toxicity is substantially 
different from that of cisplatin; however, this is 
thought to be due to a reduced rate of conversion 
to the reactive aquated species that bind to DNA 
and proteins. The major toxic effect is induced  
by carboplatin myelosuppression, which is dose 
limiting, with other toxic effects being much less 
pronounced than with cisplatin.76,78 Myelosup-
pression manifests mainly as thrombocytopenia, 
with a nadir at 17 to 21 days after therapy and 
recovery by day 28. Additional toxic effects 
include acute and delayed nausea and vomiting, 
alopecia, peripheral neuropathy, mild renal 
pathology, and, in some cases, an allergic reaction 
that arises after seven or eight courses of therapy.76 
The primary route of carboplatin excretion is 
renal; the rate of renal excretion is directly  
proportional to the glomerular filtration rate, 
permitting accurate prediction of drug pharma-
cology and toxicity (and adjustment of dose) 
based on renal function. 

Oxaliplatin is a third-generation compound 
with the same mechanism of action as cisplatin 
and carboplatin. For reasons that are unclear, 
however, it has a markedly different spectrum of 
activity than cisplatin or carboplatin and is most 
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effective against cancers of the colon, pancreas, 
and stomach. With oxaliplatin, neurotoxic effects 
are dose limiting and can present in two forms: 
acute (< 14 days) or persistent (> 14 days).76 Acute 
neurotoxic effects include reversible paresthesias, 
hypersensitivity to cold, jaw and eye pain, ptosis, 
muscle cramping, and motor nerve hyperexcit-
ability. Neurotoxicity can manifest a few minutes 
after drug infusion and resolve within a few  
days; it recurs after each cycle of treatment. The 
mechanism of action is suspected to involve axon 
conductance and neuronal excitability.29 Neuro-
toxic effects can be triggered or enhanced by cold 
temperatures. Laryngopharyngeal dysesthesia, 
which may present with choking, difficulty 
breathing, or swallowing, is a dose-dependent 
effect and is seen in patients receiving more than 
850 mg/m2 oxaliplatin. This dysesthesia is revers-
ible and may last 3 to 4 months. The persistent 
form of toxic effects occurs after a high cumula-
tive dose of oxaliplatin and is similar to cisplatin-
induced neuropathy.29 This condition is reversible 
within 4 to 6 months after the cessation of  
therapy.76 Oxaliplatin-induced myelosuppression 
is uncommon, but gastrointestinal toxic effects, 
such as nausea, vomiting, and diarrhea, may be 
seen.

Taxanes 
Taxanes target the N-terminal of the b subunit  
of microtubules and prevent tubulin depolymer-
ization, thereby stabilizing the mitotic spindle 
complex and preventing tumor cell prolifera-
tion.79 Taxanes are administered intravenously 
and are primarily metabolized by the liver and 
excreted in the stool. The main DLT of paclitaxel 
is myelosuppression, specifically neutropenia.79 
Patients may also experience an acute hypersensi-
tivity reaction to the Cremophor EL vehicle,  
with dyspnea, bronchospasm, skin flushing, urti-
caria, and hypotension; the reaction often occurs 
within the first 2 to 3 minutes of the initiation of 
infusion and almost always happens within the 
first 10 minutes.80 Paclitaxel infusions require 
premedication with dexamethasone, diphenhydr-
amine hydrochloride (Benadryl), and antihista-
mine agents. Additional toxic effects include a 
dose-dependent peripheral neuropathy (mainly 
sensory but motor or autonomic in some  
cases), bradycardia, ventricular arrhythmias, 
rarely mucositis, diarrhea, nausea and vomiting, 
alopecia, transient elevations of liver function test 
values, and onycholysis.79 Paclitaxel has several 
drug interactions. Concomitant administration 
of cisplatin will lower paclitaxel clearance rates 
and increase myelosuppression. Cyclophospha-
mide can also increase symptoms of myelosup-
pression when administered before paclitaxel. 
Paclitaxel reduces the clearance of doxorubicin  
by 30 to 35%, and P-450 enzyme inducers (eg, 
phenytoin and phenobarbital) may accelerate  
the metabolism of paclitaxel and decrease drug 
levels.

Docetaxel is a semisynthetic derivative that 
stabilizes tubulin polymerization and has activity 
in breast, lung, head and neck, ovarian, bladder, 
testicular, and gastroesophageal cancers. The 
main toxic effect is myelosuppression, with dose-
limiting neutropenia. Up to 25% of patients expe-
rience major or minor hypersensitivity reactions 
if they are not premedicated. Docetaxel can 
induce a fluid-retention syndrome, with edema, 
weight gain, pleural effusion, and ascites. The risk 
of fluid accumulation increases at cumulative 
doses > 400 mg/m2. In 50% of patients, a rash 
develops on forearms and hands. Additional  
toxic effects include mild to moderate peripheral 
neuropathy, mucositis, general malaise, asthenia 
in up to 70% of patients, and alopecia.79,81 

Topoisomerase I Inhibitors 
Camptothecins act by binding topoisomerase  
I, a nuclear enzyme that temporarily breaks  
DNA and permits it to unwind for replication. 
Topoisomerase inhibitors permit the topoisom-
erase to break the DNA but do not permit it to 
subsequently rejoin the DNA strands, thereby 
giving rise to single-stranded DNA breaks for 
agents that inhibit topoisomerase I and double-
stranded DNA breaks for agents that inhibit 
topoisomerase II. The camptothecin derivative 
irinotecan is active against colorectal, lung, cervi-
cal, ovarian, gastric, and esophageal cancers and 
lymphoma. This agent requires hepatic activation 
by a carboxylesterase enzyme to form the SN-38 
metabolite.74 The major toxic effects include  
a dose-limiting diarrhea (acute and delayed), 
nausea and vomiting, transient elevations in liver 
function test values, fatigue, and alopecia. In 
addition, myelosuppression can be dose limiting 
with an every 3-week schedule and is significantly 
more likely to arise after the third and fourth 
cycles of therapy. Less frequently, pneumonitis, 
arrhythmias, and paralytic ileus can occur.82,83

Topotecan is used in small cell lung and ovar-
ian cancers. It can be administered intravenously 
or orally. Topotecan is eliminated by the kidney 
and requires a dose reduction in the setting of 
renal dysfunction. The major toxic effects are 
dose-limiting neutropenia and myelosuppres-
sion; flu-like symptoms with headache, fever, 
chills, malaise, mild nausea, and vomiting; tran-
sient elevation in liver function test values;  
diarrhea; generalized fatigue; and skin rash.74,84 

Topoisomerase II Inhibitors 
Topoisomerase II inhibitors include the anthra-
cyclines, the anthracenediones, and etoposide; as 
noted, these inhibitors cause double-stranded 
DNA breaks by inhibiting the DNA-rejoining 
portion of the enzyme’s activity. The anthracy-
clines have been described previously. Etoposide 
is an epipodophyllotoxin that is active in lung 

cancer, germ cell tumors, and non-Hodgkin’s 
lymphoma; etoposide is also used in high-dose 
therapy with bone marrow or stem cell transplan-
tation. Etoposide is metabolized in the liver by  
the cytochrome P-450 microsomal system by 
means of glucuronidation, with about 30 to 50% 
of the drug excreted in the urine.74 Patients with 
renal dysfunction require dose reductions. The 
main toxic effects owing to etoposide include 
dose-limiting myelosuppression, nausea and 
vomiting, mucositis, alopecia, and, rarely, head-
ache, seizures, and somnolence.29 Patients are also 
at risk of a hypersensitivity reaction to the poly-
sorbate 80 vehicles, which can manifest as chills, 
fever, bronchospasm, tachycardia, facial and 
tongue swelling, and hypotension. Hypersensitiv-
ity primarily occurs when the drug is adminis-
tered rapidly intravenously, whereas it is rarely 
seen if the drug is given over an hour or more, and 
it is not seen with oral administration. Etoposide 
is also carcinogenic and associated with the 
t(11;23) translocation in acute myelogenous  
leukemia.74

Vinca Alkaloids 
The vinca alkaloids include vincristine, vinblas-
tine, vindesine, and vinorelbine. These agents 
bind to specific sites on tubulin, prevent tubulin 
dimer polymerization, and inhibit mitotic spindle 
apparatus formation. These effects result in 
mitotic arrest and tumor cell apoptosis. Vinca 
alkaloids are metabolized in the liver by the  
cytochrome P-450 system and are excreted in 
stool.79 As a class, the vinca alkaloids are potent 
vesicants. Vincristine is used in pediatric and 
adult acute leukemias, Hodgkin’s and non-Hodg-
kin’s lymphoma, Wilms’ tumor, Ewing’s sarcoma, 
neuroblastoma, and rhabdomyosarcoma. The 
DLT is peripheral neuropathy. As with most other 
neurotoxic chemotherapy agents, peripheral  
neurotoxicity is dose dependent and primarily 
sensory, but it can also involve motor, autonomic, 
and cranial nerves. Additional toxic effects are 
paralytic ileus and intestinal obstruction, urinary 
retention, postural hypotension, and SIADH. 
Vinblastine is used in germ cell tumors, Hodg-
kin’s lymphoma, and breast cancer. Myelosup-
pression is dose limiting, and mucositis, alopecia, 
peripheral neuropathy, and SIADH can also 
occur. Vindesine causes both myelosuppression 
and severe peripheral neuropathy. It is occasion-
ally used in the treatment of non–small cell lung 
cancer.

Vinorelbine is a semisynthetic analogue of 
vinblastine and is active against non–small cell 
lung, breast, and head and neck cancers and 
against Hodgkin’s lymphoma; it appears to be 
more effective than other vinca alkaloids. Vinorel-
bine is metabolized by the P-450 system,  
with excretion via the biliary tract and in stool. 
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Myelosuppression is dose limiting, with neutro-
penia being most prominent. In addition, nausea 
and vomiting, diarrhea, constipation, elevated 
liver function test values, alopecia, peripheral 
neuropathy, and SIADH can occur. Vinorelbine 
can cause severe phlebitis in the vein into which it 
is infused, but the risk of phlebitis is reduced by 
rapid administration and by postadministration 
flushing of the vein. Vinorelbine has several drug 
interactions and can reduce effective blood levels 
of phenytoin.79

Miscellaneous Agents
Bleomycin is extracted from the fungus Strepto-
myces verticillus and contains DNA-binding  
and iron-binding regions at opposite ends of the 
peptide. This agent requires activation by oxi-
dized iron to form oxygen free radicals, which 
then cause single- and double-stranded DNA 
breaks and cell death. Up to 70% of bleomycin is 
excreted in the urine, and dose modification  
is required in the case of renal dysfunction.85  
The major concern when using bleomycin is its 
pulmonary toxicity. Patients may develop a 
reversible acute inflammatory reaction in the 
lungs, with pulmonary infiltrates evident on chest 
radiographs; rales may arise after exposure to 
even low cumulative doses, with a risk of much 
more serious chronic pulmonary pneumonitis 
and fibrosis occurring at higher cumulative doses. 
Approximately 3 to 5% of patients receiving a 
total of 400 to 450 units develop a subacute or 
chronic pneumonitis. The proportion increases 
to 10% in patients treated with higher doses. Pre-
senting clinical symptoms include cough, bibasi-
lar infiltrates, and pulmonary nodules. Additional 
predisposing factors include age > 70 years, 
underlying lung disease, previous pulmonary  
or mediastinal irradiation, and use of high-  
concentration oxygen.33 Extreme caution is 
required to limit the fraction of inspired oxygen 
during surgery in patients previously treated with 
bleomycin. Additional toxic effects of bleomycin 
include hyperpigmentation of skin, thickening of 
nail beds, ulceration or desquamation in severe 
cases, vascular events (eg, Raynaud’s syndrome, 
myocardial infarction, and stroke),86 and hyper-
sensitivity reactions in 25% of patients.34,85  
Cisplatin can decrease the renal clearance of  
bleomycin and may enhance its toxicity.

Chemotherapy-induced Secondary 
Malignancies

Secondary malignancies induced by chemother-
apy were first described in 1947 by Haddow.87 
Chemotherapy interacts with DNA and can cause 
irreversible genetic mutations that accumulate 
and progress to frank carcinogenesis. Most carci-
nogenic agents have long latency periods, and  
a multistep process involving initiators and  

promoters is required. Both the toxic agent and 
the host immune system and environment play a 
role in initiating a second malignancy. Combined 
exposure to chemotherapy and radiation will 
increase the risk of carcinogenesis (Table 2). 
Patients with preexisting germline mutations are 
especially at risk of second malignancies because 
of both their genetic makeup and the toxicity of 
the chemotherapy. Included in this category of 
patients are those who have microsatellite insta-
bility or impaired DNA repair mechanisms (eg, 
hereditary nonpolyposis colorectal cancer and 
retinoblastoma).88

Patients who have loss of heterozygosity in 
the TP53 gene are more prone to therapy-related 
acute myelogenous leukemia after exposure to 
alkylating agents.89 In addition, chemotherapy for 
certain disease types has an above-average risk of 
secondary malignancies. High-risk diseases (and 
the chemotherapy regimen or agent causing the 
secondary malignancy) include Hodgkin’s disease 
(treated with the doxorubicin, bleomycin, vin-
blastine, and dacarbazine or the mechloretha-
mine hydrochloride, procarbazine, vincristine, 
and prednisone regimen), non-Hodgkin’s  
lymphoma (cyclophosphamide, doxorubicin, 
vincristine, and prednisone), multiple myeloma 
(melphalan), acute lymphoblastic leukemia  
(etoposide), testicular cancer (bleomycin, etopo-
side, and cisplatin), ovarian cancer (cyclophos-
phamide, doxorubicin, and cisplatin), bone 
marrow transplantation (alkylator combination 

therapy), and breast cancer (high-dose cyclo-
phosphamide-doxorubicin combinations).90,91 
The Surveillance, Epidemiology, and End Results 
(SEER) database review of 21,708 patients with 
breast cancer reported an 11.5-fold relative risk of 
developing a secondary leukemia at 4.2 years.66 
Further studies in 82,700 women with breast 
cancer reported a 10-fold increase in the relative 
risk of leukemia with chemotherapy alone and a 
17.4-fold higher relative risk after chemotherapy 
and radiation.92 

The exact carcinogenic mechanisms of action 
differ between the classes of chemotherapy drugs. 
Chemical carcinogens often require metabolic 
activation to an electrophilic intermediate, which 
reacts with DNA bases, particularly the negatively 
charged or nucleophilic N7 of guanine.93 Cyclo-
phosphamide and mitomycin-C also cause  
secondary tumors by means of this mechanism, 
whereas l-phenylalanine mustard and nitrogen 
mustard do not require metabolism to form  
alkylating species. Doxorubicin and mithramycin 
form reactive oxygen intermediates, which  
can cause DNA strand breaks and lead to  
carcinogenicity. 

Therapy-Related Acute Myelogenous 
Leukemia 
Therapy-related acute myelogenous leukemia 
accounts for 10 to 20% of all cases of this cancer.88 
There is no gender or ethnic predisposition, but 
older age at drug exposure appears to increase  
the risk.91 Patients have developed therapy-related 
acute myelogenous leukemia in response to  
alkylating agents, topoisomerase II inhibitors, 
and combination regimens. Unfortunately, most 
therapy-related acute myelogenous leukemia  
carries a poor prognosis, with a median survival 
of 9 months. The exceptions to this general rule 
include patients with favorable cytogenetics 
(t(8;21), inv (16), and t(8;16)) who respond to 
therapy and patients with de novo disease who 
have the same translocations.89 

There are two main groups of therapy-related 
leukemia. The first is acute myelogenous leuke-
mia that results from exposure to topoisomerase 
II inhibitors and the second from exposure to 
alkylators.94 Topoisomerase II inhibitor–related 
acute myelogenous leukemia occurs 2 to 3 years 
after treatment and typically has an M4 or M5 
phenotype by the French-American-British  
(FAB) classification system. Alkylator therapy–
related acute myelogenous leukemia occurs 5 to  
7 years after treatment and is associated with 
myelodysplasia and loss of chromosomes 5 and 
7.94

Etoposide, a topoisomerase II inhibitor,  
has been associated with secondary acute non-
lymphocytic leukemia (ANLL), with a risk of 
5.9% at 4 years in children.95 At 6 years, the  
risk was reported as 3.8%.96 Pui and colleagues 
noted that a schedule of twice-weekly or weekly 

Table 2  Carcinogenic Risk of Chemotherapy 
Agents

High
 Melphalan
 Nitrosoureas
 Etoposide
 Teniposide
 Mechlorethamine 

Moderate
 Doxorubicin
 Thiotepa
 Cyclophosphamide
 Procarbazine
 Dacarbazine
 Cisplatin  

Low
 Vinca alkyloids
 Methotrexate
 Cytarabine
 5-Fluorouracil
 l-Asparaginase
 Carboplatin  

Unknown Bleomycin
 Taxanes
 Busulfan
 Gemcitabine
 Irinotecan
 Mitoxantrone



28 Chapter 4

etoposide or teniposide increased the risk of 
ANLL at 6 years to 12.3%.96 Etoposide causes 
dose-dependent chromosomal damage that can 
be perpetuated in cells of the hematopoietic 
system. It is suspected that cytogenetic abnormal-
ities are due to topoisomerase-induced abnormal 
sister chromatid exchanges.97 In vitro studies  
of etoposide-treated cells have found frequent 
breaks in chromosomes 1, 11, and 17.98 Translo-
cations in the MLL gene at chromosome 11q23 
have been reported.99,100 Also associated with  
etoposide-induced ANLL is the lack of a preleu-
kemic phase.98 A meta-analysis conducted by the 
NCI Cancer Therapy Evaluation Program on 12 
cooperative group trials (11 in the pediatric pop-
ulation) reported a cumulative dose-dependent 
increase in the risk of secondary leukemias at  
6 years after treatment.101 Patients with germ  
cell tumors treated with cisplatin, etoposide, and 
bleomycin have been reported to have a 1 to 4.7% 
cumulative risk of developing leukemia by 5.7 
years after treatment.98 

Alkylating agent–induced acute myeloge-
nous leukemia has a peak incidence at 4 to 6 years 
after treatment and a range of onset of 1 to  
20 years.97 A cumulative dose-response effect is 
associated with an increased risk of myelodys-
plastic syndrome or acute myelogenous leukemia. 
Carcinogenesis is caused by direct alkylator ther-
apy–induced stem cell damage. Alkylating agents 
form covalent bonds with the DNA bases and 
cause intra- and interstrand DNA cross-linking 
and breaks. Aberrant DNA coding then occurs, 
with the potential for malignant transformation. 

Studies of multiple myeloma patients report 
a high incidence of ANLL attributed to previous 
alkylator-based therapy.102,103 In an international 
collaborative group evaluation of cancer regis-
tries, alkylator-based chemotherapy had a relative 
risk of 12, was at greatest risk 4 to 5 years after 
treatment, and persisted for at least 8 years.104 The 
conclusion of this study was that chlorambucil 
and melphalan were more leukemogenic than 
cyclophosphamide.105 Several alkylating agents 
have been reported to cause therapy-related  
acute myelogenous leukemia. This list includes 
cyclophosphamide, ifosfamide, procarbazine, 
chlorambucil, melphalan, and busulfan.88 Single-
agent melphalan and busulfan reportedly confer 
the highest acute myelogenous leukemia risk, and 
combination therapies such as mechlorethamine, 
Oncovin (vincristine), procarbazine, and predni-
sone (MOPP) carry a higher risk than single 
agents.97 Melphalan has been used in ovarian 
cancer and is associated with a marked increase in 
the risk of secondary acute leukemia in some 
reports, showing a 93- to 174.4-fold increase in 
risk.102,105–108 The NCI and Connecticut Tumor 
Registry reported a relative risk of 4.1 for acute 
leukemia in 32,251 women treated for ovarian 
cancer.109 In breast cancer patients, melphalan 

carried a 5-fold higher risk of secondary  
leukemia.110 

Anthracycline therapy does not appear to 
significantly increase the risk of leukemia. The 
University of Texas M.D. Anderson Cancer 
Center reported a 0.5% higher risk of secondary 
leukemia at 10 years in 1,474 patients treated with 
six cycles of 5-FU, doxorubicin, and cyclophos-
phamide.111 Radiation increased the risk to 2.5% 
at 10 years. However, combination regimens for 
hematologic malignancies, such as Hodgkin’s dis-
ease, have been reported to have a significantly 
greater risk of secondary leukemia. A case-control 
study conducted in the Netherlands reported that 
1,939 patients with Hodgkin’s disease had as 
much as a 40-fold increase in the risk of leukemia 
owing to treatment with (MOPP).112–114 

Solid Tumors 
Second primary solid tumors can arise from  
previous field defects in the aerodigestive tract  
or previously irradiated areas. In general, single-
agent chemotherapy is infrequently associated 
with second primary solid tumor formation. 
However, the treatment of certain diseases is 
associated with higher rates of second primary 
solid tumors. Up to 20% of patients with Hodg-
kin’s disease can develop second malignancies 
within 15 years of the primary therapy.115–117 A 
German review of 1,500 Hodgkin’s disease 
patients showed a 20-year cumulative risk of 19% 
for second primary solid tumors.118 This statistic 
may be high as a significant proportion of the 
solid tumors arose from a previously irradiated 
field. 

Cyclophosphamide is associated with blad-
der toxicity and the development of bladder 
cancer.119,120 The risk appears to increase with the 
cumulative dose, with an overall 4.5-fold increase 
in risk.120 The carcinogenic pathway is activated 
by the acrolein metabolite, which is toxic to  
bladder mucosa; bladder fibrosis and dysplasia 
can transform into a malignant phenotype. 

Fertility and Mutagenicity

Cancer occurs in pregnant women at a rate of  
1 per 1,000.121,122 The most common malignancies 
encountered are breast cancer, melanoma,  
cervical cancer, lymphoma, and leukemia.123,124 
Chemotherapy agents have known teratogenicity, 
with the extent of the effect dependent on expo-
sure time, dose, lipid solubility, molecular weight, 
and the stability of binding to plasma pro-
teins.122,125 As cytotoxic agents target rapidly divid-
ing cells, the effects on a growing fetus are a major 
concern when considering the use of chemother-
apy in pregnant patients. During pregnancy, the 
volume of distribution, protein binding, and 
renal clearance of drugs are typically increased. 
Other pharmacokinetic factors, such as drug 

absorption, are also affected.126 The timing of 
delivery is also a concern when pregnant patients 
undergo chemotherapy as thrombocytopenia can 
complicate labor. 

First-trimester use of chemotherapy should 
be avoided if possible. Use of chemotherapy 
during this time will significantly increase the risk 
of major fetal malformations or spontaneous 
abortion.122,125,127 If chemotherapy is necessary 
during the first trimester of pregnancy, doxorubi-
cin and the vinca alkaloids have the lowest rates of 
teratogenic effects.127 The gestational age of the 
fetus at the time of chemotherapy exposure is the 
most likely predictor of what type of malforma-
tion will occur.122 The first 2 weeks of pregnancy 
are highly susceptible to fetal death and spontane-
ous abortion. This is when the zygote implants 
and develops amnion. During weeks 2 to 8 after 
conception, teratogenesis of major organs, such 
as the heart, neural tube, and limbs, can occur. 
Limb buds appear between the fourth and sixth 
weeks of gestation.127 Even after embryonic organ-
ogenesis is completed, the hematopoietic system, 
CNS (visual), and genitalia remain vulnerable.122 
CNS congenital defects include neural tube 
defects and mental retardation. Cardiac abnor-
malities include truncus arteriosus, atrial septal 
defects, and ventricular septal defects. Amelia, 
meromelia, cleft lip, low-set malformed ears and 
deafness, microphthalmia, cataracts, and glau-
coma can occur. Also, masculinization of female 
genitalia and enamel hypoplasia and staining may 
be seen. 

Second- and third-trimester exposure to 
chemotherapy increases the risk of intrauterine 
growth retardation (IUGR) and low birth 
weight.128 In addition, minor congenital anoma-
lies and functional defects can occur. Some stud-
ies report that children exposed to chemotherapy 
in utero can have normal learning behavior and 
intact immune and hematologic systems.129

Fetal Effects owing to Specific  
Chemotherapies
Alkylating Agents 

In 1968, a review of the literature on alkylating 
agents found that women treated during the first 
trimester of pregnancy had a 16% chance of giving 
birth to children with fetal malformation.130 First-
trimester treatment, but not second- or third- 
trimester exposure, with cyclophosphamide was 
associated with marked malformations.126,131,132 
Fetal malformations associated with cyclophos-
phamide include low-set ears, eye abnormalities, 
loss of toes, cleft palate, blepharophimosis, a flat 
nasal bridge, and microcephaly.122,126 Although 
safe alkylator agent use in the second and third 
trimesters has been reported, the risks of fetal 
death and IUGR are increased, regardless of the 
timing of exposure.122 The dacarbazine used in 
the ABVD regimen for Hodgkin’s disease is  
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associated with intrauterine growth retardation 
(IUGR) and minor malformations.122 Busulfan  
in the second trimester can lead to malforma-
tions.133

Antimetabolites 

Methotrexate given at doses greater than 10 mg 
per week is associated with fetal malformations, 
such as oxycephaly, low-set ears, skin folds, 
absence of toes, growth retardation, and rib 
abnormalities.127,134 First-trimester exposure to 
methotrexate has been associated with fetal 
death.122,122 5-FU is very teratogenic and should  
be avoided in pregnancy, especially in the first  
trimester.127 5-FU in combination with other 
agents can lead to intrauterine fetal growth  
malformation and fetal death. Cytarabine expo-
sure, even after the first trimester, leads to limb 
malformation, intrauterine fetal death (IUFD), 
fetal growth retardation, and neonatal death.122 
Cytarabine is highly teratogenic in animals and  
is recommended only in the second and third  
trimesters of pregnancy.127 However, chromo-
some abnormalities have been reported with 
cytarabine exposure throughout all trimesters.127 
Cytarabine also causes low birth weight, perinatal 
seizures, cytopenias, and preterm labor.127 6-Mer-
captopurine crosses the human placenta, but only 
a 1 to 2% fetal blood concentration is seen.126 
Mercaptopurine has been reported to cause IUGR 
and IUFD but has a lower degree of association 
with congenital abnormalities.122 First-trimester 
use of 6-mercaptopurine has been associated  
with chromosomal, hematologic, and immuno-
logic abnormalities in the fetus.126 Second- 
trimester use of 6-mercaptopurine has also led  
to chromosomal changes.126 

Anthracyclines 

Anthracycline use during pregnancy has been 
associated with transient marrow hypoplasia, 
fetal limb malformations (after first-trimester 
exposure), IUGR, IUFD, and transient myelosup-
pression. Although cardiotoxicity is a concern  
in patients receiving anthracyclines, it is unclear 
whether fetal exposure leads to cardiotoxicity. 
Idarubicin, a more lipophilic agent, has been 
associated with IUFD and cardiomyopathy. In 
one study of a small number of cases, 23% of 
fetuses and neonates exposed to epirubicin-based 
combination chemotherapy died. Doxorubicin, 
with its higher protein binding, is recommended 
instead of epirubicin or idarubicin in pregnant 
women but only in the second or third  
trimester.122,126

Vinca Alkaloids 

Vinca alkaloids are less teratogenic than the anti-
metabolite agents.122,125,135 Fetal malformations 
can occur with first-trimester use, especially when 

vinca alkaloids are used in combination therapy. 
However, single-agent vinblastine has been  
used in all trimesters without evidence of  
teratogenicity.127 

Taxanes 

Taxanes have been reported to be lethal in animal 
models. Only a small number of case reports 
involving taxane exposure have been published, 
and although no malformations were seen, tax-
anes are not recommended in pregnancy because 
of the paucity of information.122 

Platinum Agents 

Platinum agents have been associated with fetal 
sensorineural hearing loss, cardiomegaly, CNS 
abnormalities, IUGR, and IUFD.122 Cisplatin is 
preferred over carboplatin for use in pregnancy 
because carboplatin is more likely to cause throm-
bocytopenia and has the potential for higher  
placental transfer because it is less protein bound 
than cisplatin.122 Published case reports suggest 
that use of cisplatin is safe in the second and third 
trimesters of pregnancy.127

Topoisomerase II Inhibitors 

There is limited information about the use of  
etoposide in pregnancy. The agent has been  
associated with neonatal alopecia and ventriculo-
megaly.136,137 

Male Fertility 
In men, the seminiferous tubules are lined by 
spermatogenic and Sertoli’s cells. Sertoli’s cells 
regulate the release of spermatozoa from the ger-
minal epithelium and maintain the blood-testis 
barrier.138 Chemotherapy can be directly toxic to 
immature spermatozoa in the germinal epithe-
lium or to Sertoli’s and Leydig’s cells. Cytotoxic 
agents can block maturation of spermatozoa and 
lead to incompetency.138 Once the seminiferous 
tubules are damaged, testicular atrophy becomes 
clinically evident. Increased serum follicle- 
stimulating hormone is seen when spermatogen-
esis is impaired. 

In animal models, Sertoli cell damage and 
abolition of sperm release from the germinal  
epithelium occur after doxorubicin, cisplatin,  
5-FU, and methotrexate administration.138,139 
Doxorubicin has been shown to cause an absence 
of primary spermatocytes.138,140 Cisplatin affects 
intermediate- and late-stage spermatids with  
Sertoli cell damage.141 5-FU leads to arrest in sper-
matid development.139 Carmustine and procarba-
zine affect stem cells and early and intermediate 
spermatogonia.141 

Alkylating agents are the chemotherapy 
agents most likely to cause male infertility.138 
Cyclophosphamide affects early and late sper-
matogonia and spermatocytes, resulting in 
decreased sperm counts.138 Alkylator therapy has 

been shown to cause Leydig cell dysfunction in up 
to 30% of men.142 In multiple-agent therapy, 
chromosome abnormalities in human sperm 
have been reported.142

In general, spermatogenesis can recover, 
even after high-dose chemotherapy is given.  
Standard or conventional doses of vinblastine, 
etoposide, bleomycin, and ifosfamide do not 
appear to impact long-term fertility.143,144 How-
ever, cyclophosphamide at a cumulative dose 
higher than 7.5 g/m2 can cause irreversible infer-
tility.145 Patients with testicular cancer who receive 
more than four cycles of chemotherapy also are at 
greater risk of infertility.143 Fertility recovery 
depends on the amount of chemotherapy and  
its duration of administration. Treatment with 
multiple agents causes longer-lasting azoosper-
mia than single-agent therapy and increases the 
risk of long-term infertility. 

Female Fertility
During oogenesis, a primitive female germ cell 
gives rise to a mature ovum. Oocytes are coated 
by granulose cells and remain in prophase until 
they become a mature or graafian follicle prior to 
ovulation. Oocytes that are not ovulated become 
atresic and are resorbed.

Chemotherapy affects follicular growth and 
maturation. Ovarian fibrosis and follicle destruc-
tion may occur, followed by amenorrhea and 
elevation of serum follicle-stimulating hormone 
and luteinizing hormone.146,147 Vaginal atrophy 
and endometrial hypoplasia then occur. Younger 
patients appear to recover from amenorrhea  
more quickly than older ones, although age  
and the amount of chemotherapy taken together 
will better predict the timing of ovarian function 
recovery.47,148 Alkylating agents (particularly 
busulfan) are the most likely to cause ovarian  
dysfunction.138

In animal models, cyclophosphamide is 
directly toxic to ovarian follicles and decreases 
serum estradiol and progesterone.149 Doxorubi-
cin also causes apoptotic changes in oocytes, with 
bax protein up-regulation. In humans, busulfan 
at a dose of 0.5 to 14 mg daily for 3 months can 
cause permanent amenorrhea.138,150 Antimetabo-
lites such as methotrexate, conversely, do not 
appear to have ovarian toxicity.151 Etoposide at 
doses up to 5 g causes oligo- or amenorrhea in 
41% of women.152 Despite the animal model data, 
doxorubicin is less toxic to ovaries than are alkyl-
ating agents.138 Combination regimens have a 
higher risk of amenorrhea and ovarian failure.47,138 
Among women receiving 6 months of adjuvant 
chemotherapy (cyclophosphamide, methotrex-
ate, and 5-FU) for breast cancer, those over 40 
years old had a 70% ovarian failure rate and those 
younger than 40 years had a 40% failure rate.47,153 



30 Chapter 4

Effects on the Immune System:  
Autoimmunity
Postchemotherapy rheumatism is a disease char-
acterized by noninflammatory musculoskeletal 
pain that is symmetric and associated with stiff-
ness and mild swelling in both large and small 
upper and lower extremity joints.154 This condi-
tion occurs in the absence of metastatic cancer or 
laboratory findings of rheumatologic disease. It 
has most often been reported in patients who 
received adjuvant chemotherapy for breast cancer 
(cyclophosphamide combined with methotrexate 
and 5-FU or doxorubicin and 5-FU). Many of  
the patients reported developed rheumatic  
complaints 2 to 6 months after completing  
chemotherapy.155–157 Symptoms include myalgia, 
arthralgia, arthritis, periarticular swelling, and 
tenosynovitis. Postchemotherapy rheumatism 
has also been reported in patients with ovarian 
cancer who received cyclophosphamide-based 
therapy.158 In addition, chemotherapy has been 
reported to worsen rheumatic complaints in 
patients with preexisting disease.159 The biologic 
mechanism of postchemotherapy rheumatism is 
not known.159 

Autoimmune vascular abnormalities have 
been associated with cytotoxic chemotherapy. It 
is well known that 5-FU induces a cardiotoxic 
effect, which can range from anginal symptoms to 
myocardial infarction and death. The exact mech-
anism of action is unknown but is suspected to 
involve either an autoimmune reaction to 5-FU 
or 5-FU-induced cell death that leads to an 
inflammatory response.53 5-FU may also induce 
acute coronary artery spasm while the drug is 
being administered. 5-FU has also been reported 
to induce Raynaud’s syndrome, with digital  
ischemia and necrosis.160 Raynaud’s syndrome 
has also been reported in combination regimens 
using bleomycin, vinblastine, and cisplatin as 
measured by hand arteriography.86

Autoimmune reactions have been reported 
in patients receiving purine analogues, such as 
fludarabine and 2-chloro-2′-deoxyadenosine.161 
The proposed mechanism of action includes  
an allergic reaction to agents, cytokine release, or 
T-cell imbalance, leading to release of autoanti-
bodies. The most common conditions that can 
result include hemolytic anemia, thrombocyto-
penia, bicytopenia (Evans’s syndrome), and  
neutropenia.161 In some instances, vasculitis,  
urticaria, pemphigus, interstitial pneumonia, and 
glomerulonephritis may also arise.

HUS is a serious condition characterized by 
renal failure, microangiopathic hemolytic anemia, 
and thrombocytopenia.162 Mitomycin-C and 
gemcitabine have been associated with HUS.163,164 
Up to 10 to 15% of patients receiving mitomycin-
C develop HUS,164,165 and gemcitabine is reported 
to induce HUS in 0.015 to 0.25% of patients.57,162,163 
Chemotherapy-induced HUS carries a poor  
prognosis, with high mortality rates.163  

Mitomycin-C-induced renal failure can develop 8 
to 10 months after therapy and is associated with 
direct damage to renal endothelial cells.164 Gem-
citabine-induced HUS is associated with high 
cumulative doses of gemcitabine (2.5–40.3 g2) 
and has a delayed presentation of 3.8 to 13.1 
months.163 Plasma exchange has been reported to 
benefit HUS therapy. 
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Dose Reductions Required in Cases of Organ 
Dysfunction

Chemotherapy agents requiring dose reduction in 
patients with liver dysfunction
 Amsacrine
 Daunorubicin
 Doxorubicin
 Epirubicin
 Idarubicin
 Mitoxantrone
 Paclitaxel
 Docetaxel
 Vinblastine
 Vincristine
 Thiotepa
 Irinotecan

Chemotherapy agents requiring dose reduction in 
patients with renal dysfunction 
 Methotrexate
 Capecitabine 
 Fludarabine
 Cisplatin
 Carboplatin
 Oxaliplatin
 Bleomycin
 Cyclophosphamide
 Ifosfamide
 Etoposide
 Hydroxyurea
 Topotecan
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animal model.3 However, it was not until the dis-
covery of hybridoma technology4 by Kohler and 
Milstein in 1975 that the large-scale production 
of therapeutic monocional antibodies (MoAbs) 
became possible.

The MoAbs bind to specific antigens on  
the surface of the targeted cell and, once bound, 
incite an immune response to the antigen and 
consequently the cell bound to the antigen. Some 
antibodies may also directly induce apoptosis via 
other pathways.5

Early murine MoAb carried 100% murine 
protein sequences and incited severe hypersensi-
tivity reactions owing to the development of 
human antimouse antibodies (HAMAs).6,7 The 
HAMA response impairs targeting and acceler-
ates MoAb clearance, subsequently decreasing its 
potency. Development of partly human (chime-
ric) and humanized (complementary determin-
ing region grafted) MoAb via recombinant 
deoxyribonucleic acid (DNA) technology signifi-
cantly decreased this immunogenic response.8  
A chimeric molecule is still detectable in human  
circulation for 2 weeks compared with 2 days for 
a murine molecule.6 Most therapeutic antibodies 
are chimeric (30–35% murine) or humanized  
(< 10% murine), but murine antibodies are also 
in use. Although occurring at a lower rate, human 
antichimeric antibody and human antihuman 
antibody have also been reported.2 

MoAbs can be classified into three groups: 
unconjugated (naked), conjugated with immu-
notoxins, and radioimmunotherapy. Table 1  
sum marizes the currently approved MoAbs,  
their biologic targets, and FDA-approved  
indications.9–24 

Unconjugated Antibodies

Unconjugated antibodies independently mediate 
cell death via recruitment of an immune response 
via antibody-dependent cell-mediated cytotoxi-
city (ADCC) and complement-dependent cyto-
toxicity. In ADCC, the Fc constant region of the 
antibody engages effector cells such as natural 
killer (NK) cells, monocytes, and macrophages. 
These effector cells function to illicit phagocytosis 
and cyctotoxicity. The Fc region additionally  
activates complement.5 This mechanism requires 

high tumor expression of the antigen and tight 
antibody-antigen binding. Antibody-mediated 
calcium channel inhibition may also directly 
induce apoptosis independently of an immune 
response, such as with rituximab.25 Examples of 
unconjugated MoAb include rituximab, alemtu-
zumab, trastuzumab, cetuximab, and bevaci-
zumab, each specific to a spectrum of antigenic 
targets.

Unconjugated antibodies are used clinically 
for treatment of hematologic and solid tumor 
malignancies, as well as for management of infec-
tions. Single-agent response rates in hematologic 
malignancies range from 20 to 48%.26–28 Given 
that the biologic targets of antibodies differ from 
those of traditional cytotoxic chemotherapy, 
MoAbs may also enhance the chemotherapy 
response without increasing toxicity and  
over lapping patterns of resistance.29

Adverse events of unconjugated MoAb pre-
dominantly involve hypersensitivity or infusion-
related reactions. These symptoms can vary from 
rash, fevers, chills, and rigors to severe urticaria, 
hypotension, bronchospasm, dyspnea, and ana-
phylaxis. These reactions can occur in up to 77% 
of patients receiving MoAb infusion. Infusion 
reactions generally improve with subsequent 
doses and are managed successfully with sup-
portive medications.12 Other less common adverse 
effects reported with unconjugated MoAb include 
cardiotoxicity associated with trastuzumab;  
severe and prolonged immunosuppression and 
infections with alemtuzumab; hypertension, 
coagulopathy, and decreased wound healing  
with bevacizumab; and acneiform rash with 
cetuximab.

Cardiotoxicity is not uncommon among 
cancer agents.30 The risk of development of  
cardiotoxicity with trastuzumab is 4% with 
monotherapy and 27% when used concurrently 
with anthracyclines and cyclophosphamide.31 But 
unlike anthracycline-induced cardiotoxicity, the 
cardiac effects associated with trastuzumab are 
generally asymptomatic or mild and responsive 
to medical management. Cardiomyopathy with 
trastuzumab did not appear to be dose depen-
dent, and some patients are able to continue with 
trastuzumab therapy with proper management 

In the last two decades, bioimmunotherapy has 
achieved great strides in establishing its role in 
medical treatment. Agents previously investigated 
for salvage or palliative purposes are considered 
part of standard treatment for untreated patients. 
Since the introduction of the first recombinant 
protein, human insulin, into the market, many 
biologic drugs have been approved by the Food 
and Drug Administration (FDA) for clinical use 
in the United States.

Bioimmunotherapy encompasses all therapy 
related to the modification of the immune  
system’s response to infection or malignancy.1 
The roots of biotherapeutics trace back to before 
the nineteenth century, when manipulation of 
the immune response was used to treat cancer, 
but the inability to produce adequate quantities 
limited their broad clinical application. Advance-
ments in production techniques in the 1970s  
to 1980s allowed for large quantities of purified 
product to be readily available for investigation. 
In the past two decades, many new biologic  
compounds have been identified with the use of 
powerful molecular biology tools.

Several classes of agents fall under the 
umbrella of bioimmunotherapy, including mono-
clonal antibodies (MoAbs), interferons, inter-
leukins (ILs), cytokine antagonists, and growth 
factors. Although grouped together, agents in  
this category are vastly different in character  
and treatment indications. These agents generally 
differ from traditional chemotherapy in both 
side-effect profiles and dose-toxicity relation-
ships.2 This chapter will focuses on only the  
biologic agents that have been FDA approved  
or investigated for therapeutic applications  
in oncology or as supportive care agents. The  
goal is to provide an overview of their systemic 
effects.

Bioimmunotherapy Agents and  
Systemic Effects

Monoclonal Antibodies
The discovery of antibody-based therapy began  
in 1890 when transferable immunity was first 
described by von Behring and Kitasato in the 
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Table 1  Monoclonal Antibodies and Their Treatment Indications9–24

Drug  Target Indication(s)

Unconjugated MoAb for oncology indication
Alemtuzumab   Anti-CD52 antibody B-cell chronic lymphocytic leukemia in patients who have been treated with alkylating agents and who 
 (Campath)    have failed fludarabine therapy
Bevacizumab (Avastin)  Anti-VEGF antibody For use in combination with intravenous 5-fluorouracil-based chemotherapy as a first-line treatment for  
    metastatic colorectal cancer
Cetuximab (Erbitux)  Anti-HER1 antibody (1) In combination with radiation therapy, is indicated for the treatment of early stages of most types of  
    head and neck cancer
   (2) Patients with head and neck cancer whose tumor has grown larger or has spread to other parts of the  
    body after receiving treatment containing a platinum-based chemotherapy
   (3) EGFR-expressing metastatic colorectal carcinoma ± irinotecan-based chemotherapy
Rituximab (Rituxan) Anti-CD20 antibody (1) For relapsed or refractory low-grade or follicular, CD20-positive, B-cell NHL
   (2) For the first-line treatment of diffuse large B-cell, CD20-positive, NHL (a type of NHL) in  
    combination with CHOP or other anthracycline-based chemotherapy regimens
   (3) For use in combination with methotrexate for reducing signs and symptoms in adult patients with  
    moderately to severely active rheumatoid arthritis who have had an inadequate response to one or more  
    TNF antagonist therapies
Trastuzumab (Herceptin)  Anti-HER2 antibody For metastatic breast cancer in HER2-overexpressed tumors

Unconjugated MoAb for autoimmune diseases and other indications
Adalimumab (Humira) Anti-TNF antibody (1) Reducing signs and symptoms, inducing major clinical response, inhibiting the progression of  
    structural damage, and improving physical function in adult patients with moderately to severely active  
    rheumatoid arthritis
   (2) Reducing signs and symptoms of active arthritis in patients with psoriatic arthritis
Basiliximab (Simulect) Anti-IL-2 receptor antibody Prophylaxis of acute organ rejection in patients receiving renal transplants
Daclizumab (Zenapax) Anti-IL-2 receptor antibody Prophylaxis of acute organ rejection in patients receiving renal transplants
Efalizumab (Raptiva) Anti-CD11a antibody For chronic moderate to severe plaque psoriasis in adults age 18 yr or older
Infliximab (Remicade) Anti-TNF-a antibody (1) Reducing signs and symptoms, achieving clinical remission and mucosal healing, and eliminating  
    corticosteroid use in patients with moderately to severely active ulcerative colitis who have had an  
    inadequate response to conventional therapy
   (2) Reducing signs and symptoms and inducing and maintaining clinical remission in patients with  
    moderately to severely active Crohn’s disease who have had an inadequate response to conventional  
    therapy
   (3) Reducing the number of draining enterocutaneous and rectovaginal fistulae and maintaining fistula  
    closure in patients with fistulizing Crohn’s disease
   (4) Reducing signs and symptoms in patients with active ankylosing spondylitis 
   (5) Reducing signs and symptoms of active arthritis in patients with psoriatic arthritis
   (6) In combination with methotrexate for reducing signs and symptoms, inhibiting the progression of  
    structural damage, and improving physical function in patients with moderately to severely active  
    rheumatoid arthritis
Muromonab CD3  Anti-CD3 antibody Treat rejection of transplanted organs, including the heart, kidneys, and liver
 (Orthoclone OKT3)
Omalizumab (Xolair) Anti-IgE antibody For moderate to severe persistent asthma in adults and adolescents

Unconjugated MoAb for infectious disease
Palivizumab (Synagis) Antibody directed at the  Prevention of serious lower respiratory tract disease caused by RSV in pediatric patients at high risk of 
   epitope of the A antigenic   RSV disease
   site of the F protein of RSV

Radioimmunotherapy
Ibritumomab Tiuxetan Anti-CD20 antibody attached Relapsed or refractory low-grade, follicular, or transformed B-cell NHL, including patients with
 (Zevalin)   to 90yttrium   rituximab (Rituxan) refractory follicular NHL 
Tositumomab   Anti-CD20 antibody Relapse or refractory low-grade follicular lymphoma or transformed NHL, including patients with
 131iodine (Bexxar)  attached to 131iodine   rituximab refractory NHL

Immunoconjugate
Gemtuzumab  Anti-CD33 antibody attached Relapsed acute myeloid leukemia in first relapse patients who are 60 yr of age or older and who are not
 Ozogamicin (Mylotarg)  to calicheamicin derivative  considered candidates for cytotoxic chemotherapy

CHOP = cyclophosphamide, doxorubicin, Oncovin (vincristine), and prednisone; EGFR = epidermal growth factor receptor; IgE = immunoglobulin E; IL = interleukin; MoAb = monoclonal antibody; 
NHL = non-Hodgkin’s lymphoma; RSV = respiratory syncytial virus; TNF = tumor necrosis factor; VEGF = vascular endothelial growth factor.
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and monitoring.32 The mechanism of trastu-
zumab-associated cardiotoxicity is still being 
investigated. It has been postulated that trastu-
zumab may have direct cardiotoxic effects on  
the heart mediated by the presence of HER2 
receptors on cardiac tissue.33

Alemtuzumab targets the CD52 antigen 
expressed on B and T lymphocytes. Most treated 
patients will experience significant and prolonged 
lymphopenia by 2 to 4 weeks that may persist  
up to 1 year.34,35 Concurrently, patients may also 
experience neutropenia between 2 and 12 weeks, 
with extreme cases lasting several months.36 A 
combination of these factors leads to increased 
risk of infection and infection-related mortality. 
In addition to bacterial infections, atypical  
infections with Pneumocystis jiroveci (formerly  
P. carinii), viral reactivation, and invasive fungal 
infections are common.37

The use of bevacizumab to block angiogene-
sis by vascular endothelial growth factor (VEGF) 
is associated with cardiovascular adverse effects, 
coagulopathy, and decreased wound healing. 
Hypertension is a common adverse effect asso-
ciated with bevacizumab. VEGF antagonism has 
been linked to inhibition of nitric oxide, leading 
to vasoconstriction. The reported incidence is  
15 to 30%, with only 2% graded as severe.10,38 
Hemorrhage and thrombosis have been reported 
with bevacizumab. The risk of severe hemorrhage 
or thrombosis is low. VEGF inhibition has been 
proposed to decrease the ability of endothelial 
cells to respond to injury, thereby increasing the 
risk of bleeding. A prothrombotic state has been 
attributed to inhibition of nitric oxide–mediated 
platelet aggregation.10,39,40 Wound complications 
and dehiscence have been associated with  
bevacizumab.10

Dermatologic toxicity has been reported  
in clinical trials with cetuximab. Up to 89%  
of treated patients reported dermatologic side 
effects, but only 11% were severe.41 The most 
common presentation is a follicular rash, usually 
in an acneiform distribution. Although the pre-
cise mechanism of development of rash has not 
been elucidated, inhibition of the epidermal 
growth factor receptor pathway by cetuximab 
may interfere with development of hair follicles, 
leading to an inflammatory response.42,43

Unconjugated MoAbs are also indicated in 
the treatment of various autoimmune indica-
tions. Most of these agents are targeted at cyto-
kines and are discussed in the cytokine antagonist 
section of this chapter.

Conjugated Antibodies

Therapeutic MoAbs may be used as delivery vehi-
cles for toxins and cytotoxic therapy, theoretically 
targeting only specific diseased cells and sparing 
normal ones. Immunotoxins are conjugated  
antibodies with protein toxin bound to the MoAb. 

Protein toxins disrupt protein synthesis and ulti-
mately lead to cell death. This mechanism requires 
the antibody- (with toxin) antigen complex to 
undergo endocytosis once binding occurs at the 
cell surface, thereby delivering the toxin directly 
into the targeted cells.5

Gemtuzumab ozogamicin is a conjugated 
MoAb with activity in acute myeloid leukemia 
(AML) targeting CD33-positive cells. The anti-
body portion is attached to a derivative of the 
highly potent natural toxin calicheamycin via a 
carboxylic acid linker. An overall remission rate 
of 26% (defined as less than 5% bone marrow 
blasts, a normal white blood cell count without 
blasts, and transfusion independence) has been 
reported for elderly patients with relapsed AML 
(based on three multicenter phase II trials).24  
In addition to hypersensitivity reactions, gemtu-
zumab ozogamicin has also been associated  
with myelosuppression and hepatotoxicity. Veno-
occlusive disease (incidence up to 17% of treated 
patients) has been attributed to the calicheamicin 
derivative.44

Radioimmunotherapy

Historically, one of the drawbacks of radiother-
apy had been the inability to target tumor cells 
while sparing normal tissue. Using the same  
principle as antibody-conjugated chemotherapy, 
radioimmunotherapies also use MoAb as a  
delivery mechanism to provide targeted therapy. 
MoAb conjugates are labeled with a b-emitting 
isotope, such as 90yttrium and 131iodine, and can 
deliver localized radiation therapy by binding to 
antigens on tumor cells. Additionally, radiation is 
emitted to surrounding tumor cells. This effect 
on neighboring cells is sometimes referred to as 
the “bystander effect.”5 Cytotoxicity occurs ind-
ependently from receptor internalization and an 
immune-mediated response. For the treatment of 
relapsed non-Hodgkin’s lymphoma, radioim-
munconjugates 90yttrium ibritumomab tiuxetan 
and 131iodine tositumomab 131iodine have app-
roximate overall response rates of 39 to 92%.45 
90Yttrium ibritumomab tiuxetan has demon-
strated superior activity over the naked MoAb 
rituximab.46 Both radioimmunotherapy agents 
are murine antibodies and target the CD20 anti-
gen on B lymphocytes. The murine antibody was 
chosen in this class of agents to increase clearance 
and decrease prolonged radiation exposure. 
Adverse reactions are generally mild but primar-
ily include prolonged myelosuppression, with 
nadirs occurring 5 to 8 weeks from therapy.  
Small fractions of patients receiving tositumomab 
131iodine may develop hypothyroidism despite 
thyroid protection during treatment.45

The MoAbs have been used successfully in 
the treatment of various diseases outside the 
oncology arena. Palivizumab is the first MoAb 
indicated for treatment of infection. It is directed 

against the epitope of the A antigenic site on the  
F protein of respiratory syncytial virus (RSV), 
thereby inhibiting RSV replication. The agent is 
indicated for the prevention of RSV infections in 
high-risk pediatric patients.21

Research is ongoing uncovering new anti-
genic targets for which MoAbs may be used  
as part of a treatment modality. New routes of 
administration, such as intraperitoneal and intra-
thecal, are also currently being investigated, 
increasing the utility of these agents.47,48

Interferons
Over 40 years ago, Isaacs and Lindenmann 
described a protein that “interfered” with viral 
growth.49 This substance, called interferon (IFN), 
has been investigated extensively for treatment of 
oncologic and nonmalignant diseases. Various 
mechanisms of action and biologic activity have 
been reported, but the details have only been  
partially elucidated.50 IFNs impair viral replica-
tion by synthesis of a number of enzymes that 
interfere with cellular and viral processes. They 
also possess antitumor activity, which seems to  
be related to both modulation of the immune 
response to the tumor cells and direct  
antiproliferative effects.49

IFNs are divided into two major groups based 
on binding to either the type I or type II IFN 
receptor. The type I IFNs are IFN-a, IFN-b,  
IFN-v, and IFN-tau. IFN-c is the only type II 
IFN. On viral stimulation, almost all cells will 
produce type I IFNs, but the primary sites of  
production are leukocytes and fibroblasts. In 
contrast, type II IFNs are produced by T cells and 
NK cells following immunologic stimuli, such  
as with T cell–specific antigens and staphylococ-
cal enterotoxin A.49 IFNs are species specific and 
receptor dependent. Binding of IFNs to receptors 
outside the cell membrane leads to the phosphoryl-
ation of Janus-activated kinase (Jak) molecules 
intracellularly. Signal transducers and activators 
of transcription in the cytoplasm are activated by 
Jak, which translocates to the nucleus to activate 
transcription of IFN-stimulated genes.49,50 Bio-
logic activities of IFNs include inhibition of  
cell proliferation, enhanced phagocytic activity of 
macrophages, increased cytotoxic activity of NK 
cells, enhanced major histocompatibility complex 
(MHC) class I and II antigen presentation  
pathways, and antiangiogenic effects.49–51 

The development of DNA technology for the 
sequencing and cloning of genes led to the ability 
to produce and purify large quantities of IFN  
for clinical application.49 Table 2 lists the IFNs 
approved for treatment of various malignant and 
nonmalignant diseases.52–60

Interferon-a

The primary production sites for IFN-a are the 
leukocytes. This subgroup of IFNs possesses a 
multitude of modulatory activity in immune and 
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tumor cells. In tumor cells, IFN-a has been 
observed to directly inhibit tumor proliferation, 
as well as up-regulation of tumor-specific anti-
gens, MHC I, and adhesion molecules. Stimula-
tory effects are also reported in NK cells and 
macrophages. IFN-a can also lead to both stimu-
latory and inhibitory effects on T lymphocytes.49 
Currently, four forms of IFN-a are available in 
the United States. IFN-a2a and IFN-a2b are both 
recombinant proteins derived from Escherichia 
coli. The two agents differ by a single amino acid 
at position 23. IFN-an3 is produced from pooled 
units of human leukocytes stimulated by the 
Sendai murine virus.56 In contrast, IFN alfacon-1 
is a recombinantly produced non-naturally occ ur-
r ing IFN. Its polypeptide sequence was derived  
by scanning sequences of several naturally occur-
ring IFN-a subtypes.57 Pegylated formulations of 
IFN-a combine the IFN molecule to a polyethyl-
ene glycol moiety. This slows the metabolism of 
the molecule and provides increased sustained 
exposure and increased efficacy.61,62

IFN-a has been used in both oncology and 
nononcologic diseases. IFNs exhibit antitumor 
activity in solid tumors and hematologic malig-
nancies. IFN-a is indicated for the front-line 
treatment of chronic myeloid leukemia in the 
chronic phase. The median survival for patients 
with some evidence of cytogenetic response  
has been approximately 6 years, and over 90%  
of patients with a complete cytogenetic response  
are in remission at 10 years.50 It has also been 
shown to prolong disease-free survival in chronic 
myeloid leukemia patients after allogeneic stem 
cell transplantation. Response rates of 40 to 50% 
as a single agent have been demonstrated in  
non-Hodgkin’s lymphoma.63 In addition, IFN-a 

also has shown activity in multiple myeloma, 
melanoma, and renal cell carcinoma.50

Interferon-b

Many mechanisms of action of IFN-b have been 
proposed. IFN-b may exert antiproliferative 
effects through suppression of c-myc gene expres-
sion in tumor cells.64 The two recombinant for-
mulations IFN-b1a and IFN-b1b are currently 
available for the treatment of multiple sclerosis . 
IFN-b slows the frequency of neurologic distur-
bances and progression of physical debilitation  
in patients with multiple sclerosis.62 The once-
weekly injection of IFN-b1a may be preferred 
over IFN-b1b owing to decreased injection-site 
reactions and a lower incidence of neutralizing 
antibodies.

Interferon-c

This IFN is also known as the immune IFN since 
it is derived from immune stimulation of T cells. 
It is an activator of T cells and macrophages in 
synergy with IL-2. It up-regulates both MHC 
classes I and II and possesses higher antiproli-
ferative properties compared with IFN-a or  
IFN-b.49,64 The recombinant protein is used in 
prevention of infection in patients with chronic 
granulomatous disease. In these patients, the risk 
of infection was decreased by 67% compared with 
placebo. IFN-c has also been shown to delay time 
to progression in malignant osteopetrosis.60

Adverse Effects

IFNs have been associated with multiple systemic 
adverse effects. The incidence and severity of 
these effects are dependent on the dose, route, 

and duration of therapy.50 In general, short infu-
sions and bolus administration are associated 
with decreased incidence of adverse effects com-
pared with continuous infusion. IFN-mediated 
release of other cytokines, such as tumor necrosis 
factor (TNF)-a, IL-1, IL-2, and IL-6, may be 
responsible for the adverse effects observed with 
IFN.65 

The most common acute toxicity associated 
with IFN is flu-like or constitutional symptoms 
(eg, fatigue, fever, chills, malaise, headache, rigors, 
anorexia). The cellular and inflammatory immune 
response incited by IFN and induced cytokines 
may result in these constitutional symptoms. Up 
to 96% of patients receiving systemic administra-
tion of IFN have reported this adverse effect.54 
Symptoms usually occur on initiation of therapy 
and subside within a few months with continued 
use. 

Chronic side effects include fatigue, anorexia, 
weight loss, and alteration in mood. Fatigue  
may persist throughout therapy and may worsen 
over the length of treatment altering qualify of 
life. It may also contribute to the reasons for  
discontinuation of therapy.49,65

Depression is a serious and dose-limiting 
adverse effect associated with IFN therapy.49 Sui-
cide ideation and attempts have been attributed 
to IFN therapy.66 The incidence tends to be greater 
among the type I IFN (IFN-a 6–26% and IFN-b 
25–34%). The etiology is unclear but may stem 
from the direct and indirect effects of IFN on the 
hypothalamus and alterations in neurotransmit-
ter levels.65 Additionally, other neurologic and 
psychiatric disorders, such as mood instability 
(manic-depressive), psychosis, neuropathy, som-
nolence, and impairment of cognitive function, 
have been reported.49 The incidence and severity 
of neurologic disorders are dose and duration 
dependent. 

Thyroid dysfunction has also been associated 
with IFN therapy, manifesting as hypo- or hyper-
thyroidism.67,68 The thyroid autoantibodies can 
develop in up to 40% of patients treated with 
IFN.69 IFN’s toxicity on the thyroid may be due to 
direct and indirect effects on the thyroid gland.49 
Direct mechanisms for IFN-induced thyroid  
disease include inhibition of thyroid-stimulating 
hormone–induced gene expression, decreased 
iodine organification, and decreased thyroxine 
release. Indirect effects relate to activation of  
secondary cytokines.69 Hyperglycemia and hyper-
triglyceridemia have also been reported with IFN 
therapy.50

High-dose IFN therapy may result in the 
development of myelosuppression. Neutropenia 
(more common), thrombocytopenia, and anemia 
occurred in patients receiving IFN therapy. Other 
laboratory abnormalities include liver function 
test elevations, which are usually mild and rever-
sible, and have been reported in up to 63% of 
patients receiving IFN-a.62

Table 2  Types of Interferon and Treatment Indications52–60

IFN FDA Indication(s)

IFN-a2a, recombinant (Roferon-A) AIDS-related Kaposi’s sarcoma
 CML, chronic phase
 Hairy cell leukemia
 Chronic hepatitis C
Pegylated IFN-a2a (Pegasys) Chronic hepatitis B and C
IFN-a2b, recombinant (Intron A) AIDS-related Kaposi’s sarcoma
 Condyloma acuminatum
 Follicular lymphoma
 Hairy cell leukemia
 Chronic hepatitis B and C
 Malignant melanoma 
Pegylated IFN-a2b (Peg-Intron) Chronic hepatitis C
IFN-an3 (Alferon N) Refractory or recurring condylomata acuminata
IFN alfacon-1 (Infergen) Chronic hepatitis C
IFN-b1a (Avonex, Rebif) Multiple sclerosis
IFN-b1b (Betaseron) Multiple sclerosis
IFN-c1b (Actimmune) Chronic granulomatous disease Malignant osteopetrosis

AIDS = acquired immune deficiency syndrome; CML = chronic myeloid leukemia; FDA = US Food and Drug Administration;  
IFN = interferon.
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IFNs are a potent class of cytokines that 
modulate the immune response. These effects are 
harnessed for the treatment of various autoim-
mune, infectious, and oncologic conditions.  
Various challenges remain for this class of agents: 
better definition of the mechanism of action and 
the limitation of adverse effects associated with 
IFNs. Better understanding of these factors will 
further broaden the therapeutic application of 
these agents.

Interleukins
The ILs are a diverse group of cytokine proteins 
that are produced primarily from activated  
T lymphocytes and monocytes. These substances 
function primarily to enhance the immune 
response but have been reported to also stimulate 
cellular differentiation (as hematopoietic growth 
factors).64 The ILs and their resultant signal pro-
teins orchestrate the complex balance between 
cellular activation and immunomodulation. 
Interactions with ILs may be redundant, stimula-
tory, or inhibitory.70,71 ILs display both inhibition 
of tumor growth, as seen in patients treated with 
IL-2 for renal cell carcinoma, and stimulation  
of tumor proliferation, demonstrated by IL-6 in 
multiple myeloma. Two ILs are approved by the 
FDA to date for clinical indications: IL-2 and  
IL-11. IL-11 is a platelet growth factor and is  
discussed under the section on growth factors.

Interleukin-2

In 1976, a T-cell growth factor was isolated in cul-
tures of mitogen-stimulated human peripheral 
blood mononuclear cells. This protein, later 
termed IL-2, was also found to induce proli-
feration of B cells, NK cells, and lymphokine- 
activated killer cells. IL-2 was produced by 
activated T lymphocytes and by some T-cell  
leukemias.72 There are two recombinant forms of  
IL-2: aldesleukin and teceleukin derived from  
E. coli. Only aldesleukin is FDA approved.73 IL-2 
binds to the specific cell surface receptor IL-2 
receptor, expressed on both T and B lymphocytes. 
Recombinant IL-2 binds to IL-2 receptor, induc-
ing tyrosine phosphorylation of multiple cellular 
proteins, resulting in the synthesis of a multitude 
of secondary cytokines, such as IL-1, TNF, and 
IFN-c72 IL-2 has also demonstrated activation of 
both humoral and cell-mediated immunity.71 

Aldesleukin is indicated for the treatment of 
adults with metastatic renal cell carcinoma and 
melanoma.73 In metastatic renal cell carcinoma in 
which treatment options are limited, high-dose 
intravenous IL-2 therapy demonstrated response 
rates ranging from 0 to 40%, with a median of 
15% in all trials.70 In patients with a complete 
response, IL-2 improved the quality and durabil-
ity of tumor response. Lower subcutaneous doses 
of IL-2 and combination therapy with IFN-a and 

5-fluorouracil have been evaluated in renal cell 
carcinoma. Continuous infusion IL-2 is used  
in combination with chemotherapy and IFN-a 
(biotherapy) in the treatment of metastatic mela-
noma. IL-2 has shown activity in non-Hodgkin’s 
lymphoma and leukemia and in lymphoma  
following stem cell transplantation.72

Toxicities associated with IL-2 therapy are 
dose and schedule dependent.74 Higher doses  
and continuous infusion of IL-2 correlate with 
more adverse effects, such as constitutional symp-
toms and capillary leak syndrome, compared with 
lower doses and bolus intermittent administra-
tion. Toxicities can be severe and life-threatening 
if not properly managed but usually resolve 2 to 3 
days on discontinuation of IL-2 therapy.72,75 In 
clinical trials for metastatic renal cell carcinoma 
and melanoma, the majority of patients were not 
able to receive all planned doses of IL-2 owing to 
toxicity.73

Capillary leak syndrome is a toxicity result-
ing from increased capillary permeability and 
decreased vascular resistance caused by secondary 
cytokines induced by IL-2.72 Cytokines lead to 
generation of complement-activating products, 
endothelial cell antigens, and neutrophil activa-
tion. The result is fluid shifting to an extravas cular 
space and consequently hypovolemia (oliguria, 
ischemia, confusion) and fluid retention (edema, 
weight gain, pulmonary congestion, pleural  
effusion, ascites).71,72

Cardiovascular adverse effects are a dose-
limiting toxicity associated with IL-2 therapy,  
the majority of which manifests as hypotension 
(70% of patients with a 20 to 30 mm Hg decrease 
in systolic pressure). Tachycardia and other  
cardiac symptoms, such as arrhythmia, have been 
reported. Neurologic changes have also been 
reported in patients receiving IL-2 therapy.  
This toxicity can be dose limiting, with confusion 
and somnolence being the most common, at a 
reported incidence of 34 and 22%, respectively,  
in patients treated for renal cell carcinoma and 
melanoma.71,72

Constitutional symptoms are also common 
with IL-2 therapy, developing in more than 50% 
of patients.73 Symptoms include chills, fever, and 
fatigue. Increased TNF-a serum levels stimulated 
by IL-2 have been implicated with the develop-
ment of fever.76 These symptoms appear to have 
an increased frequency in the high-dose regi-
mens.77 Other adverse effects associated with IL-2 
therapy include gastrointestinal symptoms 
(nausea and vomiting), prerenal azotemia, hyper-
bilirubinemia, increased infection risk, and endo-
crine dysfunction (hypo- and hyperthyroidism).72 
Hypothyroidism is more common, with a 
reported incidence of 35% of patients receiving 
IL-2.78 Proposed mechanisms include suppres-
sion of thyroid-stimulating hormone secretion 
and development of antithyroid antibodies.79

Although treatment with IL-2 is associated 
with significant toxicity and often requires close 
monitoring, with the prophylactic measures to 
prevent toxicity, the incidence of drug-related 
mortality is reported to be 2% (in single-agent 
studies).73 Patient selection and determination of 
the optimal dose are the primary challenges with 
this treatment modality.

Denileukin Diftitox

Denileukin diftitox is a fusion protein consisting 
of a fragment of diphtheria toxin genetically fused 
to IL-2. Denileukin diftitox targets IL-2 receptors 
on the surface of malignant cells and some normal 
lymphocytes. Once bound, the fusion protein is 
internalized, cleaving the toxin moiety into the 
cytoplasm, leading to the death of these cells.80 
Denileukin diftitox was FDA approved in 1999 
for the treatment of patients with persistent or 
recurrent cutaneous T-cell lymphoma (CTCL) 
whose malignant cells express the CD25 compo-
nent of the IL-2 receptor.81 Approximately 30% 
(21 of 71) of patients with CTCL demonstrated a 
reduction in tumor burden of 50% or greater.82 

Significant adverse events included flu-like 
symptoms (91%), acute hypersensitivity-type 
reactions (69%), nausea and vomiting (64%), 
infections (48%), and vascular leak syndrome 
(27%), consistent with some of the IL-2-related 
toxicities.82 CTCL patients are particularly sus-
ceptible to infections because of the compromised 
condition of their skin. It is unknown if increased 
infection may be related to denileukin diftitox 
therapy targeting some normal lymphocytes. 

Growth Factors
Myelosuppression is a common dose-limiting 
factor of chemotherapy and increases the need for 
hospitalization, intravenous antibiotic adminis-
tration, transfusion of blood products, dose 
reduction, and treatment delays. These factors 
may lead to significant negative effects on patient 
quality of life or even response to treatment. 
Recently, significant progress has been made in 
understanding the process of hematopoiesis  
by which mature cellular elements of blood are 
formed.83 Hematopoietic growth factors are regu-
latory molecules that function by activating the 
mature blood cells and promoting the growth, 
survival, and differentiation of progenitor cells. 
Several growth factors are marketed for the  
minimization of chemotherapy-induced hemato-
logic toxicity. The FDA-approved recombinant 
human hematopoietic growth factors are listed  
in Table 3.84–90 Palifermin is the only growth  
factor not targeting hematopoiesis. The second- 
generation growth factors pegfilgrastim and dar-
bepoetin alfa have long serum half-lives and have 
been approved by the FDA for use in the oncology 
setting.
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Anemia in cancer patients can be multifacto-
rial, including nutritional deficiencies, hemolysis, 
blood loss, bone marrow involvement, anemia of 
chronic disease, a blunted endogenous erythro-
poietin (EPO) response, and cytotoxic treatment 
causing a damaging effect on bone marrow pre-
cursor cells, which is usually proportional to the 
intensity of the chemotherapy dose. Additionally, 
this anemia may be related to the renal toxicity  
of some chemotherapy agents, such as platinum 
agents. 

EPO was the first hematopoietic growth 
factor to become commercially available in the 
United States. Several randomized and non-
randomized trials have demonstrated that EPO 
can significantly reduce transfusion requirements  
and improve quality of life.91,92 Approximately 
60% of all cancer patients receiving chemo therapy 
will respond to EPO treatment. Darbepoetin  
has an efficacy similar to that of EPO for the  
management of chemotherapy-induced anemia.93 
Darbepoetin contains two additional N- 
glycosylation sites over EPO, giving it a longer 
half-life.87 This allows for the drug to be given up 
to every 3 weeks compared with traditional weekly 
dosing with EPO.

Treatment with erythropoietic agents has 
been well tolerated in cancer patients. Rarely, 

hypertension associated with a dramatic rise in 
hemoglobin has been observed.94 Occasionally, 
patients with underlying central nervous system 
disease may have increased seizure activity in the 
context of the aforementioned hypertension. The 
incidence of venous thrombosis has been reported 
to be somewhat higher with the use of these 
agents, with the incidence reported around 6% in 
patients receiving the active treatment compared 
with 4% with patients receiving the placebo  
in randomized trials for correction of anemia.  
However, the risk is significantly increased in the 
recent studies targeting higher hemoglobin values 
for reducing tumor hypoxia and for prevention of 
anemia. Two of these studies have also reported 
an adverse outcome on survival.95,96 Although 
EPO has been widely used, with an excellent safety 
profile in the management of anemia in oncology 
and nephrology, these findings have raised  
concerns and caution against targeting higher 
hemoglobin levels. 

Granulocyte colony-stimulating factor  
(G-CSF) is a myeloid lineage growth factor that 
stimulates the production and functions of 
mature neutrophils. G-CSF was first approved  
in 1991 for its ability to reduce the incidence of 
febrile neutropenia in cancer patients receiving 
myelosuppressive chemotherapy. This indication 

has been further expanded to include other areas 
of utility within the practice of oncology, includ-
ing the mobilization of progenitor stem cells for 
use in blood and marrow transplantation and  
the stimulation of neutrophil recovery following 
high-dose chemotherapy with stem cell support. 
Additionally, G-CSF is indicated to increase neu-
trophil production in congenital neutropenic 
states and other endogenous myeloid disorders.97 

Granulocyte-macrophage colony-stimulat-
ing factor (GM-CSF) stimulates the production 
of neutrophils, monocytes, and eosinophils  
and has been FDA approved since 1991 for use in 
patients with nonmyeloid malignancies undergo-
ing autologous bone marrow transplantation. 
Since then, GM-CSF has received approval for 
other indications, such as the reduction of myelo-
toxicity for leukemia patients following induction 
chemotherapy. More recently, GM-CSF has been 
reportedly effective as an immune stimulant for 
management of infectious disease and in the 
oncology setting when used concurrently with 
other biologic agents.98,99 

Myeloid growth factors are generally well  
tolerated. Mild to moderate bone pain, which 
usually manifests at the onset of therapy or at the 
time of neutrophil recovery, is the predominant 
side effect observed with the use of G-CSF. On 

Table 3  Hematopoietic Growth Factors and Their Indications

Growth Factor Target FDA-Approved Indication

Filgrastim (G-CSF,  Committed granulocytes Decrease the incidence of infection‚ febrile neutropenia‚ in patients with nonmyeloid malignancies
 Neupogen)   receiving myelosuppressive anticancer drugs associated with a significant incidence of severe 
   neutropenia with fever
Sargramostim (Leukine) Committed and (1) Use following induction chemotherapy in older patients with acute myelogenous leukemia
  noncommitted cells (2) Use in myeloid reconstitution after autologous and allogeneic BMT
  (3) Use in BMT failure or engraftment delay
  (4) Use in mobilization and following autologous BMT
Pegfilgrastim (pegylated Committed granulocytes To decrease the incidence of infection, as manifested by febrile neutropenia, in patients with
 G-CSF, Neulasta)   nonmyeloid malignancies receiving myelosuppressive anticancer drugs associated with a clinically 
   significant incidence of febrile neutropenia
Epoetin alfa (Procrit,  Committed erythroid (1) For the treatment of anemia in patients with nonmyeloid malignancies in whom anemia is due to
 Epogen)  progenitor cells  the effect of concomitantly administered chemotherapy; to decrease the need for transfusions in 
   patients who will be receiving concomitant chemotherapy for a minimum of 2 mo
  (2) For the treatment of anemia in chronic kidney disease patients not on dialysis; to elevate or 
   maintain the red blood cell level and to decrease the need for transfusions
  (3) For the treatment of anemia related to therapy with zidovudine in HIV-infected patients
  (4) For the treatment of anemic patients (Hb >10 to ≤ 13 g/dL) scheduled to undergo elective, 
   noncardiac, nonvascular surgery to reduce the need for allogeneic blood transfusions
Darbepoetin (Aranesp) Committed erythroid (1) For the treatment of anemia associated with chronic renal failure, including patients on dialysis
  progenitor cells  and patients not on dialysis
  (2) For the treatment of anemia in patients with nonmyeloid malignancies in whom anemia is due to 
   the effect of concomitantly administered chemotherapy
IL-11 (Oprelvekin,  Committed megakaryocyte  For the prevention of severe thrombocytopenia and the reduction of the need for platelet transfusions
 Neumega)  progenitor cells  following myelosuppressive chemotherapy in adult patients with nonmyeloid malignancies who are 
   at high risk of severe thrombocytopenia
Palifermin (Kepivance) Epidermal cells To decrease the incidence and duration of severe oral mucositis in patients with hematologic 
   malignancies receiving myelotoxic therapy requiring hematopoietic stem cell support

BMT = bone marrow transplantation; G-CSF = granulocyte colony-stimulating factor; Hb = hemoglobin; HIV = human immunodeficiency virus.
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occasion, the pain may be severe enough to 
require analgesics for control.100 Other rare side 
effects include cutaneous vasculitis, activation  
of preexisting psoriasis, and Sweet’s syndrome.97 
The most common side effects reported with  
the use of GM-CSF have included constitutional 
symptoms, such as fever, bone pain, myalgia, 
headaches, and chills. These side effects are more 
frequent when GM-CSF is administered at higher 
doses or by continuous intravenous infusion  
than with traditional subcutaneous dosing. In the 
transplant setting, no excessive toxicity has been 
reported with the use of GM-CSF compared with 
controls. Other rare side effects, such as first-dose 
phenomenon and capillary leak syndrome, are 
reported with E. coli–derived GM-CSF (not 
approved in the United States), and not with  
sargramostim (Leukine).97 

Following standard-dose chemotherapy, 
severe thrombocytopenia requiring platelet  
transfusions is uncommon. However, it can be  
cumulative in patients treated with multiple  
chemotherapeutic regimens and represents a  
significant problem in patients receiving dose-
intensive or myeloablative chemotherapy. Several 
hematopoietic cytokines with thrombopoietic 
activity have been evaluated in clinical trials, 
including IL-l, IL-3, IL-6, IL-11, thrombopoietin 
(TPO), megakaryocyte growth and development 
factor (MGDP) and granulocyte colony stimulat-
ing factor/IL-3 fusion molecule (PIXY 321). Most 
of these cytokines have shown modest thrombo-
poietic activity and mediate a number of biologic 
effects, including some untoward effects. At this 
time, IL-11 is the only thrombopoietic cytokine 
approved by the FDA for clinical use.89

IL-11 is a pleiotropic cytokine with hema-
topoietic, anti-inflammatory, and mucosa- 
protective activities. Based on its thombopoietic 
activity, IL-11 was FDA approved in 1997 for the 
prevention of severe thrombocytopenia and the 
reduction of platelet transfusion following myelo-
suppressive chemotherapy in patients with non-
myeloid malignancies.101 However, the systemic 
adverse effects have limited its wide clinical util-
ity. The most common side effects experienced 
with IL-11 are injection-site reactions and mild to 
moderate fluid retention, which may be mani-
fested by either peripheral edema or pulmonary 
edema with dyspnea. IL-11 administration has 
increased the size of preexisting pleural effusions 
in some patients.97

Additionally, reports of decreased hemo-
globin values are thought to be related to the  
dilutional effect of fluid retention. In addition, 
palpitations, tachycardia, and atrial arrhythmias 
have also been reported with this agent, making it 
difficult to use in patients with a history of cardiac 
disease.89 

Immunoglobulins
The immunoglobulins (Igs) are polyclonal  
antibodies collected from pooled human plasma. 

These antibodies are collected from 3,000 to 
100,000 healthy blood donors, representing a 
diverse mixture of various antibodies present in 
normal serum.102 These antibodies provide pas-
sive immunity directed against foreign pathogens 
and natural autoantibodies. These autoantibodies 
react against self-antigens, which are responsible 
for the immunomodulatory activity of Ig. Igs have 
been used for decades in the treatment of multiple 
diseases, ranging from antibody-mediated auto-
immune states to infections. Controlled trials 
have demonstrated the efficacy of intravenous Ig 
in idiopathic thrombocytopenic purpura, derma-
tomyositis, Guillian-Barré syndrome, myasthenia 
gravis, graft-versus-host disease, Kawasaki dis-
ease, prevention of infection in leukemia patients, 
and others.102,103 More recently, more specific 
forms of Ig are available with higher antibody 
titers specific to infectious pathogens, such as 
cytomegalovirus, hepatitis, or varicella zoster. 

Adverse effects associated with Ig are gener-
ally mild and uncommon. Similar to administra-
tion of any allogeneic blood product, the most 
common adverse reaction is hypersensitivity  
or infusion-related reactions, which are infusion 
rate dependent. The symptoms may include 
fevers, chills, bronchospasms, skin rash or hives, 
and anaphylaxis. A rapid rate of antibody infu-
sion may precipitate renal dysfunction in patients 
unable to tolerate the large protein load adminis-
tered. Preparations of intravenous immuno-
globulin (IVIG) stabilized with sucrose may be 
more prone to cause renal dysfunction owing  
to hyperosmolality.62 Although often used inter-
changeably, various different commercial prepa-
rations of IVIG may have differences in adverse 
reaction profile owing to differences in the manu-
facturing process, Fc receptor function, and  
complement fixation.104

Cytokine Antagonists
Cytokines have varied cellular effects in the 
human body. Some of these effects are beneficial 
and are used to treat diseases. In some cases, cyto-
kine activity is part of the pathogenesis of disease. 
Cytokines have also been identified as major 
mediators of systemic manifestations of several 
disease processes. Cytokine antagonists have been 
developed to block their effects and improve 
patient outcome. Several cytokine antagonists, 
such as TNF-a and IL-1 antagonists, have been 
evaluated for treatment of autoimmune states. 
IL-2 MoAbs have also been developed for use as 
immunosuppressants in the transplant setting.

TNF-a Antagonists

TNF is a proinflammatory cytokine produced  
by macrophages and T cells. Exposure to TNF  
at sites of inflammation leads to activation of  
proinflammatory cytokines and production of 
destructive enzymes, resulting in tissue damage.105 

Currently, there are three TNF-a inhibitors 
(adalimumab, infliximab, etanercept) on the US 
market. These agents block the activity of TNF via 
different mechanisms and are indicated for the 
treatment of inflammatory conditions. Adali-
mumab (human antibody) and infliximab  
(chimeric mouse-human IgG1) are MoAbs 
directed at TNF-a and inhibit its binding to TNF 
receptors. A major clinical response has been 
observed in patients receiving these agents in 
combination with methotrexate chemotherapy 
compared with placebo and methotrexate in 
patients with rheumatoid arthritis. Infliximab has 
activity in multiple other diseases, such as Crohn’s 
disease, ulcerative colitis, and ankylosing spondy-
litis.18 Infliximab has also been investigated  
for the treatment of steroid-refractory graft-
versus-host disease in bone marrow transplant 
recipients.106 Adalimumab is indicated for  
psoriatic arthritis.14 

Infliximab is associated with infusion-related 
adverse effects, observed in approximately 20% of 
patients.18 The infusion reactions with infliximab 
may be related to development of antibodies 
against the drug. The incidence of antibody is 
lower in patients who receive a concurrent immu-
nosuppressant (10–43%) versus those who did 
not (18–75%).107 Treatment with infliximab is 
also associated with antibodies to double-stranded 
DNA and antinuclear antibodies.107 The sched-
uled administration of infliximab is associated 
with a lower risk of immunogenicity compared 
with episodic treatment. Patients treated with 
adalimumab may also have infusion-related 
effects.14,108

Patients receiving these agents are at higher 
risk of infections associated with atypical organ-
isms and opportunistic infections, such as  
cytomegalovirus, histoplasmosis, aspergillosis, 
and nocardiosis.109,110 The microbial organisms 
responsible for these infections are generally 
intracellular pathogens or pathogens kept in 
check by cell-mediated immunity. This finding 
may be supported by experimental studies estab-
lishing the role of TNF in protective immunity.111 
Several cases of tuberculosis have been reported 
in patients receiving infliximab and adalimumab. 
The infections seem to be more reported with inf-
liximab, presumably because of its potent TNF 
inhibitory activity. Therefore, it is recommended 
that patients are appropriately evaluated for latent 
infections prior to initiation of such treatment, 
and a high index of suspicion and appropriate 
surveillance cultures, with prompt empiric treat-
ment, may be required to prevent morbidity and 
mortality.

More patients treated with anti-TNF-a  
antibodies developed malignancies compared 
with patients receiving placebo, although the 
direct causal relationship remains controversial. 
All TNF-a inhibitors were associated with an 
increased incidence of non-Hodgkin’s and  
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Hodgkin’s lymphoma in treated patients.112 Up to 
a fourfold higher risk has been reported in patients 
receiving adalimumab. Other solid tumor  
malignancies have also been observed.14

Etanercept is a genetically engineered fusion 
protein with two identical chains of TNF receptor 
p75 monomer fused with the Fc domain of IgG1, 
binding to TNF and inhibiting its activity. Similar 
to infliximab, it is indicated for treatment of vari-
ous autoimmune diseases, such as rheumatoid 
arthritis, ankylosing spondylitis, and plaque pso-
riasis. It is being investigated for treatment of 
graft-versus-host disease in stem cell transplant 
recipients and various hematologic malignan-
cies.113,114 Infections, injection-site reactions, flu-
like symptoms, and headache have been reported 
in clinical trials with etanercept.107 An increased 
incidence of lymphoma (three times the expected 
rate) has been observed in patients receiving  
etanercept for rheumatoid arthritis.115 

IL-1 Antagonists

IL-1 is a proinflammatory cytokine produced in 
response to inflammation.116 The activity of IL-1 
includes stimulation of osteoclast activity, leading 
to increased inflammation and in synovial tissue 
possibly increasing bone and cartilage attrition  
in addition to other diverse activities, such as 
hematopoietic stimulation and augmentation of 
the T-cell response.117

Anakinra is a IL-1 antagonist indicated  
for the treatment of rheumatoid arthritis. It is a 
recombinant form of the human IL-1 receptor 
antagonist. In combination with methotrexate, 
anakinra improves response compared with 
methotrexate alone. Adverse reactions are gener-
ally mild but may include an increased risk of 
infections. The risk of infection with anakinra is 
lower compared with TNF inhibitors.116 Neutro-
penia has also been associated with the use of this 
agent.117

IL-2 Antagonist

The stimulation of a T cell–mediated cellular 
immune response to allogeneic organ transplant 
is mediated by IL-2. Binding of IL-2 to high- 
affinity IL-2 receptors on activated T lymphocytes 
leads to activation of cell-mediated immunity 
associated with allograft rejection. MoAb target-
ing the IL-2 receptor blocks the activation path-
way for T-cell activation and mutes its response 
to antigenic stimulation.62 Basiliximab and dacli-
zumab are both recombinant antibodies targeting 
the IL-2 receptor used to prevent acute organ 
rejection in the renal transplantation setting in 
combination with other immunosuppressants. 
Both agents are being investigated in oncology 
patients for the treatment of graft-versus-host 
disease following bone marrow transplanta-
tion.118,119 Adverse effects attributable to the IL-2 
receptor antagonists (compared with placebo) 

were not found in these studies.15,16 However,  
in other settings, such as ulcerative colitis, fever,  
and lethargy, upper respiratory infections with 
basiliximab and headache and skin rash with 
daclizumab have been reported.107 

Thalidomide

Thalidomide, an immunomodulatory agent with 
multiple biologic activities, has been shown to 
have efficacy in the treatment of patients with 
refractory, relapsed myeloma. Although the pre-
cise mechanism of action responsible for this 
activity is unknown, the inhibitory effects of  
thalidomide on the various cytokines that stimu-
late angiogenesis (VEGF, basic fibroblast growth 
factor) and cytokines (IL-6, IL-1b, and IL-10 and 
TNF-a) secreted into the microenvironment of 
the marrow and modulating the growth and sur-
vival of myeloma cells may play an important role 
in its antitumor activity.120 The clinical side effects 
of thalidomide include drowsiness or sedation, 
fatigue, constipation, dizziness, and peripheral 
neuropathy.81 The efforts are directed at develop-
ing more potent analogues (lenalidomide) with 
fewer side effects. 

Conclusions

Recent advances in biotechnology have acceler-
ated the development of biologic agents, leading 
to novel therapeutic options and diagnostic tools. 
The number of biologic response modifiers will 
increase as understanding of cellular signaling 
processes improves. Manipulation of cell signal-
ing and subsequent modulation of the immune 
system will continue to play an integral part in  
the management of immune-related diseases and 
malignancies. Research also continues with adop-
tive cellular therapy, a strategy intended to elimi-
nate tumor either by a direct antitumor effect  
or by indirect effects on the immune system, 
although no form of cellular therapy has as yet 
been FDA approved.

Although the arsenal of biologic agents is 
growing, it is also important to understand the 
mechanisms responsible for the systemic effects 
of these agents to optimize their clinical utility 
and to develop more potent analogues with fewer 
side effects. Many of these side effects, although 
they may not be serious, nevertheless can have  
a significant impact on patients’ quality of life. 
Furthermore, some systemic sequelae, such as 
opportunistic infections, can lead to life- 
threatening complications. Therefore, it is impor-
tant to remain cognizant about the full spectrum 
of biologic effects and prevention or management 
of adverse events.

Significant advances are also being made in 
the area of supportive care for the prevention  
and attenuation of toxicity as the biology of the 

underlying process is better understood and new 
tools are available to intervene and improve the  
tolerance of cytotoxic treatment. The targeting of  
various receptors, such as 5-hydroxytryptamine3 
and neurokinin-1, with novel antiemetics has  
significantly ameliorated nausea and vomiting. 
Recent pro gress in the understanding of biology 
of the bone disease has identified the role of 
RANK/RANKL pathways and other novel targets 
and opened up new possibilities for the treatment 
of malignant bone disease and the prevention of 
skeleton-related complications. The enhanced 
under standing of biologic effects and how to 
improve the therapeutic index by minimizing 
untoward systemic effects and enhancing clinical 
benefits will likely broaden the therapeutic appli-
cations of cytokines and other biologic response 
modifiers in the future.
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Ethical and Legal Issues in the Care of  
a Cancer Patient
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The Shift from Paternalism to  
Partnership

Clinical decision making and the physician-
patient relationship have undergone major  
revolutionary changes, starting in the last quarter 
of the twentieth century. Prior to the 1970s, the 
prevailing model for decision making was pater-
nalism. This model was founded on physicians’ 
commitment to patients’ well-being and the ethi-
cal principles of beneficence and nonmaleficence 
and was dominated by physicians’ expertise and 
authority. In this model, patients played a passive, 
almost child-like role of obediently and unques-
tioningly following doctors’ orders. But paternal-
ism has been replaced by an expectation of 
partnership between physicians and patients. The 
partnership model continues to affirm medical 
expertise but recognizes patients’ expertise as 
well, that is, that patients are most knowledgeable 
about their own values, goals, and preferences, all 
of which should be incorporated into clinical 
decisions for a particular patient. A partnership 
model emphasizes mutuality and shared deci-
sions between physicians and patients. The  
emergence and significance, as a standard of care, 
of engaging patients in an informed consent  
process are symbolic of the shift from paternalism 
to partnership.

Multiple forces and factors contributed to 
the changes noted above. The Civil Rights  
Movement in the United States during the 1950s 
and the 1960s, with its emphasis on individual 
freedom, rights, and liberties, provided a cultural 
basis and backdrop for similar emphases taking 
root in health care delivery. Revelations in the 
1960s and 1970s of significant abuse and misuse 
of research subjects, in which the medical 
researchers failed to respect research participants 
as persons by ignoring their right to receive  
information about the research and to consent 
voluntarily to participate, produced public horror 
and shock. The US government responded by 

enacting federal regulations for protecting 
research subjects. Similar protections for clinical 
practice developed subsequently. Court cases also 
provided greater legal clarity regarding disclosure 
of information and patients’ rights regarding 
consent or refusal of treatment. In Canterbury v. 
Spence (1972), the court affirmed that 

The patient’s right of self-decision can be effec-
tively exercised only if the patient possesses 
enough information to enable an intelligent 
choice. The patient should make his own deter-
mination on treatment…. Social policy does  
not accept the paternalistic view that the  
physician may remain silent because divulgence 
might prompt the patient to forego needed  
therapy. Rational, informed patients should  
not be expected to act uniformly, even under 
similar circumstances, in agreeing to or refusing 
treatment.1

The Canterbury court also attempted to set  
forth an objective standard for the disclosure of 
information to a patient: “what a prudent person 
in the patient’s position would have decided if 
suitably informed of all perils bearing signifi-
cance.”1 Applying informed consent standards to 
life-sustaining treatment, the New Jersey Supreme 
Court in In re Quinlan (1976) found the implied 
right to privacy under the US Constitution to be 
sufficiently broad to include a patient’s right to 
refuse medical treatment.2 Specifically, the court 
permitted Karen Quinlan’s parents to authorize 
the discontinuation of a life-sustaining ventilator 
from their incompetent 21-year-old daughter, 
who had suffered a severe anoxic event 10 months 
before. In 1981, the Judicial Council of the Amer-
ican Medical Association (AMA), echoing Can-
terbury v. Spence, recognized informed consent 
and patients’ participation in their own health 
care decisions, even if the physician disagrees, as 
“a basic social policy.”3 

The content of this chapter is framed by the 
ethical and legal changes to clinical decision 

making that were summarized above. Within this 
framework of the changed and changing physi-
cian-patient relationship—which we view as a 
positive development—we describe informed 
consent and the ethical and legal standards for 
decision making, the importance of assessing a 
patient’s decisional capacity, the initiation of 
advance care planning and discussions about  
cardiopulmonary resuscitation (CPR), and the 
challenges arising when the physician-internist 
assumes the role of patient-confidant and  
coordinator of overall care.

Informed Consent: Process and 
Transparency

The shift from paternalism to partnership has not 
been without accompanying ambiguities. For 
example, how do physicians respect the auton-
omy and freedom of patients to make their own 
health care choices while at the same time not 
abandoning traditional duties of providing  
medical recommendations, advice, and counsel? 
Where is the line of demarcation between educat-
ing, advising, recommending, and persuading 
patients about particular courses of treatment 
judged by physicians to be best for their patients 
and the extremes of being coercive and manipula-
tive or totally nondirective? In their discussion  
on the ethical and legal myths about informed 
consent, Meisel and Kuczewski noted that some 
physicians believe that respect for patient auton-
omy requires them to operate a medical cafeteria 
“in which they must set out all therapeutic options 
and let patients choose, each according to his or 
her own appetite.”4 These authors label medical 
practice in accordance with this myth as “a seri-
ous sin of omission” that abdicates a central part 
of the physician-patient partnership, namely, the 
physician’s role as medical advisor, a professional 
with expert knowledge crucial for the patient’s 
health. To actualize this role, physicians should 
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see informed consent as a shared, collaborative, 
educative process that includes human interac-
tion, conversation, questions, and answers. To 
avoid operating a medical cafeteria, Meisel and 
Kuczewksi suggested that physicians distinguish 
between particular treatment options (eg,  
chemotherapy, radiation) and the goals of those 
treatments (eg, cure, remission, palliation). In 
their view, treatments are often discussed in 
detail, but patients are not really sure what the 
treatments are ultimately meant to do. Further, as 
disease responds or progresses, treatments and 
the goals of treatment can change. They noted the 
relevance of the distinction between treatments 
and goals in the following way: “Patients are not 
experts at treatments; physicians are. However, 
patients’ preferences are central to the choice of 
treatment goals. Thus, in selecting and revising 
treatment goals, physicians and patients need  
to form a partnership.”4 This partnership is  
particularly important as treatment goals shift 
from curative to palliative; if forged, the partner-
ship supports communication during difficult 
end-of-life discussions. 

Another ambiguity arising from the partner-
ship model of the physician-patient relationship 
is how much information to disclose to patients 
so that they can make good and informed deci-
sions. Ethics, law, and regulatory bodies (such  
as the Joint Commission for Accrediting Health 
Care Organizations) have clarified the general 
categories of information to be disclosed. These 
elements include the proposed treatment’s (or 
diagnostic procedure’s) nature, purpose, risks, 
and benefits; reasonable alternatives and their 
risks and benefits; and the likelihood of achieving 
treatment goals. Although helpful for structuring 
the kinds of information to be disclosed, this list 
of categories still does not identify how much 
information physicians need to disclose, and 
patients need to understand, to satisfy each ele-
ment. State laws in the United States typically 
require physicians to meet either the “reasonable 
professional” or the “reasonable patient” stan-
dard. The former requires physicians to follow 
customary professional practice, that is, to  
disclose to patients the amount and kinds of 
information that a reasonable professional would 
customarily disclose. Beauchamp and Childress 
explained the rationale for this standard:

Disclosure, like treatment, is a task that belongs 
to physicians because of their professional 
expertise and commitment to the patient’s wel-
fare. As a result, only expert testimony from 
members of this profession could count as evi-
dence that a physician has violated a patient’s 
right to information.5

The “reasonable patient” standard requires  
physicians to provide the amount and kind of 
information that a hypothetical reasonable patient 
would find material or pertinent to making a 

decision about a treatment or diagnostic proce-
dure. This standard has gained increasing accep-
tance both in practice and in law because it is 
more compatible with the partnership model of 
the physician-patient relationship. Regarding this 
standard, Beauchamp and Childress provided a 
note of caution: 

Whatever its merits, the reasonable person stan-
dard encounters conceptual, moral, and practi-
cal difficulties. First, the concepts of “material 
information” and “reasonable person” have 
never been carefully defined. Second, questions 
arise about whether and how the reasonable 
person standard can be employed in practice. Its 
abstract and hypothetical character makes it dif-
ficult for physicians to use, because they have to 
project what a reasonable patient would need to 
know.5

Brody proposed “the transparency standard” as 
an alternative and as a “means to operationalize 
the best features of the conversation model in 
medical practice.”6 Contrasting his proposal with 
the reasonable professional and the reasonable 
patient standards, he stated:

According to the transparency model, the key to 
reasonable disclosure is not adherence to exist-
ing standards of other practitioners, nor is it 
adherence to a list of risks that a hypothetical 
reasonable patient would want to know. Instead, 
disclosure is adequate when the physician’s basic 
thinking has been rendered transparent to the 
patient.6

For example, if a physician determines which 
treatment to recommend based on the published 
literature on the risk and benefits of this treat-
ment compared with alternative ones, the physi-
cian should explain those risks and benefits. If, on 
the other hand, the physician was convinced that 
the least risky treatment was unreasonably incon-
venient for the patient (eg, it involved a lengthy 
hospital stay), the physician should explain that 
trade-off to the patient.

In summarizing this approach, Brody stated: 
“Essentially, the transparency standard requires 
the physician to engage in the typical patient-
management thought process, only to do it out 
loud in language understandable to the patient.”6 
To fulfill their partnership obligations, patients 
need to participate in medical decisions, to  
the extent that they wish, by asking questions 
prompted by the disclosure of the physician’s  
reasoning. Such questions, of course, need to be 
answered by the physician to the patient’s  
satisfaction. Given that patients sometimes do 
not even know which questions to ask, encourag-
ing the presence of family members or anyone 
whom the patient views as a trusted advisor or 
advocate is important when crucial decisions 
must be made.

A transparency model of informed consent 
might also respond to the concerns raised by  

Cassell and colleagues regarding the potentially 
impaired thinking in sick patients.7 The core of 
their concern is that sick patients, especially if 
they are hospitalized, may too easily or quickly 
consent to treatments and procedures, not 
because these are judged by patients to be in their 
best interests but because of the authoritative 
influence of their physicians. Cassell opined:  
“The biggest thief of autonomy is sickness.”8 The 
transparency model of informed consent, because 
it does not rely on authority but allows the patient 
to discern the thinking process underlying the 
physician’s recommendation, may allow patients 
to determine if their physician’s reasoning agrees 
with their own.

Informed consent as a conversational,  
educational, transparent process contrasts with 
an event-based model. According to Lidz and  
colleagues, 

The event model of informed consent treats 
medical decision making as a discrete act that 
takes place in a circumscribed period of time, 
usually shortly before the administration of 
treatment, and emphasizes the provision of 
information at that time…. The consent form, 
with its detailed recital of risks and benefits, can 
be seen as the central symbol of the event 

model.9

A view of informed consent as an event is the 
product of a reductionism, that is, a rich and  
multifaceted concept and process is reduced to a 
patient’s signature on an informed consent form. 
Nothing could be farther from the truth. Although 
documenting consent via a printed form or a 
notation in the patient’s medical record is impor-
tant for a variety of practical and legal reasons, the 
patient’s signature on a form is the least impor-
tant element of informed consent. The human 
interaction, the respectful exchange of informa-
tion, the dialogue that includes questions and sat-
isfactory answers, and the establishment of mutual 
trust that occur before the event of signing all 
promote the core values and legally required ele-
ments of informed consent, as well as the physi-
cian-patient partnership. Moreover, these core 
values extend beyond the moment of a docu-
ment’s execution and continue throughout treat-
ment so that a patient is free to withdraw consent 
or change treatment goals at any time during the 
treatment process. Informed consent neither 
starts nor ends with signing a document.

Assessing Decisional Capacity

The partnership model of the physician-patient 
relationship and the informed consent process 
presume that the patient has the cognitive skills to 
participate adequately in health care decision 
making. For various reasons (eg, sedating medi-
cation, cerebrovascular accident, head trauma), 
patients experience temporary or permanent loss 
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or diminution of cognitive abilities. When doubts 
arise about a patient’s cognition, the primary 
physician has the responsibility to assess the 
patient’s decisional capacity. Seeking the assis-
tance and input of mental health professionals 
(eg, a psychiatrist, a psychologist, or a social 
worker) can be helpful and appropriate. Whether 
or not assistance is sought, the patient should  
be assessed for specific cognitive skills or abilities 
to (1) express a choice, (2) understand relevant 
information, (3) appreciate the medical situation 
and its consequences, and (4) reason with rele-
vant information.10 This clinical assessment 
should be focused on the specific decision to be 
made and occur after a process of information 
disclosure about that specific decision. In other 
words, the question is not whether the patient has 
cognitive abilities to manage all spheres of his or 
her life but to make a specific medical decision 
after having received relevant and transparent 
information about the proposed therapeutic or 
diagnostic treatment and its goals. The assess-
ment is not dependent on whether the patient is 
able to communicate orally. For example, a 
patient who is in an intensive care unit, intubated 
and supported by a ventilator, might still retain 
decisional capacity as long as the patient has some 
method of communicating his or her wishes.

Related to the four cognitive skills listed 
above, Grisso and Appelbaum recommended that 
the clinician performing the assessment (ie, the 
primary physician or the mental health profes-
sional) structure a set of questions around each 
skill being assessed.10 For example, for the ability 
to express a choice, the patient could be asked: 
“Have you decided whether to go along with your 
doctor’s suggestions for treatment? Can you tell 
me what your decision is?” For the ability to 
understand relevant information, the patient 
could be instructed as follows: “Tell me in your 
own words what your doctor told you about the 
nature of your condition, the recommended 
treatment (or diagnostic test, or research proto-
col), the possible benefits from the treatment or 
test or research, the possible risks or discomforts 
of the treatment or test or research, the possible 
risks and benefits of alternative treatments, and 
the possible risks and benefits of no treatment at 
all.” Alternatively, for the second skill, the patient 
could be told and asked: “Your doctor gave you a 
percentage chance that [a named risk] might 
occur with treatment. In your own words, how 
likely do you think the occurrence of [the named 
risk] might be? Why is your doctor giving you all 
this information? What will happen if you decide 
not to go along with your doctor’s recommenda-
tion?” For the ability to appreciate the situation 
and its consequences, the patient could be 
instructed as follows: “Tell me what you really 
believe is wrong with your health now.” Then the 
patient could be asked: “Do you believe that you 

need some kind of treatment? What is the treat-
ment likely to do for you? Why do you think it 
will have that effect? What do you think will 
happen if you are not treated? Why do you think 
your doctor has recommended [a specific treat-
ment] for you?” Finally, pertaining to the ability 
to reason with relevant information, the physi-
cian or other professional performing the assess-
ment might inquire: “Tell me how you reached 
the decision to accept [or reject] the recom-
mended treatment? What were the factors that 
were important to you in reaching the decision? 
How did you balance those factors?”

Standards for Decision Making

The gold standard for clinical decision making 
involves a patient who currently has decisional 
capacity and is able to engage presently in the 
process of informed consent. Most adult patients 
in the outpatient setting and many hospitalized 
patients meet this gold standard. Also, as some 
pediatricians and others have argued, some 
mature adolescents are able to meet this standard 
as well.11–13

But when a patient’s decisional capacity is 
judged to be insufficient, the silver standard needs 
to be invoked and used, that is, turning to and 
using proxy or surrogate decision makers, when 
available. The ethical and legal expectations of the 
surrogate decision maker are to provide a substi-
tuted judgment, that is, voicing the values, prefer-
ences, and wishes of the patient and, based on 
those, making the decision that the patient would 
have made. In the words of Beauchamp and  
Childress: 

Accordingly, if the surrogate can reliably answer 
the question, ‘What would the patient want in 
this circumstance?’ substituted judgment is an 
appropriate standard. But if the surrogate can 
only answer the question, ‘What do you  
want for the patient?’ then this standard is  
inappropriate.5

Occasionally, patients express their wishes or 
preferences to their physicians, other health care 
professionals, or family and friends (see Advance 
Care Planning below). When this has occurred, 
and especially when a patient’s wishes and state-
ments have been documented in the patient’s 
medical record, such indicators of a patient’s 
directives can extend patient autonomy into the 
time period when the patient lacks decisional 
capacity. When the previously expressed wishes 
of the patient exist and have been well docu-
mented, the silver standard of substituted  
judgment is more confidently actualized. 

When proxy or surrogate decision makers 
are unable to formulate a substituted judgment 
because of a lack of knowledge about the patient, 
a third or bronze standard for decision making 
should be used, the standard of best interests. 

Strictly speaking, this standard is neither con-
nected to nor an extension of patient autonomy 
and preferences. Rather, the best interest standard 
attempts objectively to weigh the benefits and 
burdens of the proposed treatment or diagnostic 
procedure, with the goal of maximizing benefit 
and minimizing risks and harms. This standard 
for decision making, which mirrors the paternal-
ism of a former era, is useful not only when  
an available proxy or surrogate lacks specific 
knowledge about patient preferences but also for  
pediatric decision making for young patients12 
and when the medical team must make health 
care decisions for a patient because no patient 
surrogate has been found, designated, or  
identified.

Advance Care Planning

As noted above, a substituted judgment is only  
as good as the knowledge that the surrogate has 
about the patient’s wishes, preferences, and 
values. Some patients will have had very specific 
and concrete discussions with family, friends, 
physicians, or other health care professionals 
about their wishes and treatment preferences 
related to particular clinical situations. But most 
adult patients have not engaged in such conversa-
tions or in what has been called “advance care 
planning.” 

Emanuel and colleagues described advance 
care planning as a multistage process by which 
individuals indicate their preferences for future 
medical care in the event of decisional incapac-
ity.14 This patient-centered process can be sub-
divided into three stages: (1) thinking about 
preferences and proxies, (2) communicating 
preferences to others, and (3) documenting pref-
erences and designated proxies. The goals and 
benefits of advance care planning include extend-
ing patient self-determination and control into 
situations when decisional capacity has been  
lost; facilitating communication and minimizing 
future conflict; decreasing family anxiety, stress, 
and burden when significant decisions must be 
made for the patient; reducing overtreatment or 
undertreatment; saving health care resources and 
dollars because the treatments the patient would 
not have wanted are not initiated or continued; 
and providing legal protections for those with 
ultimate decision-making authority, especially 
when decisions lead to a patient’s death. 

Multiple barriers have been identified to 
explain why most patients seem to avoid thinking 
about their preferences and communicating them 
to others and why many physicians fail to initiate 
advance care planning discussions with their 
patients. An overarching cultural barrier is a gen-
eral societal difficulty with thinking and talking 
about dying and death, whether one’s own or 
someone else’s. Metaphorically, death is “the  
elephant in the room”—present and obvious, 
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especially in situations of serious illness, yet call-
ing attention to it or conversation about it is to be 
avoided almost at all costs. A narrower but similar 
cultural barrier exists within US hospitals, ambu-
latory clinics, and other health care facilities, 
where the dying and death of patients (and talk of 
such) may be viewed as medical or patient failure. 
The military metaphors often associated with 
cancer (eg, the war or battle against cancer, the 
therapeutic armamentarium used to counterat-
tack cancer, defend the body, and defeat disease) 
reinforce the expectation that patients and their 
physicians are to wage a courageous fight, subtly 
conveying that they have more control over ill-
ness than they actually do. Physicians sometimes 
fear that death talk or death preparation, espe-
cially early in an illness, can be interpreted as a 
sign that the battlefield is being surrendered  
prematurely. However, studies have shown that 
patients prefer a realistic approach, particularly  
if it is individualized to the patient’s situation, 
and the physician projects confidence and  
competence during the discussion.15,16

Practical barriers to advance care planning, 
and the substantive conversations between 
patients and physicians they require, include  
time constraints and compensation concerns.17 
Advance care planning, by the very nature of its 
cognitive content and emotional evocations, can 
be time-intensive and psychologically difficult 
and draining. Physicians who experience constant 
pressures to see more patients in the course of a 
day to generate more revenue could easily relegate 
advance care planning to the bottom of a priority 
list of issues to be addressed during a 10- to  
20-minute office visit. 

Some studies report that patients and physi-
cians have diverse views about who should initi-
ate advance care planning.18 Patients wait for 
physicians to initiate such discussions, and physi-
cians wait for patients to initiate such discussions, 
resulting in mutual misunderstandings and 
silence. A physician’s reluctance to initiate the 
discussion may be due to discomfort with talking 
about dying and death, fear of causing the patient 
distress, a desire to protect patients and maintain 
their hope, a belief that only older and seriously  
ill or terminal patients should be concerned  
about such issues, and a lack of training, skills,  
or knowledge about advance directives. Patients’ 
reluctance to initiate advance care planning  
discussions may be due to fear of their own death, 
an overly optimistic view of medical prognosis, 
the absence of a trusting relationship with the 
physician, a perception that such issues and  
decisions should remain private, and cultural 
beliefs and practices that emphasize communal 
or familial decision making over the individual-
ism, self-determination, and independence that  
characterize patient autonomy. 

Overcoming this multitude of barriers is a 
significant challenge. But physicians committed 
to empowering patients to be partners in their 
own health care decisions are not without practi-
cal resources19 and strategies. Back and colleagues 
addressed the common concern that frank  
conversation will destroy hope.20 These authors 
recommended that physicians engage patients in 
a conversation that has a dual agenda of “hoping 
for the best while preparing for the worst.” They 
asserted:

Hoping for a cure and preparing for potential 
death need not be mutually exclusive. Both 
patients and physicians want to hope for the 
best. At the same time, some patients also want 
to discuss their concerns about dying, and others 
probably should prepare because they are likely 
to die sooner rather than later. Although it may 
seem contradictory, hoping for the best while at 
the same time preparing for the worst is a useful 
strategy for approaching patients with life- 
limiting illness. By acknowledging all the possi-
ble outcomes, patients and their physicians can 
expand their medical focus to include disease-
modifying and symptomatic treatments and 
attend to underlying psychological, spiritual, 
and existential issues.20

Within this framework of a dual agenda, these 
authors offer five practical recommendations: (1) 
give equal time to hoping and preparing; (2) align 
patient and physician hopes, with a first step of 
directly inquiring from patients what they are 
hoping for; (3) encourage but do not impose the 
dual agenda of hoping and preparing; (4) support 
the evolution of hope and preparation over time; 
and (5) respect hopes and fears, responding to the 
patient’s emotions.

Where, when, and with whom should physi-
cians initiate discussions about advance care 
planning? We recommend ambulatory clinics as 
the preferred site because outpatients are often 
less stressed and anxious and are more likely to  
be able to focus on the issues, information, and  
recommendations associated with advance care 
planning. Further, if a physician incorporates 
advance care planning into routine clinical 
appointments with many or most patients, some 
of the patient’s immediate worries and questions 
(such as “Why is my doctor bringing this up now? 
What does she know about my medical condition 
that I don’t know?”) may be quickly dispelled 
when the physician is able to say “I’m not singling 
you out and I’m not holding back medical infor-
mation about you. I have these conversations 
with all my patients.” Intending the process of 
advance care planning to occur over time during 
multiple outpatient visits allows the physician  
to introduce the topic, encourage the patient to 
think about preferences and discuss them with 
close family and friends, and provide the patient 
with take-home materials (eg, pamphlets, copies 

of advance directives, videotapes) aimed at rein-
forcing basic information. Using this kind of a 
strategy increases the likelihood that advance care 
planning will extend appointments only by a few 
minutes.

Not all physicians will routinely initiate 
advance care planning with patients. Neverthe-
less, there can be specific clinical indicators that 
signal a degree of urgency for physicians to initi-
ate end-of-life discussions. Quill opined that the 
following situations are more urgent indicators 
for meaningful end-of-life discussions: patients 
facing imminent death, patients who talk about 
wanting to die, patients or families inquiring 
about a hospice, patients recently hospitalized for 
severe progressive illness, and patients suffering 
out of proportion to the prognosis.21 In oncology, 
a relapsed patient or one found to have metastatic 
disease is a priority candidate for advance care 
planning. At a minimum, physicians need to be 
attentive to patients manifesting clinical “trig-
gers” and to respond quickly by initiating advance 
care planning discussions with them. 

Physicians should remember that they play  
a key but not an all-encompassing role in the 
advance care planning process. In addition to 
raising issues, helping patients understand their 
diagnoses and prognoses, and encouraging 
patients to reflect on their preferences and values, 
physicians can and should direct patients and 
their families to appropriate support persons  
and resources, such as social workers, chaplains, 
and midlevel practitioners (eg, physician assis-
tants, advance practice nurses) who may be 
knowledgeable and skilled in this area. 

The third stage for advance care planning is 
documenting preferences and designated proxies. 
One caution about this third stage is the tendency 
to reduce what should be a quality conversational 
and educational process to the signing of docu-
ments—similar to the tendency to reduce the 
informed consent process to the event of getting a 
patient’s signature on an informed consent form. 
All states in the United States now have legisla-
tively approved advance directive forms, which 
may provide instructions regarding medical treat-
ment in the event of a terminal or irreversible 
condition (usually called a living will) or desig-
nate a surrogate or proxy decision maker when a 
person loses decisional capacity (a medical power 
of attorney or durable power of attorney for 
health care). Traditionally, a living will directs the 
limitation or cessation of treatment for specified 
medical conditions, but some states (eg, Texas) 
allow patients to request being kept alive in a  
terminal or irreversible condition using available 
life-sustaining treatment. In either case, physi-
cians should be open and honest with patients 
about their willingness and ability to honor the 
advance directive. Most living will instructions 
are very general (eg, do not specify or distinguish 
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which life-sustaining treatments a patient is 
declining) and apply narrowly in explicitly stated 
medical conditions (eg, terminal illness or irre-
versible conditions, such as a permanent vegeta-
tive state). Most commentators acknowledge that 
documents designating proxy decision makers 
are more flexible and more useful because instruc-
tional documents such as a living will could not 
practically list or anticipate all or most of the 
medical situations that could befall a patient. But 
the more flexible medical power of attorney is 
useful only if a patient designates a proxy decision 
maker who knows the patient well and his or her 
values and preferences or who has had substan-
tive conversations with the patient about his  
or her wishes for various anticipated medical  
circumstances. 

Since 1991, US federal law has required  
hospitals, health maintenance organizations,  
and hospices to inquire of patients, on admission, 
whether they have an advance directive.22 A 
patient’s response to this inquiry is to be recorded 
in the patient’s medical record, and many health 
care organizations encourage patients to provide 
copies to be placed in their medical records.  
Federal law also states that access to care cannot 
be conditioned on whether a patient has com-
pleted an advance directive. Many patients will 
complete advance directive documents without 
the participation or knowledge of their primary 
care physician or oncologist. In an outpatient  
setting, routinely asking patients whether they 
have completed advance directives can be an 
excellent entry into a discussion about advance 
care planning. 

Although the execution of legislatively 
approved forms is probably the most common 
manner for patients to document preferences and 
proxies, completion of these forms is not the only 
way to document patient wishes. When physi-
cians engage patients in advance care planning, 
written summaries should be documented in the 
progress notes of a patient’s medical record.

CPR and Do Not Resuscitate

Discussing patients’ desires regarding CPR in the 
event of a cardiac or respiratory arrest can also be 
a part of advance care planning. Since the 1980s, 
discussions with patients about resuscitation 
status have become more commonplace. Most, if 
not all, hospitals have policies addressing CPR 
and “code status.” Although most hospitals have 
chosen to designate decisions and corresponding 
medical orders to not provide CPR as do not 
resuscitate (DNR) orders, there is no uniform 
designation for such orders. For example, some 
hospitals and health care facilities have chosen 
instead to designate such orders as do not attempt 
resuscitation orders, as no CPR orders, or as allow 
natural death orders. Significantly, when patients 

are in transit from one care setting to another (eg, 
via ground or air ambulance) or are able to be 
cared for in a private home, many states have 
passed legislation allowing emergency medical 
personnel to honor out-of-hospital DNR 
orders.23 

Addressing resuscitation status in a proac-
tive, timely way is crucial for many oncology 
patients, especially for those who have incurable 
or metastatic disease, comorbidities, or major 
organ failures. Within a context of “hoping for 
the best, preparing for the worst” (as discussed 
above), physicians should first help patients 
understand the realities of CPR and the resuscita-
tive modalities that are entailed (ie, chest  
compressions, electric shock, intubation, phar-
macologic agents). Further, physicians should 
include in such conversations empiric data that 
demonstrate relatively low rates of survival to dis-
charge for all inpatient CPR attempts (approxi-
mately 17%)24 and the even lower outcomes  
for inpatients who experience anticipated cardiac 
arrests as a result of their metastatic disease, 
comorbidities, or multiple organ failures.25 
Patients should also be informed that a DNR 
order does not mean that they will be abandoned 
by their physicians or health care teams (ie, a 
DNR order is not equivalent to a do not treat 
order) and that a DNR order is not incompatible 
with continuing other aggressive treatments.  
Discussions of treatments with a patient for whom 
a DNR order has been written should include the 
goals of particular treatments and the likelihood 
of achieving those goals. Continued chemo-
therapy, antibiotic administration, and blood 
transfusions may be appropriate when an acute 
condition is reversible, when a patient’s quality of 
life can be enhanced, or when continued treat-
ments or procedures can serve palliative purposes. 
A DNR order need not be rescinded during 
aggressive treatments, including surgery and 
anesthesia,26–28 as long as the patient understands 
the risks involved and possible benefits of  
resuscitation during a specific procedure. 

Discussions with patients about resuscitation 
status can be excellent opportunities to review 
and revise explicitly the goals of treatment.  
Initially, treatment goals may realistically include 
cure or remission. But over time, depending on 
whether a patient responds to treatment, the goals 
may need to incorporate palliation or eventually 
shift to comfort care only. 

Confidant and Coordinator of Overall 
Care

Although emphasis on patient autonomy and 
individual choice has transformed the physician-
patient relationship into one characterized by 
partnership rather than paternalism, physician-
internists often retain the role, once held by the 
beloved “family doctor” or “general practitioner,” 

as a patient’s confidant and coordinator of overall 
care. These responsibilities can generate numer-
ous ethical dilemmas in which internists must 
weigh their obligations to patients against com-
pelling family and public interests. Managing 
patients’ overall care also results in heightened 
obligations and challenges related to communi-
cation, information management, allocation of 
medical resources, and conflict resolution. This 
segment of the chapter identifies and analyzes 
specific conflicts arising in internists’ roles as con-
fidants and coordinators of overall care, reviews 
existing guidelines for managing these dilemmas, 
and proposes ethically justifiable responses.

Physician-Internist as Confidant

Since the implementation of the Health Insur-
ance Portability and Accountability Act of 1996 
(HIPAA),29 physicians are more attuned than ever 
to the ethical obligation to maintain the confi-
dentiality and privacy of patients’ medical infor-
mation. However, ethical dilemmas related to 
possessing sensitive information about patients’ 
conditions and lives predate HIPAA by thousands 
of years. Ethical standards, as reflected in the 
ancient Hippocratic Oath and current profes-
sional guidelines, emphasize confidentiality as 
fundamental to the physician-patient relation-
ship.30 Physicians’ duty of confidentiality is a  
corollary of the patients’ right of individual 
autonomy, which encompasses the right to con-
trol the use of their own health care information. 
The legal relationship of physicians to patients  
is a fiduciary one; loyalty and the duty to act  
in patients’ best interests obligate physicians  
to maintain the confidentiality of information 
entrusted to them by patients. An individual’s 
right to privacy in personal matters is also con-
stitutionally based.31 Additionally, respect for 
confidentiality has practical advantages; patients 
will be more forthcoming with the information 
physicians need to provide effective medical care 
if they trust that the information will remain  
confidential.

Although the HIPAA clarifies the legal conse-
quences of unauthorized disclosures, it also artic-
ulates circumstances that might justify disclosure 
of confidential information, for example, threats 
of violence to others or mandatory reporting of 
abuse. Other statutory requirements, societal 
norms, and ethical values can also guide internists 
when they feel some ethical compulsion to dis-
close patient information obtained in confidence 
by patients. In general, exceptions to the general 
rule of confidentiality require strong ethical justi-
fication. Yet the duty to maintain confidentiality 
can be outweighed, in some circumstances,  
by internists’ competing duties of beneficence 
and nonmaleficence to patients themselves and 
broader obligations to patients’ family members 
and the public. Existing legal and professional 
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authorities’ standards may offer guidance. We 
discuss these with several examples that occur 
with relative frequency. 

Family Secrets

Internists frequently learn sensitive information 
about a patient that the patient wishes to main-
tain as a secret even from close family, such as the 
sexual activity of a teenager, a spouse’s drug abuse 
problem, or a surprise finding of nonpaternity. 
The internist might anticipate benefit to the 
patient accruing from disclosure to family mem-
bers yet fear potential harm as well. Exacerbated 
when an internist has more than one physician-
patient relationship within a single family, these 
situations can pose grave ethical challenges and 
need to be evaluated on a case-by-case basis. Gen-
erally, if the physician judges disclosure to family 
members to be beneficial, persuading the patient 
to disclose is the best course of action.

HIV and Communicable Diseases 
and the Duty to Warn

Although human immunodeficiency virus/
acquired immune deficiency syndrome (HIV/
AIDS) is far from the first communicable disease 
to trouble physicians and public policy makers 
with whether to disclose the patient’s condition 
to others, the epidemic nature of the disease and 
the absence of an effective cure generated contro-
versy about how to balance the patient’s privacy 
interest against the risks to others.32,33 When a 
physician knows that a patient has a communi-
cable disease, such as HIV/AIDS, and knows that 
the patient has not disclosed the condition to 
sexual partners or caregivers who will likely be 
exposed to the patient’s bodily fluids, physicians’ 
ethical and legal duties of confidentiality conflict 
with obligations to warn those who might be 
harmed by nondisclosure. 

The duty to warn third parties to the physi-
cian-patient relationship derives in part from a 
1976 court case decided by the Supreme Court of 
California. In Tarasoff v. Regents of the University 
of California,34 the defendant-psychotherapist’s 
patient, who had stated his intentions in therapy, 
killed the plaintiffs’ daughter. In response to the 
plaintiffs’ claim that the therapist should be liable 
for a duty to warn, the court ruled that a health 
care professional is required to take reasonable 
actions, breaching confidentiality as necessary, to 
warn an identifiable third party when the patient 
poses a serious and imminent threat to that 
party. 

Statutory35 and ethical36 guidelines that 
attempt to define when a breach of confidentiality 
is justified by a duty to warn continue to recog-
nize the factors emphasized by the Tarasoff court, 
specifically, the identifiability of the third party 
and the likelihood and magnitude of harm if the 

third party is not warned. Additional factors 
include the preventability or treatability of the 
communicable disease. The case for disclosure 
diminishes when it is not possible to prevent, 
treat, or minimize the severity of the illness.

Individual autonomy is not an absolute right. 
If an individual’s choice endangers innocent 
others or threatens the public health, restrictions 
may be ethically justified. Thus, whereas a patient 
might abdicate his or her duty to disclose infor-
mation to their partners or intimates, physicians 
have an independent obligation to weigh their 
duty of confidentiality against the interests of 
others. At a minimum, physicians’ disclosure of 
the HIV diagnosis or a communicable disease 
directly to patients should include counseling 
about implications for intimate partners. When 
counseling patients with communicable diseases, 
physicians should inform patients about the limi-
tations of the physician’s protection of privacy. 
For example, if a patient asks his physician not to 
tell his wife that he tested positive for HIV/AIDS, 
the physician could agree to maintain confidenti-
ality while the patient was admitted to hospital 
but might inform the patient that the physician 
would not discharge him to his wife’s care at 
home, where she might be exposed to his bodily 
fluids, as long as she remained unaware of his 
positive status.

Applicable laws may permit or mandate  
disclosure to sexual partners or other persons 
potentially exposed to a communicable disease, 
so physicians should be familiar with and obtain 
legal advice regarding legal parameters. However, 
legal guidance may not address all situations and 
will likely provide little practical advice regarding 
the methods of disclosure. Recommendations  
for breaking bad news to patients, which include 
ensuring privacy, empathic delivery, and adequate 
time for questions and emotional reactions, also 
apply to disclosure to partners. In cases in which 
disclosure is permitted but not mandated, physi-
cians need to weigh the social and interpersonal 
implications of informing others, acknowledging 
the potential negative consequences of the  
information, societal stigma, employment and  
housing discrimination, and the impact on  
insurability. 

Genetic Risks and the Results of 
Testing

Internists are increasingly likely to have patients 
who undergo genetic testing. Particularly if they 
were the referring physicians, internists may incur 
responsibility to participate in disclosure of results 
directly to patients. Positive results for an indi-
vidual patient may imply an increased risk to that 
patient’s relatives, potentially generating tension 
between an internist’s obligations to respect the 
privacy of a patient’s genetic information and a 

duty to inform third parties about the heightened 
risk. 

The availability of effective interventions that 
reduce the risk of developing a related disease or 
lessen the ensuing harm from a particular genetic 
susceptibility strengthens the ethical justification 
for breaching patient confidentiality. When a 
medical intervention, such as screening in hered-
itary breast, colon, or other cancers, or other 
means of prevention (eg, dietary restrictions for 
phenylketonuric patients), clearly reduces harm 
from a particular genetic disorder, the beneficial 
consequences more compellingly favor disclo-
sure. In contrast, the impact of not informing 
relatives of their hereditary risks is less forceful 
when the genetic risks are indeterminate or when 
no effective medical intervention exists to prevent 
harm.

Existing case law recognizes that physicians’ 
duties of beneficence can extend beyond an indi-
vidual patient and has imposed obligations to dis-
close genetic information when the disclosure has 
the potential to prevent harm to third parties. 
However, courts have differed on whether the 
physician’s duty to warn at-risk relatives is dis-
charged by informing the patient of relatives’ 
increased health risks. In Pate v. Threlkel, the 
Florida Supreme Court recognized that privacy 
limitations often prohibit physicians from dis-
closing the patient’s medical condition to others, 
that patients can ordinarily be expected to pass on 
a warning, and that requiring a physician to seek 
out family members would place too heavy a 
burden on the physician.37 Thus, the court said, 
“in any circumstances in which the physician  
has a duty to warn of a genetically transferable 
disease, that duty will be satisfied by warning the 
patient.”37

A New Jersey court explicitly disagreed with 
Pate v. Threlkel, requiring instead that “reason-
able steps be taken to assure that the information 
reaches those likely to be affected or is made avail-
able for their benefit.”38 Finally, in Molloy v. Meier, 
a Minnesota Supreme Court opinion held that  
“a physician’s duty regarding genetic testing and 
diagnosis extends beyond the patient to biological 
parents who foreseeably may be harmed by a 
breach of that duty.”39 The facts of Molloy v. Meier 
involve primarily a failure to test for genetic traits 
and not specifically the failure to breach confi-
dentiality to warn. However, Molloy v. Meier is 
significant because by allowing the lawsuit to con-
tinue, the court agreed that failure to warn in the 
context of genetic information can result in harm, 
in this case a conception that allegedly would not 
have occurred if the mother had been warned 
about fragile X syndrome. 

The HIPAA also provides some guidance. Its 
stringent privacy rule requires that disclosure of 
protected information must be “necessary to  
prevent or lessen a serious and imminent threat 
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to the health or safety of a person or the public; 
and [be] to a person or persons reasonably able to 
prevent or lessen the threat, including the target 
of the threat….”35 Although this exception sug-
gests that disclosure directly to the at-risk third 
party might be supportable, the internist would 
have to consider whether the specific threat met 
the substantive components of this exemption. 
Consider the case of a person with a genetic muta-
tion predisposition to hereditary nonpolyposis 
colorectal cancer (HNPCC). Monitoring and 
early detection can prevent and lessen a serious 
threat to the person’s health, with surveillance 
reducing the incidence of colorectal cancer by 
more than 50% and overall mortality by 65%.40 
Yet it is difficult to argue that the threat is immi-
nent because the average age at onset of colorectal 
cancer in HNPCC families is 44 years. The HIPAA 
exception appears not to apply. 

Several professional organizations recom-
mend that the informed consent process prior to 
genetic testing include discussions of the patient’s 
responsibility to warn at-risk relatives. The  
Council on Ethical and Judicial Affairs of the 
AMA asserts that, at the time of testing, physi-
cians should discuss with patients “circumstances 
under which they would expect patients to notify 
biological relatives of the availability of informa-
tion related to the risk of disease,”41 with the 
responsibility for notification lying with the 
patient. Similarly, the American Society of  
Clinical Oncology concludes that “the cancer care 
provider’s obligations (if any) to at-risk relatives 
are best fulfilled by communication of familial 
risk to the person undergoing testing.”42

These guidelines notably do not recommend 
that physicians notify relatives directly in breach 
of patient confidentiality. The AMA’s advice also 
acknowledges that some relatives may not want 
the genetic information, even though the patient’s 
knowledge makes it available to them. Genetic 
counselors can contribute valuable expertise, 
insight, and guidance when physicians consider 
whether potential harm to third parties justifies a 
breach of patient confidentiality.

Risks to the Public

Internists encounter myriad situations in which 
they are aware that a patient’s condition poses 
risks to the general public. In such circumstances, 
the Tarasoff-based duty to warn may be inappli-
cable because those at risk are not specifically 
identified. However, ethical and legal obligations 
to breach patient confidentiality may still be  
compelling.

Some examples involving breach of confi-
dentiality for public safety have reached sufficient 
scope and threat so as to justify virtually national 
policies, such as state notification of tuberculosis 
patients. Other public health risks threatened by 

nondisclosure are more ambiguous yet likely are 
far more common. Internists must weigh when 
an elderly patient’s vision problems or dementia 
results in an inability to drive a car safely. A patient 
who is a commercial truck driver, pilot, or physi-
cian may disclose to his internist that he regularly 
abuses alcohol or drugs.

Although each patient’s situation deserves its 
own evaluation, existing law may provide guid-
ance. Some state laws impose a legal duty to report 
dangerous conduct to an appropriate authority. 
For example, a physician may be legally obligated 
to report to the state department of transporta-
tion a truck driver’s medical condition that poses 
a danger to the driver or others, although most 
states allow for physicians to report on a permis-
sive basis.43 Some states require physicians in spe-
cific circumstances to report to the state medical 
board their awareness of an impaired colleague.44 

Ethical justification for disclosure of  
conditions that threaten the general public reflects 
the fact that an individual’s right to self- 
determination, with its corollary right to control 
personal and medical information, does not 
encompass the right to harm others. Thus, when 
a patient’s medical condition puts others at risk, 
the physician need not maintain confidentiality 
to respect autonomy. Autonomy is not a conse-
quential benefit to be weighed against potential 
societal harms; rather, harm to others limits  
the autonomy of an individual member of a  
democratic society.

Legal reporting requirements, if they exist, 
may provide immunity against liability for the 
resulting breach of patient confidentiality, but 
they may not absolutely mitigate the negative 
consequences and ethical implications. If a  
physician elects disclosure, the physician should 
attempt to mitigate adverse consequences. Elderly 
patients may have been unaware of or in denial 
about their disabilities, and a physician’s decision 
to disclose the risks they pose to others may 
threaten not only their independence but perhaps 
their self-image and psychological well-being.  
A better course would be to help the patient  
recognize disabilities and work with him or her 
toward alternative ways of meeting the goals of 
independence. 

Limited disclosure to family caregivers or 
social supports, who may already have explicitly 
or implicitly authorized access to the patient’s 
information, may constitute an alternative to 
legal or official mechanisms for protecting the 
public. The circumstances of the patient’s com-
munication may suggest other alternatives to dis-
closure. If the impaired patient disclosed the 
condition as a first step toward rehabilitation, the 
physician may be able to ascertain the patient’s 
commitment to terms that sufficiently reduce the 
public threat. Some states have programs, autho-
rized by licensing boards or unions, to permit 

impaired professionals to avoid disclosure as long 
as they participate in a treatment program.  
Specifically for physicians, the Federation of State 
Physician Health Programs offers programs in 
every state in the United States that address physi-
cian impairment.45 Seeking the advice of mentors 
or legal and ethics consultants may also be helpful 
in hard cases. In all situations, however, physi-
cians should avoid making explicit promises  
of confidentiality they cannot legally or ethically 
keep.

Coordinator of Overall Care

Increased specialization in health care contributes 
to the array of professionals who provide care for 
patients. Internists, as primary or central care 
providers, will encounter ethical challenges in 
their roles as frequent “gatekeepers”46 to medical 
services and as mediators among consultants with 
divergent opinions. These roles illuminate the 
often competing interests internists must balance. 
Although patient best interest remains para-
mount, alliances with consultants, affiliations 
with institutions, and legitimate self-interest  
can create pressures running counter to this  
fundamental obligation.

As a backdrop to the specific ethical issues 
that arise, strong interpersonal and communica-
tion skills facilitate the fulfillment of the internist’s 
obligations as coordinator. A physician’s empathic 
manner47 and effective style of communication 
support the provision of quality medical care.48 
Physicians’ communication shortcomings have 
been shown to limit the collection of significant 
information from patients.49 Studies done with 
oncology patients show that a substantial segment 
of the lay public does not understand the terms 
and medical jargon doctors used to describe diag-
nosis, prognosis, screening, and treatment proce-
dures and that doctors overestimate patients’ 
levels of understanding.50 Such misunderstand-
ings may affect patients’ decision making, treat-
ment preferences, and satisfaction with care.51 
Moreover, multiple studies have shown that poor 
physician-patient or physician-family communi-
cation and a perceived lack of caring correlate 
with increased exposure to litigation.52,53

Internists are no more or less likely than 
other physicians to have greater or fewer skills in 
communicating with and communicating caring 
to patients. However, the centrality of an inter-
nist’s role as a coordinator of overall care increases 
the likelihood of the internist’s responsibility for 
summarizing complex medical judgments and 
options, producing a single medical recommen-
dation from multiple sources of information and 
possibly divergent opinions, and securing the 
patient’s trust and affiliation amid numerous spe-
cialty consultants. These responsibilities heighten 
internists’ need for empathy, competence, and 
expertise in communication.
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Evidence that internal medicine trainees 
grow more cynical and less compassionate and 
that empathy as a trait is not easy to inculcate54 
suggests that cultivating communication skills 
and empathy is difficult. Moreover, the literature 
contains a litany of reasons why exhibiting these 
skills is so challenging in the modern medical  
setting, including inadequate55 and potentially 
counterproductive56 training, time and resource 
constraints,57 and competitive pressures.58

Despite these obstacles, extensive resources 
exist to cultivate these characteristics and skills in 
medical professionals. The medical literature 
contains both empirically and experience-based 
guidance.59–62 Commentaries written or contrib-
uted by patients poignantly offer insights and 
suggestions based on their positive and negative 
experiences.63–66 Training courses that offer inter-
active techniques and role playing offer opportu-
nities to practice and are a promising modality for 
increasing interpersonal skills.67 The Internet is 
also a valuable resource for information about 
training opportunities to increase these skills.

Internist as Gatekeeper
Although the cost-saving strategies of managed 
care differ from the medical field’s traditional  
fee-for-service practice, both systems raise ethical 
concerns related to physicians’ financial interests. 
Physicians can just as easily overuse resources in 
the fee-for-service setting as underuse them in the 
context of managed care. Both inappropriate uses 
of health care resources pose a direct risk to 
patients. Moreover, individual physicians’ pri-
mary duties to patients coexist with the profes-
sion’s collective responsibility to advocate for the 
health and well-being of the public.68 Adherence 
to the principle of justice, defined as the just dis-
tribution of health resources within the commu-
nity, impels all physicians to practice responsible 
stewardship of resources they control.

Thus, whatever the organization of health 
care delivery, the principles for resource alloca-
tion remain consistent. The American College of 
Physicians (ACP) Ethics Manual posits two guid-
ing principles: (1) all health-related resources 
should be used in a technically appropriate and 
efficient manner, avoiding unnecessary testing, 
interventions, and consultations, and (2) resource 
allocation decisions, such as rationing medical 
care among recipients, are most appropriately 
made at the level of policy, not at the bedside. In 
light of physicians’ parallel obligations to patients 
and society, they are ethically bound to object to 
policies that undermine the fundamental ethical 
commitment of physicians to care appropriately 
for their patients.68 The ACP has also published  
a more detailed statement of ethical principles, 
developed by a working group that included 
patients, clinicians, ethicists, and managed care 
leaders, to guide allocation of resources in the 
current health care environment.69

Relationships with Consultants

The breadth and scope of medical knowledge 
necessitate internists’ frequent use of specialized 
consultants, but consultants’ participation mag-
nifies the communication and interpersonal  
challenges already present in the physician-patient 
relationship. The ACP Ethics Manual encourages 
primary physicians to obtain competent consul-
tation but recommends explicit clarification 
among professionals in advance of the consulta-
tion about its scope and durational authority for 
patient care.68

When disagreements arise, candid discussion 
between the internist and consultant about the 
medical bases for their divergent judgments not 
only creates reciprocal learning opportunities but 
also enhances the internist’s ability, requisite for 
informed consent, to depict the patient’s options 
accurately.70 Patients ultimately need to elect the 
option that best meets their goals and risk orien-
tation, but trust in a particular physician critically 
influences patients’ choices.71,72 Internists’ medi-
cal recommendations are optimally informed by 
respectful discussion with consultants, thereby 
warranting patients’ trust. Further, internists are 
often in the best position to understand the 
patient’s entire medical and personal situation, 
key ingredients for formulating the best medical 
recommendations.

Ensuring adequate communication among 
the numerous diagnostic and treatment providers 
also poses potential ethical hazards. The relative 
insecurity of electronic communication methods 
such as transmission via facsimile, electronic mail, 
and cellular telephones has made the duty of  
confidentiality, now federally mandated by the 
HIPAA, harder to uphold. Simultaneously, con-
cern about genetic discrimination and revelation 
of misuses of medical information have height-
ened the public’s attention to the privacy of their 
information. Internists should clarify security 
mechanisms and policies within their organiza-
tions and should inform patients choosing to 
communicate by electronic means about security 
limitations. When communicating with consul-
tants, brief electronic mail interchanges may not 
adequately capture the subtleties of the patient’s 
condition; the internist must take care that  
the consultant’s advice is based on adequate 
information.

Alternative Medicine

Coordinating overall care obligates internists to 
ascertain patients’ use of complementary or alter-
native medical (CAM) therapies. The results of a 
US survey indicate that total visits to CAM  
providers (629 million) exceeded total visits to  
all primary care physicians (386 million) in 1997 
and that total out-of-pocket expenditures for 
CAM therapies, including both products and 

professional services, were estimated to be  
$27 billion, an amount comparable to projected  
out-of-pocket expenditures for all physician  
services.73 Often these nontraditional interven-
tions are complementary to and not exclusive of  
conventional medicine.74

Advising patients on CAM therapy repre-
sents a fundamental challenge. Although formal 
studies of some CAM therapies are under way, 
evidence for many types simply does not exist. 
Both their effectiveness and potential hazards, 
whether inherent in or in conjunction with con-
ventional interventions, remain unknown. Many 
CAM practitioners are unregulated by any over-
sight body; thus, physicians and patients are  
ill-equipped to judge the quality of their services. 
Physicians interested in or willing to incorporate 
patients’ use of CAM therapies into the care plan 
are disadvantaged in ensuring patient best inter-
est. Finally, patients’ refusals of or delays in  
conventional treatment owing to reliance on 
CAM therapies can complicate the provision of 
quality medical care and may even threaten the 
physician-patient relationship.

The routine balancing of risks and benefits in 
physician-patient decision making about CAM 
therapies versus conventional medical treatment 
must accommodate for the absence of evidence. 
Factors to consider include the severity and acute-
ness of the illness; curability with conventional 
treatment; degree of invasiveness, associated tox-
icities, and side effects of conventional treatment; 
quality of evidence of safety and efficacy of the 
desired CAM treatment; degree of understanding 
of the risks and benefits of CAM treatment; 
knowledge and voluntary acceptance of those 
risks by the patient; and persistence of the patient’s 
intention to use CAM treatment.75

Physicians should clarify and attempt to 
incorporate the values and beliefs patients express 
by seeking CAM therapies, including patients’ 
views of their own best interests. A helpful step-
by-step strategy for advising and comanaging a 
patient who uses CAM therapy begins with  
an emphasis on patient safety, with continued 
monitoring, and includes clear documentation  
of clinical activity of both CAM and traditional 
medical interventions with ongoing conversa-
tions and advice related to the patient’s treatment 
decisions.76

Terminating the Physician-Patient 
Relationship

Traditionally, physicians have been free to choose 
whom they will serve. Once the physician-patient 
relationship is established, however, physicians 
incur a legal and ethical duty to treat. Termina-
tion of the relationship can be justified, but 
improper termination constitutes abandonment, 
an act of negligence, and violates the fiduciary 
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responsibility to act in the patient’s best interest. 
The prospect of terminating the physician- 
patient relationship usually arises in the context 
of patients who exhibit extreme or repeated  
nonadherence to the physician’s advice.

Recommendations for a proper termination 
process reflect a combination of ethical principles 
and legal guidance from common and statutory 
law.77 Organizations may have internal policies  
or protocols as well. Generally, the physician must 
notify the patient in writing, preferably in a 
manner that establishes receipt, such as certified 
mail. The document should unequivocally state 
that the physician intends to discontinue provid-
ing medical care for the patient and may describe 
the reasons for, as well as previous efforts to avoid, 
termination. The letter should state that the phy-
sician will continue to treat the patient for a rea-
sonable time period, the duration of which should 
reflect the patient’s condition and how long it 
should reasonably take the patient to find another 
treating physician. The letter should also state 
clearly the date that termination becomes effec-
tive (eg, “March 30,” not “10 days from receipt of 
this letter”).

Liability concerns related to negligent refer-
rals favor recommending or referring the patient 
to a local medical society or physician referral  
service rather than to a specific practitioner. The 
letter should also indicate agreement to transfer 
records to the new physician on receipt of the 
patient’s signed authorization to do so. Finally, 
the letter should acknowledge that the physician 
will see the patient if a medical emergency arises 
within a stated period of time after termination.

Practical realities may prevent a provider 
from completely severing the relationship.  
Specialists may not have replacements available 
who can provide comparable care. Emergency 
centers cannot turn away patients if they need to 
be stabilized, even if the hospital notified the 
patient of termination. Physicians participating 
in managed care group plans may not be able to 
sever the patient’s relationship with the entire 
group and thus may have to care for the patient as 
part of his or her group responsibility.

Moreover, the ethical and professional  
obligations of physicians to patients suggest that 
termination should be considered as a last resort. 
Physicians can inform patients directly at the 
outset of a relationship of patients’ own obliga-
tions, such as arriving for scheduled appoint-
ments, paying for services, and participating in 
treatment, and can remind patients about these 
stipulations as problems arise. Written “care con-
tracts” may be introduced to emphasize the need 
for the patient’s participation in treatment  
and can state termination of the relationship as  
a consequence of nonadherence to a described 
treatment plan.

Reviewing some of the theories and empiric 
data that attempt to explain the reasons for 
patients’ nonadherence suggests some consider-
ations and approaches that might enable a physi-
cian to continue managing the patient.78,79 A 
patient’s decision not to adhere to medical  
recommendations may reflect the need to retain 
some measure of control, a serious denial of the 
reality of illness, or a more extreme personality 
disorder. These considerations might be worth 
exploring directly with the patient or, with the 
patient’s permission, with family members, 
friends, or a therapist to inquire into the patient’s 
motivations and characteristics. A formal assess-
ment of decision-making capacity may determine 
whether compulsory treatment might be  
justified.

A patient’s social circumstances should also 
be considered. Illiteracy, the inability to arrange 
for child care or transportation, or the inability to 
pay for treatment may be contributing to nonad-
herence. Problems deriving from the physician’s 
own relationship with the patient may be a factor; 
for example, failures of communication and of 
trust or discordance between expectations may be 
yielding a dissatisfaction that leads to nonadher-
ence.80,81 Volitional disability, a patient’s inability 
to prevent self-destructive nonadherence that 
might be compared to compulsive or addictive 
behavior, might also be the source of the prob-
lem.82 Engaging patient advocates, social workers, 
behavioral therapists, addiction experts, or  
other allied health professionals may generate  
additional ideas for redressing the patient’s  
nonadherence.83,84

Finally, physicians should consider whether 
the patient’s nonadherence reflects the patient’s 
individual rationality in the face of chronic ill-
ness.85,86 A patient may not be willing to sacrifice a 
way of life that he or she singularly values, leaving 
the physician forced to accept the patient’s  
life-threatening choices. When best efforts to 
understand and modify patients’ nonadherent 
choices fail, terminating the physician-patient 
relationship may be necessary.

Conclusion

The goal of this chapter has been to create an  
ethical and legal framework that supports quality 
care of cancer patients in a variety of clinical  
settings. Significant elements of our framework 
include a partnership model for the physician-
patient relationship; an informed consent process 
that emphasizes communication, education, and 
transparency; end-of-life care that helps patients 
retain hope while preparing for the reality of 
death when appropriate; and the physician’s role 
of confidant and coordinator of patients’ overall 
care. 

Throughout the chapter, we have explicitly 
addressed a selected set of ethical and legal issues. 
In doing so, we hope that we have also created a 
framework for identifying, analyzing, and address-
ing other ethical and legal issues that time and 
space have prevented us from including. 
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Cancer-related fatigue (CRF) is a significant 
problem that increases the stress and anxiety of 
both patients and caregivers. Because of successes 
over the last several years of being able to stabilize 
and even cure some patients, cancer has now been 
relegated to the status of a “chronic condition,” 
similar to comorbidities such as hypertension, 
cardiac disease, congestive heart failure, and  
diabetes mellitus.

Fatigue is a common symptom of many  
serious illnesses, including cancer. Its presence 
adds little to the diagnosis,1 and so far, it has 
no objective physiologic or behavioral markers. 
Often neglected and undertreated,2,3 fatigue is  
commonly associated with other physical and  
psychological disorders and may decrease a 
patient’s quality of life and functioning. Because 
more precise screening tools are available for 
some cancers, management of comorbidities 
has improved, and lives have been extended, 
we expect new cancer diagnoses to continue to 
increase. Most of these newly diagnosed cancer 
patients will receive treatment, and fatigue will 
continue to top the list of symptoms associated 
with cancer.

CRF must be addressed early in the patient’s 
evaluation. The symptom must be acknowledged, 
and an attempt must be made to reverse the con-
tributing conditions, given the fact that there 
is currently no gold standard regarding fatigue 
therapy. Multiple conditions that contribute to 
fatigue, such as pain, depression, anemia, and 
hypothyroidism, are treatable. 

CRF may occur before, during, or after 
cancer treatment and as a result of any type of 
cancer treatment. Some patients experience 
fatigue before the cancer is diagnosed, and fatigue 
may seem to be one of the most severe symp-
toms, partly because of the type and extent of the 
malignancy at the initial diagnosis. Patients with 
a hematologic malignancy, for example, are more 
likely to exhibit significant anemia and have a 
high risk of infections because of low neutrophil 
counts. For these patients especially, collection of 
baseline data to establish the presence and inten-
sity of CRF is often helpful in understanding the 
effect of cancer treatment. 

Most patients experience fluctuations in 
fatigue during high-dose chemotherapy, with 
fatigue increasing as the patients’ blood counts 
approach their nadir and improvement as the 
counts recover.4 Patients who receive radio-
therapy may experience a gradual deepening of 
fatigue as the treatment goes on.5 Sometimes 
patients experience more fatigue during treat-
ment than before it began but do not describe 
it as increasing.6 They may hesitate to complain 
of growing fatigue because they believe it is an 
expected part of treatment, they do not wish 
to be a “complainer,” or they may fear that the  
treatment will be modified or stopped as a result 
of the complaint. Many patients experience per-
sistent fatigue between chemotherapy treatments. 
A relevant issue for patients cured of malignancy, 
CRF may continue for years following treatment 
and cure.7,8 

Some cancer patients may need to maintain 
sufficient function either at work or at home 
after their diagnosis, and persistent fatigue may  
prevent them from doing so. Fatigue may affect 
both physical and cognitive functions. Many 
patients have trouble with short-term memory 
or concentration. Neurocognitive dysfunction 
may lead to loss of livelihood and increased 
dependence on caregivers for assistance in daily 
activities. Patients may feel increased anxiety and 
frustration from a loss of pleasurable activities, 
such as reading or solving puzzles. Increasing 
dependence on others and an assortment of asso-
ciated negative emotions may cause patients to 
experience depression, which often compounds 
the fatigue.

Because of CRF’s increased incidence, its 
complexity, and the profound effects it has on 
cancer patients, health care providers should be 
encouraged to evaluate and treat this symptom. 
The uncertainties of assessment and treatment 
can be cleared up only by a continuing focus on 
the symptom, with encouragement of further 
research to define its pathophysiologic mecha-
nisms, development of targeted pharmaceutic 
agents, and well-designed clinical trials that will 
strengthen the armamentarium of treatment 
choices. 

Here we examine the current state of  
knowledge of CRF, including frequently seen 
clinical manifestations and associated symptoms,  
proposed hypotheses related to pathophysiologic 
mechanisms, related etiologies, diagnostic  
tools available for measurement, and current 
treatments.

Clinical Manifestations

Several definitions of CRF are found in the litera-
ture. The National Comprehensive Cancer  
Network (NCCN) describes CRF as a persistent, 
subjective sense of tiredness related to cancer or 
cancer treatment that interferes with usual func-
tioning.9 Other words and phrases to describe 
fatigue include a lack of energy, weakness, tired-
ness, an increased effort in regard to a given task, 
increased sleepiness, and lassitude. It is important 
to have the patient describe the fatigue and how it 
affects her or him. Some patients may feel the 
effect only on physical stamina, whereas for 
others, cognitive aspects may be an issue as well. 

Prevalence
The prevalence of CRF ranges from 60 to 90% of 
cancer patients, the variance depending on the 
CRF definition used and the presence of other  
factors in the population studied (cancer type, 
extent of disease, presence of comorbidities 
or treatment complications, cancer treatment 
received, medications, physical condition, and 
presence of other symptoms). Compared with 
other cancer-related symptoms, fatigue was the 
most severe symptom reported by a large outpa-
tient sample who had various cancers and were 
receiving differing treatments in a comprehensive 
cancer center.10 More than 30% of cancer patients 
reported severe fatigue, feeling weak, or not get-
ting things done, whereas fewer than 30% reported 
other symptoms. Severe levels of fatigue are more 
common in cancer patients than in the general 
population. Half of the patients with hematologic 
malignancies described severe fatigue (defined as 
7 or higher on a 0- to 10-point scale).11 Approxi-
mately one-third of patients with solid tumors 
reported severe fatigue when asked, whereas only 
17% of a community-dwelling sample reported 
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this level of fatigue.12 Newly diagnosed non–small 
cell lung cancer patients experienced significantly  
more fatigue than did patients with newly  
diagnosed breast or prostate cancer.13

Associations with Treatment
Surgery, chemotherapy, radiotherapy, biologic 
response modifiers, and hormonal treatment 
have been associated with fatigue, although more 
consistent data support the association of fatigue 
with chemotherapy, radiotherapy, and biologic 
response modifiers. The literature concerning the 
effects of surgery on fatigue is limited. Forsberg 
and colleagues asked patients with colon, rectal, 
or stomach cancer to complete surveys prior to 
surgery and 6 weeks postoperatively.14 Similar  
fatigue levels were noted at each time point:  
43% preoperatively and 49% postoperatively, 
with minimal variation in symptom patterns. 
Galloway and Graydon studied colon cancer 
patients postoperatively and noted the presence 
of fatigue before the patients’ discharge.15

Haylock and Hart’s first demonstration of 
the association between radiotherapy and fatigue 
was followed by numerous studies that examined 
fatigue incidence and symptom pattern during 
radiotherapy regimens.16–30 These studies make 
known that fatigue commonly begins at the  
start of radiotherapy, usually increases, and  
then plateaus between the second and fourth 
week of treatment. On treatment completion, 
fatigue gradually decreases and usually resolves 
by 3 months post-treatment. The cause of fatigue 
owing to radiotherapy is unclear.

The association of fatigue and chemotherapy 
has been noted for about 20 years and has been 
studied in a variety of cancer types, although 
the association of fatigue and chemotherapy has 
been most thoroughly studied in breast cancer 
patients.6,22,31–34 The symptom pattern of fatigue in 
patients undergoing chemotherapy is not consis-
tent, probably because of the variation in disease 
and treatment characteristics (ie, chemotherapy 
regimen, stage and extent of disease, measure-
ment method, and time). As the complexity of 
a chemotherapy regimen increases, fatigue levels 
increase apace. Greene and colleagues reported 
fatigue onset within 24 to 48 hours after treat-
ment with pulsed therapy,35 whereas Richardson 
and colleagues demonstrated that the least fatigue 
occurred directly before the next treatment course 
began.34 Breast cancer patients receiving adjuvant 
chemotherapy have greater fatigue than matched 
controls without cancer.6,35 

Patients on biologic response modifiers 
experience such intense and intolerable fatigue 
that this often limits their ability to continue 
treatment with these agents.36–39 Extremely lim-
ited data about this treatment modality make 
symptom patterns difficult to describe. Similarly, 
the side effects of hormonal treatment have not 

been well assessed and are frequently underesti-
mated.40 Leonard reported lethargy and lack of 
energy related to hormonal treatment.41

Pathophysiology of CRF
The pathophysiology of CRF has not been  
elucidated; however, several mechanisms are  
proposed in the literature. According to the 
muscle metabolism hypothesis, cancer or cancer 
treatment results in a defect in adenosine triphos-
phate regeneration in skeletal muscle, decreasing  
the ability to perform mechanical work and  
producing the symptom of fatigue.42,43 

The vagal afferent hypothesis suggests that 
cancer or cancer treatment causes release of 
neuroactive agents that activate vagal afferents, 
thereby decreasing somatic motor output and 
causing sustained changes in particular regions  
of the brain associated with fatigue.44–46 The 
theory of serotonin dysregulation is based on an 
increase in brain serotonin (5-hydroxytryptamine 
[5-HT]) levels in localized regions of the brain 
and an up-regulation of certain 5-HT receptors, 
leading to decreases in somatomotor drive, modi-
fied hypothalamic-pituitary axis (HPA) function, 
and a sensation of decreased capacity to perform 
physical work.47,48 The HPA dysfunction hypo-
thesis proposes that cancer or its treatment either 
directly or indirectly causes change in the HPA 
function, leading to endocrine changes that either 
cause or contribute to fatigue.49,50 

Many laboratory studies have identified  
cytokines as central mediators of “sickness beha-
vior” owing to infections.51 Sickness behavior 
includes decreased locomotor activity, decreased 
feeding, decreased exploration of the environ-
ment, less sexual activity and other social interac-
tions, and increased sleep (specifically slow-wave 
sleep). CRF in humans may be similar to sick-
ness behavior, with its characteristics of general 
malaise, lack of motivation to eat, and decreased 
interest in activities. Cytokines were linked 
recently to mental and physical functioning of 
cancer patients and were associated with pain, 
depression, sleep disturbances, and cachexia.52–54 

Fatigue-Associated Symptoms
Rarely occurring alone, fatigue is frequently  
associated with a cluster of symptoms related to 
either cancer or cancer treatment.55–58 The symp-
toms most often coupled with fatigue include 
pain, nausea, depression, sleep disturbances, and 
dyspnea. 

Fatigue and depression were shown associ-
ated in several studies. Visser and Smets demon-
strated, in a cohort of 308 adult outpatients 
treated with radiation therapy, that fatigue was 
not predictive of depression and vice versa.59–63 
Sleep disturbances have been less studied, yet 
fatigued cancer patients receiving treatment show 
severely disrupted sleep patterns.63,64 Berger and 

Farr conducted a prospective repeated-measures  
study of 72 women free of unstable chronic  
illnesses during the first three chemotherapy 
cycles after surgery for stage I or II breast cancer.64 
The authors noted that women whose sleep is  
disrupted at chemotherapy cycle midpoints  
are at risk of CRF. The overall effects of less  
daytime activity, more daytime sleepiness, and 
night awakenings were associated with higher 
CRF levels. To manage fatigue, Visser and Smets 
suggested that CRF and night awakenings be 
assessed at the midpoint of chemotherapy cycles 
and that appropriate treatment interventions  
be developed to promote daytime activity and 
nighttime rest.63

Many cancer patients are anemic. Several 
large community-based studies demonstrated 
that treatment with erythropoietin alfa increased 
the patients’ hemoglobin levels, decreased their 
red blood cell transfusion requirements, and 
showed an association between patient’s quality 
of life and hemoglobin level.33,65–68 Recently, treat-
ment with darbepoetin alfa produced similar  
outcomes.69,70 

CRF Assessment Tools
The first step of measuring fatigue is severity level 
currently and over time. The selection of fatigue 
assessment tool (with or without company of 
other measurements) depends on the specifics 
of the intervention or research. Specifically, it 
depends on the need for rapid screening versus a 
more comprehensive appraisal and consideration  
of psychometric qualities (standardization,  
reliability, validity).

Successful treatment and management of 
CRF depend on reliable and valid assessment 
tools. Patient self-report has become a standard 
method in clinical practice for assessing fatigue 
dimensions, including fatigue severity and inter-
ference with daily activities. A good assessment 
tool for measuring CRF is characterized by a small 
number of valid, simple items; patient-friendly 
scaling; understandable terms; standard admin-
istration and scoring methods; and demonstrated 
reliability and validity. Another characteristic 
should be easy translatability to other languages 
for comparisons in different populations.

Several CRF assessment tools offer variability 
in coverage, structure, standardization of admin-
istration and scoring, and high levels of reliability 
and validity. In Table 1, they are categorized as to 
whether they are unidimensional or multidimen-
sional tools. 

Evaluating the Patient with CRF
Whatever tool is chosen, it must be reproducible 
and practical. Patients with significant fatigue 
often feel overwhelmed, and when measurement 
requires much time, they may be unable to  
complete it. In clinical practice, a simple  
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one-question screening tool may be sufficient;  
for example, “What was your worst level of fatigue 
during the last 24 hours, on a scale of 1 to 10, with 
10 being worst fatigue?” The NCCN Cancer-
Related Fatigue Guideline screens are based on a 
patient’s response to a single tool. If the patient 
has moderate to severe fatigue, completion of a 
more comprehensive fatigue assessment tool 
should be performed.58 

The International Classification of Diseases, 
tenth revision (ICD-10), describes the CRF  
diagnostic criteria as follows71–73:

1. Six or more of 11 possible fatigue symptoms, 
with one being “significant fatigue,” have 
been present every day or nearly every day 
during the same 2-week period in the past 
month.

2. The symptoms cause clinically significant 
distress or impairment in important aspects 
of functioning.

3. The symptoms are the result of cancer or 
cancer treatment.

4. The symptoms are not primarily due to a 
comorbid psychiatric disorder.

Use of consistent diagnostic criteria will improve 
consistency in condition- and treatment-related 
CRF epidemiologic estimates.

Patients with moderate to severe fatigue 
require a thorough medical evaluation, including 
a careful history that focuses on fatigue onset; 
duration, intensity, and changes over time; asso-
ciated symptoms; and factors that may alleviate 
or worsen fatigue. The assessment should include 
the patient’s current disease status, type and 
length of cancer treatment and its ability to cause 
fatigue, and the patient’s response to treatment. 
For patients who are disease free, the evaluation 
should include the question of whether recur-
rence is a cause of fatigue, and for those with 
underlying malignancy, whether fatigue is related 
to disease progression. These questions often  
provoke extreme anxiety in the disease-free 
patient and family members, and reassurance that 
the fatigue is unrelated to the disease may reduce 
their fears. Other factors that may affect fatigue 

and should be considered include medications 
used (both prescribed and over-the-counter, 
including herbal and vitamin and mineral supple-
ments), nutritional aspects (weight changes,  
variations in caloric intake, fluid and electrolyte 
imbalances); decreases in activity and physical 
deconditioning; and the presence of comorbidi-
ties (infection, hypothyroidism, or cardiac, pul-
monary, renal, hepatic, neurologic, or endocrine 
dysfunction). Table 2 summarizes potential  
contributing factors to CRF. 

CRF is an important outcome measure  
and should be considered when conducting trials 
of new pharmacologic agents to combat cancer. 
Decreases in CRF may be represented by a reduc-
tion in treatment toxicity, improved palliation for 
patients with progressive or advanced disease,  
or better functional and health status in cancer 
survivors. Fatigue may affect other aspects of care, 
such as morbidity and mortality, cost of care, and 
patient satisfaction with care. It may also serve as 
an indicator of quality of life.

Intervention in CRF 

Given that the pathophysiologic mechanisms  
of CRF are still poorly understood, the root 
cause cannot be targeted. However, contributing  
and potentially reversible conditions are anemia, 
depression, and pain, all of which can be  
managed.

All patients should be provided with edu-
cation concerning the side effects of specific 
tumors and cancer treatment regimens. This will 
often alleviate the anxiety and stress patients and  
caregivers feel if they assume that when fatigue 
is present, the malignancy is worsening or recur-
ring. Patients and caregivers may also be able to 
make better lifestyle adjustments if they under-
stand and expect certain symptoms. For example, 
patients on some chemotherapy regimens may 
expect decreasing blood counts beginning appro-
ximately on day 7, with a nadir usually between 
days 10 through 14; these will bring higher levels 
of fatigue, and patients should prioritize activities 
during this time period. 

Treatment of CRF may be categorized into 
nonpharmacologic and pharmacologic treat-
ments. Nonpharmacologic treatments include 
exercise, energy conservation, sleep enhance-
ment, nutritional therapy, and cognitive and 
behavioral treatment strategies. Pharmacologic 
treatments include erythropoietin and darbepo-
etin ; stimulants such as methylphenidate, pemo-
line, and modafinil; selective serotonin reuptake 
inhibitors; and corticosteroids.

Nonpharmacologic Treatments
Exercise 

Graded aerobic exercise has been shown in  
randomized controlled trials to have a benefi-
cial effect on fatigue,74–80 and several trials dem-
onstrated improvements in both fatigue and  
function.74,76,80 The exercise types used in these 
trials included bed-cycle ergometer, home-based 
walking programs, and resistance exercise. Most 
studies included only patients with breast cancer. 

Table 1  Selected Fatigue Assessment Tools

Tool Total Items Time Window

Unidimensional
 Cancer-Related Fatigue Distress Scale110 20 Past 7 d
 Brief Fatigue Inventory12 9 Past 24 hs
 Fatigue Symptom Inventory111 13 Past wk
 Fatigue Severity Scale94 9 Past wk
Multidimensional
 Cancer Fatigue Scale112 15 Current state
 Revised Piper Fatigue Scale113 22 Now
 Schwartz Cancer Fatigue Scale114 28 Past 2–3 d
 Multidimensional Fatigue Symptom Inventory115 83 Past 7 d
 Multidimensional Fatigue Inventory116 20 Lately
 Fatigue Assessment Instrument117 29 Past 2 wk

Table 2  Factors Contributing to Fatigue

Comorbidities

 Adrenal insufficiency
 Coronary artery disease
 Connective tissue disease
 Chronic obstructive pulmonary disease
 Diabetes mellitus
 Hepatic dysfunction
 Neurologic dysfunction
 Renal insufficiency
 Thyroid dysfunction

Nutritional abnormalities
 Weight changes
 Variations in caloric intake
 Electrolyte imbalances

Anemia (may be due to malignancy or treatment 
 of malignancy or unrelated to either)

Other symptoms
 Pain
 Sleep disturbances
 Emotional distress
  Depression
  Anxiety
  Other psychiatric disorders
 Dyspnea

Medications

Physical deconditioning

Direct effects of the malignancy

Cancer treatment–related effects
 Chemotherapy
 Radiation therapy
 Surgery
 Bone marrow transplantation
 Biologic response modifiers
 Hormonal treatment
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Three studies showed reductions in fatigue and 
improvement in quality of life.77–79

Because patients with bone metastases,  
neutropenia, thrombocytopenia, and fever need 
to be cautious in pursuing an exercise program, 
the patient and health care provider should  
discuss the type of exercise, frequency, inten-
sity, and duration. Exercise programs should be  
tailored to the patient’s needs, considering her or 
his overall medical status, including significant 
comorbidities in addition to cancer, the status 
of physical conditioning, the extent of neoplas-
tic disease, and the cancer treatment modality  
in which the patient is currently engaged. Age  
and gender may be less important but should 
be considered. Patients with significant comor-
bidities or deconditioning should have a medical 
evaluation before beginning an exercise program; 
they may benefit from being referred to a physical 
medicine and rehabilitation program. 

Psychosocial Interventions 

Randomized clinical trials of various psychosocial 
interventions have demonstrated significant 
improvements in fatigue levels.81–87 The interven-
tions included weekly support groups, individual 
psychotherapy, support groups providing educa-
tion and stress management, coping strategy  
programs, tailored behavioral interventions, and 
professionally or self-administered stress man-
agement training. All resulted in decreased fatigue 
and improvement in various other symptoms. 
Recently, patients in a randomized clinical trial  
by Given and colleagues, in which a cognitive 
behavioral intervention was used, demonstrated 
significant improvement in both fatigue and  
pain after 10 weeks, and this was maintained at  
20 weeks by patients who started the trial with 
moderate to severe symptoms.86 

Restorative Therapy

Cimprich described the concept of attentional 
fatigue in cancer patients as decreased capacity 
to concentrate or focus attention during stressful 
or challenging situations.88 Studies of attention-
restoring interventions demonstrated improve-
ment in concentration and problem-solving 
abilities, with earlier return to work by patients 
who used the intervention.89,90 These studies also 
focused primarily on breast cancer patients.

Sleep Therapy

The sleep disturbances of cancer patients are 
often more of quality than quantity of sleep.63 
Research on this issue and its relationship to 
fatigue is limited. In two studies using actigra-
phy to measure sleep and activity, cancer patients 
were found to spend more time sleeping or  
resting than healthy individuals, and the sleep  
pattern of cancer patients was shown to be severely 

disrupted.33,91 Berger and colleagues performed a 
prospective pilot study to test the feasibility of a 
sleep promotion plan, including aspects of sleep 
hygiene, relaxation therapy, stimulus control, 
and sleep restriction techniques, in 25 stage I 
and II breast cancer patients.92 The intervention 
resulted in improved treatment adherence rates 
over time, and in most patients, sleep and wake 
patterns returned to normal values.

Patients with sleep disturbances may benefit 
from a consistent bedtime and wake-up regimen. 
They should avoid caffeine and stimulating  
activities such as an exercise regimen in the even-
ing, avoid late or long afternoon naps, and limit 
bedtime to normal sleep time. Comforting activi-
ties before bed (warm bath, reading, tranquil 
music) and a favorable sleep environment (quiet, 
cool, dark, comfortable room) may be helpful.

Energy Conservation

Little research has been done on this issue, 
although patients commonly will prioritize  
activities if they have significant levels of fatigue. 
Barsevick and colleagues recently completed a 
randomized clinical trial that compared energy 
conservation and activity management (ECAM) 
by 200 patients with a control intervention includ-
ing 196 patients focused on nutrition.85 Patients 
in the ECAM group experienced a modest but 
significant improvement in fatigue, although the 
intervention was not associated with changes in 
overall functional performance. 

Pharmacologic Treatments
Stimulants

No randomized controlled trials have been done 
to assess the use of stimulants in managing CRF, 
but some of the drugs have been studied in  
other conditions, such as fatigue related to human 
immunodeficiency virus (HIV) disease93 and 
multiple sclerosis.94,95

Use of pemoline to treat fatigue related to 
multiple sclerosis produced inconsistent benefi-
cial effects. It has not been used in patients with 
CRF, and its association with severe liver dysfunc-
tion in some patients resulted in its disfavor.96 

Methylphenidate and modafinil have been 
used in most attempts to manage CRF. Methyl-
phenidate is a central nervous system stimulant 
similar to amphetamine. It has a peak plasma 
concentration of 1 to 3 hours, a plasma half-
life of 2 hours, and a duration of action of 3 to 
6 hours.97,98 Baseline doses generally are 5 mg in 
the morning and 5 mg at noon, with titration as  
necessary. The maximum recommended dosage 
is 1 mg/kg/d. The side effects of hypertension, 
tachycardia, nervousness, insomnia, and anorexia 
in children preclude its use in patient populations 
susceptible to these conditions. Three studies of 
methylphenidate, with fatigue as an end point, 

are summarized in Table 3. Sarhill and colleagues 
demonstrated a beneficial effect of methylpheni-
date in a small group of patients with advanced 
cancer.99 The primary outcome variable was 
fatigue. Bruera and colleagues used a prospective 
open study of 31 patients with advanced cancer 
and fatigue.100 Fatigue was the primary end point, 
although multiple symptoms were assessed. 
Patients took 5 mg methylphenidate by mouth 
every 2 hours as needed for 7 days (maximum 
20 mg/d). They had significant improvement in 
fatigue using this treatment schedule without 
sleep disruption.

Modafinil is another central nervous system 
stimulant approved by the US Food and Drug 
Administration for treatment of narcolepsy. It 
has been studied in patients with fatigue induced 
by multiple sclerosis and has produced improve-
ment in levels of fatigue at 200 mg per day.101 The 
usual dose of modafanil is 100 to 200 mg in the 
morning, with another dose at noon or shortly 
thereafter. The maximum dosage used is 400 mg 
per day. No randomized clinical trials of the use 
of this agent have been done with cancer 
patients.

Antidepressants

In most patients, but particularly cancer patients, 
fatigue and depression are related, although if 
there is a shared pathophysiology, it is unknown. 
Because of the close association, questions have 
been raised whether treating patients with antide-
pressants will lower levels of fatigue. Morrow and 
Hickok conducted a double-blind, randomized, 
placebo-controlled study with 738 patients under-
going chemotherapy who received either 20 mg of 
paroxetine or placebo.102 Patients who received 
paroxetine experienced significantly fewer depres-
sive symptoms but no significant change in levels 
of fatigue. Other studies of particular classes of 
antidepressant and different modes of cancer 
therapy are necessary to determine whether 
fatigue can improve in these circumstances.  
Currently, antidepressants are reasonable medi-
cations to prescribe to patients with fatigue if 
patients are depressed. Patients with sleeping  
difficulties and depression may benefit from  
antidepressants such as nortriptyline and ami-
triptyline because of the drugs’ sedative qualities. 
Bupropion may benefit patients with CRF because 
it has stimulant pharmacologic properties.

Steroids

Most trials concerning steroids and fatigue use 
end-point measures other than fatigue, such as 
strength, weakness, or activity level. There is no 
consensus that use of these end points demon-
strates the benefits of steroids in fatigue manage-
ment. In addition, the adverse side effects related 
to steroid administration must be taken into 
account.
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Moertel and colleagues studied 116 patients 
with advanced gastrointestinal cancer in a  
double-blind randomized trial, administering 
dexamethasone 0.75 mg/d, dexamethasone  
1.5 mg 4 times a day, or placebo.103 After 4 weeks  
of treatment, 34% of patients in the two dexa-
methasone groups showed improved “strength” 
compared with the placebo group. Bruera  
and colleagues, in a randomized, double-blind,  
placebo-controlled, crossover study including  
40 patients with advanced cancer, used methyl-
prednisolone 16 mg orally twice a day.104 After 2 
weeks of treatment, the activity levels of 61%  
of patients increased, but the changes became 
nonsignificant 2 weeks later. Della Cuna and  
colleagues, who enrolled 403 patients with 
advanced cancer in a blinded, randomized, paral-
lel-group study, administered either intravenous 
methylprednisolone 125 mg/d or placebo.105 Self-
reported “weakness” scores did not improve. 

In a similar study by Popiela and colleauges 
with 173 women with advanced cancer, an 
improvement in “weakness” was noted by the 
women in the steroid group after 2 weeks of treat-
ment, but the improvement did not last past the 
first 2 weeks.106 

Complementary Alternative Therapy

Although no well-designed trials have been done 
to test these therapies for CRF, there is much 
interest in herbal treatments, massage therapy, 
and acupuncture. Patients should be cautious in 
their use of herbal treatments because there may 
be profound drug interactions. Given that they 
are easily acquired at health food stores, patients 
may not think of them as medications, but 
patients should be asked about the use of herbal 
agents during their clinic visits.

Acupuncture, used to treat pain, nausea, 
and vomiting,107 has not been well studied in 
patients with CRF. In a pilot study of 31 patients  
who had completed cytotoxic chemotherapy, 
Vickers and colleagues used acupuncture to  
determine whether this intervention might 
improve fatigue.108 Randomized into two treat-
ment arms, patients underwent acupuncture 
twice a week for 4 weeks or once a week for 
6 weeks. The mean improvement following  
acupuncture, 31.1%, indicated that the question 
of whether this intervention is effective for CRF 
deserves further study.

Summary

CRF is the most common complaint of cancer 
patients and is frequently the most distress-
ing symptom because it interferes with multiple 
aspects of daily life. Awareness and study of this 
symptom have grown tremendously in recent 
years, although much about the mechanism is 
still unknown.109 In clinical evaluations of patients 
with CRF, health care professionals should focus 
attention on reversible causes for which therapies 
are readily available to ameliorate the symptom. 
Chemotherapy-induced anemia, for example, is 
easily treated with erythropoietin or darbepoetin, 
with significant improvement in or resolution of 
fatigue. CRF education should be made available 
to all patients and their family supporters. Such 
education often alleviates the stress and anxiety 
provoked by misinformation. Exercise interven-
tions, which have been shown to lower fatigue 
levels, should be tailored to individual patients, 
taking into account such factors as comorbidi-
ties, extent of disease, and level of decondition-
ing. There is a great need for well-designed 
clinical trials to evaluate pharmacologic agents to 
treat fatigue in cancer populations. There is also a 
need for better understanding of the pathophysi-
ologic mechanisms attributed to CRF so that 
interventions targeting these mechanisms may be 
designed and evaluated.
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Approximately 30 to 50% of patients undergoing 
antineoplastic therapy and 75 to 90% of patients 
with advanced disease have chronic pain severe 
enough to warrant opioid therapy.1–3 There are 
numerous obstacles to effective pain manage-
ment, and inadequately treated pain is commonly 
encountered in practice. These obstacles relate to 
deficiencies in clinician knowledge and skills, 
health care systems that limit access to care, and 
the tendency to underreport pain on the part of 
patients. To improve patient outcomes, strategies 
are needed to address all of these obstacles.  
Clinician education based on well-accepted 
guidelines for treatment is central to this effort. 
Education must focus on both the assessment  
of pain and the many approaches that now exist 
to manage it.

Definitions

According to the International Association for 
the Study of Pain, pain is “an unpleasant sensory 
and emotional experience associated with actual 
or potential tissue damage, or described in terms 
of such damage.”4 To clarify the approach to pain 
assessment, it is useful to distinguish pain from 
both nociception and suffering. 

Nociception is the activity produced in the 
afferent nervous system by potentially tissue-
damaging stimuli. Nociception is clinically 
inferred whenever tissue damage is identified. 
Pain is the perception of nociception and can be 
sustained in the absence of ongoing tissue injury 
by any of a variety of factors. Neuropathic pain 
syndromes are presumably sustained through 
plastic changes in the nervous system; so-called 
psychogenic pains are attributed to psychological 
disturbances. Targeting only the nociceptive 
component without addressing these other  
factors can lead to a poor outcome, in which the 
focus of tissue damage is ameliorated but the pain 
continues. 

Suffering has been described as a perceived 
threat to the integrity of the person, as a type of 
“total pain”5 or overall impairment in the quality 
of life. Suffering may be driven by unrelieved 
symptoms (including pain), psychological or  
psychosocial disturbances, or spiritual distress. 

Other factors, such as financial concerns, also 
may be prominent. Patients vary in psychosocial 
and spiritual strengths and weaknesses and con-
sequently suffer in different ways when dealing 
with symptoms such as pain. 

Models of Care

The assessment and management of pain must be 
positioned within a broader effort to preserve 
quality of life and address the nature of the suffer-
ing experienced by the patient and family.  
An understanding of the physical, psychosocial, 
and spiritual issues that may undermine quality 
of life or worsen suffering is fundamental to this 
process. The therapeutic approach that addresses 
these issues is known as palliative care. Palliative 
care is a therapeutic approach to the care of 
patients with any type of life-threatening illness 
and their families.6 It is focused on maintaining 
quality of life throughout the course of the illness 
and must intensify as the end of life approaches. 
The goals of this model include symptom control; 
effective communication among patient, family, 
the treatment team, and others; management of 
psychological distress and comorbid psychiatric 
disorders; and support for efforts to address 
family stress, social isolation, and spiritual dis-
tress. Palliative care recognizes the need to pro-
vide practical support in the home and to manage 
caregiver distress and burden. If the disease  
progresses and the end of life is anticipated,  
palliative care strives to provide opportunities  
for a comfortable and dignified death and  
bereavement support for families. 

Palliative care is now considered an approach 
that should be implemented at a generalist  
level by all physicians who care for patients  
with serious medical illnesses. It should also be 
available at a specialist level for those patients  
and families who have more complex needs. In 
the United States, specialist-level palliative care  
is now provided through a growing number  
of institution-based palliative care programs  
and through hospice programs. Physicians and  
nurses may now pursue subspecialty training and 
certification in palliative care. There is consensus 
about the elements that should be provided in 
institution-based programs.6

The United States established hospice as a 
government entitlement program in the early 
1980s. Treatment by a hospice program is sup-
ported by a benefit available to eligible patients 
insured by Medicare or Medicaid; comparable 
benefits are available through most other insur-
ances. When optimally delivered, hospice can 
provide specialist-level palliative care to patients 
with advanced illness. Eligibility is determined by 
patient election of the benefit and physician certi-
fication of a prognosis of 6 months or less should 
the disease run its expected course. It is a capi-
tated health care system that provides most care 
at home but can also offer access to hospital beds 
if needed. By regulation, the care must include 
management by a hospice physician, nurse,  
social worker, and chaplain; access to medicines, 
supplies, and durable medical equipment related 
to the terminal illness at no cost to the patient; 
access to aides and other services as needed;  
and 13 months of bereavement support for the 
family after the death of the patient. This robust 
benefit now is provided through more than 3,300 
hospice programs nationwide. About half of the 
more than 900,000 patients who are now served 
annually by these programs have cancer. 

Despite the large population served, the  
hospice benefit is underused. The median length 
of stay in these programs is less than 20 days, 
reflecting the tendency to refer patients very late 
in the course of the illness. This tendency most 
likely results from a combination of factors, 
including the linkage of hospice with death and 
the misconception that the primary physician 
must relinquish care of a patient once admitted to 
the program. 

Hospice programs vary in size and quality of 
the services provided. Many have little physician 
involvement and cope with the financial con-
straints of a capitated system by limiting the types 
of treatments that may be offered to patients. 
These factors also drive late referrals. The hospice 
industry in the United States now is attempting  
to address these limitations and is exploring a 
modern concept of hospice care, known as “open 
access.” The future will likely bring expanded  
use of hospice services, with earlier referrals  
and better integration of hospice with ongoing 
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oncologic care. This integration will also be  
supported by the continued development of insti-
tution-based palliative care programs, which lack 
the resources available to hospice but are well 
situated to assist with earlier treatment of the 
many concerns that may adversely affect quality 
of life during the course of the disease.

Evaluation of the Patient with 
Cancer Pain 

Pain Characteristics
The pain complaint should be characterized in 
terms of clinically relevant descriptors. This infor-
mation, combined with ancillary medical data, 
may allow the identification of the etiology for the 
pain, including its relationship to the underlying 
disease, and the development of inferences about 
pain pathophysiology. 

Temporal Features
Acute pain usually has a well-defined onset and a 
readily identifiable cause (eg, surgical incision). If 
it is associated with other features, these usually 
are anxiety, overt pain behaviors (moaning  
or grimacing), and signs of sympathetic hyper-
activity (including tachycardia, hypertension, and  
diaphoresis). 

In contrast, chronic pain is characterized by 
an ill-defined onset and a prolonged, fluctuating 
course. Overt pain behaviors and sympathetic 
hyperactivity typically are absent, and vegetative 
signs, including lassitude, sleep disturbance, and 
anorexia, may be present. A clinical depression 
evolves in some patients. 

Most patients with chronic cancer pain  
also experience periodic flares of pain, or “break-
through pain.”7 An important subtype of  
breakthrough pain is “incident pain,” which is 
precipitated by voluntary activity. A recent inter-
national study demonstrated an association 
between breakthrough pain and higher ratings  
on worst and average pain scales and higher pain 
interference with function.8 The recognition of 
breakthrough pain as a significant problem has 
supported the use of so-called “rescue” doses—a 
short-acting opioid administered on an as-needed 
basis—during long-term opioid therapy. 

Topographic Features

Focal pain is experienced at or near the causative 
lesion. Referred pains are experienced at a site 
distant from the lesion. Pain may be referred from 
any structure, including nerve, bone, muscle,  
soft tissue, and viscera.9,10 Various subtypes can  
be distinguished. Pain may be referred along the 
course of an injured peripheral nerve (such as 
pain in the thigh or knee from a lumbar plexus 
lesion) or nerve root (radicular pain). Pain  
also may be referred to a site remote from the 

nociceptive lesion and outside the dermatome 
affected by the lesion (eg, shoulder pain from  
diaphragmatic irritation).

Knowledge of pain referral patterns is needed 
to guide the evaluation. For example, a patient 
with recurrent cervical cancer who reports  
progressive pain in the inguinal region may 
require evaluation of numerous structures to 
identify the underlying lesion, including the sub-
jacent pelvic bones and hip joint, pelvic sidewall, 
paraspinal gutter at an upper lumbar spinal level, 
and intraspinal region at the upper lumbar level.

Intensity

Measurement of pain intensity may be accom-
plished using a numeric scale (0–10), a verbal 
rating scale (none, mild, moderate, severe), or a 
visual analogue scale. Pictorial scales are particu-
larly useful for the very young and patients with 
mild to moderate cognitive impairment. The par-
ticular scale is less important than its consistent 
use to monitor and document the status of pain 
over time. 

Pain measurement is best performed by pro-
viding a framework for the patient. A specific 
question about the experience of pain “on aver-
age during the past day” or “at its worst during 
the past week” will be most informative. Patients 
can usually provide a detailed response to such a 
question. 

In assessing pain intensity, it is important to 
obtain information about factors that increase or 
decrease the pain. In some cases, this information 
highlights the need for additional evaluation or 
specific interventions.  

Quality

The variation in pain phenomenology, including 
descriptors of quality (eg, aching, sharp, burning, 
stabbing), suggests the existence of multiple types 
of pain mechanisms. Research into pain mecha-
nisms is proceeding rapidly, and there is reason  
to hope that the future may bring an opportunity 
to diagnose pain disorders according to the pre-
dominating mechanism and use this information 
to select a mechanism-based treatment. Unfortu-
nately, clinicians presently are far from this level 
of sophistication.

Information about the quality of the pain, 
when combined with other elements in the pain 
assessment, may provide clues about the etiology 
of the pain and allow classification according to 
broad pathophysiologic categories (see below). 
Although these categories represent a gross  
simplification of complex mechanisms, they have 
clinical utility, potentially suggesting specific 
types of interventions. 

Etiology and Inferred Pathophysiology
To the extent that credible conclusions can be 
drawn, an important goal of the pain evaluation 

is to determine etiology. In most patients  
with cancer, pain can be related to an underlying 
nociceptive lesion, usually direct invasion of  
pain-sensitive structures by the neoplasm.11 The 
structures most often involved are bone and 
neural tissue, but pain also can occur when there 
is an obstruction of hollow viscus, distention of 
organ capsules, distortion or occlusion of blood 
vessels, and infiltration of soft tissues. The etiol-
ogy of pain relates to an antineoplastic treatment 
in about one-quarter of patients, and fewer than 
10% have pain unrelated to the neoplasm or its 
treatment.11

Identification of the etiology of the pain can 
provide an opportunity for a primary therapy, 
such as radiotherapy. A survey of patients referred 
to a pain service in a major cancer hospital noted 
that previously unsuspected lesions were identi-
fied in 63% of patients.12 This outcome altered the 
known extent of disease in virtually all patients, 
changed the prognosis for some, and provided  
an opportunity for antineoplastic therapy in 
approximately 15%.

Information from the history, examination, 
and imaging studies also may identify a specific 
pain syndrome and allow inferences about under-
lying pathophysiology. Pathophysiology may be 
categorized as nociceptive, neuropathic, psycho-
genic, idiopathic, or mixed. Although these labels 
represent constructs that presumably reflect com-
plex interactions among multiple processes, they 
are clinically relevant, in many cases suggesting 
the use of specific therapies. 

Nociceptive pain indicates that an inference 
has been made that pain is sustained predomi-
nantly by ongoing tissue injury. Nociceptive pain 
can involve either somatic or visceral structures. 
Somatic pain is often described as aching, stab-
bing, throbbing, or pressure-like. Visceral pain is 
usually gnawing or crampy when arising from 
obstruction of a hollow viscus and aching or stab-
bing when arising from other visceral structures. 
Visceral pain is often referred to cutaneous sites 
or may be poorly localizable.

Pain is labeled neuropathic if the evaluation 
suggests that it is sustained by abnormal somato-
sensory processing in the peripheral or central 
nervous system. Neuropathic mechanisms are 
involved in approximately 40% of cancer pain 
syndromes and can be caused by disease or by 
treatment.13 Dysesthesia, or abnormal uncom-
fortable sensations that may be described using 
words such as “burning,” “shock-like,” and “elec-
trical,” is suggestive of neuropathic mechanisms. 
On physical examination, the presence of  
allodynia (pain induced by nonpainful stimuli) 
and hyperalgesia (increased perception of painful 
stimuli) further suggests this diagnosis. Patients 
may or may not develop motor or autonomic 
dysfunction in the distribution of the involved 
nerve.
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The term psychogenic pain refers to pain  
that is believed to be sustained predominantly by 
psychological factors. These pains may be more 
precisely characterized by applying the widely 
accepted taxonomy of somatoform disorders 
proposed by the American Psychiatric Associa-
tion.14 These pains share an assessment that 
reveals positive evidence for the psychopathology 
that is believed to be causally related to the pain. 
This is uncommon in the cancer population,  
notwithstanding the importance of psychological 
influences in the presentation of the pain com-
plaint and the patient’s adaptation. Given the 
complexity of these pains, the inability to identify 
a structural cause for the pain should not lead to 
the assumption that the pain is psychogenic. Sim-
ilarly, the identification of a structural etiology 
should not be taken as the complete explanation 
if psychological factors are evident. 

In the absence of a lesion capable of explain-
ing the pain and positive evidence of a somato-
form disorder, it is appropriate to label the pain 
idiopathic. In the cancer population, this label 
usually suggests the need to reassess etiology and 
pathophysiology at a later time. 

Cancer Pain Syndromes

Efforts to improve the assessment of cancer pain 
have been greatly encouraged by the description 
of numerous pain syndromes, each of which is 
defined by a cluster of symptoms and signs.11,13 
Syndrome identification can help direct the diag-
nostic evaluation, clarify the prognosis, and target 
therapeutic interventions.

Acute pain syndromes are commonly caused 
by diagnostic or therapeutic interventions, includ-
ing surgery (Table 1). Chronic pain syndromes 
may be directly related to the neoplasm or to  
antineoplastic therapy (Tables 2 and 3). 

Chronic Pain Syndromes Related to 
Direct Tumor Invasion
The most common pain syndromes are nocicep-
tive and result from metastatic injury to bone. 
Only a small proportion of bone metastases 
become painful, and the factors that result in pain 
are only beginning to be elucidated.15 Multifocal 
bone pain is usually caused by widespread metas-
tases. The spine is the most common site of bone 
metastasis, and back or neck pain is associated 
with varied discrete syndromes. For example, 
tumor invasion of the C1 or C2 vertebra can cause 
progressive neck or posterior occipital pain, 
which is exacerbated by flexion of the neck. 
Metastasis to the C7 or T1 vertebral bodies may 
cause pain that refers inferiorly to the interscapu-
lar region, and a lesion of the T12 or L1 vertebral 
bodies can refer pain to the ipsilateral sacroiliac 
joint or iliac crest. Without recognition of pain 
referral patterns, imaging can be directed to the 
wrong location.

Other nociceptive syndromes are caused by 
obstruction, infiltration, and compression of vis-
ceral structures. Patients with liver metastases 
may experience focal pain, which usually is sharp 
or pressure-like, in the right upper quadrant of 
the abdomen. Infrahepatic disease may refer pain 
to the right scapula. Diaphragmatic irritation may 
refer pain to the shoulder, and any lesion in the 
rostral retroperitoneum can produce pain that 
mimics the pain of pancreatic cancer, with refer-
ral to the midback. Chronic partial bowel obstruc-
tion is a common complication of many tumors, 
particularly ovarian and colorectal, and may pro-
duce frequent abdominal cramping or sharp and 
aching pains that may be worsened by eating, 
activity, and constipation. 

Cancer-related neuropathic pain syndromes 
are usually caused by tumor infiltration or com-
pression of peripheral nerves or nerve roots.11,13 
The resultant pain syndromes are highly variable 
and often challenging to treat. Painful mononeu-
ropathies can occur after injury to any nerve that 
carries afferent fibers. A painful polyneuropathy 
may be paraneoplastic but more often has an  
etiology unrelated to the cancer, such as multiple 
vitamin deficiencies, metabolic derangements, or 
neurotoxic drugs. The paraneoplastic polyneu-
ropathies include a dorsal root ganglionopathy 

Table 1  Acute Pain Syndromes in Cancer 
Patients

Acute pain associated with diagnostic procedures
 Lumbar puncture headache
 Bone marrow biopsy
 Lumbar puncture
 Venipuncture
 Paracentesis
 Thoracentesis

Acute pain associated with analgesic techniques
 Spinal opioid hyperalgesia syndrome
 Acute pain after radiopharmaceutical therapy  
  of metastatic bone pain

Acute postoperative pain

Acute pain associated with other therapeutic  
 procedures
 Pleurodesis
 Tumor embolization
 Nephrostomy insertion
 Pain associated with bone marrow  
  transplantation 

Acute pain associated with chemotherapy
 Pain from intravenous or intra-arterial infusion
 Intraperitoneal chemotherapy
 Headache owing to intrathecal chemotherapy
 Painful oropharyngeal mucositis
 Painful peripheral neuropathy
 Bone or muscle pain from colony-stimulating  
  factors or chemotherapies
 5-Fluorouracil-induced angina

Acute pain associated with hormonal therapy
 Painful gynecomastia
 Luteinizing hormone–releasing factor tumor  
  flare in prostate cancer
 Hormone-induced acute pain flare in breast  
  cancer

Acute pain associated with immunotherapy
 Arthralgia and myalgia from interferon and  
  interleukin

Acute pain associated with radiation therapy
 Painful oropharyngeal mucositis
 Acute radiation enteritis or proctitis
 Early-onset brachial plexopathy following  
  radiation for breast cancer
Acute tumor-related pain

 Vertebral collapse and other pathologic  
  fractures
 Acute obstruction of hollow viscus (eg, bowel,  
  ureter, bladder outlet)
 Headache from intracranial hypertension
 Hemorrhage from tumor

Acute pain associated with infection
 Myalgia and arthralgia associated with sepsis
 Pain associated with superficial wounds or  
  abscesses

Adapted from Portenoy RK. Pain syndromes in patients 
with cancer and HIV/AIDS. In: Portenoy RK, editor. 
Contemporary diagnosis and management of pain in 
oncologic and AIDS patients. Newton (PA): Handbooks 
on Healthcare; 1998. 

Table 2 Chronic Pain Syndromes in Patients with 
Cancer: Tumor-Related Pain Syndromes 

Nociceptive pain syndromes 
Bone, joint, and soft tissue pain syndromes 
 Multifocal or generalized pain (focal metastases  
  or marrow expansion) 
 Base of skull metastases
 Vertebral syndromes
 Pain syndromes of the bony pelvis and hip
 Tumor invasion of joint, soft tissue, or both

Paraneoplastic pain syndromes 
 Hypertrophic osteoarthropathy
 Tumor-related gynecomastia

Neoplastic involvement of viscera 
 Hepatic distention syndrome
 Rostral retroperitoneal syndrome
 Chronic intestinal obstruction and peritoneal  
  carcinomatosis
 Malignant pelvic and perineal pain
 Chronic ureteral obstruction

Neuropathic pain syndromes 
 Painful peripheral mononeuropathies 
 Painful polyneuropathies 
 Plexopathy 
  Cervical
  Brachial
  Lumbosacral
  Sacral

 Radiculopathy 
 Epidural spinal cord compression 

Adapted from Portenoy RK, Lesage P. Management of 
cancer pain. Lancet 1999;353:1696–7.
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and a painful sensorimotor neuropathy. Painful 
radiculopathy usually is caused by a metastatic 
tumor arising from the vertebral body. Other 
possible causes include leptomeningeal metasta-
ses, primary epidural metastases, and primary 
tumors that arise from the root.

Chronic Pain Syndromes Related to 
Cancer Therapy
Chronic nociceptive pain syndromes also may be 
related to cancer therapy. For example, radiation 
to bone and systemic corticosteroid therapy can 
cause focal painful osteonecrosis. Interruption of 
lymphatic channels by surgical manipulation or 
radiation can result in painful lymphedema. 

Neuropathic pain following cancer treatment 
may be associated with mononeuropathy or poly-
neuropathy. Chemotherapy-induced polyneu-
ropathy is common and may be a consequence of 
treatment with any number of agents, including 
vinca alkaloids, cisplatin, carboplatin, oxaliplatin, 
or paclitaxel. Most patients improve once chemo-
therapy is stopped, but some develop persistent 
pain.

Surgical incisions at any site can precipitate a 
neuropathic pain syndrome. The best described 
examples are associated with amputation at any 
site. Neuropathic pain at the site of the incision 
may be related to painful neuromas (stump pain 

in amputation) or to other processes in the 
peripheral nerve; injury also can initiate changes 
that are presumably central and result in a deaf-
ferentation pain syndrome (phantom limb when 
associated with amputation). 

Radiation-induced fibrosis can injure periph-
eral nerves and cause neuropathic pain that may 
begin months to years following treatment. This 
pain is generally less prominent than nerve injury 
caused by neoplasm. Slowly progressive weak-
ness, sensory disturbances, radiation changes of 
the skin, and lymphedema are often associated. 

Overcoming Obstacles in Cancer 
Pain Treatment

Cancer pain is frequently undertreated, and the 
evaluation should attempt to identify the barriers 
that may compromise treatment efforts. Positive 
strategies may be needed to overcome these  
barriers and increase the likelihood of a favorable 
outcome. 

Patient Education and Attitudes
Patients can hinder their own pain control. They 
may believe that pain is a “normal” part of cancer 
and that little can be (or should be) done to relieve 
it. A few believe that pain has redemptive power. 
Patients also may object to the use of an opioid 
for any of a variety of reasons: fear of becoming 
“addicted,” fear of continually escalating the dose, 
or fear of side effects. Some of these concerns may 
arise from having witnessed destructive drug 
abuse in the family or having a personal history of 
abuse. 

Most of these fears can be alleviated by care-
ful listening and explanation by the clinician. A 
recent study demonstrated an improvement in 
cancer pain outcomes after a focused educational 
session with a trained nurse, which included self-
assessment of pain, information about opioid use 
and side effects, and pointers on communication 
with the physician.16 The clinician must explain 
that opioids can treat pain effectively and that 
side effects usually can be managed. Patients 
should be advised that physical dependence, the 
capacity to experience abstinence if the drug is 
stopped abruptly or an antagonist is adminis-
tered, is a biologic phenomenon and poses no 
clinical problem as long as simple steps are  
followed to avoid abstinence. Patients also should 
be disabused of the concern that tolerance to 
analgesic effects commonly compromises long-
term opioid efficacy. In the absence of worsening 
pain related to progressive disease, opioid doses 
typically remain stable. 

Patients must be told specifically that physi-
cal dependence is not the same as addiction, a 
term that is commonly misused by both physi-
cians and patients. Addiction is a biopsychosocial 
disorder with a strong hereditary component and 

behavioral manifestations characterized by  
compulsive drug use, loss of control over use, 
drug craving, and use despite harm.17 Patients 
with no history of drug abuse or addiction must 
be reassured that addiction is a rare problem 
during treatment for pain; patients with a history 
of substance use disorder must be informed that 
pain usually can be managed concurrently with 
the addictive disease. 

Biomedical Barriers
Patients may be unable to swallow, absorb, or 
metabolize the opioid because of comorbid dis-
ease. Mental status changes may prevent patients 
from expressing their symptoms or from under-
standing how and when to take pain medication. 
These barriers must be addressed by the clinician 
to ensure effective pain control. Alternative routes 
of opioid delivery are available if enteral intake is 
difficult (see below). Communication difficulties 
can be addressed, and caregivers, when properly 
educated about pain assessment and treatment, 
can be of invaluable assistance.

Physician Barriers
Concern about the risks associated with opioid 
use, including the risk of side effects and the risk 
of addiction, can lead a clinician to be unneces-
sarily wary and therefore undertreat pain.18 Physi-
cians, like patients, may stigmatize the use of 
opioids, despite the wide acceptance of their use 
for cancer pain treatment. Physicians treating 
cancer pain should be comfortable with opioid 
therapy and possess strategies to address side 
effects or problematic drug use. Physicians also 
must become familiar with the laws and regula-
tions governing opioid use, including the ele-
ments of documentation that are required by 
those in the law enforcement and regulatory  
communities. 

Other Barriers
Involved family members and caregivers can 
sometimes become unintentional barriers to 
effective pain control. Family members may fear 
the use of opioids in a loved one, especially in the 
context of cultural or community stigma. The 
physician should make every effort to include 
family members and educate them to alleviate 
such fears. 

In the United States, a fragmented health 
care system continues to impose unnecessary 
burdens on patients, families, and health care 
providers. These difficulties can be particularly 
challenging for patients who are seriously ill. 
Home visits by professionals and home delivery 
of medicines can be invaluable services to the 
ailing cancer patient but are largely unavailable.  
A recent study found the use of morphine in 
home-care hospice patients to be safe and  
effective, even at very high doses.19

Table 3 Chronic Pain Syndromes in Patients with 
Cancer: Treatment-Related Pain Syndromes

Nociceptive pain syndromes
 Painful osteonecrosis
  Radiation- or corticosteroid-induced  
   necrosis of femoral or humeral head
 Osteoradionecrosis of other bones

 Painful lymphedema
 Painful gynecomastia
 Chronic abdominal pain
  Due to intraperitoneal chemotherapy
  Due to radiation therapy

 Radiation-induced chronic pelvic pain

Neuropathic pain syndromes
 Postsurgical neuropathic pain syndromes
  Postmastectomy syndrome
  Post-thoracotomy syndrome
  Postradical neck dissection syndrome
  Postnephrectomy syndrome
  Stump pain and phantom pain

 Postradiotherapy pain syndrome
  Radiation fibrosis of cervical, brachial, or  
   lumbosacral plexus
  Radiation-induced neoplasm
  Radiation myelopathy

 Postchemotherapy pain syndromes
  Polyneuropathies

Adapted from Portenoy RK, Lesage P. Management of 
cancer pain. Lancet 1999;353:1696–7.
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Other barriers are also important. For exam-
ple, an increasing amount of literature suggests 
that access to optimal care may be compromised 
by minority status.20 These barriers deserve  
further study. 

Management of Chronic Cancer 
Pain

The evaluation of the patient with cancer pain 
should provide the information necessary to 
characterize the pain complaint, determine its eti-
ology and presumed pathophysiology, under-
stand its impact, and clarify relevant comorbidities. 
This understanding is the basis for therapeutic 
decision making.

Role of Primary Therapy
Primary treatments for the pain include antineo-
plastic therapies and interventions directed at 
other pathologies. Although the palliative role of 
chemotherapy is widely accepted,21–23 the specifics 
have received limited study. Nonetheless, it is a 
common observation that patients who attain a 
partial or complete tumor response also experi-
ence symptom improvement. Two chemo-
therapies, mitoxantrone for prostate cancer and 
gemcitabine for pancreatic cancer, received regu-
latory approval largely on the basis of symptom 
palliation. 

Radiation therapy has been reported to pro-
vide effective palliation of pain in up to 50% of 
patients treated for bone metastases,24,25 and pain 
control is the reason for treatment in the majority 
of patients who receive this intervention. Analge-
sia also commonly results when radiation is  
used to treat other disorders, including epidural 
disease, tumor ulceration, cerebral metastases, 
superior vena cava obstruction, and bronchial 
obstruction. Patients with a limited prognosis  
(ie, months) may benefit from single doses or a 
shortened fractionation schedule, thereby 
decreasing treatment burden.26

Pharmacotherapy of Chronic Cancer 
Pain
Although primary therapies can be very helpful  
in selected patients, most patients require symp-
tomatic analgesic therapy. Prospective trials  
indicate that 70 to 90% of patients can achieve 
adequate relief of cancer pain using a pharmaco-
logic approach.3,27,28 Effective pain management 
requires expertise in the use of nonsteroidal anti-
inflammatory drugs (NSAIDs), opioid analgesics, 
and adjuvant analgesics. The term adjuvant anal-
gesic is applied to a diverse group of drugs that 
have primary indications other than pain but can 
be effective analgesics in specific circumstances, 
such as the treatment of neuropathic pain.

A model approach to the selection of analge-
sic drugs for cancer pain, known as the “analgesic 
ladder,” was developed in the 1980s by an expert 

panel for the World Health Organization (WHO).3 
Although the analgesic ladder approach has 
evolved since it was created and rigid adherence 
to its guidelines is no longer justified, key ele-
ments are still accepted. Most important, the 
approach reinforces the consensus view that per-
sistent moderate to severe cancer pain should be 
treated with an opioid-based drug regimen. From 
this perspective, the analgesic ladder has been 
very useful as a tool to educate policy makers and 
others about the need for access to opioids. 

According to the analgesic ladder approach, 
mild to moderate cancer pain is first treated with 
acetaminophen or an NSAID. This often is com-
bined with an adjuvant drug to provide additional 
analgesia (ie, an adjuvant analgesic), treat a side 
effect of the analgesic, or help manage a coexist-
ing symptom.

Patients who present with moderate to severe 
pain or who do not achieve adequate relief after a 
trial of an NSAID should be treated with a so-
called “weak” opioid (see below). This is typically 
combined with an NSAID and may also be admin-
istered with an adjuvant drug. Those who present 
with severe pain or who do not achieve adequate 
relief following appropriate administration of 
drugs on the second rung of the ladder should 
receive a so-called “strong” opioid, which may be 
combined with an NSAID or an adjuvant drug as 
indicated. 

Nonsteroidal Anti-inflammatory Drugs

The nonopioid analgesics include acetaminophen 
(also known as paracetamol), dipyrone, and the 
diverse NSAIDs. These drugs have a well-estab-
lished role in the treatment of cancer pain.29–31 
Dipyrone is not available in the United States, and 
practice usually focuses on the use of the NSAIDs. 
These drugs may be the sole analgesics required 
by patients with generally mild pain and should 
be considered as adjunct therapy for opioid-based 
treatment of moderate or severe pain. NSAIDs 
appear to be especially useful in patients with 
nociceptive pain, particularly bone pain and pain 
related to grossly inflammatory lesions, and rela-
tively less useful in patients with neuropathic 
pain.32–34 In addition, NSAIDs have an opioid-
sparing effect that may be helpful to prevent the 
occurrence of dose-related side effects.33 

All NSAIDs have the potential for nephro-
toxicity, with effects that range from peripheral 
edema to acute or chronic renal failure. Clinical 
effects and serum creatinine must be monitored 
periodically in the medically frail cancer patient 
who receives an NSAID for ongoing treatment of 
pain.

NSAIDs all increase the risk of gastrointest-
inal ulcers and bleeding. The selective cyclooxy-
genase (COX)-2 inhibitors appear to have a 
relatively reduced risk of these outcomes, and 
many clinicians recommend these drugs as  

first-line therapy for all patients at a relatively 
high risk of ulcer, including the elderly, those 
concurrently receiving a corticosteroid, and those 
with a history of peptic ulcer disease or NSAID-
induced gastroduodenopathy, and medically  
frail patients who are less able to tolerate a  
gastrointestinal hemorrhage. 

This approach is reasonable, notwithstand-
ing recent data that have raised concerns about an 
increased risk of cardiovascular events in popula-
tions treated with the selective COX-2 inhibitors. 
Recently, rofecoxib was withdrawn from the US 
market by the manufacturer after a study revealed 
a doubling of cardiovascular risk after 18 months 
of use. Similar effects were suggested for high-
dose celecoxib in a cancer prevention trial, valde-
coxib in a trial of patient who underwent coronary 
bypass surgery, and naproxen in a dementia  
prevention trial. Other large studies of celecoxib 
have not shown this effect.35 

At present, the extent to which cardiovascu-
lar toxicity may be an effect of specific drugs, a 
class effect of the COX-2 selective inhibitors, or 
possible with any NSAID is uncertain. Given the 
current evidence, it is appropriate to continue the 
preferential use of COX-2 selective inhibitors in 
populations with a relatively high risk of gastroin-
testinal toxicity. Many with cancer pain would be 
in this category. 

Adjuvant Analgesics

The adjuvant analgesics comprise numerous 
drugs in diverse classes, most of which are com-
mercially available for indications other than pain 
but may be analgesic in selected circumstances 
(Table 4).36 Treatment with one of these drugs is 
generally considered if an optimally administered 
opioid regimen fails to provide a satisfactory  
balance between pain relief and side effects. These 
drugs are particularly useful in the treatment of 
neuropathic pain, bone pain, and pain related to 
bowel obstruction.

Corticosteroids are multipurpose adjuvant 
analgesics. In addition to their use in neuropathic 
pain, these drugs may improve anorexia, nausea, 
and fatigue and are often used in open-ended 
therapy when cancer is relatively advanced. They 
are empirically used to treat the pain associated 
with lymphedema, bowel obstruction, metastatic 
bone pain, headache associated with intracranial 
mass lesions, and superior vena cava syndrome. 
Dexamethasone and prednisone are typical 
choices, and long-term administration is common 
in advanced illness. Doses are typically modest, 
such as dexamethasone 1 to 4 mg or prednisone 5 
to 10 mg daily. Higher doses are sometimes used 
when pain is severe and rapid control of pain 
cannot be obtained with an opioid.

Anticonvulsants, antidepressants, and 
sodium channel blockers have analgesic effects  
in neuropathic pain.36 The safety and efficacy of 
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clonazepam also is commonly tried, particularly 
if anxiety is prominent.

Although there is substantial evidence for the 
analgesic efficacy of the tricyclic antidepressants, 
particularly amitriptyline,41 the use of these drugs 
is often limited by the high likelihood of side 
effects. Newer antidepressants, such as dulox-
etine, venlafaxine, paroxetine, citalopram, and 
bupropion, are also analgesic and are better  
tolerated in the cancer population. 

A trial with an oral sodium channel blocker, 
such as mexiletine, usually is considered after 
antidepressant and anticonvulsant drugs have 
been tried.42 Intravenous or subcutaneous lido-
caine may be useful in the treatment of severe, 
rapidly increasing neuropathic pain.

Other drugs are also used for neuropathic 
pain.36 There is extensive experience with the  
g-aminobutyric acid (GABA) agonist baclofen 
and limited experience with the a2-adrenergic 
drugs tizanidine and clonidine. Recently, interest 
has focused on the use of the N-methyl-d-aspar-
tate inhibitors. Dextromethorphan, memantine, 
amantadine, and ketamine are all considered 
among the agents that may be tried for neuro-
pathic pain. Small studies have suggested benefit 
from ketamine in cancer patients with difficult 
neuropathic pain,43,44 but this drug carries the  
risk of psychomimetic effects and must be used 
cautiously. 

Topical agents represent another adjuvant 
analgesic strategy. A lidocaine patch (Lido-
derm)45,46 is now available and has been shown to 
be effective in postherpetic neuralgia. In a study 
in cancer patients with surgical neuropathic pain 
(eg, postmastectomy syndrome), topical capsa-
icin, a peptide that depletes substance P in small 
primary afferent neurons, was found to signifi-
cantly decrease pain.47 

Opioid-refractory malignant bone pain is 
another syndrome for which adjuvant analgesics 
often are considered. The preferred drugs include 
bisphosphonates, radiopharmaceuticals, and cal-
citonin. The bisphosphonates, including pami-
dronate, clodronate (not available in the United 
States), and zolendronate, are usually considered 
first. There has been increasing evidence that 
these drugs improve the overall morbidity associ-
ated with bone metastases.48 

Adjuvant analgesics also are commonly 
employed in the setting of advanced bowel 
obstruction. Aggressive pharmacotherapy,  
particularly in those with advanced disease, may 
control symptoms and obviate the need for drain-
age procedures. Treatment usually involves  
the combination of anticholinergic drugs (eg, 
scopolamine or glycopyrrolate), octreotide,  
corticosteroids, and opioids.49

Opioid Analgesics

Expertise in the administration of opioid analge-
sics is the foundation of cancer pain management. 
The clinician should have knowledge of opioid 
pharmacology and a clear grasp of practical  
guidelines for dosing.

Opioid Selection
The distinction between so-called “weak” and 
“strong” opioids, which was originally incorpo-
rated into the WHO analgesic ladder approach, is 

Table 4  Adjuvant Analgesics

Indication Class Examples

Neuropathic pain Steroids Dexamethasone
  Prednisone
 Antidepressants 
  Tricyclics Amitryptiline
  Desipramine
  Nortriptyline
  SSRIs/SNRIs Paroxetine
  Citalopram
  Venlafaxine
  Duloxetine
  Buproprion

 Anticonvulsants Gabapentin
  Carbamazepine
  Valproate
  Clonazepam
  Lamotrigine
  Topiramate
  Oxcarbazepine
  Zonisamide
  Levetiracetam
  Tiagabine

 Sodium channel blockers Mexilitine
  Tocainide

 a2-Adrenergic agonists Tizanidine
  Clonidine

 NMDA receptor antagonists Ketamine
  Dextromethorphan
  Amantadine
  Memantine

 GABA agonists Baclofen

 Topical agents 5% Lidocaine patch
  Local anesthetic  
   creams
  Capsaicin

Bone pain Bisphosphonates Pamidronate
 Other osteoclast inhibitor Calcitonin
 Radiopharmaceuticals Strontium 89

  Samarium153

Bowel obstruction Steroid Dexamethasone
 Anticholinergic drugs Scopolamine
  Glycopyrrolate
 Somatostatin analogue Octreotide

GABA = g-aminobutyric acid; NMDA = N-methyl-d-aspartate; SNRI = serotonin-norepinephrine 
reuptake inhibitor; SSRI = selective serotonin reuptake inhibitor.

gabapentin are well established,37–40 and this  
drug is typically tried first. Of the newer drugs,  
the evidence of analgesic efficacy is strongest for 
pregabalin, lamotrigine, topiramate, and leveti-
racetam. Pregabalin is now available in the  
United States, approved for the treatment of two 
types of neuropathic pain. Other anticonvulsants, 
including zonisamide, oxcarbazepine, tiagabine, 
and the older drug valproate, also may be  
tried for neuropathic pain. The benzodiazepine  
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more operational than pharmacologic. The weak 
opioids are conventionally administered orally 
for moderate pain in those patients with limited 
previous opioid exposure. The strong opioids  
are conventionally used to treat severe pain and 
pain in those already receiving opioid therapy. In 
the United States, the former group includes 
codeine, hydrocodone (only with acetaminophen 
or ibuprofen), dihydrocodeine (only with aspi-
rin), oxycodone (combined with aspirin, acet-
aminophen, or ibuprofen), propoxyphene, and, 
occasionally, meperidine. Tramadol, a unique 
centrally acting analgesic with a mechanism that 
is partly opioid, is also generally included in this 
group. Oxycodone is included only in terms of 
the formulation that combines this opioid with 
acetaminophen or an NSAID.

The designation of these medications as 
“weak” is inappropriate because none are charac-
terized by a ceiling effect. Nonetheless, these drugs 
are used at doses that are potentially effective only 
in those patients with limited opioid exposure 
and often only with moderate pain. The opioids 
that are combined with acetaminophen or ibu-
profen in a single tablet may be escalated until the 
dose of the coanalgesic reaches a level associated 
with toxicity. In the case of acetaminophen, this is 
usually a maximum of 4 g/d (and less in patients 
with known hepatic disease or a history of heavy 
alcohol consumption). Propoxyphene and 
meperidine usually are avoided because toxic 
metabolites may lead to neuroexcitatory effects, 
including seizures. 

Opioids used conventionally for severe pain 
include morphine, fentanyl, oxycodone, (without 
acetaminophen or aspirin), hydromorphone, 
oxymorphone, levorphanol, and methadone. 
Historically, morphine was considered the pre-
ferred first-line drug, based on worldwide experi-
ence, ease of dosing, and the availability of 
numerous formulations. In recent years, how-
ever, recognition of large variation in the response 
to different opioids has reinforced the under-
standing that an alternative opioid may be prefer-
able for individual patients. There is no one 
preferred opioid, and the decision to choose one 
over another is usually based on the available for-
mulation, cost, and previous experience. Thera-
peutic failure with one drug may be followed by 
remarkable success with another.50

Morphine is metabolized to morphine-3-
glucuronide (M3G) and morphine-6-glucuro-
nide (M6G). Accumulation of these metabolites 
can result in side effects.51–53 Liver dysfunction has 
only a small effect on morphine kinetics,54 but 
renal insufficiency results in accumulation of 
M3G and M6G. For this reason, morphine should 
be administered cautiously to patients with renal 
insufficiency. An opioid with no known active 
metabolites, such as fentanyl, may be preferred.

The role of methadone is expanding in pain 
management. This drug is available as a racemic 
mixture of the l-isomer (an opioid compound) 
and the d-isomer (an N-methyl-d-aspartate 
receptor blocker). The d-isomer may yield inde-
pendent analgesic effects and partially reverse 
opioid tolerance; these effects may be responsible 
for a greater than expected potency when metha-
done is administered. Methadone has reliable 
absorption and a low cost. Given its long half-life, 
consistent pain control usually is possible with 
dosing three to four times per day. The use of 
methadone presents challenges, however, because 
its half-life varies widely across patients and its 
potency in those with previous opioid exposure is 
difficult to predict accurately. To ensure safety, a 
switch to methadone from another drug should 
be accompanied by a large reduction in the equi-
analgesic dose and a prolonged observation 
period to judge the full effect. Recent reports also 
indicate a potential for Q–T prolongation from 
high doses of methadone, but the clinical signifi-
cance of this effect is not clear.55,56 Nonetheless, 
methadone should be used cautiously in patients 
at risk of arrhythmia or receiving other drugs that 
could prolong the Q–T interval.

Routes of Administration
Long-term administration of an opioid is best 
accomplished by the oral or transdermal route. 
Numerous oral formulations are available, includ-
ing modified-release forms of morphine (with 
dosing intervals of 12 or 24 hours), oxycodone 
(12-hour dosing interval), and hydromorphone 
(24-hour interval). A modified-release oxymor-
phone is now available. The transdermal route is 
available for fentanyl and offers a 48- to 72-hour 
interval; this formulation is preferred by some 
patients and may be associated with less constipa-
tion.57 A recent study supported the effectiveness 
of transdermal fentanyl even in both opioid-naive 
patients and patients converting from a “weak” 
opioid.58

Long-term parenteral dosing can be used for 
patients who are poor candidates for oral or trans-
dermal formulations. Continuous intravenous 
infusion is most feasible for patients with an 
indwelling central venous port. This approach 
eliminates fluctuations in plasma concentration. 
Any opioid available in an injectable formulation 
may be administered in this manner. Ambulatory 
infusion via the subcutaneous route has been 
made possible with the development of small 
infusion pumps. Typically, a 25-gauge “butterfly” 
needle is inserted subcutaneously and can be  
left under the skin for as long as a week. High-
concentration, low-volume infusions must be 
used to accommodate limited fluid volumes (eg, 
less than 5 mL/h).59

Opioids and other drugs may also be  
delivered into the epidural or intrathecal spaces. 

Neuraxial infusion can provide opioid analgesia 
at doses far lower than those required systemi-
cally and can therefore provide equivalent or 
better analgesia with fewer side effects. The stron-
gest indication for neuraxial analgesia is the pres-
ence of intolerable somnolence or confusion in 
patients who experience some degree of analgesia 
from systemic therapy. In a recent controlled 
trial, continuous intrathecal infusion of mor-
phine via an implanted drug delivery system 
yielded better pain control, less fatigue, and 
improved survival than comprehensive medical 
management alone.60 Other drugs can be com-
bined with the opioid to further enhance analge-
sia. The preferred opioid drugs for chronic 
intraspinal infusion are morphine and hydro-
morphone, and the most common admixture 
drugs include bupivacaine, a local anesthetic, and 
clonidine, an a2-agonist. A novel analgesic, 
ziconotide, was recently released in the United 
States for intrathecal therapy.

Many methods for neuraxial infusion are 
now in use.61 They include a percutaneous epidu-
ral catheter, which is usually tunnelled to the 
anterior abdominal wall and connected to an 
ambulatory infusion pump; a totally implanted 
epidural catheter connected to a subcutaneous 
portal, which, in turn, is connected to an ambula-
tory pump; and an intrathecal catheter connected 
to a totally implanted continuous infusion device. 
Patients with life expectancies exceeding 3 months 
usually are considered for intrathecal infusion via 
an implanted pump. 

The oral transmucosal form of fentanyl has 
been shown to be safe and efficacious when used 
to treat breakthrough pain in cancer patients 
receiving a fixed-dose opioid regimen for persis-
tent pain.7,62 Absorption through the oral cavity is 
theoretically possible with any opioid, particu-
larly those that are, like fentanyl, highly lipo-
philic.63 Although injectable formulations of any 
opioid therefore could be tried, practical consid-
erations and the variable absorption of most 
drugs do not support wider use of this approach.

Rectal formulations of hydromorphone, and 
morphine are available in the United States and 
have potencies that are believed to approximate 
oral dosing. This route is generally used in opioid-
naive patients who are transiently unable to take 
oral drugs. 

Dosing
Following initiation of opioid therapy, dose 
adjustment usually is required. As the dose is 
titrated, most patients experience a favorable bal-
ance between analgesia and side effects, which 
generally persists unless there is progression in 
the pain-producing pathology. Recurrent pain 
necessitates another period of dose titration. In all 
cases, the dose of an opioid should be increased 
until acceptable analgesia is produced or unman-
ageable side effects supervene. The absolute dose 
of the opioid is immaterial as long as the balance 
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between analgesia and side effects remains accept-
able to the patient. Conventionally, the size of the 
increment at each dose escalation is between 30 
and 100% of the total daily dose on the previous 
day. The lower end of this range is used if the pain 
is not severe or the patient is medically frail; the 
upper part of the range is appropriate for severe 
pain in the patient who is more robust. 

For persistent or frequently recurring pain, 
the best outcome is achieved by administering an 
opioid according to a fixed, around-the-clock 
schedule. Long-acting opioids are preferred 
because of convenience and the likelihood that 
treatment adherence will be better than with fre-
quent daily doses. Some clinicians prefer to start 
therapy with an “as-needed” regimen in the hope 
of facilitating dose finding. A recent study sug-
gests, however, that dosing also can be initiated 
with a long-acting drug, without sacrificing effec-
tiveness or increasing risk.64 

Given the high prevalence of breakthrough 
pain, the coadministration of a short-acting drug 
along with a long-acting baseline regimen—a 
technique called “rescue” dosing—is common 
practice.7 An oral rescue dose can be prescribed 
every 2 hours “as needed” at a dose equal to 5 to 
15% of the total daily opioid consumption. 

There is large variation in the response of an 
individual to each opioid. Some patients develop 
side effects rather than satisfactory analgesia, a 
scenario now termed “poor responsiveness.” The 
development of poor responsiveness during an 
opioid trial should be considered specific to the 
drug, route, and clinical setting. The occurrence 
of poor responsiveness necessitates a change in 
the therapeutic strategy. 

Among the approaches that may be used to 
manage the patient with a poor response to an 
opioid trial is a switch of the opioid, or so-called 
“opioid rotation.” When patients are switched 
from one opioid to another, the dose of the new 
drug is calculated based on well-accepted equian-
algesic doses (Table 5).65 The calculated dose of 
the new drug is reduced to account for incom-
plete cross-tolerance and individual variation. A 
reduction in dose by 25 to 50% is typical practice. 
There are two exceptions, however: a safety factor 
has already been built into the conversion to 
transdermal fentanyl, and the dose of this formu-
lation usually is not reduced. When converting to 
methadone, the dose should be reduced by 75 to 
90% because of the possibility of a greater-than-
expected potency from this drug. 

Management of Side Effects
Effective side-effect management is a fundamen-
tal aspect of opioid therapy (Table 6).66 Side-effect 
management may improve the quality of analge-
sia and the likelihood of treatment adherence. 
Patients who experience poor responsiveness 
during titration of an opioid may also become 

more responsive if the treatment-limiting toxicity 
can be addressed. 

Constipation 

The management of opioid-induced constipation 
begins with prevention. Nonessential constipat-
ing drugs should be eliminated and fluid and fiber 
intake increased. Fiber should not be increased in 
those with likely partial bowel obstruction or 
marked debility because of the potential for  
worsening obstruction. Laxative therapy should 
be administered prophylactically to patients who 

are starting opioid therapy and have other risk 
factors for constipation, such as advanced age or 
limited mobility or fluid intake.

There are numerous types of laxatives, 
including bulk-forming agents, osmotic agents, 
lubricants, surfactants, contact cathartics, proki-
netic drugs, agents for colonic lavage, and oral 
opioid antagonists.67 The conventional first-line 
approach is a combination of a stool softener, 
such as docusate, and a cathartic agent, such as 
senna or bisacodyl. Most patients respond to this 
therapy. For patients who do not, lactulose (an 

Table 5  Opioid Analgesics Used for the Treatment of Persistent Cancer Pain

 Dose (mg) Equianalgesic  Half-Life Duration     Comment
   to Morphine 10 mg IM*

Drug    PO IM  (h)   (h) 

Morphine 20–30† 10 2–3 2–4 Standard for comparison
Morphine modified  20–30 10 2–3 8–12 Various formulations are  
 release      not bioequivalent
Oxycodone 20 — 2–3 3–4 
Oxycodone modified  20 — 2–3 12 
 release
Hydromorphone 7.5 1.5 2–3 2–4 Potency may be greater  
      during prolonged use  
      (ie, hydromorphone: 
      morphine = 3:1 rather  
      than 6.7:1)
Hydromorphone  7.5 1.5 2–3 24 
Methadone 20 10 12–190 4–12 Although 1:1 IM:IM potency  
      ratio with morphine was  
      found in a single-dose  
      study, there is a change  
      with chronic dosing and a  
      large dose reduction  
      (75–90%) is needed when  
      switching to methadone
Oxymorphone 10 1 2–3 2–4 Available in injectable  
      formulations
Levorphanol 4 2 12–15 4–6 
Fentanyl — — 7–12  — Can be administered as a  
      continuous IV or SQ  
      infusion; based on clinical  
      experience, 100 µg/h is 
      roughly equianalgesic to  
      morphine IV 4 mg/h
Fentanyl TTS — — 16–24 48–72 Based on clinical experience,  
      100 µg is roughly  
      equianalgesic to  
      morphine 4 mg/h IV. A  
      ratio of oral morphine to  
      transdermal fentanyl of  
      70:1 may also be used  
      clinically.

Adapted from Derby S, Chin J, Portenoy RK. Systemic opioid therapy for chronic cancer pain: practical guidelines for converting 
drugs and routes of administration. CNS Drugs 1998;9:99–109. 

IM = intramuscular; IV = intravenous; PO = oral; SQ = subcutaneous.
*Studies to determine equianalgesic doses of opioids have used morphine by the IM route. The IM and IV routes are considered to 

be equivalent, and IV is the most common route used in clinical practice.
†Although the PO to IM morphine ratio was 6:1 in a single-dose study, other observations indicate a ratio of 2 to 3:1 with repeated 

administration.
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osmotic agent) or polyethylene glycol, a lavage 
agent, might be considered.68 In refractory cases, 
a prokinetic drug, such as metoclopramide, can 
be added. 

Oral opioid antagonist therapy can reverse 
opioid-induced constipation without causing 
systemic opioid withdrawal through local action 
on opioid receptors in the gut.69,70 Oral naloxone 
can be administered at a starting dose of 0.8 mg 
daily; the dose is doubled every 2 to 3 days until 
favorable effects occur or side effects are experi-
enced. Studies of other oral opioid antagonists, 
including alvimopan and methylnaltrexone,71,72 
have been favorable, and the advent of these drugs 
will expand the utility of this approach in the 
future.

Nausea and Vomiting 

Opioid-induced nausea may affect as many as 10 
to 30% of cancer patients.73 Conventional anti-
emetic therapy can be administered on either an 
“as-needed” or fixed-schedule dosing regimen 
according to the persistence of symptoms. 

Treatment of nausea is likely to be more 
effective if the drug is targeted toward the  
mechanism of nausea. Although the evidence in 

support of this approach is meager, it is often 
pursued on empiric grounds.67 Nausea can be 
caused by a direct effect on the brainstem’s  
chemoreceptor trigger zone, by gastroparesis and 
relaxation of the gastroesophageal sphincter, or 
by sensitization of the vestibular-labyrinthine 
system. Gastroparesis may be suspected if the 
patient complains of early satiety or postprandial 
nausea, and vestibular-related nausea is suspected 
if vertigo is present or nausea is worsened by 
movement.

Most patients with opioid-induced nausea 
respond promptly to drugs that are active at the 
chemoreceptor trigger zone. A dopamine agonist, 
such as prochlorperazine or haloperidol, is a rea-
sonable initial therapy. Refractory nausea can be 
treated with a 5-hydroxytryptamine3 antagonist, 
such as ondansetron, granisetron, or dolasetron. 
Although the antiemetic efficacy of corticoste-
roids is unexplained, these drugs are clearly  
beneficial for some patients. Others respond  
to the commercially available cannabinoid 
dronabinol. 

Patients with postprandial nausea should be 
considered for a trial of a prokinetic drug, such as 
metoclopramide. A proton pump inhibitor often 

is added. Nausea that is associated with vertigo  
or movement may be alleviated by an anticholi-
nergic (eg, scopalamine), an antihistamine (eg, 
meclizine or promethazine), or a benzodiazepine 
(eg, lorazepam). 

Somnolence and Cognitive Impairment 

Prospective studies indicate that sedation or 
mental clouding occurs in 20 to 60% of patients 
starting oral opioid therapy for cancer pain.66  
Significant impairment disappears in most 
patients with prolonged exposure to the drug. 
However, there is wide variation in response, and 
persistent alterations in cognition, perception, 
and mood can occur. Cognitive disturbances may 
be influenced by many factors, including the 
evolving medical condition and concurrent  
therapies. 

If neuropsychological side effects are mild, 
reassurance and education may be sufficient. 
When toxicity is severe or persistent enough to 
compromise the benefits of therapy, other inter-
ventions are needed. Treatment of potential eti-
ologies other than the opioid (eg, elimination of 
another nonessential drug or treatment of a met-
abolic disturbance) is the first step to consider. If 
pain is well controlled, it also is reasonable to try 
an opioid dose reduction of 25 to 50%. 

A trial of specific therapy may be appro priate, 
but few have been well studied in clinical trials. 
Evidence suggests that psychostimulants may 
ameliorate somnolence, fatigue, cognitive  
impairment, pain, and depression. For example, 
methylphenidate has been shown to decrease 
sedation in cancer patients taking opioids.74–76 
Other psychostimulants that have been used 
empirically include dextroamphetamine and 
amphetamine. Modafinil, a newer psychostimu-
lant, has fewer sympathomimetic effects than  
the older drugs and is now favored by some  
clinicians.77

The strongest indication for a psychostimu-
lant trial is the presence of uncomfortable som-
nolence or cognitive impairment associated with 
significant analgesia. Patients who are dysphoric 
also might benefit from the antidepressant effects 
of these drugs.78,79 The safety of these drugs in 
cognitively impaired patients who are restless or 
agitated has not been established. 

Therapy with a psychostimulant usually is 
initiated with methylphenidate at a dose of 5 to  
10 mg/d or modafinil 100 mg/d. Dextroamphet-
amine and amphetamine, each at doses of 5 to  
10 mg/d, are alternatives. A repeat dose at midday 
often is required for the short-acting drugs. Dose 
escalation usually is needed. In some cases, favor-
able effects are attained but appear to wane over 
time.

Patients should be monitored for side effects 

Table 6  Commonly Used Approaches in the Management of Opioid Side Effects

Side Effect Treatment

Constipation General approach
  Increase fluid intake and dietary fiber
  Encourage mobility and ambulation if appropriate
  Ensure comfort and convenience for defecation
  Rule out and treat impaction if present
 Pharmacologic approach
  Contact laxative plus stool softener (eg, senna plus docusate)
  Osmotic laxative (eg, Milk of Magnesia)
  Lavage agent (eg, oral propylethylene glycol)
  Prokinetic agent (eg, metoclopramide)
  Oral naloxone
Nausea General approach
  Hydrate as appropriate
  Progressive alimentation
  Good mouth care
  Correct contributory factors
  Adjust medication
 Pharmacologic approach
  Vertigo→ antihistamine (eg, scopolamine, meclizine)
  Early satiety→ prokinetic (eg, metoclopramide)
  Dopamine antagonists (eg, prochlorperazine, chlorpromazine,  
  haloperidol, metoclopramide)
Somnolence or cognitive impairment General approach
  Reassurance
  Education
  Treatment of potential etiologies
 Pharmacologic approach
  If analgesia is satisfactory, reduce opioid dose by 25–50%
  If analgesia is satisfactory and the toxicity is somnolence,  
   consider a trial of psychostimulant (eg, methylphenidate)
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from psychostimulants, including anorexia, 
insomnia, anxiety, cognitive changes (eg, subtle 
paranoid thinking), and sympathomimetic 
effects, such as hypertension and tachycardia. 
Relative contraindications include preexisting 
anorexia, severe insomnia, psychiatric disorder 
characterized by anxiety or paranoid ideation, 
cardiac disease, or poorly controlled  
hypertension. 

Other Approaches in the Management 
of Chronic Cancer Pain
Patients with pain that is poorly responsive to an 
opioid regimen also may be considered for any of 
a wide variety of alternative analgesic approaches, 
either pharmacologic or nonpharmacologic. If 
effective, these approaches reduce the need for 
the opioid regimen and sometimes eliminate it 
completely. 

Interventional approaches include injection 
therapies, neural blockade, and the implantation 
of analgesic devices, usually providing spinal cord 
stimulation or neuraxial drug infusion. Neural 
blockade comprises a diverse group of procedures 
that transiently or permanently block sympa-
thetic nerves, somatic nerves, or both.61,80 Tempo-
rary nerve blocks may be diagnostic, prognostic, 
or therapeutic. Diagnostic blocks elucidate the 
afferent pathways involved in pain. Prognostic 
blocks are implemented prior to a proposed neu-
rolytic procedure. The failure to achieve pain 
relief is a contraindication to a neurodestructive 
procedure. Therapeutic blocks include repeated 
use of a local anesthetic, continuous infusion of 
an epidural or perineural anesthetic, or adminis-
tration of a neurolytic solution. 

Neurolytic blockade is accomplished using a 
solution such as alcohol, phenol, or glycerol or 
through the use of intense heat or cold, to damage 
the peripheral nerve and partially denervate a 
particular area. The most widely accepted 
approach is celiac plexus blockade for the syn-
drome of rostral retroperitoneal pain, typically 
caused by pancreatic cancer. The favorable 
response to this block warrants its consideration 
whenever the typical pain syndrome occurs and 
the response to an opioid trial is not satisfactory.81 

Other neurolytic techniques are generally reserved 
for patients with far advanced cancer and the 
experience of severe regional pain that is poorly 
responsive to systemic therapies and occurs in  
an area that can be safely denervated without 
compromise of motor or autonomic function. 

The role of neuraxial drug infusion for diffi-
cult-to-manage cancer pain may grow as a result 
of a controlled trial that demonstrated the bene-
fits of this approach over conventional systemic 
opioid therapy in a population with cancer60 and 
the recent availability of unique analgesic agents, 

such as ziconotide. Neuraxial infusion should  
be considered in patients who are poorly  
responsive to a systemic opioid regimen as a  
result of treatment-limiting side effects.

Other analgesic strategies include the so-
called rehabilitative treatments, psychological 
therapies, and complementary approaches. The 
potential for analgesia from rehabilitative 
approaches such as physical therapy, orthotics, 
and modalities such as heat and cold is insuffi-
ciently recognized. Although all of these tech-
niques remain inadequately studied, clinical 
experience is favorable. Refractory movement–
induced pain may be partially relieved by bracing 
the painful part, and a well-fitting prosthesis may 
reduce stump pain. Therapeutic exercise may 
lessen the pain associated with the complications 
of immobility, such as trigger points in muscle 
and joint ankylosis. The use of heat and cold, 
ultrasonography, and electrical stimulation for 
regional pain syndromes appears to benefit some 
patients. 

Cognitive behavioral approaches have been 
applied successfully in the management of pain 
and related symptoms.82–85 These approaches 
include specific techniques that may assist in pain 
control, such as relaxation training, distraction, 
hypnosis, and biofeedback. Several of these thera-
pies can be taught by the nonspecialist. Other 
behavioral approaches designed specifically to 
improve functioning, which have achieved wide 
acceptance in the management of nonmalignant 
pain, are occasionally useful for patients whose 
functional impairment is disproportionate to the 
effects of the disease.

Complementary and alternative medicine 
approaches endorse a holistic strategy that may 
enhance a sense of personal control and lessen 
pain.86,87 Some of these interventions, such as  
the mind-body therapies, nutritional support, 
acupuncture, and massage, have an emerging  
evidence base, are widely used, and should be 
considered mainstream. For example, one recent 
randomized controlled study demonstrated that 
auricular acupuncture significantly improved 
pain in cancer patients.88 Others, such as home-
opathy and naturopathy, have little scientific  
support. Clinicians should provide whatever data 
are available about complementary approaches 
and support informed decision making. 

Cancer Pain at the End of Life:  
Special Considerations

As the illness progresses, some patients’ pain or 
suffering cannot be controlled despite the opti-
mal use of pharmacotherapy and other approaches. 
In such cases, treatment options include the use 
of a drug to induce somnolence, a technique 
known as “palliative sedation.”89 Sedation should 

be considered a medical therapy with defined 
indications and practices and a strong ethical 
foundation.90 Decisions about this intervention 
are grounded in the “principle of double effect,” a 
well-accepted ethical tenet that describes the 
appropriateness of actions that may produce 
harm (such as hastened death), when the inten-
tion (to relieve suffering) is beneficent and the 
need to relieve suffering is the most important 
goal. Palliative sedation must be clearly distin-
guished from euthanasia, in which the intended 
goal is the death of the patient.

Palliative sedation should be implemented 
only after thorough discussion with the patient, if 
possible, the family or surrogate decision maker, 
and involved staff. Informed consent should be 
sought after clearly establishing the goals of care. 
Once sedation is activated, ongoing information 
should be provided to the family and staff,  
questions should be answered, and ethical and 
legal implications should be clarified. In some 
cases, plans should be made to lighten sedation 
when appropriate to allow interactions with the 
family. 

Conclusion

Pain is a common and potentially devastating 
complication of cancer. Fortunately, relatively 
simple therapeutic approaches can provide effec-
tive relief in a large majority of patients. All clini-
cians who treat patients with cancer should 
develop competency in the assessment and man-
agement of pain, and pain management should 
be perceived as a clinical imperative in oncology 
practice. 
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Receiving a diagnosis of cancer is a life-changing 
event that brings in its wake a host of psychologi-
cal reactions, including fear, anger, denial, and 
intense uncertainty. This emotional turmoil is 
often compounded by the treatment for cancer, 
which can involve multiple bodily assaults, 
including surgery, radiation, and chemotherapy. 
Given these psychological and physiologic bur-
dens, not surprisingly, a significant percentage of 
cancer patients develop an equally devastating 
emotional disorder: major depression. Although 
depression in the cancer patient can be readily 
managed, it is frequently not recognized (often 
being seen as a natural reaction to a difficult cir-
cumstance) and goes largely un- or undertreated. 
Complicating matters, many patients fail to  
present with the complaint of “depression” (and 
may actually deny it) and instead voice somatic  
concerns, including gastrointestinal distress, pain, 
or fatigue, coupled with worrisome social with-
drawal (usually reported by family and friends) 
and a lack of interest in previously pleasurable 
pursuits. Of note, some cancer patients may be 
acutely aware of their depression but silently 
accept it as part of the cancer diagnosis, needlessly 
suffering while sparing the oncology staff the 
burden of their emotional distress. 

Much attention has been paid to the psycho-
social aspects of cancer and its treatment.1 Never-
theless, more recently, advances have been made 
in understanding the biologic underpinnings  
of depression and other behavioral comorbidities 
in cancer patients.2,3 Notable among these is an 
increasing appreciation of the role of neurobio-
logic, immunologic, and metabolic factors. 

In an effort to support the recognition and 
treatment of depression in cancer patients, this 
chapter addresses relevant issues regarding the 
diagnosis of cancer-related depression. In addi-
tion, we explore potential biologic mechanisms 
that may provide clues as to when depressive 

symptoms may arise and how they can be treated. 
Finally, this chapter provides a scientific frame-
work wherein mental health providers and oncol-
ogists can collaborate to uncover novel approaches 
to depression before, during, and after the  
treatment of cancer. 

Clinical Manifestations

Although depressive symptoms may manifest  
differently depending on the type of cancer and 
its treatment, there are standardized psychiatric 
criteria that are used for making a diagnosis 
(Table  1). These criteria are based on the Diag-
nostic and Statistical Manual of Mental Disorders, 
Fourth Edition (DSM-IV), published by the 
American Psychiatric Association.4 To meet the 
criteria for major depressive disorder, at least five 
symptoms must be present for a period of not less 
than 2 weeks. Core symptoms that are required 
for every diagnosis include either depressed mood 
or anhedonia. As noted above, patients may be 

less likely to endorse “depressed” mood but may 
endorse symptoms of anhedonia (lack of enjoy-
ment in activities that were previously found to  
be pleasurable). Other symptoms of depression 
include decreased concentration, low self-esteem, 
guilt, suicidal ideation, impaired sleep, altered 
appetite, fatigue, and psychomotor agitation or 
retardation.

Diagnosis

Diagnosing depression in patients with cancer 
has long been recognized to be problematic as a 
result of the symptom overlap between sickness 
and depression.5 Indeed, nondepressed, sick indi-
viduals demonstrate many symptoms that are 
also experienced by medically healthy patients 
with major depression. Especially relevant in this 
regard are neurovegetative symptoms of depres-
sion that are often directly caused by pathophysi-
ologic processes inherent to the illness itself or  
by concurrent treatment modalities, such as  
surgery, chemotherapy, or radiation. These symp-
toms include fatigue, weight loss, anorexia, loss  
of libido, sleep alterations, and psychomotor 
slowing. Thus, the clinical dilemma becomes 
when, if ever, neurovegetative symptoms should 
be counted toward a diagnosis of depression in 
cancer patients and who may have these symp-
toms simply because they are sick. How this  
question is answered significantly impacts the 
prevalence of depression in patients with cancer 
and affects when a clinician considers that  
treatment is appropriate.

Inclusive versus Exclusive Approach
Various strategies to resolve this issue have been 
proposed. In their simplest iteration, they take 
two forms: an inclusive approach that counts all 
depressive symptoms toward a diagnosis of 
depression, regardless of putative etiology, and an 

Table 1  DSM-IV Diagnostic Criteria for Major 
Depression

5 or more symptoms for 2 wk or longer (must
 include depressed mood or decreased 
 interest/enjoyment)
  Depressed mood
  Significant change in weight
  Psychomotor agitation/retardation
 Feelings of worthlessness or guilt
 Suicidal ideation
 Decreased interest/enjoyment in activities
 Insomnia or hypersomnia
 Fatigue/low energy
 Poor concentration

DSM-IV = Diagnostic and Statistical Manual of Mental 
Disorders, Fourth Edition.
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exclusive approach that removes neurovegetative 
symptoms when these symptoms could likely be 
caused by underlying illness.6 Refinements of 
these simpler approaches include (1) replacing 
the removed neurovegetative symptoms with 
alternate emotional symptoms (thus keeping the 
total number of required diagnostic symptoms 
the same)7 and (2) privileging the time course of 
symptoms in the evaluation of neurovegetative 
symptoms such that these symptoms are counted 
toward a diagnosis of depression only if their 
onset co-occurs with or follows the onset of 
depressed mood or anhedonia.8 Studies support 
the validity of both symptom substitution and 
temporal approaches; however, other data sug-
gest that these exclusive strategies underdiagnose 
depression in the medically ill when compared 
with inclusive approaches.9

Inclusive approaches increase the likelihood 
that all patients who have a depression will be 
identified but run the risk of misclassifying 
patients with a mild mood or hedonic disturbance 
as having a full major depression when, in fact, 
they are only mildly depressed and very sick.

A second diagnostic complication involves 
the question of how much depression is enough 
to merit recognition and treatment in patients 
with cancer. This question is embedded within 
the larger psychiatric issue of whether mood dis-
orders are best understood as categorical entities 
with firm boundaries or as a spectrum of condi-
tions that differ from “normalcy” only by matters 
of degree. Defining normalcy when one has just 
been diagnosed with cancer or informed of a 
tumor recurrence is a difficult proposition, given 
that grief, fear, and other symptoms that define 
depression are extremely common under these 
circumstances. Many solutions have been pro-
posed for determining when normal sadness has 
progressed to a clinically relevant disorder, but 
the problem remains a vexing one with clear diag-
nostic and treatment implications. Much of the 
mood disturbance observed in studies of cancer 
patients falls under the rubric of “adjustment  
disorder,” a diagnosis that is often interpreted as 
implying a mild and transient fluctuation in 
mood that requires little more than reassurance, 
support, and clinical patience.4 However, studies 
increasingly indicate that even minor levels of 
depressive symptoms (regardless of putative  
etiology) significantly impair quality of life and 
physical functioning and may increase mortality 
in the context of medical illness.10–15 Clearly, ther-
apeutic errors of over- and undertreatment, can 
be committed; however, most data indicate that 
patients with cancer and depressive symptoms 
receive inadequate treatment.16 We are increas-
ingly aware that even mild cancer-related  
depressive syndromes respond to antidepressant 
treatment.17,18 As data accumulate documenting 
the effectiveness of antidepressants in treating 

many disease-related symptoms, there is growing 
support for treating even milder depressive  
presentations, especially in patients who are open 
to—or request—treatment and in patients with 
persistent symptoms.

A final diagnostic issue of great importance 
in the evaluation and treatment of dysphoric 
cancer patients involves distinguishing between 
mood disorders and delirium. Many patients with 
cancer will develop delirium as a result of chemo-
therapy or adjuvant pain medication or in the 
context of severe illness. Not infrequently, deliri-
ous patients demonstrate depressive affects and 
endorse profound dysphoria and/or anxiety. It is 
essential, therefore, for the clinician to carefully 
evaluate a patient’s orientation to time, place, and 
situation in contexts in which delirium is likely.  
If a patient is disoriented, especially if the disori-
entation has a recent and acute onset, delirium 
should be suspected and addressed prior to 
embarking on further treatment for depression. 
This issue is important because delirium does not 
respond to antidepressant therapy but usually 
abates or resolves promptly with the initiation of 
antipsychotic therapy.19,20 Thus, missing delirium 
incurs the risk of initiating an ineffectual treat-
ment (ie, antidepressants or benzodiazepines) 
that will add to a patient’s medication burden 
while depriving the patient of medications that 
resolve the dysphoria and anxiety that often 
accompany the condition.

Rating Scales
The widespread tendency to excuse depression as 
a natural reaction to cancer and the overlap 
between sickness and depressive symptoms both 
point to the importance of accurately assessing 
depression in the context of neoplastic illness. 
Standardized instruments are especially valuable 
in this regard, including the Zung Self-Rating 
Depression Scale (SDS),21 the Beck Depression 
Inventory (BDI),22 and the Center for Epide-
miologic Studies Depression Scale (CESD)23 
(Table 2). Self-report questionnaires have the 
advantage of not requiring the presence of a 
trained psychiatric interviewer and can thus be 
completed by patients while waiting to see the 
physician. Having patients complete such scales 
prior to office visits often provides the clinician 
with additional key information that time  
pressures may have otherwise precluded. These 

scales have been used and validated in oncology 
patients; however, each of the scales has strengths 
and weaknesses. For example, the BDI empha-
sizes mood and cognitive symptoms that are more 
specific to depression than are neurovegetative 
symptoms shared by major depression and physi-
cal illness.22 Even if circumstances do not permit 
the administration of self-report questionnaires, 
recent data suggest that simply asking cancer 
patients the single question “Do you feel depressed 
most of the time?” effectively identifies most  
subjects with clinically relevant mood disorders.24 
At the very least, such a simplified approach  
identifies patients who require a more thorough 
evaluation.

Prevalence

The vast majority of studies indicate that the rates 
of both major depression and depressive symp-
toms are elevated in cancer patients compared 
with healthy controls. Reviews of the literature 
place median point prevalence rates between 15 
and 29%,24,25 which are significantly higher than 
prevalence rates for major depression in the gen-
eral US population (Table 3).26 Recent studies 
continue to report widely divergent rates of major 
depression in cancer patients, but findings from 
these studies are generally consistent with earlier 
work in terms of risk factors (see below) and 
depression prevalence. Moreover, even in studies 
with low rates of depression, prevalence is typi-
cally increased in cancer patients compared with 
rates in the general populations in the countries 
in which the studies were performed.27–30

Rather than being an impediment to manag-
ing depression in the context of cancer, we sug-
gest that a great deal of useful clinical information 
can be gleaned from the factors that underlie the 
tremendous variations in depression prevalence 

Table 2  Representative Rating Scales for Assessing Depressive Symptom Severity 

Scale  Relative Severity of Depressive Symptoms

 Normal Mild Moderate Severe

Zung Self-Rating Depression Scale ≤ 49 50–59 60–69 ≥70
Beck Depression Inventory 0–9 10–16 17–29 30–63
Center for Epidemiologic Studies Depression Scale ≤15 16–20 21–25 26–60

Table 3  Prevalence of Major Depression in  
Different Types of Cancer

Tumor Site Prevalence of Major Depression (%)

Pancreas 50
Oropharynx 22–40
Colon 13–25
Breast 10–32
Gynecologic 23
Lymphoma 17
Gastric 11
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reported in the world literature. We have already 
touched on one such reason: the lack of unifor-
mity in how depression is defined in the context 
of medical illness. In this regard, depression is 
more common in cancer patients when it is  
diagnosed via inclusive methods. Indeed, several 
studies show that rates of depression approxi-
mately double in the same group of patients 
depending on whether an inclusive or exclusive 
diagnostic approach is employed.24,31 This finding 
suggests that many cancer patients are signifi-
cantly troubled by depression-related neuroveg-
etative symptoms, such as fatigue and poor sleep 
or appetite, even while not endorsing sadness or 
loss of interest in life. This observation has clinical 
relevance for at least two reasons. First, the pres-
ence of neurovegetative and other sickness-related 
symptoms is a risk factor for the development of 
full depression in patients receiving cancer treat-
ment. For example, sleep disturbance has been 
repeatedly found to predict both the future  
development of new depression and depressive 
relapse in remitted patients.32 Second, increasing 
data demonstrate that antidepressants and related 
pharmacologic strategies effectively treat a 
number of sickness-related and neurovegetative 
symptoms, including sleep disturbance, decreased 
appetite, and pain (see below).33

A second debate that affects the prevalence of 
depression in cancer centers around how much 
depression is enough to qualify as a clinically  
relevant entity. Studies repeatedly show that the 
majority of cancer patients with mood distur-
bances meet the criteria for conditions other than 
major depression.29,34–36 Consistent with this 
notion, a recent study found that although 23% 
of outpatients with cancer endorsed significant 
depressive symptoms, only a third of these 
patients met the criteria for major depression.29 
The most common mood-related DSM diagnosis 
in patients with cancer is adjustment disorder.35 
The essential components of an adjustment dis-
order with depressed mood include the following: 
(1) the presence of mood symptoms that do not 
meet the criteria for major depression, (2) the 
mood symptoms arise in response to an identifi-
able psychosocial stressor, and (3) the mood 
symptoms impair functioning.4 These symptoms 
can persist indefinitely if the stressor is chronic. 
Given overwhelming data that stressors of all 
types profoundly increase the risk of depres-
sion37,38 and given that many patients with cancer 
are, by definition, dealing with a severe and 
chronic stressor, the diagnosis of adjustment  
disorder seems impossible to credibly differenti-
ate from a mild depression or dysthymic disorder. 
Increasing data consistently indicate that even 
mild depression profoundly interferes with both 
functioning and quality of life and has adverse 
health consequences.10,39 These considerations 
raise the question of why a depressive syndrome 

that arises from the known stressor of cancer (ie, 
an adjustment disorder) should be treated differ-
ently from symptomatically similar syndromes 
that arise for other reasons, especially given ample 
data that depressive syndromes, even when not 
meeting the criteria for major depression, are 
amenable to therapeutic intervention. On the 
other hand, the fact that most patients with mood 
symptoms meet adjustment disorder criteria also 
suggests that at least some of these patients may 
have a syndrome that will resolve in a reasonable 
time period without specific pharmacologic inter-
vention. In this regard, accurate assessment of 
each patient will require some clinical judgment, 
but, again, the fact that depression prevalence  
is greatly affected by where the lower limits are  
set has important and clinically meaningful  
treatment implications.

Risk Factors

In addition to diagnostic issues, prevalence rates 
of depression are affected by other factors, includ-
ing premorbid patient characteristics, tumor 
characteristics, disease severity, the presence of 
pain, and the type of treatment administered 
(Table 4).3,5,34 Several studies concur that patients 
with a history of psychiatric illness (including a 
history of depression) are at increased risk of 
developing depression in the context of cancer  
or its treatment.28,40 Similarly, a family history  
of mood disorder has also been observed to be  
a risk factor for cancer-related depression.41 

Women appear to be more likely to develop mood 
disorders in the context of cancer, consistent with 
a worldwide body of literature suggesting that 
women are generally more prone to depression 

than men.42 It is increasingly recognized that 
patients’ current mood and/or anxiety state 
strongly influence their emotional responses in 
the face of cancer’s exigencies, both psychological 
and physiologic. So, for example, increased self-
reported depression and anxiety at the time of 
cancer diagnosis (presumably caused or exacer-
bated by the psychological stress attendant on 
such a diagnosis) are associated with greater psy-
chological distress 6 months later,43 and numer-
ous studies demonstrate that increased depressive 
and/or anxiety symptoms just prior to treatment 
predict the development of depression during 
interferon (IFN)-a2b therapy—a regimen known 
to activate inflammatory pathways and produce 
high rates of depression.44 The clinical implica-
tions of these data are clear: patients recently 
diagnosed or about to undergo depressogenic 
treatments should be evaluated for past and  
current mood and anxiety symptoms, as well as 
for a family history of depression. Patients with 
positive histories in these domains will likely  
benefit from closer monitoring and in some cases 
(especially in the context of depressogenic treat-
ments) may merit prophylactic antidepressant 
treatment or treatment at the earliest signs of 
mood disturbance. 

Prevalence of depression also appears to  
vary with tumor type and location (see Table 3). 
Depression rates are generally reported to be 
highest for pancreatic, oropharyngeal, and breast 
carcinomas and lowest for lymphoma, leukemia, 
and gastric cancers.5,45 Brain tumors are also asso-
ciated with high rates of depression, especially 
when tumors are located in the frontal lobe, espe-
cially on the left side—a brain area implicated in 
the genesis and treatment of depression in gen-
eral.41,46 Delirium and seizures are also extremely 
common in these patients. Both of these condi-
tions have high rates of associated mood distur-
bance and hence need to be evaluated and ruled 
out prior to ascribing mood or anxiety symptoms 
to a mood disorder diagnosis.47 As with medical 
illnesses in general,39 rates of depression in cancer 
patients increase as disease severity intensifies.2,48,49 
The presence of metastases and pain have also 
been shown to correlate with depression, whether 
measured by inclusive- or exclusive-type 
approaches.49

The type of treatment patients undergo also 
affects the likelihood of developing depression 
(Table 5). As discussed below, cytokines such as 
IFN-a or interleukin (IL)-2, which are used in the 
treatment of several malignancies, are notorious 
for inducing depressive symptoms.50 For example, 
the rates of developing major depression approach 
50% in patients receiving chronic, high-dose, 
IFN-a therapy.51 Other chemotherapeutic agents 
frequently associated with depression include 
procarbazine, l-asparaginase, vinblastine, and 
vincristine.52 All of these treatments, along with 

Table 4  Risk Factors for Depression in Patients 
with Cancer

History of depression or anxiety disorder
Current subsyndromal depressive and/or anxiety
 symptoms
Lack of social support
Recent diagnosis or recurrence of illness
Type of cancer
 Pancreas > oropharynx > breast > colon >
  gynecologic > lymphoma > gastric >
  leukemia
Central nervous system tumor involvement
Severity of disease
Uncontrolled pain
Medications (see Table 5)
Medical conditions (eg, anemia, hypothyroidism,
 renal/liver failure, hypercalcemia)
Surgery type
 Mastectomy > breast conservation
Depression criteria employed for diagnosis
 Inclusive > exclusive
 Symptomatic > categorical
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surgical interventions, are associated with signifi-
cant metabolic stress and inflammation, which 
may, in turn, mediate their effects on mood and 
brain function (see below).

Hormonal treatments also pose a significant 
risk factor for the development of depression in 
cancer patients. Tamoxifen and other antiestro-
gen therapies for breast cancer are particularly 
relevant in this regard. By displacing estrogen 
from its receptor, tamoxifen obviates estrogen’s 
neuroprotective functions. Tamoxifen also 
directly inhibits serotonin release in peripheral 
mast cells, an effect that may also occur in the 
brain.53 Depression rates in both male and female 
cancer patients undergoing tamoxifen therapy 
are ≈15%.54 Of note, antiestrogen therapies are 
typically initiated during a period when many 
patients consider themselves in a “survivorship 
phase.” Hence, the risk of medication-induced 
depression may not be as anticipated as with the 
mood changes that occur during “active” treat-
ment with other chemotherapeutic regimens. 
Like estrogen, testosterone also plays a role in 
mood regulation.55 Indeed, testosterone has been 
used to treat depression in some medically ill 
patients, including patients with acquired immune 
deficiency syndrome (AIDS),56 and appears to  
be especially effective in alleviating fatigue.57 
Therefore, it is not surprising that drugs that 
reduce the availability of testosterone (leuprolide) 
or antagonize the testosterone receptor (fluta-
mide or bicalutamide) have been associated 
with depression.58 Finally, glucocorticoid hor-
mones are notorious for causing mood altera-
tions, including both depression and mania (as 
well as psychosis).47

Aside from the acute effects of cancer treat-
ment regimens on mood, recent data suggest that 
some chemotherapies may have long-term neu-
ropsychiatric effects. In a large study of adults 
who had survived childhood leukemia, Hodgkin’s 
disease, or non-Hodgkin’s lymphoma, depressive 
symptoms were significantly more common in 
cancer survivors than in nonaffected siblings.59 

The intensity of chemotherapeutic exposure in 
childhood predicted the prevalence of depressive 
symptoms in adulthood in these patients.60  

Cancer treatment may also be associated with 
long-term cognitive effects. For example, 128 
adults with a history of breast cancer or lym-
phoma were assessed for neurocognitive impair-
ment 5 years after either local therapy or systemic 
chemo therapy. Consistent with several other 
studies, cognitive impairment was significantly 
worse in the patients who received chemother-
apy.61 

Aside from depression and cognitive dys-
function, anxiety is another persisting problem 
for many cancer patients. There is little doubt that 
cancer survivors fear recurrence. Nevertheless, 
although most survivors may use this slightly 
elevated “somatic concern” to their advantage 
with good follow-up compliance and vigilant 
monitoring, some may experience excessive  
anxiety and intrusive cancer-related thoughts and 
memories. These symptoms may become severe 
enough to warrant a diagnosis of post-traumatic 
stress disorder (PTSD).62 Interestingly, small 
volume of the hippocampus (a brain region 
involved in learning and memory) has been asso-
ciated with recurrent and intrusive memories 
related to cancer diagnosis and treatment in breast 
cancer survivors.63 Of note, both major depres-
sion and PTSD also have been associated with 
small hippocampal volume. Future studies are 
needed to determine if patients with small  
hippocampal volume at baseline (prior to cancer 
diagnosis and treatment) are more likely to expe-
rience post-treatment symptoms of PTSD versus 
the potential for cancer or cancer treatment to 
induce hippocampal atrophy and thereby lead to 
symptoms consist with PTSD.

Mechanisms

In exploring the mechanisms that underlie the 
development of significant depressive symptoms 
in patients with cancer, it is important to consider 
the possibility that manifest and treatable hema-
tologic, infectious, endocrine, and metabolic 
alterations are relevant contributing factors. 
These factors must always be evaluated and 
treated before proceeding with other strategies 
that address nervous system pathways, including 
neurotransmitter function. Moreover, because 
mood disorders, regardless of etiology, may  
ultimately engage “downstream” brain processes 
involving serotonin, norepinephrine, and/or 
dopamine, amelioration of a depressive syndrome 
by antidepressants does not necessarily rule out 
the presence of “upstream” medical pathology 
that is treatable.

Recent advances in neurobiology and  
immunology have enriched our understanding  
of potential pathways that may play a role in  
the development of mood disorders in cancer 

patients. In this section, we consider how inflam-
mation and oxidative stress represent two pro-
cesses that have been associated with depression 
and are common to multiple aspects of having 
been and being treated for cancer. 

Inflammation and Sickness Behavior
One explanation for the high rate of depression 
and other behavioral comorbidities in cancer 
patients is that depression in this context is an 
expression of “sickness behavior.” 

Sickness behavior is a constellation of signs 
and symptoms that accompany illness in general 
and inflammation or immune activation in  
particular. Caused by proinflammatory cytokines 
that are released in response to threats to bodily 
integrity (eg, infection, neoplasia, radiation treat-
ment, and toxic chemotherapeutic regimens), 
sickness behavior includes behavioral symptoms 
of depressed mood, anhedonia, fatigue, psycho-
motor slowing, anorexia, social isolation, sleep 
disturbances, cognitive dysfunction, and increased 
sensitivity to pain (hyperalgesia).64,65 The overlap 
of the symptoms of sickness behavior with the 
symptoms used to make a diagnosis of depression 
is considerable (Table 6) and has led many to 
consider that depression in many cancer patients 
is an outgrowth of the effects of cytokines and 
inflammation on the brain. 

Relevant to understanding the pathophysi-
ology and, ultimately, treatment of sickness 
behavior, an explosion of interest has focused on 
exploring how proinflammatory cytokines cause 
changes in the brain and behavior.65 Cytokines are 
relatively large molecules that do not freely pass 
through the blood-brain barrier. Nevertheless, 
several pathways by which cytokine signals can 
reach the brain have been characterized, includ-
ing (1) passage through leaky regions in the 
blood-brain barrier, (2) active transport, and (3) 
binding to relevant receptors on peripheral affer-
ent nerve fibers, such as those derived from the 
vagus nerve. In addition, the complexity of  
the cytokine network within the brain, including 
the distribution of cytokine receptors and signal-
ing pathways, is now being revealed. The contri-
bution of specific cytokines to specific behaviors 
is also being explored. 

At least five pathways have been elucidated 
by which proinflammatory cytokines may cause 
depression or sickness behavior (Table 7). First, 
proinflammatory cytokines have been shown to 
alter the metabolism of the monoamines, includ-
ing norepinephrine, serotonin, and dopamine, all 
of which have been implicated in the pathophysi-
ology of mood disorders.66 Second, cytokines have 
been shown to have potent stimulatory effects on 
the hypothalamic-pituitary-adrenal (HPA) axis, 
in large part through activation of corticotropin-
releasing hormone (CRH).67,68 CRH has behav-
ioral effects in animals that are similar to those 

Table 5  Antineoplastic Agents Associated with 
Depression in Patients with Cancer

Chemotherapeutic agents
 Procarbazine
 Vinblastine
 Vincristine
 L-Asparaginase
Hormonal therapies
 Tamoxifen
 Leuprolide
 Flutamide
 Bicalutamide
 Glucocorticoids
Cytokine therapies
 Interferon-a, interleukin-2
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seen in patients suffering from depression or sick-
ness behavior, including alterations in activity, 
appetite, and sleep.69 Moreover, patients with 
depression have been found to exhibit increased 
CRH activity as manifested by elevated concen-
trations of CRH in cerebrospinal fluid, increased 
messenger ribonucleic acid in the paraventricular 
nucleus of the hypothalamus, a blunted adreno-
corticotropic hormone (ACTH) response to  
CRH challenge (likely reflecting down-regulation 
of pituitary CRH receptors),70,71 and down- 
regulation of receptors for CRH in the frontal 

cortex of victims of suicide (presumably second-
ary to hypersecretion of CRH). Third, in vivo and 
in vitro studies suggest that proinflammatory 
cytokines, including IL-1, may induce resistance 
of nervous, endocrine, and immune system  
tissues to circulating glucocorticoid hormones 
through direct inhibitory effects on the expres-
sion and/or function of glucocorticoid recep-
tors.72 Glucocorticoid resistance has been 
repeatedly demonstrated in medically healthy 
patients with depression (as reflected in nonsup-
pression on the dexamethasone suppression 
test),73 as well as cancer patients with depres-
sion,45,74 and may contribute to impaired feedback 
regulation of CRH and the release of proinflam-
matory cytokines. Fourth, cytokines, including 
IFN-a, have been shown to reduce serum concen-
trations of l-tryptophan (TRP), likely secondary 
to changes in dietary intake (owing to anorexia) 
and the induction of the enzyme indolamine 2,3-
dioxygenase (IDO), which breaks down TRP into 
kynurenine.75–77 TRP is the primary precursor of 
serotonin, and depletion of TRP has been associ-
ated with the precipitation of mood disturbances 
in vulnerable patients.78 Finally, proinflammatory 
cytokines have been associated with euthyroid 
sick syndrome, which is characterized by normal 
thyroid-stimulating hormone (TSH) and thyrox-
ine (T4) levels and reduced triiodothyronine (T3) 
levels in the early stages and by normal TSH and 
reduced T3 and T4 in the later stages.79 Alterations 
in thyroid hormone availability are well known to 
influence mood regulation. The mechanism by 
which euthyroid sick syndrome occurs is believed 
to involve both direct effects of cytokines on  
thyroid gland function and inhibition of the  
metabolic enzymes (5′-deiodination) that con-
vert peripheral T4 to T3 (the more biologically 
active form of thyroid hormone), especially in the 
liver.79

Early studies are beginning to provide  
support for the notion that inflammation and 
inflammatory cytokines may play a role in the 
development of depressive symptoms in cancer 
patients. In a study by Musselman and colleagues, 
depression was associated with significantly 
increased plasma concentrations of IL-6 in 
patients with a wide variety of cancers.74 In addi-
tion, both IL-6 and IL-1 have been found to sig-
nificantly correlate with fatigue in cancer patients 
undergoing treatment with radiation and/or che-
motherapy.80–82 Increased serum concentrations 
of IL-6 also have been found to correlate with 
increasing depressive symptom scores in patients 
undergoing abdominal surgery.83 As discussed in 
detail below, treatment with cytokines such as 
IFN-a, which is a potent activator of the inflam-
matory cytokine network, including IL-6,84 is 
associated with rates of depression that range 
from 30 to 50% depending on the dose.44 Finally, 
it should be noted that there is a rich literature 

demonstrating increased inflammatory markers, 
including IL-6 and C-reactive protein, in 
depressed patients who are medically healthy,85 
suggesting that the immune system may play a 
more fundamental role in mood regulation, even 
in patients without medical illnesses.

Although the symptom overlap between 
sickness and depression complicates the task of 
identifying and treating patients with cancer, it 
also offers clues to mechanisms by which the 
physiology of illness may contribute to the patho-
physiology of depression. Moreover, as often 
happens, expanding knowledge has provided 
support for dichotomous positions previously 
perceived as being exclusive, in this case, giving 
credence to both inclusive and exclusive ways of 
understanding depression in the context of sick-
ness. Indeed, accumulating data lend support  
for an emerging paradigm in which immune 
system activation is seen to induce physical and 
behavioral symptoms common to both illness 
and depression and to induce changes in central 
nervous and stress system pathways that addi-
tionally predispose vulnerable individuals to the 
development of profound mood and hedonic 
alterations in the context of sickness. 

Cytokine-Mediated Models

To aid in separating immune from psychosocial 
contributions to depression in the context of 
medical illnesses, including cancer, researchers 
have employed treatment with IFN-a as a model 
system to study cytokine-mediated behavioral 
disturbance. IFN-a is a cytokine released early in 
viral infection that has both antiviral and antipro-
liferative activities.86 In addition to direct effects 
on the immune system, IFN-a also potently  
stimulates the production of proinflammatory 
cytokines, including IL-6 and, to a lesser extent, 
tumor necrosis factor (TNF)-a and IL-1a and  
IL-1b.84,87 Because of its antiproliferative and anti-
viral activities, IFN-a is currently used for the 
treatment of several malignancies and viral infec-
tions.88 Although frequently of benefit in each  
of these conditions, IFN-a has been repeatedly 
observed to cause a variety of neuropsychiatric 
side effects that closely resemble sickness behav-
ior in animals and that meet symptom criteria for 
major depression in humans. Indeed, our group 
observed that nearly 50% of patients receiving 
high-dose IFN-a for malignant melanoma devel-
oped major depression over 3 months of treat-
ment.51 These results are especially striking given 
that depressive symptom scores were minimal in 
this population prior to treatment.

The possibility that antidepressant pretreat-
ment might ameliorate neurobehavioral toxicity 
in patients receiving high doses of IFN-a for  
the treatment of malignant melanoma has been 
examined.51 Forty patients with nonmetastatic 
disease were randomized in a double-blind 

Table 6  Comparison of Symptoms in Sickness 
Behavior and Major Depression

Sickness behavior
 Anhedonia*
 Anorexia†
 Cognitive disturbance*
 Decreased libido*
 Fatigue*
 Psychomotor retardation†
 Sleep disturbance*
 Social isolation*
 Weight loss*
 Hyperalgesia*

Major depression
 Anhedonia*
 Anorexia
 Cognitive disturbance*
 Decreased libido*
 Fatigue*
 Psychomotor retardation
 Sleep disturbance*
 Social isolation*
 Weight loss*
 Increased pain complaints*
 Sad mood‡
 Suicidal ideation‡
 Worthlessness/guilt‡

*Common to both depression and sickness behavior.
†More common in sickness than depression.
‡More common in depression than sickness behavior.

Table 7  Cytokine Pathways to Sickness  
Behavior/Depression in Cancer Patients

Cytokine disruption of monoamine metabolism
 in the central nervous system
Cytokine induction of corticotropin-releasing
 factor
Cytokine disruption of glucocorticoid 
 receptor–mediated feedback inhibition of
 inflammation and corticotropin-releasing
 factor
Cytokine induction of enzymes that metabolize
 tryptophan
Cytokine inhibition of pathways involved in
 thyroid hormone metabolism (euthyroid sick
 syndrome).
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manner to receive either the serotonin reuptake 
inhibitor (SRI) paroxetine or placebo. Antide-
pressant (or placebo) treatment was commenced 
2 weeks prior to the initiation of IFN-a and  
continued for an additional 12 weeks of IFN-a 
therapy. At the end of the study period, only 11% 
of patients receiving paroxetine had developed 
symptoms sufficient to meet the diagnostic crite-
ria for major depression compared with 45% of 
patients receiving placebo.51 Moreover, the rates 
of discontinuation from IFN-a were significantly 
lower in paroxetine-treated patients, 5% versus 
35% for patients receiving placebo. 

A recent study in rodents suggested that the 
SRI fluoxetine prevents cytokine-induced decre-
ments in the gustatory hedonic domain while 
having no impact on cytokine-induced anorexia.89 
Given that major depression is a syndrome  
consisting of both mood or hedonic and neuro-
vegetative symptoms (such as anorexia),4 these 
findings raise the possibility that serotoninergic 
antidepressants might be more effective in treat-
ing core depressive symptoms, such as hedonic 
drive, and less effective in resolving neurovegeta-
tive symptoms, such as anorexia. To examine this 
possibility, Capuron and colleagues evaluated 
whether paroxetine was equally effective in  
ameliorating all depressive symptoms in patients 
receiving INF-a for malignant melanoma or 
whether its ability to prevent major depression 
derived from a more limited spectrum of thera-
peutic efficacy.90 A dimensional analysis revealed 
that symptoms more commonly seen in depres-
sion than in sickness, including depressed mood, 
loss of interest (anhedonia), suicidal thoughts, 
guilt, and anxiety, as well as subjective cognitive 
complaints, were prevented by SRI pretreatment, 
whereas neurovegetative symptoms, including 
fatigue, anorexia, and psychomotor retardation, 
were minimally responsive to the antidepressant. 
Additionally, neurovegetative and somatic com-
plaints were noted to develop early during treat-
ment (within the first 2 weeks) in the majority  
of patients, whereas depression-specific and  
cognitive symptoms developed later and tended 
to occur only in patients who met the DSM-IV 
criteria for major depression.

Similar patterns have been identified in  
the phenomenology and treatment response of 
behavioral disturbances in other cancer popula-
tions. In terms of phenomenology, a factor  
analysis in a large group of patients found that 
mood, anxiety, and cognitive symptoms clustered 
together, whereas fatigue, anorexia, and physical 
symptoms represented separate factors.91 Consis-
tent with SRI response patterns during IFN-a 
treatment, paroxetine was recently shown in a 
large, double-blind, placebo-controlled trial to 
ameliorate depression, but not fatigue, in cancer 
patients undergoing chemotherapy.17 Taken 

together, these findings support the notion that 
behavioral changes during immune activation 
may represent an amalgam of at least two subsyn-
dromes: a neurovegetative or somatic syndrome 
that develops in most sick individuals appears 
early in the course of inflammation and is mini-
mally responsive to SRI treatment and a mood, 
anxiety, and cognition syndrome that occurs in a 
subset of patients (who are also most likely to 
meet the full criteria for major depression). This 
syndrome develops after more prolonged inflam-
matory exposure and responds to SRI treatment.

The finding that both IFN-a-induced and 
cancer-related depression can be meaningfully 
subdivided on the basis of phenomenology and 
treatment response into a more depression- 
specific syndrome of mood, anxiety, and cogni-
tive symptoms and a more generalized sickness 
syndrome composed of neurovegetative and 
somatic symptoms strongly suggests that separate 
pathophysiologic mechanisms may underlie these 
syndromes, with the corollary that different 
symptoms may respond to different treatment 
strategies in depressed, medically ill patients 
(Figure 1).90 Recent work aimed at delineating 
pathways by which immune activation produces 
behavioral disturbance is consistent with these 
ideas.

TRP Depletion and Serotonin   As men-
tioned above, inflammatory stimuli (including 
IFN-a exposure) lead to a depletion of TRP  
via an immune-mediated induction of the  
enzyme IDO, which metabolizes TRP to kyn-
urenine and hence reduces the amount of TRP 
that is available for the synthesis of serotonin.92,93 
It has been argued that IDO induction serves  
several adaptive purposes, including diminishing 
TRP availability for bacterial pathogens (for 
which TRP is also an essential amino acid) and 
promoting maternal T-cell tolerance toward the 
fetus during pregnancy.94 Despite these evolu-
tionary benefits, however, IDO induction might 
also be expected to increase the risk of developing 
depressive symptoms during conditions of 
immune activation, given evidence that TRP 
depletion is capable of rapidly inducing depres-
sive symptoms in nondepressed but vulnerable 
individuals.60,95 Data from patients receiving high 
IFN-a suggest that this is true: several studies 
report that treatment results in decreases in serum 
TRP and increases in kynurenine,92,93,96 consistent 
with activation of IDO.97 Moreover, the amount 
of reduction in TRP during treatment has been 
correlated with depressive symptom severity 
scores.93,96 Similarly, it has been observed that 
antidepressant-free patients who met the criteria 

FiguRe 1  Differential Pathophysiological Mechanisms Underlying Interferon-Alpha-Induced Mood/Cognitive 
Syndrome and Neurovegetative Syndrome: A Model for Cytokine-Induced Neurobehavioral Alterations. 
Solid arrow: published data available. Dashed arrow: under investigation. (modified from Capuron, L., Miller, 
A.H. Cytokines and psychopathology: lessons from interferon alpha. Biological Psychiatry, 56(11):819–24, 
2004). 
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for major depression during IFN-a therapy for 
malignant melanoma demonstrate significantly 
larger increases in kynurenine and the ratio of 
kynurenine to TRP and prolonged decreases in 
TRP during treatment when compared with 
patients who do not develop major depression.92 

Interestingly, the relationship between major 
depression and TRP depletion resulted from a 
significant correlation between decreases in serum 
TRP concentrations and the development of 
mood, anxiety, and cognitive symptoms. No 
association was seen between TRP metabolism 
and neurovegetative symptoms or pain com-
plaints. That alterations in TRP metabolism cor-
related with the same symptoms that responded 
to treatment with paroxetine but did not corre-
late with symptoms that were not responsive to 
the SRI90 strongly suggests that serotoninergic 
mechanisms contribute significantly to the 
expression of mood, anxiety, and cognitive com-
plaints in these patients, a finding strengthened 
by the fact that no such correlation was observed 
in patients pretreated with paroxetine, which 
might be expected, via the effects of this  
medication on the serotonin reuptake pump,  
to compensate for IDO-induced decrements in 
serotoninergic functioning. By the same logic, 
serotoninergic mechanisms did not appear  
to play a central role in the mediation of  
neurovegetative or pain symptoms.

Corticotropin-Releasing Hormone
Because CRH hyperactivity is a frequently 
reported abnormality in major depression,73 and 
because the inflammatory system robustly stimu-
lates the HPA axis in animals and humans via 
stimulation of CRH, Capuron and colleagues 
used treatment with IFN-a as a model system to 
examine whether HPA axis hyperactivity repre-
sents a risk factor for developing depression 
during immune activation in humans.84 In anti-
depressant-free patients, those who developed 
major depression during IFN-a treatment exhib-
ited increased CRH activity in response to the first 
dose of IFN-a (as assessed by postinjection 
increases in serum concentrations of ACTH and 
cortisol). Of note, none of the patients met the 
criteria for depression at the time of the first injec-
tion.84 Although the first dose of IFN-a also mark-
edly increased serum concentrations of IL-6, no 
differences in this cytokine were observed between 
patients who did and did not go on to develop 
major depression, suggesting that the vulnerabil-
ity to depression was accounted for by preexisting 
sensitivity of CRH pathways to an immune  
stimulus and not by an abnormality within the 
proinflammatory cytokine network itself. 

Interestingly, both CRH pathway and cyto-
kine responses to IFN-a rapidly attenuated with 
repeated treatment, such that within a week of 
initiating therapy, no differences were observed 

in postinjection ACTH or cortisol responses 
between patients who did and did not subse-
quently develop major depression.84 This finding 
is quite different from the temporal pattern 
observed between IDO-induced TRP depletion 
and depression, in which changes in TRP levels 
and the development of depressive symptoms 
were contemporaneous.92 However, it is intrigu-
ing that patients who demonstrated CRH  
hyperactivity in response to an initial dose of 
IFN-a were also more likely to later demonstrate 
increased TRP depletion, indicating a possible 
link between CRH and serotoninergic systems  
in the mediation of depressive symptoms in the 
context of immune activation. Moreover, as with 
IDO-induced TRP depletion, CRH hyperactivity 
predicted the subsequent development of major 
depression through an effect on mood, anxiety, 
and cognitive symptoms.84 No correlation was 
observed between CRH hyperactivity and the 
later development of neurovegetative or somatic 
symptoms. Of note, previous studies have sug-
gested that CRH hypersensitivity may result from 
early life stress or exposure to intense stressors  
in adulthood.98 Family members of patients with 
depression have also exhibited evidence of CRH 
hypersensitivity.99 Taken together, these findings 
suggest that patients with preexisting supersensi-
tivity in CRH-mediated stress pathways may be at 
risk of developing mood, anxiety, and cognitive 
symptoms, not perhaps through ongoing abnor-
malities in stress system responses to immune 
stimulation but rather through as yet unidentified 
functional connections between CRH and sero-
toninergic metabolism (see Figure 1). On the 
other hand, neurovegetative and physical symp-
toms that are frequent in the context of illness, 
even when more depression-specific symptoms 
are absent, may not be as directly related to  
alterations in CRH and/or serotoninergic  
systems.

Dopamine
A first clue to the neural mechanisms by which 
activation of the cytokine network promotes the 
development of neurovegetative symptoms, such 
as fatigue or psychomotor slowing in patients 
with cancer, is provided by data linking abnor-
malities in central nervous system (CNS) dopa-
mine with fatigue and psychomotor slowing in 
the context of medical illness. For example, 
human immunodeficiency virus (HIV) infection 
and Parkinson’s disease, conditions in which 
fatigue and psychomotor slowing are prominent, 
are characterized by abnormalities in dopamine 
metabolism in the basal ganglia and by extreme 
sensitivity to medications, such as antipsychotic 
agents, that further reduce dopaminergic signal-
ing via postsynaptic receptor blockade.100,101  
Consistent with this, even in medically healthy 
depressed patients, affective flattening and  
psychomotor retardation are associated with  

evidence of altered dopaminergic functioning  
in the left caudate nucleus.102 Finally, agents with 
dopaminergic activity have been repeatedly 
shown to effectively treat fatigue in a number of 
medical conditions.103–105

Chronic immune activation appears to 
inhibit dopamine signaling within frontostriatal 
circuits within the CNS. Rodents treated chroni-
cally with IFN-a demonstrate inhibition of  
dopaminergic neural activity and CNS dopamine 
metabolism, with concomitant decrements in 
motor activity.106 In humans, high-dose IFN-a 
reliably slows reaction time on standardized  
neuropsychological tests and in extreme cases has 
been reported to produce frankly parkinsonian 
states that are responsive to treatment with 
levodopa.50,107

These findings support the possibility that 
psychomotor retardation and fatigue observed 
during states of immune activation may be related 
in part to cytokine-induced reductions in dopa-
mine activity. Cytokine receptors are expressed  
in abundance in key areas of the basal ganglia–
thalamocortical circuitry, including the striatum 
and cerebral cortex,108 and therefore are uniquely 
poised to influence dopamine neuronal activity in 
these brain regions. Moreover, chronic infusion 
of bacterial endotoxin (a potent inducer of the 
inflammatory cytokine network) into rat brain 
leads to delayed and selective degeneration of 
dopaminergic neurons in the substantia nigra 
through microglial activation.109 Finally, the  
targeting of basal ganglia and dopamine pathways 
during activation of the cytokine network is sug-
gested by involvement of these pathways in infec-
tious diseases associated with neuropsychiatric 
alterations, including HIV.101 

Taken together, these data suggest that  
alterations in basal ganglia, notably in dopamine  
neurotransmission, may contribute to the devel-
opment of core neurovegetative symptoms of 
IFN-a-induced depression, including psychomo-
tor slowing (see Figure 1). Consistent with this, 
preliminary data from our group and others  
demonstrate altered glucose metabolism in the 
basal ganglia of IFN-a-treated patients.110,111

Implications

The concept of sickness behavior promotes an 
awareness that many symptoms of both physical 
and emotional distress in cancer patients may 
have a significant biologic component, arising out 
of the body’s own attempt to fight disease and  
at the same time maintain homeostatic balance. 
This perspective discourages simple dichotomies 
between emotional and physical suffering in the 
context of cancer and points to the clinical utility 
of broadening therapeutic concerns beyond 
depression into the larger sickness syndrome,  
of which depression in the medically ill is a  
component. Such a perspective argues for an 
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inclusive approach to identifying patients with 
clinically relevant behavioral disturbances, even 
when these disturbances do not meet the criteria 
for currently recognized DSM-IV mood disor-
ders. Moreover, recognizing that inflammation 
provides a physiologic substrate that promotes 
mood disturbance implies that markers of inflam-
mation may provide an additional diagnostic tool 
to identify individuals at risk of developing 
depressive disorders. Such inflammatory risk 
markers were recently identified for both diabetes 
and coronary artery disease—conditions that, 
like cancer, are associated with increased rates of 
depression. Relevant in this regard are the previ-
ously noted data that patients with cancer who 
develop depression have significantly higher levels 
of IL-6 than cancer patients without depression.74 
Other abnormalities that may hold promise as 
predictive markers for depressive disorders 
include IDO-mediated decreases in plasma TRP 
and alterations in the production of HPA axis 
hormones, such as ACTH and cortisol, as dis-
cussed above. Similarly, imaging studies of 
patients undergoing cytokine exposure may, in 
the future, cast light on neural circuits that medi-
ate both the risk and expression of behavioral  
toxicity.

However, if the elucidation of sickness behav-
ior promotes an inclusive approach to behavioral 
symptoms in patients with cancer, findings on 
depressive subsyndromes and the pathways that 
underlie these different symptom dimensions 
argue for the wisdom inherent in exclusive 
approaches that privilege more depression- 
specific symptoms and downplay the importance 
of neurovegetative symptoms. Specifically, stud-
ies in patients undergoing immune activation 
strongly suggest that sickness symptoms, includ-
ing fatigue and other neurovegetative symptoms, 
are widespread and serve as a physiologic base 
from which a smaller number of vulnerable  
individuals progress to develop symptoms most 
classically associated with mood disturbances, 
including sadness, loss of pleasure, anxiety, hope-
lessness, helplessness, and suicidal ideation. A 
strong rationale for privileging these symptoms 
comes from studies over the last several years sug-
gesting that these symptoms may be the primary 
mediators of the relationship between depression 
and poor health outcomes.8,112

Although the identification of vulnerability 
factors for depression-specific symptoms is in its 
infancy, data indicate that patients with sensitized 
CRH pathways—as a result of genetic endow-
ment, previous stressor exposure, or both—are at 
increased risk of developing depression-specific 
symptoms and of meeting the full criteria for 
major depression when exposed to an immune 
challenge. Similarly, patients who respond to an 
immune challenge with heightened IDO activity 
and resultant decrements in TRP also appear to 

be at increased risk of progressing from sickness 
to full depression when exposed to inflammatory 
activation. 

Recent evidence suggests that both inclusive 
and exclusive approaches to depression in patients 
with cancer have important clinical implications 
and that, although apparently contradictory, both 
approaches should be held in mind for clinicians 
to optimally relieve suffering in the context of 
neoplasia. As discussed above, with the develop-
ment of the concept of sickness behavior, a coher-
ent rationale is provided for addressing a more 
inclusive range of emotional, neurovegetative, 
and physical symptoms than would be targeted 
under strict definitions of current DSM-IV mood 
disorders. 

Although sickness behavior in general sup-
ports a broadening of the terrain that is appropri-
ate for therapeutic intervention, recent evidence 
that cytokine and oxidative stress-induced depres-
sion is not a unitary phenomenon but rather  
represents an amalgam of at least two separable 
subsyndromes provides a rationale for privileging 
depression-specific symptoms that are core  
features of exclusive diagnostic approaches to 
depression in the medically ill. 

Oxidative Stress
In addition to the effects of inflammation or cyto-
kine pathology on behavior, another important 
potential mediator of behavioral pathology in 
cancer patients is oxidative stress. Considerable 
evidence implicates oxidative stress and depletion 
of the critical antioxidant glutathione (GSH)  
in neurodegenerative processes. GSH deficiency 
leaves the brain susceptible to oxidant-mediated 
injury that leads to neuronal cell dysfunction and 
death.113,114 Significant loss of both systemic and 
brain GSH pools has been associated with a range 
of cognitive dysfunctions related to Parkinson’s 
disease, Alzheimer’s disease, and schizophre-
nia.113–115 Furthermore, the extent of systemic 
GSH depletion was a highly significant and inde-
pendent predictor of the severity of cognitive 
impairment in a recent prospective study of indi-
viduals with Alzheimer’s disease.116 It is not known 
whether perturbations in systemic GSH status 
contribute to chemotherapy-associated neuro-
cognitive dysfunction; however, various chemo-
therapeutic agents have been shown to induce 
significant and acute declines in circulating GSH 
concentrations in cancer patients,117,118 which may 
exacerbate hematologic toxicity, nephrotoxicity, 
and neurotoxicity.119,120 Jonas and colleagues 
demonstrated that chemotherapy regimens 
administered during bone marrow transplanta-
tion progressively decreased and oxidized plasma 
GSH pools over a prolonged 14-day period post-
treatment (Figure 2).117 There are data suggesting 
a role for GSH deficiency in the development  
of neurotoxicity in patients receiving multiple 

cycles of chemotherapy. In patients with advanced 
colorectal cancer, clinically evident neuropathy 
induced by oxaliplatin-based chemotherapy was 
markedly reduced with bimonthly GSH infusion 
by the eighth treatment cycle.119 

GSH is an abundantly present antioxidant 
found in all cells and extracellular fluids in 
humans. GSH functions in detoxification, acts  
as a reservoir for cysteine, maintains other  
functional antioxidants, and is central to control 
of protein thiol-disulfide balance, ultimately  
regulating thiol-dependent cellular functions. 
Compromised GSH metabolism may contribute 
to oxidative stress, sensitivity to toxicants, and 
alterations in oxidative metabolism, all of which 
have been implicated in neurologic disorders.121

GSH depletion may represent a key mecha-
nism in neuronal cell injury and dysfunction. The 
brain is particularly susceptible to oxidative stress 
owing to high rates of oxidative metabolism, the 
abundance of polyunsaturated fatty acids in cell 
membranes, and the comparatively low antioxi-
dant activity relative to other tissues.122 Oxidative 
stress and substantial GSH losses have been  
demonstrated in neurodegenerative disorders 
and have been linked with the progressive degen-
eration of dopaminergic neurons in preclinical 
stages of Parksinson’s disease.123 Evidence indi-
cates that GSH deficiency may cause or worsen 
neuronal dysfunction through multiple mecha-
nisms. In addition to increasing neuronal cell sus-
ceptibility to reactive oxygen species (eg, H2O2) 
and to neurotoxicants, GSH loss and oxidative 
stress result in neuronal dysfunction through the 
accumulation and aggregation of oxidized pro-
teins and through the signaling of redox-sensitive 
cell death pathways.114,124 Whether abnormalities 
in the systemic GSH redox state relate to defects 
in brain GSH metabolism, oxidative stress, and 
neuronal cell fate is not established. Nonetheless, 
blood GSH levels reflect oxidative stress found  

FiguRe 2  Mean (±SE) plasma GSH (umol/L) over 
time in patients receiving bone marrow transplanta-
tion. Pre-chemotherapy values were obtained at the 
time of admission and post-chemotherapy values 
were obtained on days 1, 3, 7, 10, and 14 after con-
ditioning therapy. GSH concentrations decreased sig-
nificantly over time reaching well below the normal 
reference range for healthy populations (P < 0.001; 
effect of time).
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to be pathogenic in other disease states, such  
as macular degeneration, diabetes, AIDS, and 
cancer.125–127 

GSH redox is a means to clinically assess  
oxidative stress. In humans, the balance between 
GSH and glutathione disulfide (GSSG), deter-
mined by the balance of oxidative reactions and 
the capacity of the reduced nicotinamide adenine 
dinucleotide phosphate–dependent reductase to 
reduce GSSG back to GSH, provides a means  
to clinically measure oxidative stress. Previous 
clinical studies show differences in plasma GSH 
redox in humans, which are related to states of 
oxidative stress, such as in aging, chemotherapy 
treatment, and critical illness.118–120,128 Progressive 
oxidation of the plasma GSH pool may correlate 
with intracellular GSH depletion in various organ 
systems, as well as loss of redox potential in extra-
cellular compartments particularly important to 
the CNS, as has been shown in cerebrospinal fluid 
during aging.125 Because of continuous cycling of 
GSH pools between peripheral tissue or plasma 
and the brain (likely through substrate cycling via 
the blood-brain barrier) plasma measurements 
may indirectly reflect brain redox conditions  
of potential relevance to neurodegenerative 
changes. 

Alterations in cytokines, such as TNF-a,  
IL-2, IL-6, and IFN-c, are documented responses 
to chemotherapeutic regimens that may be 
important to treatment-induced toxicity in breast 
cancer patients. Oxidative stress is directly linked 
to proinflammatory cytokine activation. Given 
evidence (discussed above) that cytokine activa-
tion may contribute to neurobehavioral distur-
bances in the context of cancer and its treatment, 
the possibility arises that changes in oxidative 
state may be a mechanism by which inflamma-
tion alters neuronal and, ultimately, psychiatric 
functioning. Studies are currently under way to 
evaluate this intriguing hypothesis. If findings 
corroborate this idea, the road will be opened for 
nutritional intervention studies aimed at improv-
ing resilience to redox state perturbations during 
cancer chemotherapy. Indeed, diets rich in vege-
tables, plant-derived extracts, amino acid sub-
strates, and micronutrients have been shown to 
protect against oxidative stress, and such dietary 
manipulations could be used to protect patients 
during chemotherapeutic treatments and prevent 
neuropsychiatric problems before they occur.

Although evidence has been provided that 
oxidative stress may contribute to the develop-
ment of behavioral pathology in cancer patients, 
it should be noted that several studies have  
suggested that higher GSH concentrations in  
the mitochondria may act as a redox buffer and 
inhibit mitochondrial alterations associated with 
apoptosis secondary to chemotherapeutic agents, 
notably cisplatin.129 Most recently, GSH synthesis 
has been identified as an essential component  

for the apoptotic inhibitor of cisplatin (Bcl-2). 
This activity cannot be explained by DNA adduct 
formation or damage repair and is likely to be 
regulated through mitochondrial or cellular 
homeostasis.130 Thus, balancing levels of GSH to 
offer neuroprotective effects while maintaining 
the cytotoxic or apoptotic properties of chemo-
therapy agents represents a challenge for future 
translational studies.

Summary

Based on a rich literature, there is compelling  
evidence that depression is a common comorbid-
ity in oncology patients. However, diagnosing 
depression in the cancer patient can present a 
challenge because both somatic and psychic com-
plaints intertwine. Nevertheless, with the use of 
appropriate rating scales and a more “inclusive” 
approach to diagnosis, fewer depressed patients 
will go unrecognized and untreated. With new 
developments in the understanding of the  
potential pathophysiologic mechanisms involved 
in symptom expression, it is also becoming 
increasingly clear which patients are at risk and 
when. Moreover, therapeutic strategies targeting 
specific symptom dimensions have been identi-
fied and are available. Future studies investigating 
the multiple neurobiologic, immunologic, and 
genetic pathways involved in symptom develop-
ment will help elaborate new treatment and  
prevention strategies and help patients better 
negotiate the short- and long-term neuropsychi-
atric challenges of cancer and its treatment. 
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Sleep disturbance is a frequent complaint among 
cancer patients, as clinicians caring for patients 
can attest. A sleep disturbance can be defined  
as any disruption that causes a person to have  
difficulty falling asleep or maintaining sleep, to 
feel not rested after a night’s sleep, or to require a 
nap during the day.1 Having a sleep disturbance 
affects all aspects of a patient’s well-being, which, 
in turn, affects the patient’s response to cancer 
treatment. The body of literature and amount of 
research invested into this common symptom  
are relatively limited. One reason might be the 
small amount of time clinicians spend on sleep 
disorders during medical school: on average, only 
2 hours over the course of 4 years.2 Also, sleep  
disturbance complaints are very subjective,  
which makes developing tools for quantitative 
measurement difficult. 

Sleep disturbances within the cancer popula-
tion, whether caused by the cancer itself, cancer-
related adjustment disorders, or treatment 
interventions, are even more frequent than for 
the general population. Research among various 
cancer groups has found a prevalence of sleep dis-
turbance ranging from as low as 24%3 to as high 
as 95%.4 One recent study found that 62% of 
those studied had moderate to severe sleep distur-
bance.1 The importance of this symptom to cancer 
patients was brought to light by Derogatis and 
colleagues, who looked at psychotropic medica-
tions prescribed for almost 1,600 cancer patients.5 
Of all of the prescriptions written, 48% were for 
hypnotics.

Although most studies to date have been 
nonspecific questionnaire studies, they have 
helped bring quality of life issues to the forefront. 
For example, patients who received radiation 
treatment and who had lower Karnofsky Per-
formance Status scores reported more sleep  
disturbances.6 Also, a recent questionnaire study 
of metastatic breast cancer patients showed  
that 63% reported one or more kinds of sleep 
complaints.7 

A few studies that focused on specific cancer 
populations used polysomnography to investi-
gate sleep architecture. One such study examined 
the sleep architecture and psychological state of 

supplements, nicotine, and caffeine may indicate 
the need to change a medication altogether or 
simply to change the time of day that it is given. 

Social history provides useful information 
about normal daily routines and possible inter-
ruptions from the cancer or cancer treatment. A 
social history interview should include the patient 
and all household members as cancer treatment 
may be severely disruptive to the entire house-
hold and can require difficult adjustments  
from both the patient and the family. Particular 
attention should be given to the state of the 

breast and lung cancer patients. Using insomni-
acs as a control group, investigators found that 
lung cancer patients had more disturbed sleep 
than insomniacs yet underreported their symp-
toms. The lung cancer patients had to stay in bed 
much longer to obtain the same quantity of sleep, 
had lengthy sleep disruptions through the night, 
and took longer daytime naps. The breast cancer 
group also reported more sleep difficulties than 
the controls, but an examination of the sleep 
architecture indicated that they actually had slept 
well.8

Diagnosing Sleep Disturbance

Prompt referral to a sleep medicine specialist 
should be made whenever a patient’s sleep com-
plaint is disrupting his or her daytime routine or 
cancer treatment. The following is what to expect 
from a sleep medicine consultation and may help 
the clinician in deciding when to refer a patient. 
Two helpful Web sites are <www.absm.org>  
for finding board-certified sleep physicians and 
<www.sleepfoundation.org> for sleep tools.

The Sleep History
The initial step in characterizing a patient’s sleep 
disturbance is taking a sleep history. A cancer 
patient’s sleep complaints are most often mixed 
with other complaints and may be far down on 
the patient’s list of concerns. A sleep history asks 
the patient and, if possible, the patient’s sleep 
partner a variety of descriptive questions about 
the nature of the patient’s sleep experience  
(Table 1). 

A sleep history may reveal that the sleep dif-
ficulties are being caused by treatable conditions. 
For example, certain medical ailments may have 
nocturnal presentations: patients may complain 
of shortness of breath or chest pain with cardio-
pulmonary conditions, heartburn or abdominal 
pain with gastrointestinal conditions, headaches 
with carbon dioxide retention, or jaw pain with 
temporomandibular joint disorder. Medications, 
such as bronchodilators and psychotropic, gas-
trointestinal, and pain medications, also may 
contribute to sleep difficulties. A detailed review 
of the patient’s intake of medication, herbal  

Table 1  Sleep History Sample Questions

What time do you go to bed?
Do you have difficulty falling asleep?*
Do you have racing thoughts while trying to fall 
 asleep?*
How many times do you awaken during the  
 night?*
  What awakens you?
  How long until you fall back to sleep?
What time do you awaken to start your day?
Do you wake up refreshed?
Do you snore at night?**
Are you sleepy during the day?
Do others tell you that you have pauses in  
 breathing or gasping for air?†

Does your bed partner have to sleep in another  
 room because of the way you sleep?†

Do you ever have sudden loss of strength in your  
 arms or legs during the day?‡

  If yes, are these episodes brought on by 
   fright or laughter?
Do you take naps?‡

  If yes, how often and for how long?
  How do you feel after these naps?
Do you ever awaken feeling paralyzed?‡

Do you kick or twitch at night?§

How much caffeine or nicotine do you consume?§

Do you have a restless feeling in your legs while  
 trying to sleep?§

  If yes, how often?

*Insomnia.
†Sleep-disordered breathing.
‡Narcolepsy.
§Periodic limb movement and restless legs.
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patient’s relationships with his or her spouse, 
children, and coworkers.

The Sleep Physical
The physical examination of a patient with a  
sleep complaint begins the moment the physician 
enters the room. A disheveled appearance or 
altered affect may indicate a psychiatric disorder 
as a primary diagnosis. A large body habitus  
and central obesity may be indicators of sleep-
disordered breathing or obesity hypoventilation. 

The head and neck examination is of  
paramount importance. A neck circumference 
greater than 17 inches or thyromegaly may indi-
cate increased adipose tissue around the airway. 
Craniofacial abnormalities associated with head 
and neck cancer or the treatment of such tumors 
may signify sleep-disordered breathing. Cardio-
pulmonary examination may reveal medical con-
ditions contributing to nocturnal sleep difficulties. 
Chest wall abnormalities such as kyphosis or 
pectus excavatum are associated with restrictive 
lung defects. Wheezing can signify nocturnal 
asthma attacks. Hypertension, cardiac thrust, or 
signs of pulmonary hypertension may be signs  
of sleep-disordered breathing, with signs of  
heart failure, such as hepatomegaly, ascites, and  
peripheral edema, in the most severe cases. 

Neurologic examination may uncover  
reasons for disturbed sleep. Impaired mentation 
may suggest an underlying dementia that causes 
insomnia, hypersomnolence, or a circadian 
rhythm disorder. Use of sedatives and/or stimu-
lants (prescription or illicit) may be apparent on 
initial examination. Prolonged alcohol abuse may 
be apparent, with hepatomegaly, ascites, spider 
telangiectasis, or jaundice. Peripheral neuropathy 
or joint abnormalities may cause nocturnal pain 
and sleep disturbance. 

Diagnostic Tools
Given that neither patients nor clinicians may  
initiate a discussion of sleep problems, screening 
questionnaires can help identify patients who  
are experiencing sleep difficulties. A checklist  
of common cancer-related symptoms, such as  
the M.D. Anderson Symptom Inventory9 or the 
Symptom Distress Scale,10 can be used as an initial 
screening tool. These brief and easily adminis-
tered scales include one sleep disturbance item 
that can be used to identify patients with potential 
sleep disorders. If the patient responds positively 
to a sleep disturbance item, then a more detailed 
sleep questionnaire can be used to further define 
the problem. For cancer populations that are par-
ticularly at risk of sleep disorders, it may be help-
ful to include a brief sleep questionnaire as part of 
the initial workup.

The 19-item Pittsburgh Sleep Quality Index 
(PSQI), developed to measure sleep quality and 
quantity, has been evaluated in healthy samples 

and samples of individuals with chronic diseases.11 
The scale yields a global sleep quality score and 
seven component scores: subjective sleep quality, 
sleep latency, duration, habitual sleep efficiency, 
sleep disturbances, use of sleeping medication, 
and daytime dysfunction. The PSQI has been 
evaluated in samples of patients with cancer.12–15 
This global sleep quality scale has demonstrated 
good internal reliability and construct validity in 
samples of breast cancer patients and patients 
with diverse cancer diagnoses.

The 12-item Medical Outcomes Study (MOS) 
Sleep Scale provides a concise assessment of  
several sleep dimensions and yields a sleep pro-
blems index and six scale scores: sleep distur-
bance, sleep adequacy, daytime somnolence, 
snoring, shortness of breath or headache, and 
quantity of sleep.16 Evidence of the reliability and 
validity of the scale was provided in studies of 
individuals with chronic illness17 and a nationally 
represen tative sample of adults.16 In addition, the 
MOS Sleep Scale was sensitive to change in a 
sample of patients with neuropathic pain enrolled 
in a clinical drug trial.16 This scale is brief and easy 
to administer, and a computer program is avail-
able for scoring. The scale has not been evaluated 
in samples of patients with cancer but appears to 
have potential utility owing to its brevity.

Other sleep questionnaires were designed to 
screen for obstructive sleep apnea (OSA), daytime 
somnolence, or other specific disorders.18–21 These 
measures may be helpful if initial screening sug-
gests a specific sleep disorder. The Epworth Sleep-
iness Scale was designed to differentiate persons 
with excessive daytime sleepiness from alert indi-
viduals by measuring their sleep propensity.19 The 
scale asks individuals how likely they are to sleep 
in eight different situations. 

The Sleep Diary

When a sleep problem is indicated by a screening 
questionnaire or medical history, a sleep log or 
diary is often used to obtain additional informa-
tion. Sleep logs provide a daily account of all sleep 
activities, including sleep latency (the time from 
lights out until sleep onset), sleep duration, 
number of nighttime awakenings, perceived sleep 
quality, and daytime naps. Such sleep logs are 
relatively easy to complete and cost little. A sleep 
diary of at least 2 weeks’ duration is one of the 
most important tools in evaluating a sleep distur-
bance. The diary tracks the bedtime, time to sleep 
onset, the number and timing of nocturnal awak-
enings, time of final awakening, naps, and the 
subject’s feelings on arising. This is particularly 
helpful in diagnosing circadian rhythm disorders 
and in managing insomnia. 

Actigraphy

Actigraphy is a tool used to assess activity level. It 
uses a device that can be worn on any limb for 

several days to several weeks and that transfers a 
mechanical or digital signal with movement of 
the limb. The information is downloaded at the 
end of the study period. Actigraphy is useful for 
clarifying the level of insomnia and diagnosing 
circadian rhythm disorders and is an accurate 
measure of the sleep-wake cycle, with only a few 
exceptions. Validation studies comparing actigra-
phy with minute-by-minute polysomnography 
scoring show an 80 to 90% agreement when  
differentiating the sleep state from the wakeful 
state.22 

Polysomnography

The gold standard in sleep measurement is the 
attended nocturnal polysomnography (NPSG), 
in which a polygraphic recording of multiple 
physiologic variables is made during sleep. 
“Attended” means that a qualified technician 
remains with the subject throughout the study  
to monitor for technical adequacy and patient  
compliance. NPSG measures several biologic 
parameters simultaneously. These usually include 
electroencephalography, electro-oculography,  
ele ctromyography, electrocardiography, body  
position, respiratory effort, airflow, and pulse 
oximetry. Other parameters may be added, such 
as esophageal pH to diagnose gastroesophageal 
reflux disease, esophageal pressure monitoring 
for the diagnosis of upper airway resistance  
syndrome, or end-tidal CO2. The Multiple Sleep 
Latency Test is a series of nap opportunities and 
recording of electroencephalography, electro-
oculography, and chin electromyography. Per-
formed the day after NPSG, it is used to evaluate 
hypersomnias, such as narcolepsy and idiopathic 
hypersomnia. Indications for NPSG are found in 
Table 2.23

Specific Sleep Disorders in the 
Cancer Patient

Insomnias
Insomnia is characterized by difficulty initiating 
or maintaining sleep or by nonrestorative sleep 
that causes significant distress or impairment in 
daily functioning. Insomnia is considered acute if 
the sleep problem lasts for one to three nights per 
week, with no episode lasting longer than several 
weeks, or chronic if the sleep difficulties last  
for three or more nights per week for 1 month  
or longer.24 Patients with insomnia may also com-
plain of daytime fatigue, irritability, decreased 
memory and concentration, and general malaise. 
The variables associated with increased risk of 
insomnia are fatigue, younger age, leg restless-
ness, use of sedatives or hypnotics, depression, 
dreams, concerns, and recent surgery. 

Epidemiologic surveys that use diagnostic 
criteria for insomnia estimate the prevalence in 
the general population as 9 to 12%.25,26 Cancer 
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patients appear to be at greater risk of insomnia 
than the general population. In a recent survey of 
over 900 cancer patients, 31% of the patients 
reported insomnia.27 The most frequent patient-
reported reasons for insomnia were pain, health 
concerns, concerns about family or friends, and 
the cancer itself.

The prevalence of insomnia among cancer 
patients has been evaluated in several descriptive 
studies. Savard and colleagues found that one-
third of breast cancer patients with insomnia 
reported the onset of their sleep disturbance  
following their cancer diagnosis.28 Thus, their 
insomnia appeared to be secondary to the cancer. 
In a larger heterogeneous sample of cancer 
patients, 48% indicated that their insomnia began 
around the time of cancer diagnosis.27 Approxi-
mately 40% of the patients reported insomnia 
symptoms that began years prior to the cancer 
diagnosis. Another study of women with breast 
cancer found that 25% of the women reported 
difficulty falling asleep and 44% reported prob-
lems with nighttime awakenings.7 Risk factors for 
sleep disturbance included pain, depression, and 
lower levels of social support. Another descriptive 
study of women with breast cancer found that 
50% reported insomnia symptoms and 19% met 
diagnostic criteria for insomnia.28 

The primary care physician or oncologist 
should screen patients for symptoms of insomnia 
during clinic visits. Patients with cancer may be 
reluctant to report poor sleep quality owing to a 
belief that insomnia is an expected reaction to 
having cancer or a reluctance to distract the  
physician from focusing on the cancer treatment. 
A telephone survey of breast and lung cancer 
patients experiencing sleep problems found that 
only 17% of the patients had discussed sleep with 
their physicians.29 As noted previously, a brief 
symptom checklist completed prior to a clinic 
visit may help identify patients who are experi-
encing insomnia. When an initial screen indicates 
that insomnia is a problem, then a complete sleep 
history and physical examination, possibly by a 

sleep specialist, is needed to determine the etiol-
ogy of the insomnia. Polysomnography is not  
recommended for routine screening or diagnosis 
of insomnia, unless a sleep-related breathing or 
movement disorder is suspected.30 Below are 
listed the most common causes of insomnia in the 
cancer patient:

• Behavioral
 • Inadequate sleep hygiene
 •	 Psychophysiologic insomnia
• Environmental
 •	 Hospitalization
• Psychiatric
 •	 Psychosis
 • Mood disorders
 •		 Anxiety disorders
• Medications
 •	 Bronchodilators
 •	 Antihypertensives
 •	 Anticholinergics
 •	 Diuretics
 •	 Antidepressants (ie, selective serotonin 

reuptake inhibitors)
 •	 Decongestants
 •	 Chemotherapy (Table 10-3)
 •	 Hormone therapy: antiestrogens,  

antiandrogens
 •	 Substance abuse
• Medical conditions
 • Gastroesophageal reflux
 •	 Arrhythmias

 •	 Coronary disease
 •	 Reactive airway disease (Table 10-4)
• Movement disorders
 • Restless legs syndrome (RLS)
 •	 Periodic limb movement disorder 

(PLMD)
 •	 Nocturnal leg cramps
• Neurologic
 •	 Parkinson’s disease
 •	 Dementia
 •	 Epilepsy
 •	 Tumor related
• Sleep-disordered breathing
 • Mild to moderate sleep apnea
 •	 Central sleep apnea (CSA)

Pain also is a risk factor for insomnia in patients 
with cancer. Patients receiving active cancer treat-
ment often experience pain, and more than 60% 
of patients with advanced disease report pain.31,32 
Descriptive studies of cancer patients with pain 
have found that over half of the patients experi-
enced sleep disturbance that they attributed to 
pain.32–35 Difficulty initiating sleep and nighttime 
awakenings were frequently reported. Optimal 
pain management is necessary to eliminate pain 
as a stimulus that can disrupt sleep. For patients 
with complicated pain syndromes, referral to a 
pain specialist may be indicated.

Certain behaviors may lead to insomnia. 
Inadequate sleep hygiene refers to insomnia 
resulting from behaviors that increase bedtime 
arousal or disrupt sleep patterns. Examples of 
such behaviors include working or exercising  
late at night, taking excessive daytime naps, and 
keeping irregular sleep hours. Using stimulants 
such as caffeine and nicotine or substances such 
as alcohol near bedtime also can disrupt sleep. 
Patients with cancer may develop maladaptive 
sleep hygiene behaviors if their cancer treatment 
interferes with their usual sleep schedule.

In descriptive studies of cancer patients, the 
prevalence of mood disorders ranges from 13% to 
as high as 50%.36,37 Mood disorders alone, how-
ever, do not explain the high rate of sleep disor-
ders among cancer patients. One survey study 
found that only 21% of cancer patients reported 
insomnia and demonstrated a concurrent psychi-
atric diagnosis.38 Common patterns seen include 
early morning awakening in depressed patients 
and frequent arousals in those with anxiety  
disorders. Early referral to a psychiatrist in  
conjunction with a sleep specialist is warranted.

Nonpharmacologic Treatments of Insomnia

Behavioral and cognitive-behavioral treatments 
have been used successfully to treat insomnia in 
the general population. Two recent meta-analyses 
of research studies evaluating these treatments 
concluded that behavioral and cognitive- 
behavioral interventions were effective and  
typically produced significant improvements in 

Table 2  Indications for Polysomnography

Routine for Suspected

Sleep-disordered breathing
Titration of positive airway pressure
Narcolepsy (with MSLT)
Periodic limb movement disorder

Not Routine for Suspected Exceptions

Insomnia Sleep maintenance insomnia
Restless legs syndrome
Circadian rhythm disorder
Parasomnias Violent or atypical behavior
 Seizures
 Snoring without daytime somnolence Not responding to therapy

MSLT = Multiple Sleep Latency Test.

Table 3  Biochemotherapy Agents Associated with 
Insomnia

Busulfan
Mechlorethamine
Cladribine
Pentostatin
Fludarabine
Procarbazine
Irinotecan
Rituximab
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sleep-onset latency, sleep quality ratings, the 
duration of nighttime awakenings, total sleep 
time, and the number of awakenings.39,40 The 
amount of improvement demonstrated on most 
outcome variables was comparable to that seen in 
studies of hypnotic medications.41 In addition, 
many studies have found that the improvements 
associated with behavioral and cognitive- 
behavioral interventions for insomnia were main-
tained up to 2 years after the initial treatment.39,40 

Education on sleep hygiene is often included 
in behavioral and cognitive-behavioral treatments 
for insomnia. This education focuses on beha-
viors and environmental factors that affect sleep. 
Patients are taught to avoid alcohol and stimu-
lants such as caffeine and nicotine close to bed-
time. They also are advised to avoid heavy meals 
close to bedtime and to keep their bedroom a 
comfortable, dark, and quiet environment. Regu-
lar exercise is recommended, but not close to  
bedtime. Research evaluating sleep hygiene edu-
cation alone has found that this intervention is 
modestly beneficial. 

Cognitive-behavioral treatment usually 
requires the assistance of someone trained in 
these techniques, such as a psychologist.  
Techniques include

• Stimulus control
• Sleep restriction
• Relaxation techniques
 • Muscle relaxation
 • Biofeedback
 • Meditation
 • Imagery training
 • Hypnosis
 • Autogenic therapy
• Cognitive interventions

Only a few studies have evaluated behavioral and 
cognitive-behavioral interventions for insomnia 
in samples of cancer patients, but the results sug-
gest that such interventions are effective for that 
population. In a small sample of patients with 
cancer, a cognitive-behavioral group intervention 
was associated with significant improvements  
in sleep efficiency, sleep quality, and nighttime 
awakenings.42 A larger randomized controlled 
study of a stress reduction intervention for women 
with breast cancer found that women who 
reported frequent practice of mindfulness medi-
tation improved more on a sleep quality measure 
than women who reported less practice.43 A recent 
randomized controlled trial of cognitive-behav-
ioral treatments for insomnia in cancer patients 
compared a multimodal package that included a 
relaxation technique with one that included an 
autogenic intervention.44 Both treatment groups 
demonstrated significant improvements com-
pared with a control group on measures of sleep 
latency, duration, efficiency, quality, use of sleep 
medication, and daytime dysfunction. 

Pharmacologic Treatment of Insomnia

The first step in pharmacologic management of 
insomnia is to eliminate, if possible, any agents 
that may be causing insomnia. Common  
medications that cause insomnia include anti-
cholinergics, antidepressants, bronchodilators, 
corticosteroids, central nervous system stimu-
lants, weight loss medications, decongestants, 
and diuretics.

Insomnia may be treated with any of several 
available sedative-hypnotic agents, including 
benzodiazepines, nonbenzodiazepine hypnotics, 
and sedating antihistamines and antidepressants. 
Ideally, these agents should be prescribed at the 
lowest dose possible for the shortest time possible 
and combined with the nonpharmacologic treat-
ments described previously. Sedating antihista-
mines and antidepressants usually have only a 
transitory effect on alleviating insomnia. Antihis-
tamines have some undesirable side effects, 
including constipation, urinary retention, and 
dry mouth. Benzodiazepines cause muscle relax-
ation, which can be a problem for those with 
sleep-disordered breathing and can produce 
rebound insomnia when stopped. The newer 
nonbenzodiazepine hypnotics do not cause 
muscle relaxation or rebound insomnia, nor do 
they suppress rapid eye movement (REM) and 
slow-wave sleep. The newest class of drug is the 
melatonin agonist ramelteon, which has US Food 
and Drug Administration (FDA) approval for 
insomnia. This drug also does not suppress REM 
or slow-wave sleep as the benzodiazepines do. 
Figure 10-1 is for the treatment of insomnia; 
treatment options are not mutually exclusive.

Circadian Rhythm Disorders
We each have a 24-hour internal circadian “clock” 
that helps keep us synchronized with internal and 
external environments. This clock, the suprachi-
asmatic nucleus, is found in the anterior hypo-
thalamus. It is entrained, or resynchronized,  
by external cues, the strongest being light.45  
When light stimulus is withdrawn from the supra-
chiasmatic nucleus, melatonin is released from 
the pineal gland, which, in turn, causes a decrease 
in body temperature and helps induce sleep. 
Abnormalities in this cycle are termed circadian 
rhythm disorders.

Delayed sleep phase syndrome is a disorder 
in which patients are unable to fall asleep until 
some time between 2:00 am and 6:00 am and then 
arise between 10:00 am and 1:00 pm; the clock is 
delayed. The prevalence of delayed sleep phase 
disorder in sleep clinics has been found to be as 
high as 16%.46 The complaint is typically one of 
sleep initiation insomnia, and patients usually  
use sedative-hypnotics or alcohol to help initiate 
sleep; this is then followed by excessive daytime 
somnolence. Advanced sleep phase syndrome is a 

disorder in which the clock is advanced so that 
the patient falls asleep much earlier than expected 
and wakes between 2:00 and 5:00 am. Diagnosis is 
made by history, sleep diaries, and sometimes 
actigraphy.

Several studies have used actigraphy and 
diurnal cortisol levels to look at circadian rhythm 
disruption within the cancer population. On  
the whole, daytime inactivity was correlated  
with nighttime restlessness and excessive daytime 
fatigue. Breast cancer patients undergoing adju-
vant chemotherapy were found to have levels  
of fatigue that followed a “roller-coaster” pattern 
throughout treatment and that was negatively 
correlated with nighttime restlessness.47 This has 
also been found in patients receiving treatment 
for metastatic colorectal carcinoma and those 
undergoing radiation treatment for various can-
cers.48 Advanced sleep phase syndrome was found 
in some groups undergoing cancer chemother-
apy, whereas others remained normal.49 There are 
also reports in the literature of children with cen-
tral nervous system neoplasms having circadian 
rhythm disturbance.50 These findings imply that, 
for cancer patients, daytime naps and inactivity 
cause disruption to the circadian rhythm and 
hence greater fatigue.

Accordingly, treatment of these disorders 
parallels the treatment of cancer-related fatigue. 
Patients are placed on a mild exercise regimen,  
if they are able, to keep them active during the  
daytime and thus help consolidate nocturnal 
sleep. Elimination of daytime naps also may help 
improve nocturnal sleep. The above recommen-
dations are thought to increase a person’s expo-
sure to bright sunlight, which in itself promotes 
daytime alertness by activating certain centers  
in the brain that promote vigilance, as has been 
supported in animal research.51

Other treatment options include the use  
of melatonin in combination with bright-light  
therapy. Melatonin (5 mg) is taken at bedtime as 
a mild hypnotic; it must be combined with bright-
light therapy because melatonin alone does not 
restore the circadian rhythm. Bright-light therapy 
attempts to promote alertness during the day and 
thus to adjust the patient’s circadian rhythm 
toward appropriate nocturnal sleep. It also needs 
to be prescribed by a sleep medicine specialist 
since timing of the bright light is critical. A new 
pharmacologic agent, ramelteon, is a melatonin 
agonist that may prove to be helpful in the future; 
it does not yet have FDA approval in the use of 
circadian rhythm disorders. 

Sleep-Disordered Breathing
The term sleep-disordered breathing refers to a 
spectrum of diseases that can be described as 
varying degrees of airway obstruction, in which 
increasing severity causes increased morbidity. 



Sleep Disorders in the Cancer Patient 87

These include primary snoring, upper airway 
resistance syndrome, obstructive sleep hypopnea 
syndrome, obstructive sleep apnea-hypopnea 
syndrome, obstructive sleep apnea (OSA) syn-
drome, and mixed sleep apnea syndrome. Apnea 
is defined as complete cessation of airflow for at 
least 10 seconds; the obstruction can occur any-
where from the nasal passages to the larynx.52  
A central apnea is one that has cessation of both 
airflow and ventilatory effort. 

Obstructive Sleep Apnea Syndrome

The prevalence of OSA in the general population 
ranges from 2 to 9% among women and 4 to 24% 

among men.53,54 It is estimated that 80% of those 
with the disease have not yet been diagnosed,53 
which means that most cancer patients with OSA 
have not been diagnosed. Presentation of OSA 
includes both nocturnal and daytime symptom-
atology. The nighttime complaints include snor-
ing, gasping for air, observed apneas, frequent 
arousals, nocturia, and palpitations; some patients 
with mild to moderate OSA complain of sleep 
maintenance insomnia. Daytime complaints 
include excessive daytime somnolence, decreased 
concentration, depression, impotence, dry 
mouth, morning headaches, and forgetfulness. 
Some patients with severe sleep-disordered 

breathing may not have any complaints but are 
brought by family members for evaluation. Exces-
sive daytime sleepiness can be evaluated with  
the Epworth Sleepiness Scale,25 which can be used 
in the initial evaluation and in treatment  
follow-up.55

Although relatively few studies have described 
sleep-disordered breathing in those with head 
and neck cancer,56 space-occupying lesions are 
known to impinge on the airway and cause OSA. 
Treatment of head and neck cancers has been 
associated with OSA after both radiation and 
resection. Radiation causes OSA through post-
treatment inflammation and by scarring, although 
one theory postulates that scarring may actually 
reduce obstruction by tightening the soft tissue. 
One large study looked at the incidence of OSA in 
patients who were treated with radiation or surgi-
cal resection for head and neck cancer. Of 24 
patients, 91.7% had significant OSA after treat-
ment: 100% of the radiation group and 78.5% of 
the surgical resection group.57 Mandibulectomy 
precipitates OSA by altering the anatomy of the 
skeletal structure, whereas flap procedures and 
rigid reconstruction of the lower jaw help prevent 
the development of OSA.58 Laryngectomies  
have caused OSA at the reconstruction site in the 
postoperative setting, requiring prolonged treat-
ment.59 There are case reports of lymphoprolif-
erative diseases leading to OSA, in which the 
apnea improves as patients receive chemother-
apy.60 The anatomy of the neck is also an impor-
tant factor. A neck larger than 17 inches in a man 
or 16 inches in a woman is associated with OSA. 
More common in the head and neck cancer group 
is cervical kyphosis, which shortens the thyro-
mental distance. 

If sleep-disordered breathing is a diagnostic 
possibility in a cancer patient, then a full NPSG  
is indicated. Ideally, the test is performed for  
one full diagnostic night, and if sleep-disordered 
breathing is diagnosed, a second treatment  
night is added for titration of positive airway 
pressure. Alternatively, split-night polysomnog-
raphy allows 2 to 4 hours for diagnosis and deter-
mination of disease severity, followed by titration 
of positive airway pressure. 

Treatment of sleep-disordered breathing 
depends on its level of severity and usually requires 
the assistance of a sleep specialist. Control of body 
weight is key in an era of increasing obesity, even 
with cancer patients, for whom weight loss may 
be a distressing but inescapable subject. The 
avoidance of precipitating factors such as alcohol 
and sedating medications is also important, espe-
cially for the cancer patient, who may be tempted 
to increase the use of alcohol as a coping mecha-
nism. Further, many pharmacologic agents used 
in this population adversely affect the upper 
airway. Benzodiazepines have a mixed reputation 
for patients with OSA: the older benzodiazepines 
have muscle-relaxant properties that may 

Figure 1  Flow Chart for the Treatment of Insomnia
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adversely affect the airway, whereas the newer 
nonbenzodiazepine hypnotics, such as zolpidem 
and zaleplon, do not have myorelaxant or respira-
tory depressant effects. Narcotics, on the other 
hand, have powerful respiratory depressant 
effects. It has been shown that a single dose of 
morphine 10 mg to a normal person can suppress 
the hypoxic and hypercapnic respiratory drives 
by 60% and increase arterial carbon dioxide par-
tial pressure (Pco2).61 It may be difficult to avoid 
using these agents in a patient with cancer. Once 
the patient is adequately treated with positive 
airway pressure, however, these medications 
could be used with caution.

Continuous positive airway pressure (CPAP) 
given for OSA is delivered either by a nasal or an 
oral route to create a pneumatic splint for the 
airway.62 If prescribed and used with close follow-
up, CPAP can treat OSA with minimal side effects. 
It can be adjusted over time to suit a patient’s 
changing needs and stopped at any time without 
untoward effect. Over the last decade, the equip-
ment has improved exponentially. The units are 
small, quiet, portable, and adjustable to different 
altitudes. The masks are available in a number of 
types and styles, which is especially helpful for the 
head and neck cancer patient, whose anatomy 
may make using the older types of CPAP masks 
difficult. There are masks that deliver pressure 
either nasally or orally and heated humidifiers to 
help with nasal congestion. Some units can autoti-
trate so that the pressure will automatically adjust 
to the level needed by the patient. Patients who 
have difficulty adjusting to the amount of pres-
sure needed to maintain an open airway can use 
either ramp CPAP, in which the pressure starts 
low and increases to therapeutic levels, or bilevel 
CPAP, in which the pressure at exhalation is lower 
than the pressure at inhalation. 

For patients who have tumors causing  
the obstruction, CPAP is an effective means of  
treatment.63 CPAP can be used by head and neck 
cancer patients who are awaiting surgery or who 
experience OSA as a result of their therapy. After 
resection of an obstructing tumor, polysomno-
graphy should be repeated to ensure that sleep- 
disordered breathing issues have been resolved. 

Central Sleep Apnea

CSA is a condition in which there are repeated 
events of apnea with no ventilatory effort.64 Diag-
nosis is also made with full NPSG. Patients with 
severe OSA may also have mixed apneic events 
with features of both CSA and OSA. The control 
of ventilation is a combination of metabolic and 
behavioral factors during wakefulness; during 
sleep, the control is predominantly metabolic. 
Ventilation is linked to input from chemore-
ceptors in the carotid body for hypoxemia,  
medullary chemoreceptors for hypercapnia,  
vagal intrapulmonary receptors, and brainstem 

mechanisms to process the information.65 For 
cancer patients, this means that any process or 
tumor that affects these areas in the brainstem 
can cause CSA. 

Diseases that have autonomic instability, 
such as Shy-Drager syndrome and diabetes mel-
litus, or diseases that directly affect the medullary 
centers, such as stroke and encephalitis, also cause 
CSA.66,67 Cheyne-Stokes respiration, a variant of 
central sleep apnea, is associated with stroke and 
congestive heart failure and carries a high mortal-
ity. Since the typical cancer patient is older than 
the average primary care practice patient, these 
disease processes are also more common in the 
cancer patient. 

The manner in which CSA presents depends 
on its type. Patients with hypercapnia present 
with daytime somnolence, snoring, polycythe-
mia, cor pulmonale, peripheral edema, and respi-
ratory failure. Those with nonhypercapnia usually 
present with insomnia, awakenings associated 
with choking, and witnessed apneas and have a 
normal body habitus.68 Patients with Cheyne-
Stokes respiration can present with any of the 
above complaints.

Treatment of CSA also depends on its type. 
Patients with nonhypercapnic CSA have several 
treatment options. Sometimes their CSA resolves 
spontaneously, whereas at other times it improves 
with aggressive management of the underlying 
problem. If this is not the case, then medication 
can be tried. A small series of six patients showed 
improvement in hypersomnolence with acetazol-
amide, which causes a metabolic acidosis that 
shifts the Pco2 lower threshold.69 Other medica-
tions, such as medroxyprogesterone, theophyl-
line, naloxone, and clomipramine, have been 
tried, but their success has not been well docu-
mented. Positive airway pressure is the mainstay 
of therapy for hypercapnic and nonhypercapnic 
CSA and has a well-documented therapeutic 
effect. For Cheyne-Stokes respiration, both CPAP 
and bilevel positive pressure ventilation have been 
shown to improve symptoms. If Cheyne-Stokes 
respiration in a congestive heart failure patient  
is treated, there is an 80% decrease in 2-year  
mortality.70

Asthma and Chronic Obstructive  
Pulmonary Disease
The circadian variation in airway caliber is exag-
gerated for those with asthma,71 most of whom 
have their lowest peak flows between 10:00 pm 
and 8:00 am. The largest amount of REM sleep  
is obtained in the latter third of the rest period,  
and some data suggest that peak flows are lowest  
when subjects are awakened from REM sleep.72  
In addition to their cancer treatment, patients  
with asthma may also be receiving medication 
that decreases respiratory drive, worsens gastro-
esophageal reflux, or even causes bronchospasm. 

Patients with chronic obstructive pulmonary 
disease have several pathophysiologic factors  
that are exaggerated during sleep. REM sleep is 
particularly vulnerable to oxygen desaturation, 
hypoventilation, and ventilation-perfusion mis-
match. Hypoventilation is the main reason for 
severe oxygen desaturation in REM sleep. A subset 
of patients with chronic obstructive pulmonary 
disease also have OSA. This population is much 
more likely to have pulmonary hypertension, 
right-sided heart failure, and hypercapnea.73

Cancer therapy may exacerbate an underly-
ing pulmonary condition. Amphotericin, an anti-
fungal commonly used in the oncologic setting, 
can cause bronchospasm. Certain chemotherapy 
agents also are associated with bronchospasm 
(Table 4). When patients are receiving these  
medications, the physicians caring for them 
during the night should be prepared for the  
possibility of bronchoconstriction.

Movement Disorders
RLS is a persistent, uncomfortable feeling in the 
legs that is most noticeable when lying down to 
sleep at night. Patients with RLS describe a con-
stant need to move the legs because of a “creeping 
and crawling” or “pins and needles” sensation 
that is aggravated by rest and relieved with limb 
movement. Although RLS typically presents with 
sleep-onset insomnia, it may also present with 
daytime somnolence since 80% of those with RLS 
also have PLMD, in which involuntary leg cramps 
or jerking movements during sleep cause frequent 
awakening and nonrestorative sleep. RLS is a 
diagnosis made by history. 

The rhythmic jerking movements of PLMD 
occur every 20 to 40 seconds and last 0.5 to  

Table 4  Oncologic Treatments Associated with 
Bronchospasm

Asparaginase
Mitomycin
Doxorubicin
Procarbazine
Epipodophyllotoxins
 Etoposide
 Tenoposide
Platinums
 Carboplatin
 Cisplatin
Interferons
Taxanes
 Docitaxel
 Paclitaxel
6-Mercaptopurine
Monoclonal antibodies
 Alemtuzamab
 Rituximab
Vinca alkaloids
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5 seconds each. The jerking includes extension of 
the great toe, dorsiflexion of the ankle, and flex-
ion of the knee and hip. It occurs more frequently 
in the first third of the sleep period but may  
last throughout the night. Seventeen percent  
of patients complaining of sleep maintenance 
insomnia and 11% of those complaining of day-
time somnolence are afflicted with PLMD.74 The 
frequency increases with age. Although no formal 
studies have evaluated the frequency of PLMD  
in cancer patients, one study documented an 
increased incidence of periodic limb movement 
in breast cancer patients complaining of insom-
nia.8 Since the conditions associated with PLMD 
are found more frequently in the cancer popula-
tion than the general population, however, it 
stands to reason that PLMD is also found more 
frequently among cancer patients.

PLMD is thought to be caused by a central 
dopamine problem. Since iron is required in the 
synthesis of dopamine, it makes sense that iron 
deficiency anemia is associated with PLMD. Other 
conditions associated with this condition include 
uremia, peripheral neuropathies, and electrolyte 
abnormalities. Evaluation of a person with sus-
pected PLMD or RLS should include a check of 
electrolytes, including magnesium, iron, ferritin, 
vitamin B12, and folate. PLMD is diagnosed only 
by NPSG; two-night NPSG is recommended.

Treatment of both RLS and PLMD focuses 
first on the underlying cause. Because caffeine, 
nicotine, fatigue, and extremes of temperatures 
are exacerbating factors for both RLS and PLMD, 
patients are first counseled to abstain from caf-
feine and nicotine. They are advised to do mental 
alerting activities during the times they normally 
would have symptoms. There is a circadian 
rhythm to these disorders in that there are several 
protected hours from around 5:00 to 9:00 am 
when patients are usually free of symptoms. If 
able, the patient can sleep later in the morning to 
obtain a full night’s rest. Certain classes of medi-
cations, including serotonin reuptake inhibitors, 
neuroleptics, antiemetics, and antihistamines, 
can precipitate RLS and PLMD and may need to 
be limited. 

Medications may be used in the treatment of 
RLS and PLMD (Table 5), although even these 

may have side effects. Augmentation is a side 
effect of dopaminergic agents in which symptoms 
worsen and require higher dosing of medications. 
This side effect is a particular problem for  
carbidopa/levodopa, which should be reserved 
for short-term use when there is a particular incit-
ing event, such as a few days of bed rest in the 
hospital. Clonazepam is safe to use if the patient 
does not have a history consistent with OSA.  
If single agents alone are not successful, another 
class of agent or a combination of those listed can 
be tried.75

Other Causes of Excessive Daytime 
Somnolence
Somnolence syndrome, as described in the litera-
ture, is associated with hypersomnolence, extreme 
lethargy, and anorexia. It is seen in patients who 
have undergone radiation treatment of the brain 
and occurs as an early delayed reaction, meaning 
that it appears approximately 4 to 6 weeks  
after receiving brain irradiation, with a slow 
recovery.76

Some cancer treatment medications have 
somnolence as a side effect; these include nar-
cotics, gabapentin, and seizure medications used  
for tumors involving the central nervous system. 
Specific biochemotherapeutic agents with this 
side effect are listed in Table 6.

A tumor involving the central nervous system 
can also cause hypersomnolence. Lesions in the 
hypothalamus or suprasellar regions can cause 
hypersomnia or even narcolepsy in some cases.77 
Narcolepsy is a sleep disorder that is character-
ized by REM sleep abnormalities with a tetrad  
of symptoms: hypersomnolence, cataplexy,  
sleep paralysis, and hypnagogic hallucinations. 
Diagnosing the cause of hypersomnolence 
requires an NPSG to evaluate for sleep-disordered 
breathing and PLMD. In some cases, a Multiple 
Sleep Latency Test is needed to evaluate for  
narcolepsy. 

The first line of attack in treating hypersom-
nolence is to establish good sleep hygiene and to 
increase the level of daytime activity. Medications 
that may be causing this symptom should be  
limited. Stimulant medications (Table 7) may  
be prescribed to treat hypersomnolence not 

caused by sleep-disordered breathing or PLMD. 
The advantage of modafinil is that it is a centrally 
acting agent and lacks the peripheral side effects 
of the other stimulants. It also does not require 
triplicate prescriptions. There is a case report of 
improvement with donepezil for opioid-induced 
hypersomnolence.78

Chronobiology

The “circadian clock” that mediates sleep also 
plays a role in mediating hormones that influence 
the growth of cancer cells. For example, melato-
nin, which is released at the onset of darkness and 
triggers a temperature drop to signal sleep onset, 
is thought to have a mitigating effect on cancer 
cells. It has been found to reverse the tumorigen-
esis by carcinogens, to have antimitotic activity, 
and to modulate receptors in breast cancer cells. 
The addition of large doses of melatonin to che-
motherapy or radiation therapy has improved 
survival.79

Conversely, the risk of developing cancer has 
also been linked to the circadian rhythm of hor-
mone levels. Suppression of melatonin in those 
doing graveyard shift work has been associated 
with an increased risk of breast cancer,80 although 
this is still under investigation. Also, the circadian 
rhythm of cortisol has also been used to predict 
survival in breast cancer patients as those with a 
flattened diurnal cortisol rhythm were found to 
have a higher mortality.81 A higher amplitude in 
the cortisol diurnal rhythm is also associated with 
fewer sleep disturbances and improved quality of 
life.82

Table 5  Medications for the Treatment of Restless Legs Syndrome and 
Periodic Limb Movement Disorder

Medication Dosing

Pramipexole 0.125–2 mg, 2 h before bedtime
Ropinirole 0.25–2 mg, 2 h before bedtime
Carbidopa/levodopa 25/100, at bedtime
Clonazepam 0.5–2 mg at bedtime
Propoxyphene napsylate 100–200 mg
Tramadone 50–100 mg
Gabapentin 100–1,800 mg daily

Table 6  Biochemotherapeutic Agents Associated 
with Somnolence

Ara-C
Alemtuzumab
Altretamine
Asparaginase
Benzamide ribose
Cladribine
Docetaxel
Interferon
Mechlorethamine
Methotrexate
Mitotane
Paclitaxel
Pentostatin
Rituximab
Thalidomide

Table 7  Stimulants for Hypersomnia

Medication Dosing (mg daily)

Modafinil 200–400
Methylphenidate 15–100
Dextroamphetamine 15–100
Methamphetamine 15–80
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Chronotherapy

The idea of choosing a time within the circadian 
cycle that will maximize therapeutic effect and 
minimize side effects is called chronotherapy. 
There are circadian variations in tumor blood 
flow, corticosterone levels, tumor surface tem-
perature, cell division, tumor markers, and 
enzyme levels.83 There is also circadian variation 
in hepatic blood flow, enzymatic degradation, 
and elimination of drug products.84 Because there 
appears to be a circadian rhythm in how tumors 
behave, it makes sense to tailor treatment to  
that rhythm. Table 8 summarizes the circadian 
timing of a few chemotherapeutic agents to  
maximize the antitumor effect and minimize side 
effects.84,85

Summary

Sleep medicine is a relatively new area of study  
in the field of oncology. Patients come with  
undiagnosed preexisting sleep disorders and 
develop sleep disturbances during cancer therapy. 
Cancer survivors also are at an increased risk of 
developing sleep disorders. Through the study  
of cancer-related sleep disturbances, we have an 
opportunity to improve patient outcomes and 
decrease the burden of symptoms. In the next few 
years, basic science and clinical research should 
bring new ways of managing our cancer patients 
who have sleep complaints. 
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may cause gastrointestinal bleeding owing to 
esophageal Mallory-Weiss tears or esophageal 
rupture (Boerhaave’s syndrome).

In addition, protracted nausea and vomiting 
and the subsequent malnutrition and electrolyte 
disturbances can lead to a decline in functional 
status, diminished cognitive ability, poor wound 
healing or dehiscence, and, as previously men-
tioned, withdrawal from potentially curative 
cancer therapy.

Pathophysiology

Nausea 
The mechanisms of nausea are not well under-
stood, but because it is a conscious perception 
and because some patients develop anticipatory 
nausea before chemotherapy, the development of 
nausea likely requires cerebral cortical mediation. 
Studies of induced motion sickness in humans 
have shown that the perception of nausea fol-
lowed and was proportional to abnormal gastric 
myoelectric activity.6

Vomiting
The coordinated and stereotypic actions of  
vomiting are better understood. Pioneering  
studies by Borison and Wang in the 1950s identi-
fied two areas in the brainstem that control the 
emetic reflex.7

Emetic Center 

Originally conceived as a single locus in the  
medullary reticular formation, the “vomiting 
center” is now recognized to consist of multiple 
parts. Several anatomically separate receptor and 
effector brainstem nuclei, most in the nucleus 
tractus solitarius, receive afferent input from a 
variety of sources and coordinate the efferent 
pathways associated with the act of vomiting 
(including the contraction of thoracic and 
abdominal wall muscles to produce high intra-
thoracic and intra-abdominal pressures to propel 
the expulsion of gastric contents, the herniation 
of the gastric cardia across the diaphragm, and 
the upward movement of the larynx to promote 
oral propulsion of the vomitus). The emetic 
center is the final common pathway by which a 
variety of afferent stimuli can initiate vomiting.8,9

Chemoreceptor Trigger Zone 

Located in the area postrema on the floor of the 
fourth ventricle, outside the blood-brain barrier, 
the chemoreceptor trigger zone (CTZ) is respon-
sive to various chemical stimuli from the blood-
stream and the cerebrospinal fluid. A number of 
metabolic derangements (such as uremia and dia-
betic ketoacidosis) and drugs (such as opiates, 
digitalis, and syrup of ipecac) stimulate the CTZ 
to cause vomiting. The CTZ is a major source  
of afferent input to the emetic center and an 
important site for a number of neurotransmitter 
receptors, as discussed below, which have pro-
vided targets for the development of antiemetic 
agents.10

Other sources of afferent input to the emetic 
center include higher brainstem and cortical 
structures. Input from the hypopharynx and the 
gastrointestinal tract is conveyed by the vagus and 
splanchnic nerves. Figure  1 shows the pathways 
by which chemotherapeutic drugs or other emeto-
genic stimuli may induce emesis.

A number of neurotransmitter receptors are 
found in the CTZ, the emetic center, and the gas-
trointestinal tract, and these receptors may play a 
role in stimulating vomiting. The three most clin-
ically relevant neurotransmitters and their recep-
tors are dopamine (D2 receptors), serotonin or 
5-hydroxytryptamine (5-HT3 receptors), and 
substance P or neurokinin 1 (NK1 receptors).

Medications designed to antagonize these 
neurotransmitters have been the major focus of 
the development of antiemetics, first with the 
development of antidopaminergic medications  
in the 1960s.11 The relatively low efficacy and 
unfavorable side-effect profile (hypotension and 
extrapyramidal syndromes) of the antidopami-
nergic phenothiazines led to the search for other 
antiemetics. The development of high-dose  
metoclopramide improved the efficacy of nausea 
control but raised some questions. Since meto-
clopramide binds with high affinity to dopamine 
receptors, it appeared that low doses would satu-
rate the available receptors. A new mechanism of 
action was postulated when it was discovered that 
metoclopramide blocks 5-HT3 receptors, but with 
less affinity than D2 receptors. This discovery  
led to the development of highly selective 5-HT3 
antagonists in the 1980s and 1990s.12 Because of 

Nausea and vomiting, which are very common 
problems in cancer patients, may be due to the 
cancer itself or, quite often, the side effects of  
chemotherapy or radiotherapy. Nausea can be 
extremely debilitating and distressing and can 
significantly interfere with patients’ quality of  
life. Patients rank nausea and vomiting among 
the most disturbing side effects of cancer therapy. 

Approximately 75% of cancer patients who 
receive chemotherapy experience treatment-
induced nausea and vomiting; of these, 46% have 
thought about stopping their treatment.1 Up to 
50% of people with cancer may actually refuse or 
delay chemotherapy because they are afraid of the 
nausea and vomiting it may cause.2 Even in the 
era of effective and well-tolerated antiemetics, 
patients still rank nausea and vomiting among  
the most significant adverse effects of cancer 
treatment.3,4

Clinical Manifestations

Nausea is difficult for some patients to describe, 
but clinicians define it as the unpleasant subjec-
tive sensation of being about to vomit or feeling a 
need to vomit. Nausea can occur alone or with 
vomiting (emesis), the forceful oral expulsion of 
gastric contents resulting from contractions of 
the gut and abdominal wall musculature, or with 
retching, the same forceful contractions without 
expulsion of upper gastrointestinal contents.  
It should be distinguished from regurgitation,  
the effortless passage of gastric or esophageal  
contents to the hypopharynx, which may be 
accompanied by rumination, or rechewing and 
reswallowing of these contents.5

Nausea often lasts longer than vomiting and 
may therefore be more distressing to patients and 
contribute to the cachexia seen in many cancer 
patients. In addition, vomiting or retching may 
exacerbate cancer-related headache or pain in the 
abdomen or back. 

Protracted nausea and vomiting may also 
produce a number of complications, most  
often metabolic disturbances such as hypovole-
mia, hyponatremia, hypokalemia, hypochloremic 
metabolic alkalosis, and, importantly, malnutri-
tion and failure to thrive owing to decreased 
caloric intake. Occasionally, forceful vomiting 
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their efficacy and favorable side-effect profile,  
5-HT3 receptor antagonists have become the 
mainstay of antiemetic therapy for cancer patients. 
It was hypothesized that chemotherapy-induced 
emesis is mediated by serotonin itself and that 
chemotherapy may stimulate the liberation of 
endogenous serotonin from the small bowel, 
which might directly stimulate central nervous 
system 5-HT3 receptors or act through vagal 
mediation to cause emesis. But the fact that  
5-HT3 antagonists at high doses cannot com-
pletely block emesis and the fact that nausea and 
vomiting are not prominent symptoms in carci-
noid syndrome, where serotonin levels (as mea-
sured by 5-hydroxyindoleacetic acid excretion) 
are very high, led to the search for greater under-
standing of the neuropharmacology of emesis.13 
More recently, antagonists of substance P, which 
exerts its emetogenic effect by binding to the  
NK1 receptor, have been shown to be potent anti-
emetics.14 Other neuroreceptors in the central 
nervous system or vestibular system that may 
stimulate vomiting include the muscarinic acetyl-
choline receptors and receptors to corticosteroids, 
histamine, cannabinoids, and opiates.15 Of these 
receptors, M1 muscarinic antagonists (such as 

scopolamine) and H1 antihistamines (such as 
diphenhydramine or meclizine) are most useful 
in treating or preventing motion sickness  
but have limited utility in the treatment of  
cancer-related nausea and vomiting.

Etiology

Gastrointestinal Disorders
Cancer patients may experience nausea and vom-
iting owing to the same causes as any other patient 
would, and it should never be assumed that these 
symptoms are due to the cancer or its treatment. 
Gastroenteritis, biliary colic or acute cholecystitis, 
acute or chronic pancreatitis, and acute hepatitis 
are among the primary gastrointestinal disorders 
that may cause nausea and vomiting. In addition, 
patients may experience gastroparesis that is 
tumor induced or is secondary to medications 
(such as opiates) or some chemotherapeutic 
agents (such as vincristine).

Metabolic Causes
The metabolic causes of nausea and vomiting, 
which may merit special concern in cancer 
patients, include adrenal insufficiency owing to 

metastatic involvement of the adrenal glands or 
to the use of corticosteroids in chemotherapeutic 
regimens. Uremia due to bilateral ureteral 
obstruction in pelvic tumors or to nephrotoxic 
agents may also occur. Hypercalcemia owing  
to osseous metastases or as a paraneoplastic  
syndrome is quite common and should be  
considered.

Medications
The side effects of nonchemotherapeutic medica-
tions may induce nausea and vomiting. Many 
antibiotics, digoxin, and oral contraceptives are 
associated with nausea. Because many cancer 
patients require regular use of narcotic analgesics 
for control of cancer-related pain, this class of 
medications deserves special mention. Any nar-
cotic medication may induce nausea and should 
be suspected if the onset of symptoms coincides 
with the start of a new narcotic regimen. In addi-
tion, because narcotics slow gastrointestinal 
motility, they may cause constipation, adynamic 
ileus, or even colonic pseudo-obstruction.

Tumor Effects
The direct effects of tumors include nausea and 
vomiting. These symptoms may be a prominent 
feature of primary gastrointestinal cancers, such 
as esophageal, gastric, or colorectal malignancies. 
These symptoms can also occur by direct tumor 
extension or because of abdominal or peritoneal 
metastases of nongastrointestinal cancers. Nausea 
and vomiting can be due to mass effect and may 
be the presenting symptom of partial or complete 
bowel obstruction. In patients for whom meta-
static disease is highly suspicious, brain metasta-
ses should always be considered, particularly if no 
other apparent gastrointestinal, metabolic, or 
medication-related cause is present.

Treatment-Related Causes
Radiotherapy 

Nausea and vomiting after radiotherapy are  
fairly common but are less well understood than 
chemotherapy-induced emesis. Radiotherapy-
induced emesis seems to be multifactorial and is 
related to the site treated, the size of the radiation 
field and dose delivered, overall patient metabolic 
status, concomitant use of chemotherapy (such as 
cisplatin in many head and neck malignancies), 
and other factors. 

The cumulative incidence of radiotherapy-
induced nausea and vomiting is about 33%.16  
The highest risk appears to be for patients who 
receive total-body, half-body, or abdominal 
radiotherapy. In patients who receive conven-
tional fractionated radiotherapy (200 cGy per 
fraction) to the upper abdomen, half will experi-
ence radiation-induced nausea and vomiting 
within 2 to 3 weeks. It occurs more quickly and  

FigurE 1  Chemotherapeutic agents may induce vomiting through cytotoxic effects in the gastrointestinal tract 
and stimulating vagal and splanchnic afferents, through direct effects on the chemoreceptor trigger zone, or 
through higher cortical responses (conditioned responses such as anticipatory nausea). Reproduced with per-
mission from Grunberg SM, Hesketh PJ. Drug therapy: control of chemotherapy-induced emesis. N Engl J Med 
1993;329:1790. CNS = central nervous system.
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in more than 90% of patients who receive  
total-body irradiation before bone marrow  
transplantation.17

Chemotherapy 

Chemotherapy-induced emesis is much better 
studied. Three distinct phases or patterns of  
chemotherapy-induced emesis have been  
identified:

1. Acute-onset emesis most commonly begins 
within 1 to 2 hours, peaks in the first 4 to 6 
hours, and resolves within the first 24 hours. 
Exceptions to this temporal pattern include 
carboplatin and cyclophosphamide, which 
tend to cause later onset of nausea and vom-
iting in patients not given antiemetics, as late 
as 9 to 18 hours after chemotherapy. Acute 
emesis is the best studied and understood of 
the three emetic syndromes.

2. Delayed-onset emesis is somewhat arbitrarily 
defined as nausea and vomiting that occur 
more than 24 hours after chemotherapy. It 
was first recognized as a problem after effec-
tive antiemetics for acute emesis were devel-
oped but nausea and vomiting persisted for 
several days in some patients. This syndrome 
commonly develops after high-dose cisplatin 
but can also occur with carboplatin, cyclo-
phosphamide, or doxorubicin.18 Delayed 
emesis after cisplatin generally reaches maxi-
mal severity at 48 to 72 hours and then grad-
ually subsides, and it can last 5 to 6 days. It is 
generally less severe than acute emesis and is 
not considered just a deferral of symptom 
onset.19 Different patterns of vomiting 
beyond the initial period have been observed. 
In one study of patients treated with cisplatin 
who received metoclopramide, ondansetron, 
or placebo, there were two peak incidences of 
emesis, at 4 hours and 18 hours, with little 
vomiting between them, suggesting a bimodal 
incidence of vomiting.18 In a later study  
of patients treated with high-dose cisplatin 
who received dexamethasone and serotonin 
antagonist antiemetics, there was a uniform 
distribution of vomiting during the study 
period.20 Some authors have suggested reserv-
ing the term delayed emesis for the biphasic 
pattern of emesis after cisplatin therapy  
and using the term prolonged emesis for the 
late nausea and vomiting that occur after 
noncisplatin chemotherapy.21

3. Anticipatory emesis is defined as nausea or 
vomiting that begins before the administra-
tion of chemotherapy. It is believed to be a 
learned or conditioned response in patients 
who have had poor nausea control and acute 
or delayed emesis during previous chemo-
therapy. It has even been described in patients 
who have not yet received chemotherapy but 

who have a high expectation of experiencing 
nausea.22 Anticipatory nausea is more 
common than vomiting, but either or both 
symptoms may develop in up to 25% of 
patients by their fourth treatment cycle and 
can be induced by a variety of sensory cues 
associated with receiving treatment or even 
cognitive anticipation.23 With the develop-
ment of more effective antiemetics, the inci-
dence of anticipatory emesis appears to be 
declining.23

In the current era of modern antiemetics, 
two other syndromes deserve mention:

• Breakthrough emesis is defined as nausea 
and vomiting that occur despite the use of 
prophylactic treatment. Breakthrough emesis 
requires “rescue” medications.

• Refractory emesis refers to nausea and vom-
iting that occur during later courses of treat-
ment when antiemetic prophylaxis or rescue 
has failed in earlier cycles.24

Predictive Factors

Patient-Related Factors  
Some patient-related factors associated with 
increased risk of chemotherapy-induced nausea 
and vomiting are female gender, younger age, and 
a history of chemotherapy. A history of chronic 
heavy alcohol consumption seems to confer a 
lower risk of treatment-induced nausea.25 This 
history may include a previous rather than a  
current history of high alcohol use, but a history 
of high alcohol use (eg, more than 100  g of  
alcohol or five mixed drinks per day for several 
years) seems to confer a lower risk of chemother-
apy-induced emesis. Preexisting nausea and a low 
functional status or high fatigue score also seem 
to be correlated with a higher risk of nausea and 
vomiting.26 If patients experienced nausea with 
previous chemotherapy, they are at higher risk of 
chemotherapy-induced emesis than treatment-
naive patients are. Conversely, among patients 
who received prior chemotherapy but did not 
experience nausea or vomiting, the majority will 
remain free of chemotherapy-induced emesis 
during later treatments.27 Anticipatory emesis 
occurs in patients who have had poorly controlled 
acute or delayed emesis and may be more likely to 
develop in patients who have a history of motion 
sickness.28

Acute Emesis  
A number of treatment-related factors have been 
associated with the development of acute emesis, 
including chemotherapy dosage and the route 
and rate of administration.29 But the most impor-
tant factor by far is the intrinsic emetogenic 
potential of the specific chemotherapeutic  
agent. Several classification schemes have been 

developed in an effort to devise specific guidelines  
for antiemetic therapy based on the expected risk 
of emesis, but none of the early classification  
systems had enough clinical utility to gain univer-
sal acceptance. In 1997, Hesketh and colleagues 
developed a classification of the acute emetoge-
nicity of specific chemotherapeutic agents.30 The 
classification was based on clinical trials, review 
articles, and consensus expert opinion. In that 
scheme, the chemotherapy rate and route of 
administration were standardized. It attempted 
to stratify the intrinsic emetogenicity of chemo-
therapeutic drugs into five levels of risk based on 
the percentage of patients who developed acute 
emesis after receiving the chemotherapeutic agent 
and no antiemetic prophylaxis. Level 5 (highest 
risk) drugs caused emesis in more than 90% of 
patients, level 4 drugs in 60 to 90%, level 3 drugs 
in 30 to 60%, level 2 drugs in 10 to 30%, and level 
1 (lowest risk) drugs in less than 10% of patients. 

Several difficulties with the original Hesketh 
schema existed. Because of the relative lack of 
objective data, the classification relied heavily on 
the expert opinion of the authors. In addition, the 
scheme focused on acute emesis. Research studies 
tend to divide emesis into acute and delayed 
phases, but in clinical practice and from the 
patient’s perspective, nausea and vomiting tend 
to occur on a continuum for several days after 
chemotherapy. Finally, with the growing use of 
oral cytotoxic agents for a period of days or weeks, 
the concept of acute versus delayed emesis loses 
some clinical relevance.

Consequently, in an effort to simplify the 
classification scheme and make it more straight-
forward and easier to use by practitioners in the 
everyday clinical setting, a new scheme was 
devised. It encompasses both the acute and the 
delayed risk of emesis owing to chemotherapy 
and the emetogenic potential of single oral  
chemotherapeutic agents (Table 1).

There is also a system with which to assess 
the emetic risk of combination chemotherapy. 
Hesketh and colleagues proposed an algorithm 
for assessing the relative contribution of  
combination therapy (Table 2).30

Delayed Emesis  
The phenomenon of delayed emesis is less well 
studied and less well understood than acute 
emesis for several reasons: it is generally less severe 
than acute emesis, and it tends to occur when 
patients have left the clinic and are no longer 
being observed by their treating oncologist. Even 
experienced oncologists and oncology nurses 
tend to underestimate the incidence of delayed 
nausea after patients have left the hospital or 
clinic and are no longer directly observable.4 
Because cisplatin is so highly emetogenic and the 
risk of delayed emesis is highest with this drug 
than any other, most studies on delayed emesis 
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have been done with patients treated with  
cisplatin-containing regimens. Without anti-
emetic pretreatment, the incidence of delayed 
emesis owing to cisplatin was between 60 and 
90%. In these studies, the most significant risk 
factor for delayed emesis was a lack of emetic  
control during the first 24 hours.31 In patients  
followed for three cycles of treatment, the rate of 
delayed vomiting in each cycle was related to  
the degree of control of acute emesis in the first  
24 hours. The dose of cisplatin was also an impor-
tant prognostic factor: patients who received  
less than 90 mg/m2 had a 19 to 22% incidence of 
emesis, whereas patients who received more than 
90 mg/m2 had an incidence of 43 to 47%.31 

Patients who receive moderately emetogenic 
chemotherapy are also at risk of delayed emesis. 
In a study of patients who received carboplatin, 

cyclophosphamide, doxorubicin, or epirubicin 
but no antiemetic prophylaxis after the first  
24 hours, the incidence of delayed nausea and 
vomiting was 20 to 25%.32 In these patients, as in 
cisplatin-treated patients, the most important 
prognostic factor was receiving effective anti-
emetic prophylaxis during the first 24 hours.  
In patients who had ineffective control and  
experienced acute nausea and vomiting after 
moderately emetogenic chemotherapy, the rate of 
delayed nausea and vomiting was 55 to 75%.32

Anticipatory Emesis  
As described above, anticipatory emesis is usually 
a conditioned response in patients who have 
experienced nausea and vomiting with previous 
chemotherapy cycles. A number of studies have 
concluded that classic or Pavlovian conditioning 
contributes to the development of anticipatory 
emesis in cancer patients.33 One of the most 
important prognostic factors, then, is the devel-
opment of nausea and vomiting after previous 
chemotherapy. Other risk factors are age less than 
50 years; “moderate, severe, or intolerable” nausea 
after the last cycle; a side effect of treatment as 
feeling “warm or hot all over”; susceptibility to 
motion sickness; diaphoresis with the previous 
cycle; and “generalized weakness” with the  
previous cycle.34

Diagnosis

The diagnosis of chemotherapy- or radiotherapy-
induced emesis can usually be readily established 
by the appropriate history of recent treatment 
and the appropriate temporal relationship to  
the onset of symptoms. The caveat, of course,  
is that treatment-related nausea and vomiting  
are essentially a diagnosis of exclusion. Consider-
ation should always be given to other non– 
treatment-related causes of nausea, and some 
screening by history and physical examination is 
essential to reasonably exclude other, potentially 
more serious or otherwise treatable conditions 
that occur with nausea.

Patients with prominent abdominal pain 
require some investigation for primary intra-
abdominal causes of nausea, such as acute pan-
creatitis or renal or biliary colic. If there is 
abdominal distention along with pain, evaluation 
for partial or complete bowel obstruction is 
required.

Vomiting in a febrile patient may be a  
nonspecific symptom related to sepsis or, if it is 
accompanied by abdominal tenderness or signs of 
peritoneal irritation, suggests serious abdominal 
pathology (such as bowel perforation or acute 
appendicitis). Thorough evaluation, including 
surgical consultation, would be indicated.

Vomiting that is persistent but not in the 
time period expected in relation to chemotherapy 

Table 1

High-risk drugs (level 5: > 90% frequency of 
  emesis)
 Carmustine (> 250 mg/m2)
 Cisplatin (> 50 mg/m2)
 Cyclophosphamide (> 1,500 mg/m2) 
 Dacarbazine
 Dactinomycin
 Lomustine (> 60 mg/m2)
 Mechlorethamine 
 Streptozocin

Moderate-risk drugs (levels 3–4: 30–90% 
frequency of emesis) 
 Amifostine (> 500 mg/m2)
 Arsenic trioxide
 Busulfan (> 4 mg/d)
 Carboplatin
 Carmustine (< 250 mg/m2)
 Cisplatin (< 50 mg/m2)
 Cyclophosphamide (PO or < 1,500 mg/m2)
 Cytarabine (> 1 g/m2) 
 Dactinomycin
 Doxorubicin 
 Epirubicin
 Hexamethylmelamine (PO) 
 Idarubicin
 Ifosfamide
 Interleukin-2 (> 12–15 million U/m2)
 Irinotecan
 Melphalan (> 50 mg/m2)
 Methotrexate (250–1,000 mg/m2)  
 Mitoxantrone (> 12 mg/m2)
 Oxaliplatin (> 7 5mg/m2)
 Procarbazine (PO)

Low-risk drugs (level 2: 10–30% frequency of  
  emesis)
 Amifostine (< 300 mg/m2) 
 Asparaginase
 Bexarotene
 Capecitabine
 Cytarabine (100–200 mg/m2)
 Docetaxel
 Doxorubicin (< 250mg/m2)
 Etoposide 
 5-Fluorouracil
 Gemcitabine
 Methotrexate (50–250 mg/m2)
 Mitomycin
 Paclitaxel
 Pemetrexed
 Temozolomide
 Thiotepa
 Topotecan

Minimal-risk drugs (level 1: < 10% frequency  
  of emesis)
 Alemtuzumab
 Bevacizumab
 Bleomycin
 Bortezomib
 Cetuximab
 Chlorambucil (PO)
 Cladribine 
 Denileukin diftitox
 Dexrazoxane

Table 1 (Continued)

 Fludarabine
 Gefitinib
 Gemtuzumab ozogamicin
 Hydroxyurea
 Imatinib mesylate
 a-Interferon 

Melphalan (oral low dose) 
Methotrexate (< 50 mg/m2)
Pentostatin
Rituximab
Thioguanine (PO)
Trastuzumab
Valrubicin
Vinblastine
Vincristine
Vinorelbine

Adapted from Koeller JM, et al. Antiemetic guidelines: 
creating a more practical treatment approach. Support 
Care Cancer 2002;10:519–22).

PO = orally.

Table 2  Combination Chemotherapy  
Algorithm

1. Identify the most emetogenic agent in the  
combination.

2. Assess the relative contribution of other 
agents to the emetic potential of the 
combination. When considering other 
agents, the following rules apply:
a. Level 1 agents do not contribute to the 

emetogenicity of the regimen.
b. Adding one or more level 2 agents 

increases the emetogenicity of the 
combination by one level greater than 
the most emetogenic agent in the 
combination.

c. Adding level 3 or 4 agents increases the 
emetogenicity of the combination by one 
level per agent.

Adapted from Hesketh PJ, et al.32
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or radiotherapy suggests some other cause,  
perhaps electrolyte disturbance (such as hyper-
calcemia) or cerebral metastases. A higher clinical 
suspicion for a central nervous system cause  
of nausea should exist, especially if there is  
headache, any neurologic signs or symptoms, or 
projectile or positional vomiting.

In addition to a history and a physical exam-
ination, an evaluation of serum chemistries in  
a patient with persistent vomiting is generally 
indicated to look for electrolyte disturbances, 
either as a cause or an effect of the vomiting. 
Obtaining plain radiographs, usually an abdomi-
nal series, is a good starting point if there is  
significant abdominal pain or distention to look 
for bowel obstruction or evidence of perforation.

Computed tomographic scans of the  
abdomen or brain should be obtained if there is 
sufficient suspicion of serious abdominal or  
central nervous system pathology as the cause of 
vomiting.

Treatment

Serotonin (5-HT3) Receptor  
Antagonists  
5-HT3 receptor antagonists are the mainstay  
of therapy for the prevention and treatment of 
acute emesis in patients who receive high- or 
moderate-risk chemotherapy. In the 1980s, such 
patients were treated with high-dose metoclo-
pramide usually along with steroids, which had 
between 40 and 60% efficacy in preventing emesis. 
Specific 5-HT3 receptor antagonists developed 
later were more effective as single agents than 
high-dose metoclopramide and more effective 
when given with dexamethasone than was the 
combination of metoclopramide and steroids.35 
In addition to increased efficacy, 5-HT3 receptor 
antagonists may be administered orally or intra-
venously, and they have a much lower incidence 
of unfavorable side effects. In the United States, 
currently four serotonin antagonists are approved 
for use: ondansetron (Zofran), granisetron 
(Kytril), dolasetron (Anzemet), and the newest 
member of the class, palonosetron (Aloxi).  

Regarding the first three of those serotonin 
antagonists, a number of comparative trials have 
been performed. These trials have failed to show 
any clinically significant differences between them 
when used at appropriate doses.36,37 In general, 
the 5-HT3 antagonists are equally efficacious and 
have favorable side-effect profiles. The relatively 
mild side effects include headache in 15 to 20% of 
patients, asthenia and constipation in 5 to 10%, 
and dizziness in 5 to 10%.38 There may also  
be mild transient elevation in transaminases or 
prolongation of cardiac intervals. Importantly, 
the extrapyramidal symptoms (such as dystonic 
reactions or akathisia) and limiting side effects  
of older antiemetics do not occur, even with  

multiple doses on subsequent days.
Several clinically important points in the use 

of these drugs should be noted. First, they have 
good bioavailability (50–80%) and good oral 
absorption.39 Oral administration appears to be  
as effective as intravenous administration in  
preventing emesis.38 Oral administration may  
be particularly useful because there are so many 
5-HT3 receptors in the enterochromaffin cells in 
the gastrointestinal tract, which may be involved 
in stimulating nausea. Second, a single dose given 
before chemotherapy is as effective as multiple 
doses in preventing emesis.40,41 For both oral and 
intravenous administration of serotonin antago-
nists, efficacy is increased when they are used with 
corticosteroids.42 Finally, for each of the serotonin 
antagonists, there is a plateau of efficacy at a given 
dose level, beyond which increased dosing does 
not yield any clinical benefit, presumably because 
the relevant receptors are saturated.39  

Palonosetron is pharmacologically distinct 
from the other three 5-HT3 receptor antagonists 
and may offer some clinical advantages over them. 
It has an approximately 100-fold higher binding 
affinity for the 5-HT3 receptor and a longer half-
life (approximately 40 hours). In two studies, it 
was shown to have greater control of emesis in 
patients who received moderately emetogenic 
chemotherapy than did ondansetron or dolase-
tron when used as single agents.43 In one study,  
a single dose of intravenous palonosetron was 
equivalent to a single dose of dolasetron in pre-
venting acute emesis but was superior to dolase-
tron in preventing delayed chemotherapy-induced 
nausea and vomiting, perhaps because of the 
longer half-life.44 In these trials, no significant  
differences in efficacy were found between the 
0.25 and 0.75 mg doses of palonosetron. The drug 
was approved for use in the United States in 2003 
with a recommended dose of 0.25 mg intrave-
nously 30 minutes before the start of chemother-
apy. Because of the long half-life, lack of additional 
benefit with a higher dose, and lack of safety or 
efficacy data with serial administration, repeated 
dosing within 7 days is not recommended.45 The 
standard dosing of the 5-HT3 antagonists is shown 
in Table 3.

Corticosteroids 
Corticosteriods have a very high therapeutic  
index when used as antiemetics for chemother-
apy-induced nausea. They have been studied 
extensively, both as single agents and as part of 
combination therapy. They are effective and well 
tolerated; insomnia, mood changes, and distur-
bance of glucose metabolism are among the most 
common side effects. The exact mechanism of 
action of corticosteriods is not completely under-
stood. A variety of corticosteroids have been 
studied, but comparison trials are lacking. The 
most extensively studied steroid, dexamethasone, 

has the advantage of being available in a number 
of dose formulations and as a low-cost generic 
formulation. 

A meta-analysis of 32 randomized trials com-
pared dexamethasone with no treatment, placebo, 
and metoclopramide. Dexamethasone was supe-
rior to no therapy and to placebo in preventing 
both acute and delayed emesis and was at least as 
good as metoclopramide in preventing acute 
emesis.46 For more than 90% of patients receiving 
mildly or moderately emetogenic chemotherapy 
(level 2 agents, emetic risk 10–30%), dexametha-
sone is routinely used as a single-agent emesis 
prophylaxis.47 

For patients receiving moderately or highly 
emetogenic chemotherapy (level 3–5 agents, 
emesis risk higher than 30%), single-agent corti-
costeroids do not reliably prevent emesis, but 
they are extremely useful when combined with  
5-HT3 antagonists. In a study of dexamethasone, 
granisetron, or both in patients who received 
moderately emetogenic chemotherapy, the  
combination therapy offered significantly better  
protection against emesis than either agent 
alone.48 In an attempt to quantify the degree of 
benefit conferred by the addition of dexametha-
sone to serotonin antagonists, a meta-analysis 
looked at 22 randomized trials comparing combi-
nation therapy and single-agent 5-HT3 antago-
nists or 5-HT3 antagonist plus placebo and found 
that the addition of dexamethasone enhanced 
protection from vomiting by 25%.46 

To find the optimal dose of dexamethasone 
in patients receiving highly emetic chemotherapy, 
a randomized trial was conducted in patients who 
received cisplatin (more than 50 mg/m2). Single 
dexamethasone doses of 4, 8, 12, and 20 mg  
were studied, and all patients received standard 
dosing of ondansetron. The 20 mg dose provided 
the best protection against both nausea and  
vomiting, although the differences between the 
12 and 20 mg doses were not statistically signifi-
cant. No increase in adverse effects was seen at the 
20 mg dose compared with the lower doses.  

The results of other trials seem to indicate 
that single corticosteroid dosing is as effective  
as multiple dosing and that administration of 
corticosteroids immediately before chemother-
apy is as effective as giving it the day before  
chemotherapy.49 Consequently, a dose of 12 to  
20  mg intravenously before highly emetogenic 
chemotherapy is generally recommended.

To compare single intravenous doses of  
8 and 24  mg of dexamethasone before chemo-
therapy and a dexamethasone regimen of 8  mg 
intravenously before chemotherapy followed by  
4  mg orally every 6 hours, a study was conducted 
using patients who received moderately or highly 
emetogenic chemotherapy (but no cisplatin)  
and a standard dosing of ondansetron.50 No  
significant differences were found between the 
groups.
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As effective as the combination of serotonin 
antagonists and corticosteroids is, many patients 
who receive highly emetogenic chemotherapy 
will still experience nausea and vomiting. In a 
study of patients who received cisplatin (more 
than 100 mg/m2), the combination of ondanse-
tron and dexamethasone failed to prevent emesis 
in 39% of patients.51

NK1 Receptor Antagonists  
As described previously, agents that block the 
binding of substance P at NK1 receptors in the 
central nervous system are potent antiemetics 
and seem to provide a complementary mecha-
nism of action to the blockade of 5-HT3 or other 
emetogenic neuroreceptors. In 2003, the NK1 
receptor antagonist aprepitant (Emend) was 
approved for use in the United States by the Food 
and Drug Administration (FDA).

The use of aprepitant is best studied in the 
setting where best standard therapy fails a signifi-
cant proportion of patients (such as patients  
who receive highly emetogenic chemotherapy, 
including cisplatin). Phase III trials have com-
pared standard therapy with ondansetron and 

dexamethasone plus placebo versus standard 
therapy plus aprepitant in patients who received 
cisplatin-containing chemotherapy (>70  mg/m2). 
Aprepitant was given as 125 mg orally on day 1 
and 80 mg orally on days 2 and 3. Compared with 
ondansetron and dexamethasone alone, aprepi-
tant significantly reduced the incidence of both 
acute and delayed emesis.52 Another study looked 
at the use of granisetron plus dexamethasone 
versus aprepitant plus dexamethasone versus the 
combination of all three agents in patients who 
received cisplatin-containing chemotherapy; the 
triple combination provided the best protection 
against both acute and delayed emesis.53

A recent study showed that the addition of 
aprepitant to standard antiemetic therapy in 
patients who received moderately emetogenic 
(non–cisplatin containing) chemotherapy 
enhanced the control of acute and delayed emesis. 
In this trial, breast cancer patients who  
received cyclophosphamide plus doxorubicin or 
epirubicin were treated with ondansetron and 
dexamethasone with or without aprepitant. A  
significantly higher percentage of patients in the 
aprepitant group achieved a complete response 

with no vomiting or use of rescue medications 
during both the acute and delayed phases.54

Dopamine (D2) Receptor Antagonists  
The oldest of the antiemetic classes and still  
widely used, there are three chemical subgroups 
of antidopaminergics that may be used in cancer 
patients. 

Phenothiazines  

Phenothiazines act primarily at D2 receptors  
in the CTZ. The main drugs in current use are 
prochlorperazine (Compazine) and chlorproma-
zine (Thorazine). Prochlorperazine can be given 
orally, intravenously, or intramuscularly; is 
believed to be less effective than metoclopramide 
or dexamethasone; and is approximately equiva-
lent in antiemetic efficacy to tetrahydrocannabi-
nol (THC). It is useful in mildly and moderately 
emetogenic chemotherapy but not in highly 
emetic treatment.55 Chlorpromazine is used less 
often as an antiemetic and is more often given for 
intractable hiccups. This agent is limited by the 
side effect of hypotension, which is more common 
in the elderly or when administered intrave-
nously. Other side effects of chlorpromazine  
are the same as those of all of the dopamine recep-
tor antagonists, namely extrapyramidal reactions 
such as dystonia or akathisia, which may be 
treated with anticholinergics such as benztropine 
(Cogentin) or diphenhydramine (Benadryl).

Butyrophenones  

The butyrophenone neuroleptics droperidol 
(Inapsine) and haloperidol (Haldol) have some 
antiemetic effect, and no substantial difference in 
efficacy between the two has been documented. 
The half-life of haloperidol is 14 to 36 hours  
after a single dose, which can limit its use as an 
antiemetic because of prolonged side effects; the 
half-life of droperidol is shorter. These drugs, 
often called major tranquilizers, are quite  
sedating and have the same extrapyramidal side 
effects as other agents in this class, including  
the development of tardive dyskinesia if used 
chronically.11

Benzamides  

As mentioned earlier, the benzamide metoclo-
pramide (Reglan) causes central and peripheral 
antagonism of D2 receptors at low doses and 
weaker 5-HT3 antagonism at higher doses. It is a 
moderately effective antiemetic and has the effect 
of promoting gastric emptying and improving 
gastroparesis by stimulating the cholinergic 
receptors on gastric smooth muscle.56 These 
effects make metoclopramide useful in alleviating 
the nausea and gastroparesis that often occur in 
cancer patients who require chronic narcotic 
analgesics. As an antiemetic, metoclopramide is 
less effective than serotonin antagonists and can 

Table 3 Recommended Doses of Antiemetic Drugs

  Schedule

Drug Dose range Acute emesis Delayed emesis

5-HT3 receptor antagonists
Ondansetron IV 8 mg or 0.15 mg/kg IV Once, prechemotherapy 
Ondansetron PO 16–24 mg for acute emesis,  Once, prechemotherapy BID x 2–3 days 
  8 mg in delayed emesis
Granisetron IV 1 mg or 0.010 mg/kg IV Once, prechemotherapy 
Granisetron PO 2 mg PO Once, prechemotherapy 
Dolasetron IV 100 mg or 1.8 mg/kg IV Once, prechemotherapy 
Dolasetron PO 100 mg PO Once, prechemotherapy 
Palonosetron 0.25 mg IV Once, prechemotherapy 
Corticosteroids
Dexamethasone IV 8 to 20 mg IV Once, prechemotherapy 
Dexamethasone PO Oral doses not well studied  8 mg PO daily starting  
  for acute emesis. For    24 hours after the start of  
  delayed emesis 4–8 mg PO   chemotherapy for 4 days  
    (cisplatin); 8 mg PO bid  
    for 2 days (non-cisplatin)

Neurokinin 1 antagonists
Aprepitant 125 mg PO prechemotherapy  125 mg once,  80 mg PO daily for two 
 80 mg PO postchemotherapy prechemotherapy  days starting 24 hours  
    after the start of  
    chemotherapy

Dopaminergic antagonists
Metoclopramide IV 2–3 mg/kg IV Prechemotherapy and  
   2 hours post  
   chemotherapy
Metoclopramide PO 20 mg or 0.5 mg/kg  QID starting 24 hours  
  PO in delayed emesis   after the start of  
    chemotherapy for  
    3–4 days
Prochlorperazine IV 10 mg IV Q 3–4 hours PRN 
Prochlorperazine PO 10 mg PO Q 3–4 hours PRN 
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produce the extrapyramidal side effects of other 
members of the class, so it has largely been 
replaced by serotonin antagonists. Dromperidone 
(Motilium) is a D2 antagonist with selective  
activity in the upper gastrointestinal tract. It does 
not cross the blood-brain barrier and so does not 
produce extrapyramidal side effects, but it is not 
available for use in the United States.

Anticholinergics  
The anticholinergic scopolamine (TransDerm 
Scop) is frequently used as an antiemetic to  
prevent motion sickness. It has not been demon-
strated to be useful in treating or preventing 
chemotherapy-induced emesis. The major side 
effects of scopolamine are amnesia, dry mouth, 
urinary retention, and constipation.

Antihistamines  
Promethazine (Phenergan) is the antihistamine 
medication most often used as an antiemetic in 
cancer patients. It is a phenothiazine derivative, 
but it has much less affinity for dopamine recep-
tors than prochlorperazine does, and like the 
other members of this class, it also blocks H1 and 
acetylcholine receptors. The other antihistamines 
commonly used as antiemetics, meclizine (Anti-
vert) and diphenhydramine (Benadryl), are used 
primarily for motion sickness, but they can be 
useful in alleviating the extrapyramidal side effects 
of antidopaminergics (such as prochlorperazine 
and haloperidol) when they are used for antieme-
sis. The major side effects of this class of drugs  
are sedation and the anticholinergic side effects 
described above.

Benzodiazepines  
The most common benzodiazepines used for 
cancer antiemesis are lorazepam (Ativan) and 
alprazolam (Xanax). They are not potent single-
agent antiemetics but are most often given in 
combination therapy to help reduce anxiety and 
akathisia related to the use of corticosteroids and 
antidopaminergics.57 Benzodiazepines may also 
be helpful in alleviating anticipatory emesis, as  
is described below. More recently, the thienoben-
zodiazepine olanzapine (Zyprexa), which has 
affinity for a number of receptors (including sero-
tonin, dopamine, and histamine), was found in  
a phase II trial to be effective in preventing  
acute and delayed emesis in patients who received 
moderately or highly emetic chemotherapy.58

Cannabinoids  
The medicinal use of cannabinoids has two 
aspects, scientific and political. The scientific 
interest in using cannabinoids arose because of 
anecdotal reports of an antiemetic effect by 
patients who used marijuana during chemother-
apy. Studies of medicinal use of cannabinoids 

have primarily used nabilone, a synthetic canna-
binoid, or dronabinol (Marinol), a purified  
D9-THC. These two agents have been found to be 
superior to placebo and equivalent to or slightly 
more effective than prochlorperazine as antiemet-
ics.59 In a double-blind randomized trial of 
patients who received highly emetic chemother-
apy, however, high-dose metoclopramide was 
three times more effective than dronabinol and 
had fewer side effects.60 Whether inhaled mari-
juana is more effective than oral THC as an  
antiemetic has been addressed in a double-blind 
randomized crossover trial. Patients who received 
cisplatin or cyclophosphamide were given inhal-
ant marijuana plus a placebo THC capsule or a 
THC capsule plus an inhalant placebo cigarette 
and were crossed over to the opposite treatment 
with the next course of treatment. Neither treat-
ment was highly effective, and there was a trend 
toward patient preference for THC.61 In all of the 
cannabinoid trials, side effects were prominent, 
including sedation, dry mouth, ataxia, dizziness, 
and mood alteration, either euphoria (feeling 
“high”) or dysphoria.

Despite the findings that metoclopramide 
and the serotonin antagonists are more effica-
cious than cannabinoids and have fewer side 
effects, a systematic review of cannabinoid studies 
showed that in crossover studies, between 38 and 
90% of patients preferred the cannabinoids.62 
Perhaps many of the side effects of cannabinoids, 
such as euphoria or even sedation or somnolence, 
could be viewed as favorable, especially when 
patients are experiencing many other unpleasant 
effects of their disease or its treatment.

Strong interest continues in the medicinal 
use of cannabinoids in the United States. In  
a 2004 poll commissioned by the American  
Association of Retired Persons, 72% of Ameri-
cans aged 45 years and older thought that mari-
juana should be legal for medicinal purposes  
if recommended by a doctor. Currently, state  
laws that effectively remove criminal penalties for 
growing or possessing medical marijuana are in 
place in Alaska, California, Colorado, Hawaii, 
Maine, Maryland, Montana, Nevada, Oregon, 
Vermont, and Washington. However, in June 
2005, the US Supreme Court ruled that physi-
cians can be blocked from prescribing marijuana 
for patients even in states that have compassion-
ate-use law. Currently, then, the political and 
legal status of medical marijuana is even murkier 
than its medical and scientific status.

Acupuncture  
Interest in acupuncture as a nonpharmacologic 
and adjunctive therapy is based on its long history 
of use in the Far East and the speculation that it 
may modulate endogenous opiates, substance P, 
or serotonin. Data are conflicting regarding the 
efficacy of acupuncture as an antiemetic therapy, 
and much skepticism has been centered on a  

possible placebo effect or differences related to 
the amount of clinician attention and treatment. 
To address these possibilities, a trial of 104 women 
who received myeloablative chemotherapy com-
pared combination antiemetic therapy alone 
(prochlorperazine, lorazepam, and diphenhydr-
amine) with the same pharmacotherapy plus 
electroacupuncture at classic antiemetic acu-
puncture points and with the same pharmaco-
therapy plus minimal needling at control points 
with mock electrostimulation. The median 
number of emesis episodes per patient over  
5 days was lower in the electroacupuncture group 
(5 episodes) and the minimal needling group (10 
episodes) than in the pharmacotherapy-alone 
group (15 episodes).63 In a contrasting placebo-
controlled study, however, no differences between 
treatment groups were observed when 80 patients 
who underwent high-dose chemotherapy received 
ondansetron plus either invasive acupuncture or 
non–skin-penetrating placebo acupuncture.64

Treatment guidelines for the  
Prevention of Acute and Delayed 
Emesis

Antiemetic guidelines have been devised and 
published by a number of organizations.24,65–67   
These guidelines are not in universal agreement, 
and they differ somewhat in emesis risk strati-
fication and in recommendations regarding  
specific antiemetic agents. Their differences  
may stem from the fact that newer guidelines 
reflect newer data, the interpretation of trial  
data, or the perceived relative importance of  
the pharmacoeconomics of treatment. The algo-
rithm in Figure  2 is derived primarily from  
the National Comprehensive Cancer Network 
(NCCN) Practice Guidelines in Oncology  
regarding Antiemesis, version 1.2005. 

Special Emetic Problems

Anticipatory Emesis  
It is widely believed that the most effective means 
of preventing anticipatory nausea and vomiting is 
to ensure good control of acute and delayed 
nausea. Both the American Society of Clinical 
Oncology (ASCO) and the Multinational Associ-
ation of Supportive Care in Cancer (MASCC) 
recommend that the best treatment for anticipa-
tory emesis is the best possible control of acute 
and delayed emesis.68 No formal prospective trial 
has been performed to compare levels of control 
of acute emesis and its effect on the development 
of anticipatory emesis. However, observational 
data showed that in patients given highly effective 
antiemetics (such as granisetron) in each cycle of 
chemotherapy, the incidence of anticipatory 
nausea was fairly low, at 10% per cycle, and the 
incidence of anticipatory vomiting was even 
lower, at 2%.69 These rates compare favorably 
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with those from older studies using less effective 
antiemetics, for which the incidence of acute  
and delayed nausea and vomiting was very high, 
between 86 and 92%, that of anticipatory nausea 
was 31 to 33%, and that of anticipatory vomiting 
was 10 to 11%.70  

Benzodiazepines  

The use of benzodiazepines has been studied  
both as part of an antiemetic combination  
therapy to reduce the symptoms of acute, delayed, 
and anticipatory nausea and as an adjunct to a 
psychological support program to reduce the 

incidence of anticipatory nausea. In a random-
ized trial to evaluate the efficacy of lorazepam as 
part of an antiemetic regimen, patients who 
received high-dose cisplatin infusion received 
dexamethasone, metoclopramide, and either an 
antihistamine or lorazepam. The lorazepam 
group experienced significantly less acute and 
anticipatory nausea and fewer of the expected 
side effects of mild sedation and amnesia.71 In  
a small, double-blind, placebo-controlled study 
of breast cancer patients who received adjuvant 
chemotherapy, the addition of low-dose alpra-
zolam to a psychological support program includ-
ing relaxation training significantly reduced the 
incidence of anticipatory nausea (0% with loraz-
epam and 18% with placebo) and the need for 
hypnotic therapy to control sleep disturbances 
associated with the cancer treatment.72

Behavioral and Psychological Interventions  

Given that anticipatory nausea is viewed as  
primarily a psychological phenomenon, a variety 
of psychological and behavioral interventions 
have been studied to reduce symptoms, such as 
systematic desensitization, progressive muscle 
relaxation training, hypnosis, biofeedback, guided 
imagery, and music therapy. Two recent reviews 
of published studies concluded that such inter-
ventions are effective in reducing the incidence of 
anticipatory nausea in adult and pediatric patients 
receiving chemotherapy.73,74 The evidence for the 
efficacy of behavioral interventions in controlling 
chemotherapy-induced nausea and vomiting is 
mixed. However, a recent study assessing the  
ability of progressive muscle relaxation training 
(PMRT) to prevent postchemotherapy emesis 
produced mixed results. Patients were randomly 
assigned to receive dexamethasone plus metoclo-
pramide or the same two antiemetics along with 
PMRT (25-minute sessions along with guided 
imagery techniques) 1 hour before chemotherapy 
and then daily PMRT sessions for the next 5 days. 
PMRT decreased the duration of nausea and 
vomiting in the group that received PMRT,  
but there was no significant difference in the  
incidence of emesis or the intensity of symptoms 
between the two treatment groups.75

Multiple-Day Chemotherapy  
Most antiemetic studies have been conducted 
using patients receiving single-day treatment with 
highly or moderately emetogenic agents. Fewer 
data are available regarding the management of 
patients receiving multiple-day chemotherapy 
(such as cisplatin combination chemotherapy in 
patients with germ cell tumors). The standard 
treatment for testicular cancer, for example, 
includes bleomycin, etoposide, and cisplatin  
(20  mg/m2 for 5 consecutive days). Historically, 
patients who received this 5-day course of cispla-
tin had the most severe nausea and vomiting  

FigurE 2  Emetogenic Emetogenic Potential of Antineoplastics Agents



100 Chapter 11

on day 1 and gradually diminishing emetic  
symptoms over the next several days. With the 
development of highly effective antiemetics such 
as the 5-HT3 antagonists, the opposite pattern is 
now seen: there is often complete emetic control 
the first 1 to 2 days and then worsening nausea 
and some vomiting on days 3 to 5.76

Several studies have established the value of 
giving a repetitive dosing of 5-HT3 antagonists on 
each day of cisplatin for the control of acute 
nausea and vomiting.77 Control of later-onset 
symptoms has been the focus of discussion. There 
is disagreement regarding the dosing of dexa-
methasone. Concern has been expressed about 
the side effects of dexamethasone if given for all  
5 days of cisplatin. One recommendation is to 
give oral dexamethasone as a single 20 mg dose on 
days 1 and 2 for control of acute emesis, then as 
an 8 mg dose twice daily on days 6 and 7, and 
finally as a 4 mg dose twice on day 8 for control of 
delayed symptoms.76 The NCCN guidelines rec-
ommend that for multiple-day chemotherapy 
regimens, a 5-HT3 receptor antagonist be admin-
istered before each day’s first dose of highly or 
moderately emetogenic chemotherapy and that 
dexamethasone be administered daily during 
chemotherapy and then for 2 to 3 days afterward 
if the regimen is likely to cause delayed emesis.24 

Palonosetron, the long-acting serotonin 
antagonist, has not been studied in multiple-day 
chemotherapy regimens. However, the long half-
life and duration of action of this agent may make 
it particularly well suited to this situation. The 
NCCN guidelines offer that palonosetron may be 
used before the start of a multiple-day chemo-
therapy regimen. In the acute emesis guidelines, it 
is recommended as a single 0.25 mg dose to cover 
both the acute and delayed periods, but in multi-
ple-day regimens, repeat dosing may be required. 
On the basis of results from a phase II trial in 
which doses up to 30 times the FDA-approved 
dose were administered and from several phase 
III trials in which a single dose of 0.75 mg was 
evaluated, repeated dosing of the 0.25 mg dose is 
likely to be safe.24  

Aprepitant, the NK1 antagonist, has not been 
studied in multiple-day chemotherapy regimens. 
The NCCN guidelines suggest that for multiple-
day regimens with highly emetogenic chemother-
apy, this agent may be administered as a 125 mg 
oral dose before chemotherapy on day 1 and then 
as an 80 mg oral dose on days 2 and 3, as one 
would do for highly emetogenic single-day che-
motherapy. The guidelines further state that on 
the basis of phase II data, additional 80 mg oral 
doses can be safely administered on days 4 and  
5 of a multiple-day regimen.24 Data regarding the 
efficacy of additional dosing are not available.

High-Dose Chemotherapy  
Treatment-related nausea and vomiting are  
especially difficult problems for patients receiving 

high-dose chemotherapy in association with a 
bone marrow or peripheral blood stem cell  
transplant. In addition to the use of highly and 
moderately emetogenic chemotherapy agents, 
there are a number of exacerbating factors, such 
as multiple-day administration, concurrent use 
of prophylactic antibiotics and narcotic analge-
sics, and the use of radiotherapy (including highly 
emetogenic total-body irradiation). There are 
very few studies regarding the use of antiemetics 
in patients receiving high-dose therapy; most are 
phase II studies of 5-HT3 receptor antagonists, 
with or without dexamethasone. The efficacy of 
5-HT3 receptor antagonists has ranged from a low 
of 30% among breast cancer patients, who 
achieved complete or partial nausea protection 
from granisetron plus dexamethasone,78 to a high 
of 98% among patients treated with high-dose 
cyclophosphamide and total-body irradiation, 
who achieved complete (50%) or partial (48%) 
emesis protection from granisetron plus dexa-
methasone.79 In general, the antiemetic effects  
of current treatment appear to be less effective  
in this setting than in standard-dose highly  
emetogenic chemotherapy. The general consen-
sus is that the standard of care should be a com-
bination of a 5-HT3 receptor along with 
dexamethasone.80 Neither palonosetron nor  
aprepitant has been studied in this patient  
population.

Radiation-Induced Nausea  
Similar to the risk stratification in chemotherapy-
induced nausea, efforts have been make to  
predict the emetic risk of radiotherapy, based  
primarily on the site of irradiation. The following 
classification has been proposed81:

• Greater than 90% emetic risk: total-body or 
total-node irradiation

• A 60 to 90% emetic risk: upper hemibody, 
upper abdomen, or whole-abdomen  
irradiation

• A 30 to 60% emetic risk: lower hemibody 
irradiation, lower thoracic or pelvic region 
irradiation, craniospinal irradiation, or  
cranial radiosurgery

• Less than 30% emetic risk: irradiation of  
the head and neck, extremities, or extra-
abdominal areas

For the high-risk category (>90% risk), 
MASCC and ASCO guidelines recommend pro-
phylaxis with 5-HT3 antagonists plus dexametha-
sone. For the moderate-risk category (60–90% 
risk), both guidelines recommend prophylaxis 
with a 5-HT3 antagonist. For the low-risk category 
(30–60% risk), either prophylaxis or rescue with 
5-HT3 antagonists can be used. In the minimal-
risk category (<30% risk), rescue with a dopa-
mine receptor antagonist or a 5-HT3 antagonist 
can be used.82

Several points about these guidelines  
deserve mention. First, few randomized trials 
have compared the efficacy of antiemetics in  
radiation-induced emesis; most included patients 
receiving total-body, upper hemibody, or upper 
abdominal irradiation because these treatments 
carry the highest risk of emesis. Second, although 
some trials have demonstrated the efficacy of 5-
HT3 antagonists and of dexamethasone over pla-
cebo in radiation-induced nausea, no trials have 
compared dexamethasone plus a 5-HT3 antago-
nist against the use of 5-HT3 antagonist alone in 
this setting. Recommendations regarding the use 
of both drugs together are based on data showing 
the efficacy of dexamethasone plus ondansetron 
versus placebo or ondansetron plus dexametha-
sone versus metoclopramide plus dexametha-
sone83 and on some extrapolation from the data 
regarding the use of corticosteroids and serotonin 
antagonists in highly emetogenic chemotherapy. 
Finally, neither the MASCC nor the ASCO guide-
lines address the prevention of emesis when 
patients are receiving both chemotherapy and 
radiotherapy. In the NCCN guidelines, the emetic 
risk of patients receiving chemoradiation is  
determined by the emetogenic potential of the 
chemotherapy. Thus, the same antiemetic  
prophylaxis is used for patients receiving both 
chemotherapy and radiotherapy as that used for 
patients receiving chemotherapy alone.24

Breakthrough or Refractory Emesis  
Despite the development of highly effective emetic 
prophylaxis, a significant number of patients will 
develop treatment-related nausea and vomiting. 
Antiemetic medications are effective at prevent-
ing the onset of nausea and vomiting, but once 
persistent emesis is established, pharmacologic 
intervention is much less effective.

When patients present with breakthrough 
emesis after chemotherapy, the management 
should be threefold. First, the clinician must  
try to discern whether the nausea and vomiting 
are due not to the chemotherapy but to some 
other cause (such as hypercalcemia), are a side 
effect of other medications (such as narcotics), 
are a manifestation of brain metastases, or are a 
primary gastrointestinal disorder (such as bowel 
obstruction). Second, the treating physician  
must ensure that the patient is receiving optimal 
antiemetic prophylaxis. Despite consensus guide-
lines regarding best-evidence management of any 
clinical problem, practice patterns are often slow 
to be adopted. As an example, a 2000 survey of 
Italian cancer centers after the promulgation of 
treatment guidelines for chemotherapy-induced 
emesis revealed that a significant number of 
patients received treatment that was considered 
suboptimal according to the new guidelines:  
22% of the patients being treated with highly 
emetogenic chemotherapy received a 5-HT3 
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antagonist and no dexamethasone during the 
acute emesis phase, and 41% of the patients 
received no antiemetic during the delayed emesis 
phase.84

Third, if a patient has received prophylaxis 
and still experiences nausea and vomiting, the 
general principle of breakthrough therapy is to 
add an additional agent from a different drug 
class. Since there are multiple neurotransmitter 
receptors in the important emetogenic pathways, 
blockade of an additional pathway might provide 
additional clinical benefit. And since oral medica-
tions cannot generally be tolerated in the presence 
of intractable vomiting, intravenous administra-
tion is generally necessary. If the patient seemed 
to have derived benefit from the original anti-
emetic regimen (such as a serotonin antagonist), 
then that regimen should be retained and an 
additional medication with a different mecha-
nism of action (such as an antidopaminergic) 
should be added.24 Multiple antiemetic agents on 
an alternating schedule may be necessary.

If a patient has received chemotherapy with a 
lower emetic potential and thus has received less 
aggressive emesis prophylaxis, the antiemetic 
therapy could be changed to a higher-level  
therapy typically used for a higher-risk group.  
For example, a patient who has received only 
dexamethasone for delayed symptoms may 
require the addition of a 5-HT3 antagonist.

It has been assumed that because of their 
similar chemical structure, failure of one 5-HT3 
receptor antagonist predicts the failure of the 
entire class. However, there may be patient vari-
ability in response, and if a patient who has 
received a 5-HT3 antagonist develops emesis, a 
different serotonin antagonist could be consid-
ered. In a double-blind trial of 40 patients who 
received ondansetron plus dexamethasone after 
highly emetogenic chemotherapy yet experienced 
nausea and vomiting in the first 24 hours, the 
patients were randomly assigned to continue the 
same therapy or to switch to granisetron plus 
dexamethasone. The rate of complete protection 
from emesis was significantly higher in the 
patients who switched to granisetron than in 
those who continued with the same regimen.85 It 
should be noted that in that small study, a high 
dose of granisetron (3 mg) was compared with a 
relatively low dose of ondansetron (8 mg). There 
could be a lack of complete cross-resistance 
between the serotonin antagonists, or the recom-
mended dosing may be inadequate for some 
patients.

Patients with Advanced Cancer  
In contrast to the large number of trials designed 
to address the problem of chemotherapy-induced 
emesis, relatively few have been performed to 
study the clinical problem of nausea and vomit-
ing not related to chemotherapy in patients with 

advanced cancer. Yet the symptoms are very 
common in both patient groups and very vexing 
in patients with advanced cancer: 60% experience 
nausea and 30% complain of vomiting.86 The list 
of potential causes of nausea and vomiting in this 
population is long, and often these symptoms are 
multifactorial. Palliative care specialists may use a 
“mechanistic” approach to treat nausea and 
attempt to deduce the pathophysiologic mecha-
nism of emesis from their clinical evaluation and 
administer treatment accordingly, or they may 
use an “empiric” approach and use antiemetics 
until they find one that is effective. Favoring the 
mechanistic approach, a randomized controlled 
trial found that metoclopramide was 75% effec-
tive in relieving symptoms of cancer-related  
dyspepsia thought to be due to a gastroparetic 
mechanism.87

Patients with inoperable malignant bowel 
obstruction represent a special clinical scenario 
that may result in nausea and vomiting. For  
palliative care patients, the relief of symptoms  
of colicky abdominal pain and vomiting is para-
mount. Although nasogastric tube decompres-
sion of the gastrointestinal tract is standard care 
for such patients, it is very uncomfortable. Place-
ment of a draining gastrostomy tube is another 
option if the clinical situation is persistent  
and not likely to resolve. Corticosteroids such as 
intravenous dexamethasone are often used in pal-
liative care practice to reduce the inflammation 
associated with a malignant lesion and thus relieve 
the obstruction. The results from several trials 
have suggested a trend toward a benefit from this 
therapy, although the advantages have been small 
and have not reached statistical significance.88,89

Regarding the use of 5-HT3 antagonists in 
patients with advanced cancer, there has been 
some concern over the acquisition costs (eg, for 
patients in hospice care) and the side effects, such 
as constipation, for which this patient population 
is at high risk. One small study found a trend 
toward superiority of ondansetron over placebo 
in the treatment of opioid-induced nausea and 
vomiting, but this trend did not achieve statistical 
significance.90 In another study, the serotonin 
antagonist tropisetron was significantly better 
than metoclopramide or chlorpromazine in 
patients with advanced cancer.91

Summary

More than 20 years ago, patients who received 
chemotherapy rated nausea and vomiting as  
the most distressing aspects of their treatment.1 
There have since been considerable advances in 
understanding the pathophysiology of nausea 
and vomiting, the predictive factors to stratify 
emetic risk, and the development of highly  
effective and well-tolerated antiemetic drugs. 
Complete prevention of chemotherapy-induced 
emesis is achievable with currently available ther-

apy in most patients and should be the goal of all 
patients receiving treatment. To accomplish this 
objective, the following key facts should be kept 
in mind:

• Several neurotransmitter receptors in the 
CTZ are involved in triggering emesis, the 
most important of which are the D2, 5-HT3, 
and NK1 receptors. These receptors are the 
targets of antiemetic drugs. Blockade of only 
one receptor class is often insufficient to 
completely prevent nausea and vomiting.

• Cancer patients should always be assessed for 
other causes of nausea and vomiting, such as 
electrolyte disturbances, medication side 
effects, and primary gastrointestinal disor-
ders (such as bowel obstruction), before the 
emesis is attributed to chemotherapy side 
effects.

• The most important factor in assessing 
emetic risk is the intrinsic emetic potential of 
the chemotherapeutic agent. Antiemetic 
treatment should be guided by the predicted 
level of emetogenicity and by known patient 
factors.

• The risk of emesis for patients receiving 
moderate– to high–emetic risk chemother-
apy lasts for 4 to 5 days; patients require  
preventive treatment for that entire period.

• Anticipatory nausea is a conditioned response 
occurring after poor control of acute or 
delayed emesis. The best treatment is to pre-
vent acute or delayed symptoms in the first 
place by optimal antiemetic therapy during 
every cycle. Behavioral interventions or  
benzodiazepines may also be helpful.

• Prophylaxis for radiation-induced nausea 
and vomiting may be tailored according to 
the risk stratification based on the body site 
treated. Patients receiving concurrent che-
motherapy should receive antiemetic treat-
ment according to the emetogenic potential 
of their chemotherapy regimen.

• Breakthrough emesis is generally managed 
by adding an antiemetic agent from a differ-
ent class or by stepping up therapy to that 
used for higher-risk chemotherapy.

• In patients with advanced cancer, nausea 
unrelated to chemotherapy may be multifac-
torial. A mechanistic approach to identify the 
pathophysiologic cause of emesis can guide 
therapy.
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The past two decades have witnessed an increase 
in the number of patients who are immunocom-
promised as a consequence of primary or second-
ary immunodeficiency disorders or from the use 
of agents that depress one or more components  
of the immune system. Cancer patients are con-
sidered immunocompromised hosts who have  
an alteration in phagocytic, cellular, or humoral 
immunity. In this scenario, fever is a very common 
problem and can be secondary to infections, 
inflammation, transfusions, antineoplastics, anti-
microbials, or tumor necrosis. Despite significant 
advancements in supportive care of patients with 
cancer, infections continue to be the major cause 
of morbidity and mortality in patients with cancer 
because of alterations in normal host defenses. 
This chapter reviews the potential causes and 
pathophysiologic mechanisms of fever in patients 
with cancer.

History

One of the first references about fever comes  
from the ancient Sumerian pictogram in the sixth  
century bc. Centuries later, Celso, a Roman writer 
of the first century ad, first listed the four cardinal 
signs of inflammation: redness, swelling, heat, 
and pain. In this description, fever was repre-
sented by local heat. Ultimately, Claude Bernard 
first recognized the metabolic process occurring 
within the body and the result of body heat. For 
many years, physicians monitored body tempera-
ture as a complementary diagnostic tool; how-
ever, the real impact in diagnosis was uncertain. 
The first scientific publication reported was  
in 1868 by Carl Reinhold August Wunderlich in  
a paper entitled “The Course of Temperature in 
Disease.”1 In his description, made after 1 million 
observations in 25,000 subjects, he put emphasis 
on the normal diurnal variation and posited  
38°C (100.4°F) as the upper limit of the normal 
range. Most of his work was done using axillary  
measurement of temperature.

Definitions

One of the most common definitions of fever  
is promulgated by the International Union of 

because this method is invasive, it is not practical 
for use on all patients. Peripheral temperature 
measurements are only an estimate of the core 
temperature owing to compensatory mechanisms 
such as vasoconstriction, which can change the 
peripheral temperature in relation to the core 
temperature. Noninvasive sites, such as the  
tympanic membrane, posterior sublingual pocket 
(oral), rectum, and axilla, are the most commonly 
used. 

The tympanic membrane is an ideal site  
for estimating the core temperature because the 
arterial irrigation of the tympanic membrane is in 
proximity to the artery supplying the hypotha-
lamic area, and it is considered to be the closest 
body temperature to the thermoregulatory center. 
The accessibility is optimal; however, proper 
technique is a major factor influencing accuracy. 
When the probe is placed incorrectly, the tem-
perature reading may be that of the skin, the 
external ear canal, or the cerumen instead of the 
tympanic membrane.5 With proper training and 
use, this method can provide rapid and accurate 
measurements.

Oral temperature measurement is the most 
common site used because it is accessible and 
responds promptly to changes in the core tem-
perature. The sublingual pocket is irrigated by a 
main artery, which is a branch of the external 
carotid artery. Several factors can alter the final 
reading of oral temperature. Mastication and 
smoking both cause significant and persistent 
increases in the oral temperature, whereas drink-
ing ice beverages, mouth breathing, and aerosol 
treatments may cause transient decreases in the 
oral temperature. This method is convenient and 
reliable in proper candidates.

A rectal temperature reading provides higher 
levels than those obtained at other sites and is  
no longer considered the gold standard. This 
increased rectal temperature may be secondary to 
heat generated as a result of the metabolic activity 
of fecal bacteria. This site is used in the hospital 
setting; however, in patients with hemodynamic 
shock, the arterial perfusion of the rectum may  
be severely impaired. For this reason, this site  
provides a reliable approximation only in patients 
who have a thermal balance.

Physiological Sciences Thermal Commission.2 It 
defines fever as a state of elevated core tempera-
ture, which is often but not necessarily part of  
the defensive responses of multicellular organism 
(host) to the invasion of live (microorganism)  
or inanimate matter recognized as pathogenic or 
alien by the host. Fever develops when a pyrogen, 
a term used to describe any substance that causes 
fever, elevates the set point–determined core body 
temperature above normal. The genesis of fever 
requires the presence of an intact thermoregula-
tory mechanism. 

With regard to the upper limit of the normal 
oral temperature, medical societies and modern 
textbooks differ in their definition. According to 
the 1977 guidelines from the Infectious Disease 
Society of America, fever is defined as a single  
oral temperature more than 38.3°C (101°F) or an  
elevation of 38°C (100.4°F) for at least 1 hour in 
the absence of obvious environmental causes.3 

Unlike fever, hyperthermia represents a  
failure of thermoregulatory homeostasis in which 
cytokines are not involved and therapies with 
antipyretics are ineffective. Heat stroke is one 
example of hyperthermia and is defined as a body 
temperature > 40.5°C (105°F) with associated 
central nervous system (CNS) dysfunction, 
including seizure, delirium, and coma, in the  
setting of a large environmental heat load that  
cannot be dissipated. Hyperthermia is also caused 
by drugs in three different scenarios: neuroleptic 
malignant syndrome, malignant hyperthermia, 
and serotonin syndrome.4

The term hyperpyrexia denotes fever of more 
than 41.5°C (106.7°F) and occurs in patients with 
severe infections but most commonly occurs in 
patients with CNS hemorrhages.

Thermometric Variability

Thermometric measurements involve a number 
of basic technical details that are very important 
in the final temperature reading. Core body tem-
perature refers to the temperature of the cranium, 
thorax, and abdominal cavities. The gold stan-
dard for core body temperature measurement is 
the pulmonary artery catheter, which approxi-
mates the temperature of the heart. However, 
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Although more convenient, axillary readings 
do not accurately reflect core body temperature 
and should be used only when it is impossible  
to obtain a temperature reading by any other 
means.6–8 

Physiologic Variables

Several variables in body temperature registration 
change with regard to age, sex, and circadian 
rhythm. For many years, there was a tendency to 
believe that older people have lower body tem-
peratures than their younger counterparts. How-
ever, a recent investigation showed that healthy 
elderly subjects (mean age 80.3 years; range 62–99 
years) have the same average core temperature 
than healthy younger people.9 Women exhibit 
increases in body temperature of about 0.5°C 
(0.9°F) at the time of ovulation. They have a 
slightly higher average oral temperature than  
men (36.9°C vs 36.7°C) but do not exhibit greater 
average diurnal temperature oscillations than 
their male counterparts (0.56°C vs 0.54°C). 

Body temperature exhibits circadian rhyth-
micity that is associated with the sleep-wake cycle. 
During normal circadian cycle, the core tempera-
ture reaches its highest levels in the late afternoon 
or early evening and its nadir in the early morn-
ing. The adaptations to night shift work cause a 
reversal in this pattern. Therefore, when clinical 
thermometric measurements are made, it is 
important to consider not only the time and site 
of measurement but also the sleep-wake cycle of 
the subject being studied (Table 1).

Clinical Manifestations

Broadly defined, an immunocompromised  
host has an alteration in phagocytic, cellular, or 
humoral immunity that increases the risk of 
infectious complications or opportunistic infec-
tions. Fever is the principal, and sometimes  
the only, manifestation of serious infection in the 
cancer patient.

Fever has two components. One is objective 
and is represented by a temperature measure-
ment above the normal range. The other com-
ponent is subjective and is represented by a 
constellation of symptoms (chills, shivering, and 
sweating), which are produced by the elevation  
of core temperature. These two components are 
commonly defined as febrile response, which  
is the result of an innate physiologic reaction, 

including cytokine production and activation  
of multiple endocrine, immunologic, and  
hematologic systems. 

Although a number of fever patterns have 
been associated with various infectious or non-
infectious illnesses, no pathognomonic pattern  
or degree of fever has been clearly associated  
with a specific infection in immunocompromised 
patients.

Febrile episodes are characterized by three 
different phases: initiation, steady state, and 
defervescent.10 During initiation, a pyrogen ele-
vates the thermoregulatory set point above 
normal. The individual experiences cutaneous 
vasoconstriction, which leads to heat retention, 
followed by shivering that generates additional 
heat to achieve the new set point. At steady state, 
heat production is equivalent to heat loss, and 
shivering stops. After lowering the set point, 
defervescence commences with cutaneous vaso-
dilatation and sweating, which lead to radiant and 
evaporative heat loss, respectively.

Pathophysiologic Mechanism

The mechanism responsible for the body tem-
perature is localized in the hypothalamus. The 
suprachiasmatic nuclei and the preoptic and 
anterior hypothalamus appear to be responsible 
for this exquisite thermoregulation. Several stud-
ies suggest that the preoptic region regulates body 
temperature by integrating thermal input signals 
from thermosensors in the skin and CNS. A  
variety of endogenous and exogenous pyrogens, 
including drugs, appear to affect temperature 
regulation by altering the activity of hypothalamic 
neurons. Exogenous pyrogens are, for the most 
part, microorganisms and toxin products of 
microbial origin. According to current concepts, 
exogenous pyrogens depend on their physio-
chemical structure and initiate fever by inducing 
the macrophages to produce endogenous pyro-
gens. These endogenous pyrogens, also called 
cytokines, cross the blood-brain barrier and acti-
vate thermosensitive neurons. Four major pyro-
genic cytokines have been described: interleukin 
(IL)-1, tumor necrosis factor (TNF)a, (IL-6, and 
interferon (IFN)-c-. In healthy subjects, the pyro-
genic cytokines are undetectable in serum under 
basal conditions and have a very short intravas-
cular half-life. Interestingly, the pyrogenic cyto-
kines are pleiotropic, in that they interact with 
receptors present on many different types of host 
cells in picomolar quantities.

Acute-Phase Changes

Body temperature may change under several  
factors, such as infection, trauma, inflammatory 
process, and malignant disease. This physiologic 
response is nonspecific and is generally referred 
to as the acute-phase reaction, although it is seen 
in both chronic and acute inflammatory states.

The full spectrum of the response includes 
dramatic increases (ie, C-reactive protein, fibrin-
ogen, and ferritin) or decreases (ie, albumin, 
transferrin, and transthyretin) in the synthesis of 
several hepatic proteins. Table 2 shows the list of 
important plasma proteins that increase during 
the acute-phase response. 

One of the most important acute-phase  
proteins, C-reactive protein (CRP), is synthesized 
by the liver, mainly in response to IL-6. CRP is 
thought to activate the complement system by 
binding to polysaccharides present on bacteria, 
fungi, and parasites. In vitro, CRP activates  
neutrophils, promotes platelet degradation, and 
enhances natural killer cell activity. The secretion 
of CRP occurs rapidly after the stimulus and falls 
rapidly after the disappearance of the stimulus. 
Despite the lack of specificity, it is useful in clini-
cal practice because it reflects the presence and 
intensity of the inflammatory process. It is also an 
inexpensive and widely available test.11,12

Fever may be present in conjunction with 
lethargy and increased sleep. Leukocytosis with 
immature neutrophils is also common. Dysfunc-
tion of the thyroid gland and abnormal glucose 
and lipid metabolism are frequently seen.  
Oligoelements such as zinc and serum iron are 
depressed. Another metabolic change related to 
the acute-phase reaction is an increase in liver 
gluconeogenesis, energy expenditure, and muscle 
proteolysis, all of which contribute to weight 
loss.

The most florid manifestation of the acute-
phase response is observed in patients with acute 

Table 1  Normal Variations in Temperature

Temperature  Tympanic Oral Rectal
Diurnal/Evening Membrane

6:00 am 36.6°C (98°F) 37.2°C (98.9°F) 37.6°C (99.6°F)
4:00 pm 37.3°C (99°F) 37.7°C (99°F) 38.1°C (100.6°F)

Table 2  Plasma Proteins that Increase during the 
Acute-Phase Response

C-reactive protein
Serum amyloid A protein
a1-Glycoprotein
Ceruloplasmin
a-Macroglobulins
Complement components
a1-Antitrypsin
a1-Antichymotrypsin
Fibrinogen
Prothrombin
Factor VIII
Plasminogen
Haptoglobin
Ferritin
Immunoglobulin
Lipoproteins
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bacterial infection, extensive body surface area 
burns, or multiple and traumatic injuries. How-
ever, occult infections, chronic illnesses such as 
rheumatoid arthritis, Crohn’s disease, and other 
autoimmune diseases also are characterized by 
acute-phase response elevation. In several cases, 
the acute-phase response serves as an indicator of 
silent disease in some cancers, particularly renal 
cell carcinoma and Hodgkin’s disease.

Induction of the Acute-Phase 
Response

The initiation of the acute-phase response is 
linked to the production of cytokines elicited by 
infections, injuries, inflammation, and immuno-
logic reactions. Cytokines are proteins produced 
by many cell types (principally activated lympho-
cytes and macrophages, but also endothelium, 
epithelium, and connective tissue cells) that mod-
ulate the function of other cell types. These pro-
teins are pleotropic in that they can act on different 
cell types. Cytokine effects are often redundant 
and can influence the synthesis or action of  
other cytokines. They are multifunctional in that  
individual cytokines may have both positive and 
negative regulatory actions. Cytokines mediate 
their effects by binding to specific receptors on 
target cells. The expression of cytokine receptors 
can be regulated by a variety of exogenous and 
endogenous signals. For some responsive cells, 
cytokines stimulate cell proliferation, acting as 
traditional growth factors.

Cytokines can be grouped into five classes:

1. Cytokines that regulate lymphocyte func-
tion: these cytokines regulate lymphocyte 
activation, growth, and differentiation. IL-2 
and IL-4 act in lymphocyte growth, as well  
as IL-10 and transforming growth factor b, 
which are negative regulators of immune 
responses.

2. Cytokines involved with natural immunity: 
these include two major inflammatory cyto-
kines, TNF-a and IL-1b.

3. Cytokines that activate inflammatory cells: 
these cytokines activate macrophages during 
the cell-mediated immune response and 
include IFN-c, TNF-a, TNF-b (lympho-
toxin), IL-5, IL-10, and IL-12.

4. Chemokines: this group of cytokines is char-
acterized by chemotactic activity for various 
leukocytes.

5. Cytokines that stimulate hematopoiesis: 
these mediate immature leukocyte growth 
and differentiation and include IL-3, IL-7, c-
kit ligand, GSF, and granulocyte-macrophage 
colony-stimulating factor.

Several cytokines induce acute-phase changes:  
IL-1, TNF-a, IFN-c, IL-6, leukemia inhibitory 
factor, ciliary neurotropic factor, oncostatin M, 
and IL-11.

The development of the acute-phase response 
in a patient with a localized bacterial infection 
starts 1 to 2 hours after blood monocytes  
and tissue macrophages become activated by 
phagocytosis or microorganism exposure to its  
products or toxins. These mediators enter the  
circulation and reach the brain, where they  
initiate fever. Within 8 to 12 hours after the onset 
of infection or trauma, the liver increases the  
synthesis of acute-phase proteins. In addition,  
several normal plasma proteins increase several-
fold during the acute-phase response, including 
haptoglobin, certain protease inhibitors, comple-
ment components, ceruloplasmin, and fibrino-
gen.

Despite the anabolic processes of the liver, 
the acute-phase response is accompanied by 
marked catabolism of muscle protein associated 
with loss of body weight and overall negative 
nitrogen balance. 

Etiology

Thirty percent of patients with cancer develop 
fever at some point during the course of their 
malignancy,13 with the majority having an under-
lying infection. Infection, tumor, and drugs  
are among the most common causes of fever in 
patients with cancer (Figure 1). The major differ-
ential point in determining whether the fever is 
due to infection is the presence or absence of neu-
tropenia. In patients with low white blood cell 
counts, infection causes more than two-thirds of 
all fevers, whereas patients with normal white 
blood cell counts are infected far less frequently. 
The wide variation in fever frequency reflected in 
Table 3 relates to differences in the definition of 
fever, the population studied, the primary tumor 
site, and medical advances during the period 
studied.10

There are two clinical conditions associated 
with a risk of life-threatening infections: severe 
neutropenia (ie, an absolute neutrophil count of 
less than 500/mm2) and a history of splenectomy. 
In both situations, rapidly progressive infections 
may be life-threatening if untreated.14 

Fever Caused by Infection
Infection is a leading cause of fever in both the 
neutropenic and non-neutropenic patient. A risk 
stratification model was proposed in the cancer 
patient setting and is described in Table 4.15 
Patients with cancer have a perturbation in the 
host mechanism of defense. Usually, these patients 
have aberrations of skin and mucosa, with disor-
ders of neutrophils, T lymphocytes, plasma cells, 
and complement system. These abnormalities 
will predispose patients to specific infections; 
therefore, the physician must identify the proba-
ble immune defect (often there will be more than 
one) in the febrile cancer patient.

Acute fever in non-neutropenic cancer 
patients, if clinical signs suggest infection, should 
be managed similarly to fever in patients without 
cancer. Special attention should be given to a  
possible cancer causing an obstruction in natural 
passages, for example, pneumonia in bronchial 
cancer, pyelitis in bladder or prostatic cancer, and 
cholangitis in pancreatic carcinoma. Obstruction 
is also frequently responsible for relapses of  
infection after successful therapy. Streptococcus 
pneumoniae remains a major pathogen in lung 
cancer patients, whereas Escherichia coli and 
Streptococcus faecalis are often isolated in patients 
with pancreatic and hepatobiliary tumors. Colon  
carcinomas are associated with an increased  
frequency of Streptococcus bovis bacteremia and 
endocarditis.

Central Nervous System

Infection of the CNS should be suspected in a 
febrile cancer patient with altered mental status. 
Common bacterial pathogens causing meningitis 
in patients with or without cancer include  
S. pneumoniae and Neisseria meningitidis. Patients 
who have undergone a neurosurgical procedure 
are at increased risk of meningitis caused by 
gram-negative bacilli. The incidence of Listeria 
meningitis is increased in the elderly and patients 
with decreased cell-mediated immunity. Patients 
with subcutaneous reservoirs and ventricular 
catheters (eg, Ommaya reservoir) are at increased 
risk of meningitis owing to Pseudomonas, Propi-
onibacterium acnes, and staphylococci. Although 
Coccidioides immitis, Histoplasma capsulatum, 
and Cryptococcus neoformans are the major fungal 
CNS pathogens in the United States, the latter is 
the most common cause of meningitis in cancer 
patients. The onset is often insidious but may be 
more acute in patients receiving corticosteroids 
or another immunosuppressive therapy.

Indwelling Catheters

The use of indwelling intravenous catheters has 
become a commonplace source of infection in 
patients with cancer. Infectious complications are 
of two types: local infections involving the subcu-
taneous tunnel or exit site and such as bactere-
mia. Unfortunately, local signs and symptoms are 
unreliable indicators of catheter infections. Many 
catheters responsible for bacteremia appear to be 
totally innocuous, and this is particularly true for 
neutropenic patients. It became clear early in the 
use of indwelling central venous catheters that the 
treatment of catheter infections did not always 
require removal of the offending device. The gold 
standard for the diagnosis of a catheter-related 
infection has been the demonstration of ≥ 15 
colony-forming units per catheter tip.16 However, 
the success of treatment is dependent on the 
pathogenicity of the offending organism, and 
many authorities recommend removal of the 
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FIguRE 1  Algorithm for cause of fever in cancer patients. IV = intravenous.

Table 3  Frequency and Cause of Fever in Cancer Patients

Study Number of Fever (%) Caused by  Caused by  Comments
 Patients  Infection (%) Tumor (%) 

Boggs and Frei32 9,532* 24† 44‡ 56 Frequency of fever caused by tumor stable throughout illness; fever  
      caused by infection increased in last quartile of illness
Briggs33 238 53 < 15§ 53 Frequency similar in local and disseminated disease; fever most common  
      in primary tumors of lung and pleura, liver and biliary tree, and head  
      and neck
Browder et al34 343 70 38||  5 Frequency similar in local and disseminated disease; infection increased  
      in pelvic tumors
Fenster and Klatskin35 81 — — 23 Fever presenting complaint in 7%
Klatersky et al36 47 100 57 38 Tumor-related fever most common in lymphomas (67%)
Reuben et al24 1,592 100 57 38 In terminally ill patients; the presence/absence of fever is not predictive  
      of survival

Adapted from Zhukovsky DS.10

*Number of hospital days.
†Percentage of hospital days with fever.
‡Percentage of 193 febrile episodes in 86 patients.
§Infection and other complications.
||infection, obstruction, postoperative complications.
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catheter when Staphylococcus aureus, Pseudomo-
nas sp, Candida sp, or polymicrobic infection are 
encountered. In addition, a consensus exists that 
the majority of exit-site infections can be treated 
with antibiotics alone, whereas tunnel infections 
often require catheter removal.

Skin

The differential diagnosis of fever in cancer 
patients with dermatologic signs is challenging. 
Numerous infections have been associated  
with skin lesions, but underlying malignancy and 
hypersensitivity drug reactions can involve the 
skin. Common dermatologic infections occur-
ring in normal hosts, such as staphylococcal cel-
lulitis, are readily diagnosed and treated. These 
infections are frequently caused by intravenous 
catheters, trauma, or other breaches of the skin. 
The morphology of the lesions may be atypical in 
the immunosuppressed host, and a new rash or 
nodule may be the earliest or the only warning 
sign of a serious systemic process. A prompt 
biopsy with histologic staining and culture for 
bacteria, mycobacteria, viruses, and fungi can 
provide prompt information on which to base 
treatment.

Gastrointestinal Tract

Infection can occur anywhere in the gastrointes-
tinal tract, and the risk of gastrointestinal infec-
tions in cancer patients includes decreased 
cell-mediated immunity, radiation therapy, che-
motherapy, and broad-spectrum antibiotics. The 
oral cavity is a common site of infection in cancer 
patients. In a classic prospective clinical study in 
hematologic cancer patients, 20% of patients had 
an acute oral infection without signs of an extra-
oral infection and two-thirds of patient had both 
oral and extraoral infections. The most common 
oral infection was Candida.17 In the setting of  

chemotherapy-induced mucositis, streptococci, 
enterobacteriacea, and anaerobes are the preva-
lent organisms. Esophagitis should be suspected 
in patients with odynophagia or dysphagia with 
fever. Candida, cytomegalovirus, and herpes  
simplex viruses are common causes of esophagitis 
in patients with acquired immune deficiency syn-
drome (AIDS), hematologic malignancies, and 
organ transplant. Esophagoscopy with biopsy and 
culture is required for a definitive diagnosis. The 
symptoms of pseudomembranous colitis caused 
by Clostridium difficile include a high fever, bloody 
diarrhea, and abdominal pain. One survey found 
C. difficile in the stool of up to 12% of asymp-
tomatic leukemic patients compared with 5%  
of asymptomatic healthy volunteers.18 Infection 
usually occurs during or following antibiotic 
therapy but can be secondary to chemotherapy 
agents as well. 

Neutropenia predisposes the patient to severe 
and rapidly progressing infection by bacterial  
and fungal pathogens; therefore, empiric therapy 
has become an accepted practice and should  
be designed to cover the most likely pathogens, 
namely gram-negative rods, especially Pseudomo-
nas aeruginosa.

Tumor Fever
In the absence of infection, it is thought that 
cancer cells can produce cytokines, which are 
responsible for tumor fever. Renal cell carcinoma 
is the most common cancer associated with fever, 
with fever occurring in up to half of patients.19 
Hepatoma patients develop fever one-third of the 
time.20 Fever may play a role in the staging of 
some cancers. The Ann Arbor Staging System for 
Hodgkin’s disease includes B symptoms such as 
persistent or recurrent fever, weight loss, or night 
sweats. Pel-Ebstein fever (persistent fever for days 
to weeks followed by afebrile intervals and then 
recurrent fever) is seen in patients with Hodgkin’s 

disease and is an important prognostic feature in 
the disease. 

Clinical characteristics may be useful to dis-
tinguish between infectious and neoplastic fevers, 
but no one feature reliably differentiates them. 
Therefore, tumor fever is a diagnosis of exclusion, 
made after an exhaustive evaluation for infection 
and when exclusion of other causes of fever has 
been made. Diagnostic criteria for tumor fever 
are described in Table 5. 

The infected patient is often ill, or even toxic, 
with chills, tachycardia, and possible hypoten-
sion. In the case of fever related to cancer, chills 
and tachycardia are lacking or minimal. Aspirin 
and acetaminophen have little effect on fever 
caused by a malignant tumor, whereas a dramatic 
response to nonsteroidal anti-inflammatory 
drugs occurs. Consequently, some investigators 
use the response to nonsteroidal anti- 
inflammatory drugs to differentiate fever caused 

Table 4  Risk Factors for Fever and Causes of Infectious Agents in Patients with Cancer

Condition Risk Stratification Major Risk Factor Predominant Causes of Fever

Cancer Low Underlying disease, therapy, neutropenia < 10 d,  FUO
   altered mucosal immunity, indwelling catheter Gram-positive or gram-negative bacteria,
    respiratory viruses or herpesviruses 
 High Underlying disease, therapy, neutropenia > 10 d,  FUO
   altered mucosal immunity, defects in humoral or  Bacteria: gram-positive or gram-negative aerobes, 
   cellular immunity, indwelling catheter  anaerobes at sites of mixed infection
   Viruses: RSV, parainfluenza virus, adenovirus, HSV,
    CMV
   Fungi: Candida, Aspergillus, Cryptococcus, 
    Trichosporon, Fusarium
Bone marrow  High Risk factors for high-risk cancer, plus  Similar to those with high-risk cancer; pattern of
 transplantation   immunosuppressive regimen, previous infection  infection is influenced by time since transplantation
   with CMV, GVHD  and type of procedure (ie, autologous or allogeneic)

Adapted from Pizzo PA.15

CMV = cytomegalovirus; FUO = fever of unknown origin; GVHD = graft-versus-host disease; HSV = herpes simplex virus; RSV = respiratory syncytial virus.

Table 5  Diagnostic Criteria for Neoplastic  
Fever

I. Temperature over 37.8°C (100°F) at least  
  once each day
II. Duration of fever over 2 wk
III. Lack of evidence of infection on 
 A. Physical examination
 B. Laboratory examination, eg, cultures  
   from sputum, blood, urine, bone  
   marrow, spinal fluid, stool, pleural  
   fluid, and skin lesions
 C. Imaging studies
IV. Absence of drug or transfusion reaction
V. Lack of response of fever to empiric,  
  adequate antibiotic therapy for at least 7 d
VI. Prompt, complete resolution of fever by the  
  naproxen test

Adapted from Zell JA and Chang JC.33
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by infection from that caused by a tumor. In two 
separate studies, the response to indomethacin 
and naproxen was associated with a high inci-
dence of tumor-related fever compared with 
infectious causes.21,22 Based on these observations, 
the “naproxen test” (three doses of 375 mg of 
naproxen at 12-hour intervals) has been proposed 
for the diagnosis of cancer fever; it should result 
in complete resolution of pyrexia, and the patient 
should experience sustained normal temperature 
while receiving naproxen.

Fever Caused by Transfusion
Oncology patients, like other transfusion recipi-
ents, experience adverse reactions to blood com-
ponents. Most reactions occur during or shortly 
after a blood transfusion, but reactions may pres-
ent several hours to days later. Typically, febrile 
reactions are benign and rarely lead to serious 
sequelae, such as death. There are two categories 
of transfusion reactions: immunologic and  
nonimmunologic. Hemolytic and nonhemolytic 
reactions are included in the immunologic cate-
gory, both of which involve antigen-antibody 
complex formation. Pseudohemolytic transfu-
sion reactions are nonimmunologic reactions, 
whereby bacterial contamination of the blood 
product and disease transmission are the cause of 
fever.23 Only transfusion reactions that lead to 
fever are discussed here.

Hemolytic Transfusion Reactions

Acute hemolytic transfusion reactions are reac-
tions that result in the destruction of red blood 
cells and are caused by antigen-antibody interac-
tions. The most common symptoms are fever and 
chills but also include chest pain, hypotension, 
nausea, flushing, dyspnea, anuria, and hemoglo-
binuria. Laboratory testing reveals anemia, eleva-
tion of indirect bilirubin, a positive Coombs’ test, 
and decreased haptoglobin levels. Bleeding from 
disseminated intravascular coagulation, renal 
failure, and death are the most serious outcomes 
of hemolytic transfusion reactions. The most 
common cause of hemolytic transfusion reactions 
is human error as a result of misidentification of 
the recipient or of the patient sample, resulting in 
transfusion of incompatible blood. Other causes 
are technician failure to identify an antibody in 
the donor or recipient serum and the presence of 
antibodies that are not detectable by current test-
ing methods. Therapy for hemolytic transfusion 
reactions involves stopping the transfusion and 
measures to maintain blood pressure and per-
fusion to the kidneys with intravenous fluids.24  
Use of furosemide and “renal dose” dopamine 
has been described in the literature.

Delayed hemolytic transfusion reactions 
involve the extravascular clearance of antibody-
coated red blood cells by the reticuloendothelial 
system. The clinical course is benign, but severe 

reactions have been reported. These reactions 
occur in patients previously sensitized to red 
blood cell alloantigens but with levels too low to 
detect on screening. Thus, when the patient is 
reexposed to the antigen, an anamnestic response 
results in production of alloantibody that binds 
donor red blood cells. They typically occur 7 to 14 
days after the transfusion but may occur earlier, 
within 2 to 4 days. Fever, jaundice, and hemoglo-
binuria are common symptoms. Laboratory  
testing reveals anemia, elevation of indirect bili-
rubin, and a normal haptoblobin level. When 
necessary, treatment with general support and 
transfusion of antigen-negative red cells should 
be provided.23,25

Nonhemolytic Reactions that Cause Fever

The febrile nonhemolytic reaction is the most 
common adverse reaction to blood transfusion 
and is presumably caused by antibodies (leukoag-
glutinins) in the recipient that are directed against 
human leukocyte antibody–specific or leukocyte-
specific antigens, or both, on donor blood cells 
and platelets. It is related to previous exposure to 
foreign leukocyte antigens; therefore, patients 
have a history of multiple transfusions or preg-
nancy. Common symptoms include fever, chills, 
headache, myalgias, nausea, and nonproductive 
cough. Less commonly, hypotension, chest pain, 
vomiting, and dyspnea may occur. Premedication 
with antipyretics, such as acetaminophen, may 
minimize mild febrile nonhemolytic reactions. 
Antihistamines do not prevent or treat febrile 
nonhemolytic reactions, and corticosteroids can 
minimize it if they are administered several hours 
before the transfusion. Leukoreduction of blood 
components decreases but does not eliminate the 
frequency of febrile nonhemolytic reactions. 
Another way to prevent febrile nonhemolytic 
reactions is to use single donor platelets instead of 
pooled random donor platelets because the 
former may contain fewer leukocytes than the 
latter.26

Transfusion-associated graft-versus-host  
disease (TA-GVHD) is a fulminant and often fatal 
nonhemolytic reaction caused by the transfusion 
of viable donor lymphocytes into immunosup-
pressed patients. The transfused lymphocytes  
are able to proliferate, engraft, and recognize the 
recipient’s tissue as foreign. Fever usually pres-
ents 7 to 10 days after transfusion, and death  
usually occurs 3 to 4 weeks after transfusion. In 
addition, depending on the organs involved, skin 
rash, diarrhea, hepatitis, bone marrow suppres-
sion, and infection may occur. The diagnosis is 
made by demonstrating donor cells in the involved 
tissue or circulating as peripheral blood chime-
rism. Irradiation of blood containing lympho-
cytes is the only effective means to prevent 
TA-GVHD.27

Pseudohemolytic Transfusion Reactions that 
Cause Fever

Transfusion of blood contaminated with bacteria, 
although rare, can be fatal, resulting in shock,  
disseminated intravascular coagulation, renal 
failure, and hemoglobinuria. Most commonly, 
endotoxin-producing gram-negative bacteria are 
involved. Treatment with antibiotics should be 
implemented early, and if clinical suspicion is 
high, the remaining untransfused blood product 
should be cultured. 

The current risk of transmission of viral  
hepatitis, human immunodeficiency virus (HIV), 
and human T-lymphotrophic viruses is low. 
Advances in testing for viral proteins, antibody 
responses, and, more recently, viral nucleic acids 
have significantly reduced the risk. 

Fever Caused by Drugs
Drugs used in cancer patients may cause fever. 
Bleomycin, daunorubicin, cisplatin, asparaginase, 
cyclophosphamide, cytarabine, vincristine, 5- 
fluorouracil, and methotrexate are the commonly 
used chemotherapeutic agents that have been 
found to elicit fever. Other drugs used in the 
cancer setting that commonly cause fever are 
monoclonal antibodies such as rituximab and 
alemtuzumab, growth factors such as filgrastim 
and sargramostim, and biologic agents such as 
IFN and IL-2.28 Antibiotics such as amphotericin 
B, trimethoprim-sulfamethoxazole, ciprofloxa-
cin, and rifampicin can also cause fever. Fever 
usually disappears after discontinuing the offend-
ing drug and may be attenuated with the use of 
acetaminophen, a nonsteroidal anti-inflamma-
tory drug, and steroid premedication. Meperidine 
is commonly used as a premedication or for  
treatment of chills associated with drug fever. 

More dramatic reactions occur in patients 
with neuroleptic malignant syndrome, which 
manifests with hyperthermia. This rare but poten-
tially fatal syndrome is seen in patients receiving 
neuroleptic drugs. The manifestation is the pres-
ence of hyperthermia, and the pathogenesis of 
this event is related to an idiosyncratic reaction to 
antipsychotic agents such as piperazine, butyro-
phenones, and haloperidol. Neuroleptic malig-
nant syndrome should be differentiated from 
malignant hyperthermia, characterized by a 
genetic predisposition that may be manifested 
after the administration of anesthetic agents such 
as succinylcholine and halothane. Clinical fea-
tures include marked hyperthermia, muscle rigid-
ity, hypotension, arrhythmias, and disseminated 
intravascular coagulation.

Other Causes of Fever
Radiation-induced fever, adrenal crisis, and  
central nervous system metastasis should be  
given consideration when evaluating an oncology 
patient with fever. Central nervous system  
metastasis may cause fever from hypothalamic 
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involvement, meningeal leukemia, or meningeal 
carcinomatosis. Steroid withdrawal and metasta-
sis or primary tumor involvement of the adrenal 
gland are possible causes of adrenal insufficiency. 
Primary adrenal non-Hodgkin’s lymphoma is a 
rare and aggressive disease.29 The most common 
cancers that cause metastasis to the adrenal glands 
are lung, esophageal, gastric, and liver or bile duct 
carcinomas.30 Fever owing to radiation should be 
considered in patients receiving radiation alone, 
after infection has been ruled out. The fever usu-
ally presents hours after the initial treatment. In 
acute radiation pneumonitis, fever may be part of 
the syndrome, which includes dyspnea and non-
productive cough developing 2 to 3 months after 
radiation therapy.31

Other systemic illnesses that cause fever, such 
as rheumatoid arthritis and lupus erythematosus, 
may coexist in cancer patients. Careful review of 
the patient’s symptoms and medical history are 
invaluable for diagnosing these diseases.31
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is damaged. Ultrasonography is employed for 
imaging solid organs, hollow organs, blood  
vessels, muscles, and masses of any origin. All of 
these technologies are available to interventional 
radiologists, who must perform biopsies and 
drainages and implant various devices within 
bronchial, ductular, and vascular structures.  
The partnership of diagnostic and interventional 
radiologists with internists, surgeons, patholo
gists, and other clinicians is required to achieve 
the most specific diagnosis; the most complete 
characterization of the problem, anatomy, and 
function; and the best minimally invasive diag
nostic or therapeutic procedure for the individual 
patient. There is no substitute for teamwork  
based on reasonable knowledge of the expertise 
contributed by each member of the team.

Contemporary imaging is wholly digital  
and therefore able to be distributed in a timely 
fashion to all involved health care providers in a 
simultaneous manner, permanently and reliably 
stored and preserved, and easily duplicated into 
transferable formats for patients and distant  
providers.

Paraneoplastic Syndromes

Paraneoplastic syndromes are nonmetastatic 
clinical syndromes that accompany tumors but 
occur at a distance from the tumor. These con
ditions develop as a result of substances produced 
by the tumor or stimulated by the tumor but pro
duced by other tissues. Fever is the most common 
clinical manifestation, but many other endocrine, 
rheumatologic, neurologic, dermatologic, cardio
vascular, gastrointestinal, and renal symptom 
complexes occur. At times, the paraneoplastic 
syndrome precedes the discovery of the primary 
tumor, and recognition of the syndrome leads to 
a search for the tumor. Many times, the syndrome 
occurs concomitantly with the tumor. Sometimes 

decreased or increased activity in the syndrome 
complex corresponds to changes in the primary 
or metastatic tumor burden. Although a complete 
exposition of paraneoplastic syndromes is outside 
the scope of this chapter, there are many instances 
in which imaging plays a role in syndrome  
verification and quantification.

Oncogenic (tumorinduced) osteomalacia  
is an example of an endocrine paraneoplastic  
syndrome.1 Tumors elaborate a phosphaturic 
peptide that acts at the proximal renal tubule and 
causes phosphate wasting, with resultant hypo
phosphatemia. The serum calcium level is gener
ally normal. The condition is usually caused by 
benign tumors, such as a hemangiopericytoma. 
The patient presents with debilitating osteomala
cia and insufficiency fractures, both of which are 
evident on conventional radiographs (Figure  1). 
Recognition that a tumor is the cause and actual 
localization of the tumor may take many years. 
CT, MRI, and nuclear medicine tests are effective 
for tumor detection. Resection of the tumor com
monly leads to reversal of the phosphaturic effect 
and remineralization of the skeleton, with 
regained muscle strength. Skeletal remineraliza
tion can be monitored by conventional bone  
surveys and by bone mineral mass (densitometry) 
tests.

Hypertrophic osteoarthropathy (HOA) is  
an example of a rheumatologic paraneoplastic 
syndrome manifested by swollen painful joints, 
clubbing of the fingers and toes, and symmetric 
periosteal reactions of the long bones and short 
tubular bones.2 Humoral and neurogenic mecha
nisms have been theorized, but no etiologic agent 
has been proven. HOA occurs with a variety  
of conditions of the head and neck, thorax,  
and abdomen, including malignant and benign 
tumors, infections, and gastrointestinal inflam
matory conditions. The most common associa
tion is with lung cancer. The HOA symptom 
complex may precede diagnosis of the cancer and 

Radiologic imaging services provided to patients 
with cancer go well beyond the diagnosis, staging, 
and treatment of the cancer(s) the patient may 
have. In addition to local relationships, prolifera
tion, and metastasis, cancers affect the human 
body in many ways. Neoplasms may stimulate  
or elaborate biologically active substances that 
cause paraneoplastic syndromes. Solid tumors 
may create local mass effects on adjacent organs. 
Complications of tumors and therapy are many 
and include vascular problems, infection, induced 
necrosis, and organ failure. Imaging methods are 
often critical for elucidation of the specific clinical 
problem and provision of an interventional  
therapy.

The entire spectrum of imaging methods  
is required to manage accurate diagnosis and 
characterization of the problem(s) suffered by the 
patient with cancer. Conventional radiography  
is best suited to survey the chest, abdomen, and 
skeleton. Computed tomography (CT) provides 
detailed anatomic information about the brain, 
spine, thorax, abdomen, pelvis, and extremities. 
With the addition of appropriate contrast  
agents, CT is effective for assessment of the  
heart and pulmonary vasculature, as well as intra
abdominal organs and vessels. Magnetic reso
nance imaging (MRI) with or without gadolinium 
contrast enhancement is preferred for many  
central nervous system (CNS), cardiac, abdomi
nal, and musculoskeletal soft tissue conditions. 
Conventional nuclear medicine methods, includ
ing single photon emission computed tomogra
phy (SPECT), positron emission tomography 
(PET), and combined CTPET, are preferred for 
physiologic and functional imaging tasks. Scintig
raphy provides qualitative answers to questions 
of whether there is normal or abnormal function 
of the brain, heart, blood elements, viscera, and 
vasculature. It answers quantitative questions of 
how well the organ works or how badly the organ 



112 Chapter 13

be responsible for the search for the cancer.  
Clinical and radiologic manifestations vary from 
barely perceptible to severe. Hand involvement 
may seem like an intense flair of rheumatoid 
arthritis, with conventional films showing dra
matic periarticular osteopenia in addition to thick 
immature periostitis (Figure  2). Radionuclide 
scintigraphy may show periostitis of all long bones 
and confirm generalized synovial joint inflamma
tion. CT and MRI are used to detect and charac
terize the responsible malignant process in the 
head and neck, thorax, or abdomen. Sometimes 
resection of the primary tumor leads to total  
resolution of the HOA.

Paraneoplastic neurologic disease (PND) 
refers to central or peripheral nervous system 
syndromes that result from indirect effects of sys
temic cancer on the nervous system.3 These syn
dromes can precede the detection of the primary 
cancer, and in the absence of any other cancer 
symptoms, the neurologic disability caused by the 
paraneoplastic syndrome is often profound. 
Treating the primary cancer can improve the 

neurologic symptoms. The incidence of PND is 
less than 1% of patients with systemic cancer; 
higher incidences are reported when peripheral 
nerve and neuromuscular disorders are included. 
The first description, a peripheral neuropathy in 
a lung cancer patient, by Oppenheimer in 1888 
was followed by descriptions of other PND syn
dromes: myasthenia gravis in association with 
thymic tumor, sensory neuropathy with lung 
cancer, subacute cerebellar degeneration associ
ated with ovarian carcinoma and small cell lung 
carcinoma, myasthenic syndrome with small cell 
lung carcinoma, and cancerassociated retinopa
thy. The diagnosis of PND by neurologists is 
based primarily on the clinical presentation and 

Figure 1  Oncogenic (tumor-induced) osteomalacia. An 80-year-old man, originally treated for B-cell lymphoma, presented with severe pain and progressively developed 
multiple insufficiency fractures of the ribs (A, detail from a radionuclide bone scan shows multiple bilateral rib fractures) and severe osteopenia with thoracic kyphosis 
owing to vertebral insufficiency fractures (B, detail from a lateral chest radiograph shows demineralized vertebral bodies with wedge deformities). Hypophosphatemic 
osteomalacia was diagnosed. Four years later, a rib lesion was detected (C, detail from a rib series shows a lytic, expansile lesion in the left tenth rib [arrows]) and  
shown to be a tumor by magnetic resonance imaging (D, detail from an axial section with contrast enhancement shows a soft tissue tumor [arrow]). After resection of a 
hemangiopericytoma, the skeleton remineralized, the rib fractures healed, and the pain abated.
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Figure 2  Hypertrophic osteoarthropathy. A 20-year-
old man with lower extremity osteosarcoma meta-
static to the lungs, mediastinum, and pericardium 
presented with arthritis. Posteroanterior radiograph 
of the right hand shows thick periostitis (arrows) and 
periarticular osteopenia.
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lack of an alternative diagnosis. MRI is the imag
ing modality of choice for detection of pathologic 
processes within the brain and hence is used to 
detect abnormalities within the brain related to 
PND. Unfortunately, MRIdetectable brain and 
spinal cord alterations exist in only a few parane
oplastic neurologic conditions. These include 
paraneoplastic cerebellar degeneration, limbic 
encephalitis, brainstem encephalitis, and optic 
neuritis. PNDrelated spinal cord lesions detected 
by MRI include myelitis and necrotizing myelop
athy. The discovery of serum autoantibodies that 
reacted with neurons offered initial insight to  
the pathogenesis of PND. Several PND autoanti
bodies and their associated antigens have been 
characterized.

Paraneoplastic cerebellar degeneration 
(PCD) was described in 1919. Serum anti– 
Purkinje cell antibody (antiYo) occurs with PCD 
in women in association with gynecologic malig
nancies, most commonly adenocarcinoma of the 
ovary, adnexa, endometrium, and breast. AntiYo 
is a polyclonal immunoglobulin G autoantibody 
that reacts primarily with Purkinje cell cytoplasm. 
Patients with Hodgkin’s and nonHodgkin’s  
lymphoma may develop this syndrome but are 
negative for anti–Purkinje cell antibodies. Most 
males with PCD have either small cell lung carci
noma or lymphoma. Patients with small cell lung  
carcinoma or breast cancer may have antiHu 
antibodies. Patients can develop neurologic 
symptoms before or at the time of discovery of 
the neoplasm or during remission. Signs and 
symptoms include gait ataxia, nystagmus, dysar
thria, and tremors. Pathologic findings include 
atrophy of the cerebellum secondary to loss of 
cerebellar Purkinje neurons and thinning of the 
granular neuronal layer. MRI can be normal in 
initial stages of the disease, but when cerebellar 
atrophy is prominent, MRI can easily detect  
the extent of vermian or cerebellar atrophy and 
resultant dilatation of cerebellar sulci.

Limbic encephalitis symptoms precede the 
discovery of tumor in more than half of patients. 
Associated tumor types are lung, testicular, and 
breast. Most patients have antineuronal antibod
ies: antiHu, antiMa, or antiMa2. Signs and 
symptoms of limbic encephalitis include person
ality changes that develop over days or weeks and 
are associated with severe impairment of recent 
memory, agitation, confusion, hallucinations, 
and seizures. Pathologic changes are usually 
restricted to the limbic and insular cortices, but 
deep gray matter and surrounding white matter 
may also be involved. Histologic findings include 
extensive loss of neurons with reactive gliosis, 
perivascular lymphocytic cuffing, and microglial 
proliferation. MRI can detect abnormal findings 
in one or both temporal lobes, particularly involv
ing the region of the hippocampus and insular 
cortex. Imaging findings consist of abnormal 

hyperintensity on T2weighted sequences with  
or without abnormal enhancement following 
administration of a contrast agent. 

Brainstem encephalitis can result in loss of 
cranial nerve function, with resultant diplopia, 
dysphagia, dysarthria, nystagmus, vertigo, and 
hearing loss. This condition is usually part of an 
encephalomyelitis or may present as an isolated 
finding. Patients with brainstem encephalitis  
usually have antiHu antibodies and small cell 
lung carcinoma. Pathologic findings include  
perivascular cuffing of lymphocytes and diffuse 
proliferation of microglial cells in the lower brain
stem, particularly involving the inferior olives  
of the medulla. MRI can reveal generalized  
swelling of the brainstem with decreased signal  
on T1weighted images and increased signal on 
T2weighted images. 

Myelitis, as a paraneoplastic lesion, is usually 
associated with a diffuse encephalomyelitis pat
tern. Paraneoplastic myelitis is most common 
with small cell lung carcinoma and is associated 
with antiHu antibody. Patients present with  
progressive weakness, lower motoneuron signs 
including fasciculations, sensory loss, and incon
tinence. Pathologic findings include inflamma
tory cells, demyelination, and neuronal loss. MRIs 
of the spinal cord can demonstrate the abnormal
ity within the spinal cord with low signal intensity 
on T1weighted images and increased signal 
intensity on T2weighted images with or without 
contrast enhancement.

Gastrointestinal and genitourinary paraneo
plastic syndromes are infrequently encountered 
by radiologists.4,5 Excess prostaglandin produc
tion may produce malabsorption syndromes  
that are evaluated by conventional barium exam
inations or by abdominal CT. They have the non
specific findings of sprue. Fever not associated 
with infection can occur in patients with hepatic 
metastases from gastrointestinal adenocarcino
mas. Hepatomas have been associated with  
hypercalcemia, hypoglycemia, erythrocytosis, 
hypertension, and porphyria. Hypercalcemia as  
a paraneoplastic syndrome in gallbladder carci
noma has been reported. Nephrotic syndrome  
is sometimes encountered with lymphomas  
and solid tumors of the lung, colon, ovary, or 
pancreas. When nephrotic syndrome is consid
ered, ultrasonography, CT, and nuclear medicine 
tests are employed as appropriate to the individ
ual clinical situation. Rarely, paraneoplastic  
syndromes mimic pregnancy. Ultrasonography  
is particularly valuable to rule out intrauterine  
or ectopic pregnancy.

Pancreatic paraneoplastic syndromes are 
well known. Multiple syndromes are associated 
with the pancreas. Islet cell tumors can lead  
to hypoglycemia (insulinoma), ZollingerEllison 
syndrome (gastrinomas), glucagonomas, pancre
atic cholera (VernerMorrison syndrome),  
hypercalcemia, ectopic adrenocorticotropic  

hormone syndrome, syndrome of inappropriate 
antidiuretic hormone, hyperpigmentation, and 
systemic nodular panniculitis. Pancreatic cancer 
is also associated with migratory superficial 
thrombophlebitis (Trousseau’s syndrome). The 
pancreas is initially imaged by ultrasonography, 
although the tail of the pancreas is not seen in a 
significant number of patients. Color Doppler 
evaluation can be used to assess the adjacent  
vasculature. Thinslice multidetector CT scans 
with dedicated pancreatic protocols provide the 
best detail of the pancreas, adjacent and regional 
vasculature, and other solid and hollow viscera in 
the abdomen. MRI, magnetic resonance cholan
giopancreatography, angiography, and nuclear 
medicine scintigraphy can also be used in the 
evaluation of pancreatic disease based on the  
clinical situation.

Direct Medical Complications of the 
Cancer

Clinicians and radiologists often encounter prob
lems directly caused by the cancer that require 
accurate diagnosis, detailed characterization, and 
appropriate treatment for relief of the symptoms 
they cause. The local effect of a tumor mass on an 
adjacent structure is a prime example. 

Superior vena cava syndrome (SVCS) is 
caused by obstruction of the superior vena cava 
(SVC) and/or brachiocephalic veins and can  
present with facial and arm swelling, chest pain, 
cough, proptosis, hoarseness, stridor, dyspnea, 
cyanosis, and symptoms of increased intracranial 
pressure, such as somnolence, syncope, convul
sions, and visual disturbance. SVCS usually pres
ents with slowly progressive symptoms but can 
present with an abrupt onset, constituting a true 
medical emergency. More than 80% of the cases 
result from malignant etiologies, with broncho
genic carcinoma, lymphoma, and metastatic  
carcinoma being the most common.6

In the most typical presentation of SVCS, the 
appearance of a large mediastinal mass at conven
tional chest radiography is usually adequate for 
the diagnosis of neoplastic obstruction, although 
infectious masses can also cause obstruction. 
Smaller masses or masses high in the thoracic 
inlet may not be visible by conventional radiogra
phy and require contrastenhanced chest CT for 
adequate evaluation. Patients with radiographi
cally obvious masses may also require CT for 
radiation therapy planning to relieve the obstruc
tion. In the absence of a mass, SVC stenosis may 
cause the syndrome and be related to previous 
radiation therapy or thrombosis from longterm 
central venous catheter placement.7 CT can pro
vide excellent delineation of any mediastinal mass 
or vascular stenosis. 

Although medical therapy with elevation  
of the affected extremities and head, along with 
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anticoagulation, corticosteroids, and diuretics, 
may temporize the condition, short and long
term results are poor. In SVCS caused by malig
nancy, radiotherapy and/or chemotherapy are 
considered the current standard for treatment, 
with resolution rates up to 90%; however, regres
sion of symptoms occurs slowly (2–4 weeks) and 
may be incomplete. Symptoms recur in 10 to  
30% of the patients. Moreover, response rates  
are highly dependent on tumor histology and 
radio or chemosensitivity. Surgical bypass of the 
obstructed SVC is associated with a high rate of 
morbidity and mortality and often fails because of 
thrombosis of the graft.

Imagingguided percutaneous endovascular 
techniques, such as transluminal angioplasty, 
thrombolysis, and stent implantation, used alone 
or in combination, have shown excellent short
term and midterm success in patients with SVCS 
secondary to malignancy.8 Generally, percutane
ous techniques have been used after failure of 
radiotherapy and/or chemotherapy. However, 
with the refinement of endovascular techniques, 
percutaneous stenting of the SVC is increasingly 
used as the primary treatment modality. Balloon 
angioplasty is used to assist stent deployment; 
although balloon angioplasty alone can cause 
immediate improvement in symptoms, short 
and longterm vessel patency is poor. Intravascu
lar metallic stent implantation provides significant 
resolution of symptoms in 70 to 100% of patients. 
In the majority of cases, a subjective improve
ment is noticed after a few hours and the soft 
tissue edema disappears in 24 to 72 hours. In 
patients with SVCS associated with acute throm
bosis, local thrombolytic treatment by direct 
administration of fibrinolytic substances via an 
infusion catheter improves the results of stenting. 
Mechanical thrombectomy devices may be used 
to remove the thrombus in patients with signifi
cant clot burden or in patients who may not 
receive thrombolysis safely. Complications result
ing from thrombolytic treatment or stent place
ment are infrequent. Stent migration, prosthesis 
breakage, cardiac arrhythmias, transient phrenic 
nerve paralysis, and bleeding have been reported. 

Symptoms of SVCS recur in 4 to 45% of 
treated patients and are usually secondary to 
tumor ingrowth, extrinsic tumor compression, or 
thrombus formation. Recurrent obstruction can 
be treated with anticoagulation, angioplasty of 
the stented area, or repeat stenting. A covered 
stent may be used to retard tumor ingrowth; 
however, its efficacy is unproven.

Intrinsic venous stenosis secondary to  
venous thrombosis or thrombophlebitis owing to 
longterm central venous catheter placement for  
chemotherapy is usually asymmetric because the 
location of the stenosis typically develops before 
the confluence of brachiocephalic veins.9 CT and 
digital venography are diagnostic tests. When the 

upper extremity edema is asymmetric, it is impor
tant that contrast media be administered through 
the edematous extremity. If central venous 
thrombosis is suspected, bilateral arm injection of 
contrast media can be performed.10 Venous ste
nosis caused by longterm catheter placement or 
radiation therapy typically demonstrates a long 
segment of venous stenosis or complete oblitera
tion of the involved vein, with no appreciable soft 
tissue mass. By comparison, thrombosis presents 
a welldefined filling defect within the vein and 
thrombophlebitis as a mildly enhancing, poorly 
defined tubular mass along the expected course of 
the vein (Figure 3). Flow artifacts from incom
plete mixing of the contrast agent with the intra
vascular blood must be differentiated from true 
filling defects within the venous system. The con
tinued presence of a central venous catheter can 
simulate contrast passing through a residual 
lumen of the occluded vessel, but the presence of 
extensive collateral venous drainage will confirm 
the severity of the stenosis. Anticoagulation or 
thrombolytic therapy is the usual treatment  
strategy.

Inferior vena cava (IVC) obstruction second
ary to primary or secondary liver malignancies or 
other abdominal tumors presents with debilitat
ing features such as leg edema, scrotal or vulvar 
edema, venous stasis ulceration, ascites, and ana
sarca below the diaphragm. CT and MRI are 
effective for the diagnosis and staging of this com
plication. Endovascular stent placement can be 
used to palliate symptoms related to malignant 

IVC obstruction. In a study involving 50 consecu
tive patients with malignant IVC syndrome who 
were treated with intrahepatic stent placement, 
Broutzos and colleagues reported primary and 
secondary patency rates of 59 and 100%, respec
tively, at 540 days.11 All symptoms related to IVC 
obstruction were significantly improved after 
stent placement and, with the exception of ascites, 
remained significantly improved until the last 
followup. Even patients with a very short life 
expectancy benefited significantly from palliative 
stent placement.

Dysphagia owing to esophageal stricture in 
patients with inoperable primary or secondary 
esophageal malignancies is safely and effectively 
treated by fluoroscopic placement of self 
expandable metal stents, such as the Gianturco Z 
stent, Wallstent, and Ultraflex stent. These stents 
successfully relieve esophageal obstruction and 
yield rapid relief of dysphagia and improved  
quality of life.12 Esophageal stents can be inserted 
endoscopically without fluoroscopic guidance. 
However, use of fluoroscopic guidance and cath
eter guidewire technology is essential for crossing 
tight esophageal stenoses and for accurately  
positioning the metallic stents. Interventional 
radiologists are in the ideal position to perform 
these procedures safely and relatively easily.  
Stents should never be placed across the superior 
esophageal sphincter (C5–C6 level), and crossing 
the gastroesophageal junction with the stent 
should be avoided if possible. Covered stents 
appear to be efficacious for sealing malignant 
esophagorespiratory fistulae.

Other contemporary methods used for  
palliation of malignant esophageal strictures, 
such as surgical bypass, laser ablation, radiation 
therapy, and endoscopic alcohol injection, are 
associated with substantial morbidity and mor
tality. Although the complication rate of metallic 
stent placement is less than that of other palliative 
methods, complications such as chest pain, stent 
migration (0–35%), tumor ingrowth or over
growth (5–50%), hemorrhage (0–10%), perfora
tion or fistulization (0–8%), and food impaction 
(6%) have been reported.

Bowel obstruction or perforation is first eval
uated with a conventional abdominal or obstruc
tive series, although the imaging modality of 
choice is often a CT scan of the abdomen and 
pelvis with use of gastrointestinal and intravenous 
contrast (Figure 4). A CT scan gives a global view 
of the gastrointestinal tract and the solid viscera, 
vasculature, and lung bases. Ascites and suspected 
appendicitis can be evaluated by ultrasonogra
phy. A CT scan is a better study in difficult patients 
and can image the rest of the hollow organs and 
solid viscera for disease processes mimicking 
appendicitis. 

Gastric outlet and duodenal obstructions in 
patients with primary or metastatic cancer are 

Figure 3  Subclavian vein thrombophlebitis. A 22-
year-old woman with osteosarcoma had a right cen-
tral venous catheter removed for infection. Computed 
tomography of the chest at the thoracic inlet demon-
strates a poorly defined tubular mass (arrows) in the 
course of the right subclavian vein behind the right 
medial clavicular head (C). Note abundant collateral 
vein enhancement (arrowheads).
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serious conditions causing nausea, vomiting, and 
abdominal distention that can lead to progressive 
deterioration in the patient’s condition and qual
ity of life. Surgical palliation may be associated 
with significant morbidity and mortality, with 
symptomatic improvement in only half of the 
cases. Laparoscopic gastroenterostomy can pro
vide successful palliation with less morbidity and 
mortality; however, it still requires general anes
thesia and may not be feasible in patients with 
ascites and/or peritoneal malignant disease. Fluo
roscopically guided placement of a gastrostomy 
tube by an interventional radiologist is a simple, 
minimally invasive method for symptom pallia
tion in patients with malignant gastroduodenal 
obstruction. Alternatively, a duallumen gastroje
junostomy catheter can be placed; the gastric 
(proximal) port provides drainage, and the jeju
nal (distal) port provides a conduit for alimenta
tion. In spite of their effectiveness, these measures 
do not allow oral intake and the nausea and vom
iting are not always resolved.

Selfexpanding metal stents are increasingly 
placed for symptom palliation in patients with 
inoperable malignant gastroduodenal obstruc
tions.13 Both uncovered and covered metal stents 
have been used for this purpose, and both provide 
effective palliation. A metallic stent allows the 
patient to eat and improves quality of life. Recur
rent obstruction secondary to tumor ingrowth 
through the openings between the wire filaments 
of uncovered stents remains a major problem; 
recurrent stenosis rates of 8 to 46% have been 
reported. The use of a covered stent decreases the 
rate of recurrent obstruction by preventing tumor 
ingrowth. However, because of the smooth sur
face of the stent covering, there is an increased 
risk of stent migration, seen in up to 26% of 
patients 1 to 4 days after placement. Further 
investigations are still needed to develop an ideal 
stent design that combines the advantages of  

covered (low tumor ingrowth rate) and uncov
ered (low migration rate) stents. Recently, Lopera 
and colleagues described the use of a partially 
covered stent to overcome these limitations; a 
central covered portion prevents tumor ingrowth, 
and uncovered flared ends anchor the stent to  
the bowel mucosa to prevent migration.14 Another 
technique involves placement of coaxial place
ment of an outer uncovered stent and an inner 
covered stent. Although initial results are pro
mising, a larger group of patients is necessary  
to determine the effectiveness of these new  
techniques. 

Biliary obstruction frequently complicates 
primary or secondary abdominal malignancy. 
Complications associated with obstructive jaun
dice, such as malabsorption, coagulopathy, hepa
tocellular dysfunction, disabling pruritus, and 
cholangitis, greatly interfere with a patient’s qual
ity of life. Endoscopic or percutaneous insertion 
of a biliary stent is a wellestablished method for 
palliation of inoperable malignant obstructive 
jaundice.15,16 Although endoscopic placement of 
biliary stents is the preferred method for most 
biliary obstructions, percutaneous biliary drain
age is used in situations when the endoscopic 
approach fails or when gastric outlet obstruction 
or partial gastrectomy makes endoscopic place
ment difficult or impossible. The percutaneous 
transhepatic approach is also preferred in patients 
with high obstructions and bilateral or multiple 
strictures.

Percutaneous biliary drainage can be of three 
types: external, combined externalinternal, or 
internal (Figure 5). An external drainage catheter 
ends proximal to the obstruction, and the bile 

drains into an external bag. An internalexternal 
catheter extends across the level of obstruction, 
with the distal tip of the catheter in the duode
num and multiple side holes along the catheter 
shaft allowing internal drainage. Internal biliary 
drainage can be accomplished with the use of 
plastic or metal stents. Selfexpanding metallic 
stents are associated with reduced reintervention 
rates, lower complication rates, and longer 
patency rates compared with plastic stents. Long
term patency remains an important problem  
with uncovered metal stents. Reobstruction rates 
varying from 5 to 100%, with a weighted mean of 
22%. Proximal and distal tumor overgrowth, 
tumor ingrowth through the wire mesh, and 
encrustation and sludge formation are common 
causes of stent occlusion. Several investigators 
have described use of covered stents in an effort  
to improve the patency rates. Various prototype 
covered stents have been used for treatment of 
malignant biliary obstruction.17 However, their 
occlusion rates remain high, varying from 0 to 
37%, with a weighted mean of 14.7%. Also, fully 
or partially covered stents are prone to migration 
(3–11% of cases); use of anchoring fins at each 
end of the stent can reduce the risk of migration.

Ureteral obstruction is common in advanced 
pelvic malignancy, occurs with metastatic disease 
from nonpelvic malignancy, and may be related 
to iatrogenic causes, such as surgery and radia
tion. Ultrasonography is the study of choice to 
evaluate hydronephrosis, not only for obstruc
tion but also to assess renal echogenicity, loca
tion, number, shape, size, calculi, and masses and 
with color Doppler evaluation to determine the 
status of the renal vasculature. Some tiny calculi 

Figure 4  Small bowel perforation. Contrast-
enhanced axial computed tomographic image of the 
upper abdomen shows free fluid and gas (*) second-
ary to the perforation. Wisps of extravasated gastro-
intestinal contrast agent are evident (arrows).

Figure 5  Biliary drainage. A 71-year-old man with inoperable pancreatic head carcinoma and hilar adenopathy 
presented with biliary obstruction. A, A spot abdominal radiograph shows percutaneously placed external biliary 
drainage catheters (short arrows) and internal metal stents in the right and left bile ducts (long arrows) and in 
the common duct. Note the presence of a duodenal stent (arrowheads), which was placed for duodenal obstruc-
tion. B, Contrast administration through the left and right external biliary drainage catheters shows adequate 
drainage through the biliary and duodenal stents and into the duodenum.
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may not be seen by ultrasonography, especially in 
large patients. The full length of the ureters may 
not be completely visualized even though a distal 
obstruction with hydroureter(s) may be present. 
Dedicated CT urography, which does not require 
intravenous contrast, is available to evaluate renal 
colic. Routine CT scans can also evaluate hydro
nephrosis, masses, and disease within the abdo
men and pelvis that can mimic renal colic. CT 
scans can also help identify the etiology and loca
tion of obstruction or source of hematuria. MRI 
can evaluate the kidneys especially when the 
patient is in renal failure or is allergic to iodinated 
intravenous contrast agents. The kidneys and col
lecting systems can also be evaluated using con
ventional radiography, intravenous urography, 
and scintigraphy. 

Percutaneous nephrostomy (PCN) is a  
wellestablished safe and effective technique for 
the management of urinary obstruction.18 In  
these patients, urinary diversion with PCN helps 
preserve renal function and allows institution of 
appropriate anticancer treatment. It is particu
larly important in patients whose therapeutic 
regimens will include agents that depend on renal 
excretion and are potentially nephrotoxic. 

Many cancer patients presenting with ure
teral obstruction may expect a reasonably good 
quality of life, and intervention is often warranted. 
However, the quality of life after palliative urinary 
diversion must be carefully examined. Patients 
who present with bilateral obstruction and uremia 
have a poor performance status and short life 
expectancy after ureteral decompression if their 
disease remains untreated. Many authors believe 
that nephrostomy is of little use in patients with 
advanced disease if no effective salvage therapy is 
available. Hence, selection of cancer patients for 
nephrostomy should take factors such as the stage 
of cancer, prognosis of primary cancer, prospects 
of further antineoplastic treatment, and quality of 
life into consideration before the PCN is created. 

Major or minor complications may be seen 
in 10% of patients who undergo a PCN proce
dure.18 Although transient hematuria is common, 
major hemorrhagic complications that require 
transfusion or intervention occur in only 1 to  
3% of patients. Hydrothorax, hemothorax, and 
pneumothorax can also occur, and their preva
lence increases when renal access is supracostal. 
The mortality rate for PCN is low (0.046–0.3%). 
Although initial PCN has a high technical success 
rate, longterm management of nephrostomy 
catheters is cumbersome and the presence of an 
external drainage bag and the need for daily cath
eter care substantially compromise the patient’s 
quality of life. Also, frequent catheter revisions 
may be required. 

Internal ureteral stenting is an alternative  
to external nephrostomy catheterization for pro
vision of longterm urinary drainage.19 Internal 
stents can be placed from either a retrograde 

approach via the bladder by cystoscopy or from 
the antegrade approach through the kidney  
following percutaneous access. Internal ureteral 
stents eliminate the need for external collection 
devices and improve patient independence. Inter
nal stents need to be exchanged every 6 months; 
this is in contrast to external nephrostomy tubes, 
which often require exchange at 3month inter
vals. DoubleJ plastic stents are the most com
monly used ureteral stents. Metal stents have also 
been used in the treatment of malignant ureteral 
obstructions, with encouraging initial results. 
However, mid and longterm outcomes are 
poor, with a primary patency rate of only 31% at 
12 months. Newer stents with a biocompatible 
covering (stent grafts) may improve patency rates 
of metal stents. 

Pleural effusions are a common consequence 
of pleural tumor or may result from therapy.20 
Large pleural effusions can cause significant respi
ratory impairment. Pleural effusion can typically 
be demonstrated with conventional radiography. 
For moderatesize effusions, lateral decubitus 
views may be helpful to demonstrate free flow or 
layering as distinct from loculation of the effu
sion. Contralateral decubitus views are helpful in 
distinguishing between compressive atelectasis 
and pulmonary consolidation that may be associ
ated with the effusion. For very large effusions, 
decubitus views are unlikely to add much addi
tional information. If the hemithorax is com
pletely opacified, then CT or ultrasonography is 
useful in distinguishing effusion from the mass 
and to direct appropriate drainage therapy. Talc 
pleurodesis performed to treat chronic pleural 
effusion can result in abnormal uptake on fluoro
deoxyglucose PET. Correlation with CT should 
allow this uptake to be differentiated from pleural 
tumor.21 

Almost half of patients with disseminated 
cancer develop symptomatic malignant pleural 
effusion (MPE) during the course of their disease. 
The most common causative neoplasms are lung 
cancer, breast cancer, lymphoma, ovarian cancer, 
and gastric cancer. These patients face a dismal 
prognosis, with a median survival time of less 
than 6 to 12 months. MPEs are associated with 
significant morbidity because of resultant dys
pnea, cough, chest discomfort, and diminished 
quality of life. Repeated thoracentesis can be used 
for management of MPE; however, it is uncom
fortable, carries a 10% risk of pneumothorax, can 
contaminate the pleural space, and may provide 
only temporary symptom relief. Although thora
centesis can be performed in the clinic, image 
guidance may be necessary in patients with  
loculated fluid or when pleural tumors coexist 
with the effusion. The use of repeated thoracente
sis is typically limited to symptomatic patients 
with an effusion expected to respond to systemic 
therapy or for patients with a very limited life 
expectancy.

Tube thoracostomy followed by chemical 
pleurodesis is the standard treatment for MPE. 
Although large surgical chest tubes traditionally 
are used for this purpose, smallercaliber tubes 
placed by interventional radiologists are equally 
effective.22 Generally, a 12F or 14F tube is placed 
under image guidance, and a sclerosing agent is 
administered when outputs drop to less than 150 
to 300  mL/d and when chest imaging shows 
drainage of the fluid and reexpansion of the lung. 
The most commonly used sclerosing agents are 
tetracycline, doxycycline, bleomycin, and talc. 
Randomized trials have shown no significant  
differences among various agents.

Chemical pleurodesis may not be effective in 
patients with (1) persistent highoutput effusion 
that prevents adequate apposition of the pleural 
layers; (2) the presence of a trapped lung from  
a pleural peel, endobronchial obstruction, or 
parenchymal lung disease; or (3) viscous or locu
lated fluid interfering with drainage. Administra
tion of fibrinolytic agents through the catheter 
can be used to liquify viscous or loculated fluid. 
The major drawbacks of chemical pleurodesis are 
the need for 4 to 7 days of hospitalization, the 
presence of pain and discomfort associated with 
the procedure, and the occasional development 
of multiloculated fluid collections following  
treatment. 

Recently, the use of an indwelling tunneled 
pleural catheter has been accepted as an effective 
alternative to chemical pleurodesis in managing 
MPE.23 The Denver Pleurx catheter (Denver  
Biomaterials, Inc., Golden, CO) is a 15.5F soft 
silicone catheter with multiple distal side holes to 
enhance drainage, a polyester cuff along the prox
imal shaft to promote fibrosis in the subcutane
ous tunnel, and a valve in its hub that prevents 
inadvertent entry of air or leakage of fluid. The 
drainage system consists of a vacuum bottle with 
a preconnected tube that has a dilator at its end to 
fit into the hub of the catheter. The system is com
monly used in the outpatient setting by a visiting 
nurse, family members, or the patient. Drainage 
is performed at least every other day but can be 
done more frequently if necessary. This treatment 
achieves safe, longterm, outpatient control of 
MPE and related symptoms in 80 to 90% of 
patients. Also, the presence of the tube and inter
mittent complete aspiration of the fluid can cause 
pleurodesis in up to 50% of patients. Administra
tion of a sclerosing agent through the tube may 
enhance the pleurodesis rates. Complications  
are uncommon but include sequestration of the 
catheter from the effusion caused by formation of 
a fibrotic sleeve, catheter occlusion, development 
of separate loculations, infection, and catheter 
fracture during removal. 

Pericardial effusions owing to tumor or  
therapy are frequent. Cardiac tamponade is an 
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uncommon complication of tumor involve
ment.24 The relatively slow accumulation of peri
cardial fluid usually allows the pericardium to 
enlarge to accommodate the volume. Although 
conventional radiography may show cardiac sil
houette enlargement, echocardiography or CT is 
needed to accurately distinguish effusion from 
cardiomegaly and may also demonstrate right 
atrial and right ventricular collapse resulting from 
tamponade (Figure 6). 

Hemorrhage, occasionally life threatening, is 
a common problem in oncology patients that 
may be related to the tumor itself or may be 
encountered as a complication of thrombocyto
penia, surgery, or radiotherapy. Technetium 99m 
(Tc 99m)labeled sulfur colloid can localize the 
hemorrhage, with bleeding rates as low as 0.1 mL 
per minute.25 However, because of the prompt 
trapping of the sulfur colloid by the reticuloendo
thelial system from the general circulation, Tc 
99m sulfur colloid can detect active bleeding only 
during the first few minutes after injection. For 
more prolonged periods (several hours) of detec
tion, Tc 99m–labeled red blood cells are preferred 
because they remain in the blood pool much 
longer. However, because of the high background 
circulating radioactivity, Tc 99m red blood cells 
detect bleeding that occurs only at rates above  
1 mL per minute (Figure 7).26 Angiographic 
methods may also be used to detect bleeding sites, 
particularly when interventional procedures are 
selected to control the hemorrhage.

Intraarterial administration of embolic 
agents to induce vascular occlusion is a well
established technique used to arrest hemorrhage. 
Numerous devices or materials have been used as 
embolic agents. The choice of the embolic agent 
for a given case depends on the nature of the 
bleeding, the desired level and duration of  
occlusion, the availability of the particular agent, 
and the experience and preference of the  
interventional radiologist. 

Pelvic bleeding from gynecologic and uro
logic tumors can present as chronic, intractable 
bleeding or occasionally as massive and poten
tially lifethreatening hemorrhage. Although  
surgical ligation of internal iliac arteries has been 
used for management of pelvic bleeding, surgery 
may not be appropriate in many patients either 
because of the poor general condition of the 
patient or because of deformed, friable pelvic  
tissues owing to radiotherapy, previous surgery, 
or tumor recurrence. Percutaneous transcatheter 
arterial embolization of the anterior division of 
internal iliac artery results in complete control of 
bleeding in about 70% of pelvic malignancies.27

Endovascular techniques can also be used to 
manage iatrogenic pelvic bleeding. Hemorrhagic 
cystitis resulting from chemotherapy or following 
radiotherapy can present with intractable hema
turia. Although simple bladder irrigation; cysto
diathermy; oral, parenteral, and intravesical 
agents; hyperbaric oxygen therapy; or urinary 

diversion can help control the bleeding in a 
majority of patients, bilateral internal iliac embo
lization has also been successful. Arterioureteral 
fistulae are uncommon causes of potentially  
lifethreatening hemorrhage and can be seen after 
pelvic surgery for malignancy, often in associa
tion with irradiation and chronic indwelling  
ureteral stenting. Percutaneous embolization of 
the iliac artery followed by extraanatomic arte
rial bypass has been successfully used to manage 
these cases. More recently, covered stents have 
been used to close the fistula while maintaining 
antegrade flow through the iliac artery.28

Head and neck hemorrhage in patients with 
head and neck cancer can be difficult to control 
because of postsurgical changes, fistulae, infec
tion, radiation necrosis, or recurrent tumor. In 
these patients, hemorrhage usually results from 
erosion of vessels. Conventional noninvasive 
measures such as nasal packing and balloon tam
ponade often fail. Transcatheter arterial emboli
zation is a safe and effective alternative treatment 
of severe epistaxis.29 Diagnostic internal and 
external carotid artery angiography is performed 
to detect the source of bleeding and any possible 
anastomoses between the two arterial systems 
that might present a risk of embolization of non
target tissues. Superselective catheterization and 
embolization are then performed. 

Rupture of the extracranial carotid arteries, 
the socalled carotid blowout, often results in 
catastrophic hemorrhage. Predisposing factors 
include radiation therapy, radical resection, flap 
necrosis, wound infection, pharyngocutaneous 
fistula, and recurrent or persistent carcinoma. 
Emergency surgical ligation of the common or 
internal carotid artery is associated with unac
ceptable rates of death and stroke. Endovascular 
occlusion with detachable balloons or coils after a 
balloon occlusion test to assess crosscirculation 
yields improved outcome; however, recurrent 
bleeding and delayed neurologic ischemic events 
may occur. More recently, covered stents have 
been used to exclude carotid pseudoaneurysms 
with parent vessel preservation.

Hemoptysis with bronchogenic carcinoma, 
pulmonary metastases, and postradiation bron
chiectasis can be massive and recurrent. Conser
vative management of massive hemoptysis has a 
mortality of 50 to 100%, asphyxiation being the 
most common cause of death. Because of poor 
pulmonary reserve and other comorbid condi
tions, most cancer patients with massive hemop
tysis are not surgical candidates. Transcatheter 
arterial embolization results in control of bleed
ing in 51 to 85% of patients, but recurrent bleed
ing requiring repeat embolization is seen in 16% 
of cases.30 Major complications such as spinal 
cord injury related to invisible anastomotic con
nections between the bronchial circulation and 
the anterior spinal artery, transient thoracic pain, 

Figure 6  Malignant pericardial effusion. A 69-year-
old man with lung cancer developed fatigue and dys-
pnea. Computed tomography of the chest at the level 
of the right atrium (RA) and right ventricle (RV) dem-
onstrates low-attenuation pericardial thickening  
with enhancement of the parietal pericardium (arrow-
heads). A partly loculated portion of the effusion (*) is 
compressing the right ventricle. A pericardial window 
was performed to relieve the compression.

Figure 7  Red blood cell scan for gastrointestinal 
bleeding. A patient with bright red blood per rectum 
underwent a gastrointestinal bleeding scan using  
20 mCi technetium 99m–labeled red blood cells. The 
scintigraphs were 1 minute apart, and abnormal focal 
tracer activity accumulated in the left upper quadrant. 
The activity subsequently localized in the small bowel 
(arrow).
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and bronchial, esophageal, pulmonary arterial, or 
aortic wall necrosis are rare. 

Gastrointestinal hemorrhage can result from 
primary bowel neoplasms, direct invasion by 
adjacent tumors, or bowel metastases. Transcath
eter arterial embolization can successfully control 
malignancyrelated gastrointestinal hemorrhage 
in patients with inoperable cancer or to stabilize 
the patient prior to definitive surgery. Pseudoan
eurysms involving the gastroduodenal artery  
or pancreaticoduodenal arteries can develop as a 
complication of pancreaticoduodenectomy for 
pancreatic cancer and can present with gastroin
testinal bleeding. Transcatheter superselective 
arterial embolization is the preferred technique 
for control of bleeding in these patients.

indirect Medical Complications of 
the Cancer

Pulmonary embolism (PE) remains a diagnostic 
challenge because it is often occult and because 
the results from physical examination, labora
tory, and most radiologic tests are commonly 
nonspecific. The imaging evaluation of dyspnea, 
the most common presenting symptom, typically 
begins with a conventional chest radiograph. A 
number of radiographic signs have been associ
ated with PE. These include a peripherally based, 
wedgeshaped pulmonary opacity known as a 
Hampton hump, decreased blood flow in the  
lung affected by PE known as Westermark’s  
sign, and enlargement of the central pulmonary 
artery known as Fleischner’s sign.31 However, 
these signs are infrequently encountered and  
are neither sensitive nor specific for PE. In fact, 
the most common radiographic findings of PE 
include a normalappearing chest radiograph or 
nonspecific pulmonary consolidation and pleural 
effusion.32

The traditional imaging test for a more  
sensitive and specific diagnosis of PE is ventila
tionperfusion scintigraphy, which can be effec
tive when there are no significant pulmonary 
abnormalities demonstrated by chest radiogra
phy. Ventilationperfusion scanning effectively 
identifies patients with a very high or very low 
probability of PE, and this determination is suf
ficient for therapeutic management. However, 
many patients have intermediate or indetermi
nateprobability nuclear scans for PE and thus 
require further evaluation. Conventional pulmo
nary angiography emerged as the definitive imag
ing test in cases of indeterminate probability. 
However, its invasive nature, limited availability, 
and perceived risks discouraged its use. 

More recently, CT pulmonary angiography 
has matured as a method to image PE (Figure 8).33 
Contemporary CT scanners allow rapid acqui
sition of thinly collimated images and provide  
a highresolution direct assessment of the  

pulmonary arterial tree. The accuracy of CT angi
ography has been validated through the demon
stration of its negative predictive value. Several 
studies have shown absence of significant risk for 
future PE events in patients with a negative CT 
pulmonary angiographic study.34–36 Because of its 
wide availability and confidence in its interpreta
tion, CT pulmonary angiography has largely  
displaced other methods to detect pulmonary 
emboli. Additionally, CT pulmonary angiogra
phy provides prognostic information for those 
patients in whom PE is confirmed.37 Evidence of 
right ventricular strain, including bowing of the 
septum toward the left ventricle and an increase 
in the right ventricle to left ventricle diameter 
ratio, is predictive of the need for intensive  
care unit admission.38 An important feature of  
CT angiography is its ability to show features  
that indicate alternative diagnoses in the absence 
of PE. CT can identify independent causes of  
dyspnea, including atelectasis, pneumonia, effu
sion, pneumothorax, and other cardiovascular 
abnormalities. 

The utility of CT pulmonary angiography 
can be enhanced with preexamination use of a D
dimer assay to exclude patients without evidence 
of intravascular thrombosis. This strategy reduces 
the number of negative examinations and pre
vents unnecessary radiation exposure.39 However, 
because of its low specificity, a positive Ddimer 
assay alone is not justification for performing CT 
pulmonary angiography. 

PE is estimated to result in 150,000 deaths 
per year in the United States. Standard manage
ment consists of anticoagulation with heparin 
and warfarin to prevent recurrence of PE; how
ever, the 3month mortality rate still ranges from 
10 to 17.5%.40 Also, anticoagulation alone may 
constitute sufficient therapy for massive PE.  
Systemic thrombolytic therapy and interventional 
procedures, including catheterdirected throm
bolysis, percutaneous embolectomy, and percu
taneous thrombus fragmentation techniques, are 
alternative treatment options. These aggressive 
measures are usually reserved for lifethreatening 
massive PE associated with hemodynamic  
instability and cardiogenic shock.

There is no consensus regarding the indica
tions for thrombolytic therapy in patients with a 
PE. Although several randomized controlled trials 
have shown that thrombolytic agents dissolve clot 
more rapidly than does heparin, reduced recur
rence and mortality rates have been difficult to 
demonstrate. Nevertheless, since thrombolysis 
provides a rapid reduction in thrombus burden, 
allowing restoration of pulmonary blood flow, 
thrombolytic treatment is strongly recommended 
and can be lifesaving in patients with an acute 
massive PE associated with shock. More recently, 
based on studies showing that right ventricular 
hypokinesia, as demonstrated on the echocardio
gram, is associated with decreased survival in 
these patients, thrombolytic therapy has been 
advocated in hemodynamically stable patients 
with right ventricular dysfunction. The usefulness 
of thrombolytic therapy in this subset of patients 
requires large, prospective, randomized, con
trolled trials. Currently available thrombolytic 
agents include urokinase, alteplase (tissue plas
minogen activator), reteplase, and tenecteplase. 
There is no significant difference in the efficacy of 
these agents.

Percutaneous placement of a catheter within 
the pulmonary artery allows catheterdirected 
local delivery of a thrombolytic drug into the  
pulmonary circulation or into the thrombus  
itself. This strategy has been proposed as an alter
native to systemic thrombolysis in patients with 
acute massive PE. Theoretically, local delivery 
should accelerate clot lysis and achieve more  
rapid reperfusion of the pulmonary circulation. 
In one report, catheterdirected thrombolysis 
with recombinant tissue plasminogen activator 
(rtPA) resulted in rapid clot lysis in 94% of 
patients.41 In another report, intrapulmonary 
infusion of rtPA did not offer significant benefit 
compared with intravenous administration.42 
Further research is needed to define the role of 
catheterdirected thrombolysis in the manage
ment of these patients. Improvements in survival 
and longterm pulmonary perfusion will require 
consistent demonstration.

Thrombolytic therapy is associated with 
major bleeding events, the most feared of which is 

Figure 8  Pulmonary embolus by computed tomogra-
phy (CT). A 73-year-old man with colon cancer devel-
oped pleuritic chest pain and a swollen left lower 
extremity. CT of the chest at the level of the main 
pulmonary artery (PA) demonstrates pulmonary 
emboli in the right pulmonary artery and branches of 
the left pulmonary artery (arrows). Notice how the 
emboli extend across the bifurcation of the right pul-
monary artery and lie centrally in the left pulmonary 
artery branches.
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intracranial hemorrhage. A recent metaanalysis 
of available data demonstrated that thrombolysis 
is associated with an increased risk of bleeding 
(13.7%) compared with heparin (7.7%) in 
patients with an acute PE.43 Although it has been 
suggested that catheterdirected thrombolysis 
could reduce the risk of hemorrhage, this remains 
to be proven. Any patient considered for throm
bolytic treatment should be evaluated for  
contraindications such as recent cerebrovascular 
accident, intracranial surgery (< 2 months), active 
intracranial abnormality (neoplasm, aneurysm, 
or vascular malformation), or recent major  
hemorrhage.

Patients with massive PE and compromised 
hemodynamic status, in whom thrombolytic 
therapy is not effective or is contraindicated and 
who are not candidates for open surgery, can be 
treated with percutaneous interventional proce
dures such as embolectomy, clot fragmentation, 
and thrombectomy.43 Percutaneous mechanical 
devices can fragment, macerate, aspirate, or 
remove clots. They can break the thrombus into 
smaller fragments that migrate into the periph
eral pulmonary artery branches, opening up  
the central pulmonary arteries and improving 
perfusion. There is some evidence that redistribu
tion of larger central clots into the peripheral  
pulmonary arteries may result in an acute reduc
tion in pulmonary pressure and an increase in 
total pulmonary blood flow. These devices can be 
used as a complement to thrombolytic therapy. 
Fragmentation of the clot exposes fresh surfaces 
for infused thrombolytic drugs. Conversely,  
softening of the clot by a thrombolytic drug may 
facilitate debulking and fragmentation of  
occlusive clots. 

Venous thrombosis is a common precursor 
to PE. Although anticoagulation remains the 
treatment of choice for venous thrombosis and 
PE, IVC filters provide a viable and effective alter
native for reduction of PE (Figure 9). Absolute 
indications for IVC filter placement include (1) 
contraindication to anticoagulation; (2) failure  
of anticoagulation, such as recurrent PE despite 
adequate anticoagulation; (3) development of 
complication from anticoagulation therapy; and 
(4) inability to anticoagulate to a therapeutic 
range despite patient compliance with medica
tion. Some relative indications include (1) a large 
freefloating thrombus in the IVC, (2) chronic 
untreated PE prior to pulmonary embolectomy, 
(3) thromboembolic disease with marginal car
diopulmonary reserve, (4) poor compliance with 
anticoagulant medication, and (5) thrombolysis 
of deep venous thrombophlebitis. The only abso
lute contraindications to IVC filter placement are 
chronic thrombosis of the IVC and a lack of 
venous access.

Vena cava filters are generally placed in the 
infrarenal IVC. Suprarenal placement of filters is 

indicated in the following situations: infrarenal 
vena cava thrombosis precluding infrarenal place
ment, renal vein thrombosis, ovarian vein throm
bosis, possible current or future pregnancy, and 
thrombus proximal to an infrarenal filter.

Most complications of IVC filter placement 
are minor in nature. The recurrent symptomatic 
PE rate is similar, with all available filters and 
ranges from 2 to 5%.44 IVC thrombosis is seen in 
2 to 30% of patients and although usually partial 
and asymptomatic can rarely become complete 
and cause phlegmasia cerulea dolens, necessitat
ing thrombolysis. Other complications include 
recurrent deep venous thrombosis, filter migra
tion and embolization, IVC penetration, filter 
fracture, venous insufficiency, guidewire entrap
ment, and accesssite thrombosis.

Currently, 10 different filters approved by 
the Food and Drug Administration are available 
for use in the United States. Most filters are con
structed of nonferromagnetic material and hence 
are considered safe during MRI and do not cause 
significant artifact on MRIs. Although safe, the 
stainless steel Greenfield filter and the Bird’s  
Nest filter produce substantial artifact in MRIs. 
Even though MRI can be performed safely in 
patients with all types of IVC filters, a delay of  

6 weeks between implantation and imaging is  
recommended.

Systemic Complications of  
Malignancy and Therapy

Neutropenic fever is a diagnostic challenge 
because the host lacks its usual responses to infec
tion. The imaging evaluation typically begins with 
a chest radiograph.45 The findings at chest radiog
raphy can be very minimal. In this clinical setting, 
subtle findings of linear atelectasis or small pleu
ral effusions must be viewed with suspicion as 
they may be the only evidence of infection. CT 
can be effective in the evaluation of pulmonary 
infections in these patients as CT has a greater 
sensitivity to subtle alveolar filling and interstitial 
thickening. There is value in characterization of 
pulmonary infections with CT, although no find
ings are entirely specific for a particular infectious 
agent.46 Because of the overlap in appearance 
between various infectious etiologies and with 
other lung diseases, other evaluations, such as 
bronchoscopy and culture, are usually necessary 
to direct therapy. 

Other sources of infection are found through
out the body. Indium 111–labeled white blood 
cells (either autologous or from human leukocyte 
antigen–matched donors) can detect focal infec
tious sources with great sensitivity.47 Osteomyeli
tis can also be detected by the threephase bone 
scan in which all three phases will demonstrate 
abnormally elevated focal tracer distribution.48 
Both the indium 111 white blood cell and three
phase bone scans are partly limited by the use of 
antibiotics and the chronicity of the infection.

Renal infection and inflammation are ini
tially evaluated by ultrasonography to determine 
the type of renal echogenicity, renal size, and the 
presence of focal lesions, which can be either  
unilateral or bilateral. The most common ultra
sound finding in pyelonephritis is a normal  
scan. Multidetector contrastenhanced CT scans 
are also valuable to identify acute pyelonephritis, 
pyonephrosis, renal abscess, and chronic  
infection.

Pulmonary infections are usually bacterial 
and present as single or multifocal areas of pul
monary consolidation and groundglass opac
ity.49 Nodular and cavitary lesions are suggestive 
of fungal infections or septic emboli (Figure 10).50 
However, bacterial infections can also have nodu
lar or cavitary components. Branching tubular 
opacities with mucous plugging of the bronchial 
tree may be due to poor clearance of secretions  
or to infection, such as bronchopulmonary asper
gillosis. Pulmonary nodules associated with inva
sive pulmonary aspergillosis may have a halo  
of groundglass opacity.51 Pulmonary infections 
that extend from the lung into the chest wall  
or into mediastinal structures are uncommon 

Figure 9  Inferior vena cava filter. A patient with lung 
cancer and brain metastases presented with deep 
venous thrombosis involving the right femoral vein. A 
cavogram through a transjugular sheath shows a filter 
deployed in the infrarenal portion of the inferior vena 
cava.
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and indicate an aggressive organism such as  
actinomycosis, nocardia, or mucormycosis.52

The pulmonary pattern most characteristic 
of viral infection is interstitial thickening, but 
nodules or consolidation is more frequently 
encountered.53,54 Interstitial thickening is also 
seen in a variety of other pulmonary infections 
and in noninfectious lung disease. Tiny nodules 
can be seen along peripheral bronchovascular 
bundles and in the center of secondary pulmo
nary lobules in many early infections. Most  
often these are clustered in distribution. Although 
associated with Mycobacterium avium complex 
(MAC) infections, this pattern can be seen in  
virtually any early infection.55 MAC infection fre
quently has a distribution involving the anterior 
middle lobe and lingula and often has bronchiec
tasis associated with the tiny nodules. Similar 
findings of clustered nodules and bronchiectasis 
can be seen in chronic aspiration, most often  
distributed dependently in the lower lobes. Thus, 
the combination of CT appearance and distribu
tion of findings can be helpful in suggesting an 
infectious etiology.

Respiratory failure as a consequence of  
chemotherapy, surgery, or infection can evolve 
into a diffuse lung injury known as acute respira
tory distress syndrome (ARDS).56,57 The condi
tion is most frequently imaged with portable chest 
radiography in an intensive care unit as patients 
are generally too unstable to be transported to the 
imaging department for a conventional chest 

radiograph or CT examination. By portable chest 
radiography, ARDS presents as heterogeneous 
opacification throughout both lungs, usually in a 
relatively symmetric distribution. The distribu
tion can be asymmetric, with areas of sparing. 
The pulmonary pattern is difficult to distinguish 
from infection or pulmonary edema. The slowly 
changing relatively stable appearance can be  
suggestive of ARDS over the other possibilities. 

Pulmonary edema can sometimes be distin
guished from ARDS if there are other signs of 
volume overload, such as cardiomegaly or widen
ing of the vascular pedicle, on serial radiographs.58 
However, the assessment is severely limited on 
the typical supine portable radiographs obtained 
in these patients. The supine position causes low 
lung volumes, which increases the apparent size 
of the heart and mediastinum. This is accentuated 
further by the anteroposterior orientation of  
the patient and short sourcetoimage distance 
for the examination. In addition, the low lung 
volumes cause indistinctness of the pulmonary 
vessels and redistribution of pulmonary blood 
flow, two features that are otherwise useful on 
upright radiography in identifying pulmonary 
edema. Septal thickening is often not demon
strated in supine patients because gravity causes 
dependent distribution of the interstitial fluid to 
the posterior portions of the lungs and away from 
the lateral portions of the lungs, where septal 
thickening is normally identified. The time course 
of changes in the radiographic findings may pro
vide the most useful information as pulmonary 
edema is likely to respond relatively quickly to 
manipulations of fluid status.59 

Metastatic disease in the chest is a concern as 
a differential possibility in evaluating pulmonary 
lesions identified on a chest radiograph or CT 
scan.50,51 The pulmonary nodules typically seen  
in metastatic disease are usually more sharply 
demarcated than nodules of an infectious process. 
However, neoplasms with associated hemor
rhage, such as choriocarcinoma, melanoma, or 
vascular neoplasms, may have poorly defined 
margins more typical of infection. Cavitary meta
static disease, in particular, can simulate fungal 
infection or septic emboli. These entities can most 
readily be distinguished with clinical information 
about signs and symptoms of infection and the 
time course of appearance of lesions. 

In these extremely ill patients with multior
gan failure, appropriate assessment is dependent 
on integration of all medical information and the 
sequence of recent images.

Hepatic dysfunction is common in oncology 
patients who are subject to hepatic complications 
associated with therapy but who may also experi
ence any of the broad spectrum of liver disorders 
that are independent of cancer. The hepatic 
parenchyma can be diffusely abnormal with  
infiltration, cirrhosis, passive congestion, portal 

hypertension, and hemochromatosis. Hepatic 
metastases can lead to hepatic dysfunction and  
an abnormal liver test profile. Imaging can iden
tify a diffuse parenchymal pattern or a space
occupying lesion, the presence or absence of 
biliary ductal dilation, and the patency status of 
the intrahepatic vasculature. Ultrasonography 
with or without Doppler evaluation should be the 
initial study of choice. The ultrasound study can 
be performed at the bedside, is noninvasive and 
inexpensive, and involves no radiation but is 
operator dependent. The results are influenced  
by the patient’s body habitus, with large patients 
and/or patients with fatty infiltrated livers  
being more difficult to study. Multidetector CT 
and MRI, with dedicated liver protocols, are  
alternative imaging modalities that can provide 
information not rendered by the ultrasound 
study. 

Liver dysfunction is common in bone marrow 
transplant patients, the common etiologies being 
graftversushost disease; viral, bacterial, and 
fungal infections; drug (cytotoxic or immuno
suppressive drugs, antimicrobials, total parenteral 
nutrition) related hepatotoxicity; venoocclusive 
disease; and iron overload. When the cause of 
liver dysfunction cannot be determined by non
invasive means, liver histology may suggest the 
correct diagnosis. Liver tissue for histologic  
analysis may be obtained by imageguided percu
taneous liver biopsy or transjugular liver biopsy 
in patients with coagulopathy and thrombocyto
penia.

Ultrasonography is the initial imaging 
modality of choice to evaluate conditions involv
ing the gallbladder and biliary tree. These diseases 
include cholelithiasis, cholecystitis, choledocholi
thiasis, gallbladder polyps and masses. Alterna
tive imaging modalities include CT, MRI, 
magnetic resonance cholangiopancreatography, 
hepatobiliary nuclear scintigraphy, and percuta
neous transhepatic cholangiography. 

Renal dysfunction can occur in patients with 
nonrenal carcinoma. Some of these complica
tions include radiation nephritis, antineoplastic 
druginduced toxicities, antibioticassociated 
nephropathies, analgesic nephropathy, and con
trastassociated nephropathy. Infiltration of the 
kidneys can occur with leukemia and lymphoma. 
Hypercalcemia, hypocalcemia, hyponatremia, 
and tumor lysis syndrome can also occur.  
Glomerular disease can be produced by membra
nous glomerulopathy associated with carcinomas 
of the lung, gastrointestinal tract, and breast; 
minimal change disease; amyloidosis; and  
consumptive coagulopathy.

Osteoporosis is a naturally occurring condi
tion in humans that increases in severity with 
increasing age and therefore is a comorbid pro
cess in older persons with cancer. Osteoporosis  
in cancer patients worsens owing to therapeutic 

Figure 10  Septic pulmonary emboli by computed 
tomography (CT). A 49-year-old woman with breast 
cancer developed fever and new pulmonary nodules 
detected by chest radiography. CT of the chest at the 
level of the main pulmonary artery (PA) demonstrates 
cavitary nodules in the right upper lobe (arrows). 
Hemorrhage around the nodules causes the sur-
rounding ground-glass attenuation halo (arrowheads). 
Blood cultures revealed Staphylococcus aureus, and 
the nodules resolved with antibiotic therapy.
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success in the treatment of cancer (increased  
longevity leads to increased osteopenia) and to 
the direct boneresorptive effects of the cancer 
therapies themselves.60 Thus, osteoporosis 
increases with increased patient age, progressive 
stage of disease, and duration of specific therapy. 
With lengthened survival, this comorbid condi
tion emerges as a more important determinant  
of both morbidity (quality of life) and mortality, 
primarily owing to fractures. The goal is to con
trol bone mineral density and to effectively treat 
osteoporosis to reduce its affect on morbidity and 
mortality. Several bone mineral measurement 
methods are available for the detection of osteo
porosis, for prediction of fracture risk, and for 
determination of therapeutic success. These tests 
include quantitative CT of the spine, dual xray 
absorptiometry of the spine and femoral neck, 
quantitative ultrasonography of the calcaneus, 
and others. Unfortunately, agreement among the 
tests is poor.61 

Chronic back pain diminishes the quality  
of life for many oncology patients. Imaging is a 
critical component of the diagnostic assessment. 
Radionuclide bone scans localize metabolically 
active lesions. The pattern may indicate the pres
ence of metastatic disease, but often the pattern  
is nonspecific or nondiagnostic. Conventional 
radiography of the spine often improves specific
ity by revealing features diagnostic of metastasis, 
degenerative disk disease, apophyseal joint osteo
arthritis, or osteoporosis. Commonly, some com
bination of conditions exists or the radiographs 
do not provide a satisfactory correlate for the 
symptoms. MRI is more sensitive and specific  
for detection of metastases, for differentiation  
of acute and chronic vertebral fractures, and for 
differentiation of osteoporotic fractures from 
metastatic fractures.62

Percutaneous vertebroplasty may be used for 
treating refractory vertebrogenic pain from malig
nant vertebral body fractures in patients with 
myeloma, lymphoma, leukemia, and metastases 
and provides rapid pain relief and significantly 
improved mobility and quality of life. The results 
in patients with metastatic fractures indicate sim
ilar levels of symptom control as in those with 
osteoporotic fractures. Sixty to 85% of patients 
with neoplastic vertebral collapse experience a 
marked reduction in narcotic requirements or 
complete relief within 72 hours.63 Vertebroplasty 
palliates pain through the solidification of the 
osteolytic lesion and provides structural stability 
to the spine. Although it has been suggested that 
a direct cytotoxic effect alone or in combination 
with a thermal reaction resulting from the cement 
injection may have a tumoricidal effect, this 
remains unproven.

Although radiotherapy is widely used for 
pain control of malignant vertebral lesions,  
radiotherapy alone may not be effective when the 

pain is primarily mechanical, such as with wedge 
fracture or vertebral collapse. Vertebroplasty is 
complementary to radiotherapy in these patients. 
Vertebroplasty is a preferred treatment when 
immediate pain relief is required; radiotherapy 
requires around 1 to 2 weeks for pain relief.

Vertebroplasty is generally performed under 
fluoroscopic guidance, although CT guidance 
may be used for needle placement for certain  
cervical or thoracic vertebrae. A largebore needle 
is advanced into the anterior portion of the  
vertebral body, frequently by a transpedicular 
approach. Once the needle position is confirmed, 
polymethylmethacrylate, an acrylic polymer 
noted for its excellent compressive strength, is 
injected under direct fluoroscopic visualization. 
Potential complications include bleeding; infec
tion; trauma to the nerve roots or spinal cord; 
fracture of a lamina, pedicle, or rib; and cement 
extravasation into the epidural, paravertebral, 
foraminal, or disk spaces. The incidence of  
complications is quite low. 

CNS malfunction can be a significant issue 
during the life of oncology patients. Radionuclide 
tests may provide qualitative information as an 
aid in these situations. Changes in mental status 
may result from the use of oncologic drugs, 
including interferons. Specific patterns of hypo
perfusion of the temporal and parietal lobes as 
confirmed by SPECT or PET (for glucose hypo
metabolism) can distinguish Alzheimer’s demen
tia from other causes of dementia or delirium.64 
Other cancerrelated CNS diseases, such as cere
brospinal fluid (CSF) block or iatrogenic CSF 
leakage, can be confirmed with scintigraphy using 
indium 111–labeled diethylenetriaminepentaace
tic acid (DTPA). Fast clearance or abnormal 
appearance of indium 111 DTPA after intrathecal 
injection indicates extrathecal activities or CSF 
leakage.65 Slow clearance of indium 111 DTPA 
from the CSF or abrupt cessation of flow indicates 
CSF block, which in cases of leptomeningeal 
metastasis may show flow improvement and 
symptomatic relief on focal external beam  
irradiation.66 

One of the most crucial questions of patient 
care is whether the patient is alive. Even though 
the consensus from the president’s commission 
and the Harvard criteria is that the final diagnosis 
of brain death must be made by specialtytrained 
physicians, including a neurologist, an anesthesi
ologist, or a neurosurgeon, radionuclide cerebral 
blood flow determination remains the most 
important ancillary and objective test for that 
assessment.67,68 

Chemotherapy-induced Toxicity

Chemotherapyinduced toxicity of the brain is 
relatively uncommon and presents in a nonspe
cific fashion with seizures, altered mental status, 
and motor deficit. 

Methotrexate toxicity results when this 
common chemotherapeutic agent is used for the 
treatment of leptomeningeal metastases (involve
ment of pia and arachnoid mater that envelops 
the brain and spinal cord) from lymphoma,  
leukemia, and lung and breast cancers. Common 
CNS tumors that invade the leptomeninges are 
glioblastoma, medulloblastoma, ependymoma, 
and primitive neuroectodermal tumors. Metho
trexate does not penetrate the blood CSF barrier 
in systemic therapeutic doses given orally or par
enterally. To provide more uniform distribution 
of the drug through CSF and better penetration 
into brain parenchyma and perivascular spaces, 
methotrexate is used as a highdose chemothera
peutic agent. In the treatment and prevention of 
leptomeningeal metastasis secondary to leukemia 
or lymphoma, methotrexate is commonly admin
istered via lumbar puncture into the lumbar  
subarachnoid space. Intraventricular injection  
of methotrexate though an Ommaya reservoir is 
performed to treat leptomeningeal metastasis 
secondary to primary CNS solid tumors because 
intrathecal chemotherapy via the lumbar route is 
less effective and also circumvents the problems 
of local subdural or epidural injection of the  
chemotherapeutic agent when a lumbar route is 
employed. Methotrexateinduced leukoencepha
lopathy is a chronic, progressive demyelinating 
encephalopathy that can appear months to years 
after treatment. The encephalopathy gives rise to 
headaches, seizures, drowsiness, blurred vision, 
and dysarthria and can even lead to dementia. 
MRI readily demonstrates the toxic effects of 
methotrexate on the white matter as large areas of 
T2weighted hyperintensity, particularly involv
ing the periventricular white matter and the 
region of the centrum semiovale. Periventricular 
white matter is preferentially involved. Because of 
local concentration differences, methotrexate
induced leukoencephalopathy is more common 
with intraventricular and intrathecal chemother
apy than with systemic therapy. MRI can also 
detect methotrexateinduced necrosis of the  
brain occurring as a result of accidental leakage  
of methotrexate into the brain substance during 
intraventricular chemotherapy installation, a  
rare complication. MRI findings of necrotizing 
leukoencephalopathy of the brain owing to a  
chemotherapeutic agent consist of a focal area of 
abnormal contrast enhancement with surround
ing edema and can be mistaken for a metastatic 
lesion. The area of abnormal enhancement occur
ring along the path of the ventricular catheter 
particularly close to the entrance of the catheter 
into the ventricle should suggest the current  
diagnosis of chemotherapyinduced necrosis 
(Figure 11). 

Tacrolimus (Prograf) toxicity results when 
this potent immunosuppressive agent is used for 
the prophylaxis of organ rejection in kidney, liver, 
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heart, and bone marrow transplants. It is associ
ated with a posterior reversible encephalopathy 
syndrome (PRES) in about 2% of treated 
patients.69 The diagnosis is made by characteristic 
clinical findings consisting of headache, a change 
in mental status, seizures, visual abnormalities, 
and/or focal neurologic deficits. The median 
patient age is about 35 years, and the median  
time to the onset of PRES is about 60 days from 
institution of tacrolimus. Imaging findings in 
PRES consist of parietooccipital hypodensity  
on CT images, an area of low signal intensity  
on T1weighted MRIs, and hyperintensity on  
fluid attenuated inversion recovery (FLAIR) T2
weighted MRIs. The abnormality involves the 
subcortical white matter and adjacent cortex, 
with a predilection for areas supplied by the pos
terior circulation, namely the occipital, parietal, 
and temporal lobes and cerebellum.

In 1996, Hinchey and colleagues described  
a clinicoradiologic condition named posterior 
reversible leukoencephalopathy syndrome, which 
is characterized by visual disorders, seizures, and 
altered mental status, with changes in the subcor
tical white matter of the temporoparietooccipital 
lobes detected in neurologic images.70 These clin
ical manifestations were associated with arterial 
hypertension. Although the precise pathogenesis 
is not known, the striking similarities of the  
symptoms and the imaging findings among 
patients with tacrolimus toxicity and those with 
hypertensive encephalopathy, cyclosporine toxic
ity, and eclampsia of pregnancy suggest a common 
mechanism. Tacrolimus and cyclosporine both 

cause inhibition of neuronal and endothelial 
nitric oxide synthase activity. Inhibition of nitric 
oxide results in vasodilatation, and fluid extrava
sation has been suggested as the cause of eclamp
tic encephalopathy. The loss of autoregulation 
presumed to occur in PRES results in blood bar
rier disruption and leads to interstitial fluid accu
mulation in the subcortical white matter and the 
cortex. This vasogenic edema accounts for the 
abnormal findings seen in brain imaging. Mag
netic resonance FLAIR imaging is particularly 
sensitive for detection of early edema seen with 
this syndrome. 

Clinical symptomatology and MRI findings 
of PRES can be mistaken for acute infarction. 
MRI findings of acute infarction consist of  
cortical swelling, gyral enhancement, abnormal 
hyperintensity on FLAIR images, and restricted 
diffusion, producing bright signal intensity on 
diffusionweighted images. Diffusionweighted 
imaging improves acute stroke detection by 95%. 
PRES can be differentiated from acute stroke with 
an appropriate clinical history and recognition  
of MRI findings of bilateral vasogenic edema  
primarily involving the subcortical white matter 
and with no evidence of restricted diffusion. 
Druginduced encephalopathy is usually revers
ible when the drug is discontinued or the dose is 
reduced (Figure 12). Drug toxicity can lead to 
acute infarction with or without hemorrhage if 
early signs are not recognized. 

Cardiac toxicity results in decreased cardiac 
function manifest as decreased ejection fraction 
and stroke volume.71 These changes can be  

demonstrated at radionuclide ventriculography, 
echocardiography, or cardiac MRI. The multi
gated cardiac radionuclide ventriculogram radio
nuclide test using Tc 99m–labeled red blood cells 
remains the most reliable method to measure car
diac function before and after chemotherapy. In 
general, left ventricular ejection fraction below 
45% or an interval decrease of more than 15% 
implies impending cardiotoxicity.72 In compen
sation for decreased contractility, the ventricles 
become dilated. This dilation may be apparent at 
conventional radiography or may be demon
strated at CT or echocardiography.73 Eventually, 
the heart can no longer compensate for the 
decreased contractility, and cardiac failure 
results. 

Acute cardiac failure is best demonstrated 
with conventional chest radiography, the typical 
findings of which include bilateral perihilar opac
ity, indistinct pulmonary vessels, and peripheral 
interlobular septal thickening.59 Pleural effusions 
may also be present. Widening of the vascular 
pedicle, the mediastinal structures above the 
aortic arch, to more than 74 mm indicates volume 
overload or congestive heart failure.74 At CT, 
dilated cardiac chambers and increased pulmo
nary attenuation owing to fluid filling the intersti
tium and alveoli are seen in cardiac failure. There 
may be an increase in the prominence and attenu
ation of mediastinal soft tissues.75 Contrast mate
rial administered through the upper extremity 
venous system may reflux into the IVC and 
hepatic veins owing to poor cardiac function. A 
congestive pattern may also be seen in the liver as 
patchy increased attenuation centered on the 
hepatic veins. Cardiac failure can also result in 
enlargement of mediastinal lymph nodes, simu
lating adenopathy.76 Enlarged nodes that develop 
in this setting should be reevaluated after resolu
tion of cardiac failure rather than be accepted as 
recurrent or metastatic tumor. 

Pulmonary toxicity secondary to chemother
apeutic agents typically presents as diffuse pneu
monitis or bronchiolitis obliterans organizing 
pneumonia.77 The radiographic appearance can 
range from air trapping, demonstrated as mosaic 
attenuation in the lungs that is accentuated on 
expiratory imaging, to nodular or patchy areas of 
consolidation or poorly defined groundglass 
opacities (Figure 13).78 Although the pattern of 
involvement is usually diffuse throughout the 
lungs, it may be asymmetric or even unilateral. 
This appearance may be very difficult to distin
guish from pulmonary infection. Pulmonary 
fibrosis that results from chemotherapyinduced 
pulmonary toxicity is a less common presenta
tion. It has the typical appearance of fibrosis, with 
basilar distribution of interstitial thickening, a 
subpleural honeycomb pattern, and decreased 
total lung volume. PE may also be seen as a  
consequence of chemotherapy, particularly with 
thalidomide.

Figure 11  Cytarabine-induced necrotizing leukoencephalopathy after intraventricular therapy for acute myelog-
enous leukemia. A, Axial postcontrast T1-weighted magnetic resonance image (MRI) demonstrates abnormal 
contrast enhancement involving the lateral ventricular walls (arrows). B, Adjacent MRI shows abnormally 
enhanced supraventricular white matter (arrowheads) surrounding the catheter (arrow).
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radiation-induced Toxicity

Radiationinduced neurotoxicity is postulated to 
derive from the combined effects of vascular 
injury, glial and white matter damage, and altera
tions in the fibrinolytic enzyme system. Vascular 
injury consists of endothelial damage, vascular 
ectasia, and telangiectasia, all of which result in 
increased capillary permeability, with resultant 
cytotoxic and vasogenic edema. Progressive  
vascular changes include vessel wall thickening 

caused by hyalinization, with consequent throm
bosis, infarction, and necrosis. Oligodendrocytes 
are extremely sensitive to radiation, and their 
destruction is associated with demyelination. 
Metabolic changes in irradiated cells reduce  
glycolysis and glucose consumption and result in 
decreased glucose and oxygen use observed on 
PET scans. Necrotic brain tissue shows absent 
tissue plasminogen activator and excess uroki
nase plasminogen activator, a combination that 
contributes to cytotoxic edema and tissue necro
sis. Radiation necrosis most commonly develops 
around blood vessels within the white matter and 
is manifested as fibrinoid necrosis of the blood 
vessel wall with surrounding perivascular paren
chymal coagulative necrosis. Confluence of  
multifocal perivascular necrotic zones results in 
larger zones of parenchymal necrosis. Clusters  
of abnormally dilated thinwalled telangiectasias 
are common. Late vascular changes include  
vessel wall thickening caused by hyalinization, 
with resultant luminal narrowing. White matter 
changes include focal and diffuse demyelination. 

Radiation necrosis may develop months to 
years after completion of radiation therapy and is 
frequently irreversible and often progressive. 
Radiation necrosis most commonly occurs at the 
site of maximum radiation delivery, typically in 
the immediate vicinity of a surgical cavity follow
ing partial or total resection of tumor. It is impor
tant to recognize the spectrum of MRI features of 
radiation necrosis because the tissue damage can 
mimic other pathologic processes.79 The typical 
MRI finding in radiation necrosis is an enhancing 
mass with central necrosis (Figure 14). Other, less 
common patterns may be observed, including (1) 

multiple lesions, (2) lesions in the contralateral 
hemisphere, and (3) lesions arising remotely from 
a primary cerebral site, such as in the cerebellum 
or brainstem. Each pattern can be mistaken for a 
different pathologic process. For example, radia
tion necrosis occurring at the site of the resected 
primary tumor easily can be mistaken for recur
rent tumor. Necrosis occurring distant from the 
site of the primary tumor may mimic multifocal 
glioma. Contralateral hemisphere involvement 
can be diagnosed as multicentric glioma. Multiple 
foci can resemble multiple metastases. Periven
tricular white matter involvement may mimic 
tumefactive multiple sclerosis. Radiationinduced 
necrotic lesions can also spread subependymally 
and mimic subependymal tumor spread.

The incidence of radiation necrosis after 
conventional radiation therapy ranges from 5 to 
24%, with higher rates at autopsy. The interval 
from completion of radiation therapy to histo
pathologic confirmation varies from 3 to 48 
months, mostly occurring between 7 and 24 
months. The use of platinumbased chemother
apy drugs, such as cisplatin and carboplatin, com
bined with radiation therapy may contribute to 
the development of radiationinduced necrosis. It 
is important to recognize that radiationinduced 
necrosis is a dynamic pathophysiologic process 
with several possible clinical outcomes. Although 
continued growth with attendant cytolytic edema 
and mass effect is commonly seen, lethal progres
sion is not inevitable in all cases. Some lesions  
will stabilize, whereas others will regress. Surgery 
may be required to reduce the mass effect and 
edema. Despite advancements in special imaging 

Figure 12  Cyclosporine-induced posterior reversible encephalopathy syndrome.. A,  A T2-weighted image 
shows bilateral abnormally increased signal intensity involving the cortex/subcortical white matter of the occip-
ital lobes (arrows). B, A follow-up magnetic resonance examination 8 months later reveals complete resolution 
of the abnormal findings after cessation of cyclosporine therapy.

Figure 13  Pulmonary toxicity owing to carmustine. 
A 66-year-old woman with glioblastoma multiforme 
developed dyspnea after carmustine chemotherapy. 
Computed tomography of the chest at the level of the 
left ventricle (LV) demonstrates symmetric distribu-
tion of patchy areas of consolidation (arrows) and 
ground-glass attenuation (arrowheads). No infectious 
etiology was demonstrated at bronchoscopy. The 
patient’s symptoms improved after withholding fur-
ther carmustine treatments.

Figure 14  Radiation necrosis involving the right 
temporal lobe 2 years after receiving radiation ther-
apy for nasopharyngeal carcinoma. Axial postcontrast 
T1-weighted magnetic resonance image shows focal 
enhancement (arrowheads) with central necrosis.
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techniques, biopsy may be needed to establish an 
accurate histopathologic diagnosis. 

Radiationinduced cranial neuropathy is 
relatively rare. Radiationinduced optic neuropa
thy can occur when focused radiation is delivered 
to tumors in the perioptic regions. The pathologic 
process of this neuropathy consists of optic path
way vasculopathy with secondary hemorrhage, 
reactive gliosis, necrosis, and atrophy. 

Radiationinduced brain atrophy can also 
occur, with shrinkage of the white matter and 
cortex.

Radiationinduced pneumonitis and pulmo
nary fibrosis can be a significant cause of respira
tory compromise and can present a diagnostic 
challenge. Conventional radiography and CT 
demonstrate areas of consolidation that corre
spond to the radiation ports used for therapy.80 
The acute phase of pneumonitis presents as focal 
consolidation with obscuration of the underlying 
pulmonary vessels and bronchi at CT. As the pro
cess progresses to fibrosis, the air space consolida
tion may clear or may become more sharply 
demarcated. Typically, the involved area decreases 
in volume, with resulting traction on adjacent 
mediastinal and pulmonary structures. Within 
the area of involvement, the bronchi become dis
torted and ectatic. The process often stabilizes 
within 9 to 12 months but rarely may continue to 
evolve over more than 2 years. In cases with slower 
evolution, new areas of involvement do not 
emerge after about 1 year, but consolidation and 
volume loss progress in the involved area. The 
fibrotic process does not cause filling of the bron
chi. Bronchial filling that develops after radiation 
fibrosis has begun to mature should be regarded 
as evidence of recurrent tumor or superimposed 
infection.81 

Radiationinduced pleural and pericardial 
effusions most often emerge about 3 to 9 months 
after therapy. Radiation therapy to involved 
mediastinal lymph nodes typically reduces the 
size of the nodes and may induce calcification 
within the nodes. In addition, radiation can cause 
increased attenuation of the mediastinal fat and 
blurring of soft tissue borders within the medias
tinum. In radiationinduced esophagitis, the 
esophageal walls become thickened and the  
borders of the esophagus become poorly defined. 
As with radiation pneumonitis, radiationinduced 
esophagitis may cause increased metabolic activ
ity on PET scans.82 This metabolic activity limits 
the value of early followup with PET. Pleural 
scarring related to radiation fibrosis or radiation
induced pleural effusion can result in traction on 
the underlying lung causing focal areas of rounded 
atelectasis, which can simulate infection or a  
mass lesion. Because the scarring may be related 
to the resolution of the effusion rather than being 
directly due to radiation therapy, it can occur 
outside the original radiation field. 

The important feature for identification of 
radiationinduced pneumonitis and fibrosis is 
detection of the limits of the radiation port. The 
port borders are typically linear and do not cor
respond to normal anatomic boundaries. Com
monly observed radiation injury patterns include 
involvement of the anterior subpleural lung from 
tangential breast radiation, involvement of the 
lung apices from cervical lymph node radiation, 
and paramediastinal involvement from mediasti
nal lymph node radiation (Figure 15).83 

Radiation therapy to the primary lung tumor 
is also common. When conventional radiation 
therapy is used, a significant portion of lung may 
be irradiated. Ensuing radiation fibrosis will have 
the linear, nonanatomic borders seen with medi
astinal and tangential radiation. The use of three
dimensional conformal radiation therapy can 
complicate the identification of radiation fibrosis. 
Because multiple exposure ports are used, the 
pattern of lung injury is more complex (Figure 
16). Consolidation can develop outside the usual 
anteroposterior and posteroanterior ports used 
for conventional radiation therapy. Conformal 
radiation therapy also results in a less linear 
appearance to the boundaries of radiation  
fibrosis.84 

Intensitymodulated radiation therapy 
(IMRT) is a method of delivering conformal radi
ation therapy with nonuniform beams of radia
tion energy and also induces radiation injury in a 
pattern different from conventional radiation 
therapy. For example, in IMRT treatment of 
mesothelioma, the therapeutic dose contour is 
matched to the pleural surface and chest wall.  
The radiation injury therefore involves less of the 
underlying pulmonary parenchyma. Because the 

radiation ports include the upper aspect of the 
liver, low attenuation can be induced in the 
periphery of the liver and should not be confused 
with recurrent tumor or infection. 

Radiationinduced skeletal changes include 
growth disturbances, focal osteopenia, osteora
dionecrosis, and induced benign or malignant 
neoplasms.85 Growing bone is sensitive to radia
tion, and the growing physis is most sensitive, 
with damage roughly proportional to the amount 
of radiation absorbed. Radiography shows 
metaphyseal sclerosis and fraying with physeal 
plate widening. A transient dense metaphyseal 
band may develop as healing commences, giving 
way to normal bone remodeling. Scoliosis may 
develop secondary to asymmetric irradiation of 
the spine. Mature bone and cartilage are very 
radioresistant. However, focal osteopenia and 
cortical thinning may follow long bone irradia
tion. Osteoradionecrosis is the result of vascular 
damage and osteoblast death. It is most prevalent 
in the mandible but also occurs in the clavicle, 
shoulders, ribs, pelvis, sacrum, and knees. The 
typical radiographic features begin with subtle 
osteopenia or osteosclerosis, eventually leading to 
fragmentation or disintegration of the irradiated 
bone. The involved bone segments are subject to 
fracture and infection. Conventional radiography 
is usually sufficient for diagnosis of the condition 
and for assessment of complications. CT and MRI 

Figure 15  Pulmonary radiation fibrosis from con-
ventional radiotherapy. A 40-year-old man with lym-
phoma received conventional mantle radiation ther-
apy. Computed tomography of the chest at the level 
of the pulmonary artery (PA) 2 months after the com-
pletion of therapy reveals bilateral paramediastinal 
consolidation (arrowheads) with linear lateral margins 
confined to the radiation ports.

Figure 16  Pulmonary radiation effect from confor-
mal radiotherapy. A 75-year-old man with stage I lung 
cancer was not a surgical candidate owing to poor 
cardiac function. Computed tomography of the chest 
at the level of the aortic arch (Ao) 8 months after the 
completion of therapy demonstrates bronchiectasis 
(arrows) and surrounding consolidation and ground-
glass attenuation. The area of involvement has poorly 
defined borders and does not have the typical linear 
margins seen with conventional radiation therapy, as 
seen in Figure 13-15.
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are effective in areas of complex anatomy or in 
difficult diagnostic situations.

Osteocartilaginous exostoses are the most 
frequent benign radiationinduced tumors of 
bone. They typically develop in growing bones 
and may occur in any location in any irradiated 
bone. Osteosarcoma is the most common radia
tioninduced malignant tumor of bone. Radia
tioninduced bone sarcomas have an imaging 
appearance similar to those that spontaneously 
occur. Radiographic features are generally suffi
cient for diagnosis, and CT and MRI are effective 
for characterization and staging.

Surgically induced Conditions in 
Patients with Cancer

Postoperative alterations of the thorax can cause 
diagnostic dilemmas in subsequent evaluation of 
thoracic disease. Small pneumothoraces are rou
tinely present after pulmonary and esophageal 
resections. These are usually satisfactorily man
aged with drainage catheters placed at the time of 
surgery. Pneumothoraces that persist or enlarge 
despite catheter drainage suggest air leak and may 
need surgical management. Postoperative pleural 
infections typically require catheter drainage and 
may also require surgical débridement.86 After 
pneumonectomy, there is a shift of mediastinal 
structures into the pneumonectomy space, and 
the space slowly fills fluid over about 3 to 4 weeks. 
The absence of any mediastinal shift over the first 
few postoperative days could indicate the pres
ence of tension pneumothorax. If the pleura fills 
with fluid much more rapidly than expected, 
hemothorax and empyema are considerations. In 
the setting of extrapleural pneumonectomy, the 
pneumonectomy space will fill with fluid more 
rapidly than with simple pneumonectomy. As 
with many major surgical procedures, PE is a 
concern after lung resection. The postpneumo
nectomy syndrome is a late complication owing 
to chronic tracheobronchial narrowing resulting 
from marked shift of mediastinal structures.87

Anastomotic leaks are a concern following 
several types of surgery. After esophagectomy 
with gastric pullup or bowel interposition, leaks 
present as a collection of fluid alongside the anas
tomotic site, sometimes separated from the anas
tomosis by a short distance.88 Communication  
of the fluid collection with the bowel lumen can  
be demonstrated with use of oral contrast agents 
either at fluoroscopy or with CT. To prevent 
bronchopleural fistula formation after lung resec
tion and in the treatment of known bronchopleu
ral fistula or an anastomotic leak from esophageal 
resection, a variety of vascular flaps are used to 
provide additional soft tissue coverage.89 These 
can alter the radiographic appearance and simu
late recurrent tumor or infection. Many flaps are 
predominantly fat and therefore easy to identify, 

but muscular flaps are more difficult to assess. 
Muscular flaps should have some linear areas of 
fat attenuation on CT, even shortly after opera
tion. They also may have linear calcifications. 
These features allow muscular flaps to be distin
guished from soft tissue masses of more concern.

Abscess formation following surgery remains 
a serious and potentially fatal complication, with 
mortality rates up to 30%. Imageguided percuta
neous catheter drainage (PCD) of abscesses offers 
a less invasive alternative to open surgical drain
age and has become the procedure of choice in 
this group of patients.90 Postoperative abscesses in 
various locations, such as the peritoneal space, 
retroperitoneum, viscera, pelvis, mediastinum, 
and extremities, are amenable to PCD. PCD is 
most effective in patients with unilocular 
abscesses, with cure rates up to 95%. Several 
recent studies have shown that PCD is also very 
successful (80–90% cure) with complex postop
erative abscesses (ie, loculated, poorly defined 
collections, abscesses communicating with enteric 
fistulae, and interloop abscesses). In patients with 
abscesses associated with enteric fistulae, PCD, 
along with concomitant enteric decompression 
and diversion of bowel contents with nasoenteric 
tubes, allows spontaneous closure of the fistulae 
in 57 to 88% of cases. 

Either ultrasonography or CT may be used 
for guidance during the PCD procedure. The 
main advantages of ultrasound guidance include 
realtime imaging and portability, allowing a  
bedside procedure in critically ill patients. Com
bining fluoroscopy with ultrasonography allows 
for precise positioning of the catheter. Ultraso
nography is commonly used for superficial and 
unilocular abscesses. Endocavitary ultrasonogra
phy is also used for transrectal or transvaginal 
drainage of deep pelvic abscesses. However, ultra
sonography is of limited use in obese patients, in 
the presence of intraabdominal free air, when 
bowel gas interferes with sonographic visualiza
tion, and in patients with open surgical wounds 
or dressings overlying the abscess. Because of the 
deep location of many abscesses and the frequent 
presence of free air in postoperative tissues, CT is 
commonly the imaging modality of choice for 
PCD guidance.

Lymphoceles of the pelvis or abdomen are a 
complication of radical lymphadenectomy per
formed for prostatic or gynecologic malignancy 
and are believed to result from surgical transec
tion or inadequate ligation of lymphatic vessels 
during lymph node dissection. Most lymphoceles 
are small and asymptomatic and eventually 
resolve spontaneously. Large lymphoceles can 
cause abdominal distention, hydronephrosis, 
bladder dysfunction, constipation, and thrombo
sis of iliac vessels, or they may become infected 
and present with fever, chills, and sepsis. Large or 
infected lymphoceles require treatment. Surgical 

treatment is successful in up to 90% of cases but 
is associated with mortality and morbidity and 
requires hospitalization. Simple needle aspiration 
is safer than surgery, but repeated procedures are 
necessary in 80 to 90% of patients. PCD is a safe 
and effective treatment for symptomatic lympho
celes, with success rates ranging from 50 to 87% 
in most series.91 In patients with pronged drain
age, transcatheter sclerotherapy with tetracycline, 
doxycycline, povidoneiodine, or alcohol results 
in improved success rates of 79 to 93%.

Urinoma may be secondary to iatrogenic 
ureteral injury following genitourinary, retroper
itoneal, or gynecologic surgeries or following 
manipulation during endourologic procedures, 
or it may be due to an anastomotic leak following 
ureteral diversion procedures. Interventional 
management of ureteral injuries requires com
bined use of PCD of the urinoma along with  
a PCN to divert the urine away from the leak. 
Placement of a J stent or a nephroureteral stent 
across the site of ureteral injury for 4 to 8 weeks 
permits regrowth of uroepithelium over the site 
of injury.

Biloma formation may complicate hepatobi
liary and pancreatic surgery. PCD of the biloma 
in conjunction with percutaneous biliary drain
age is a safe and effective minimally invasive tech
nique for management of this complication. 
Placement of a percutaneous transhepatic biliary 
catheter extending across the site of leak prevents 
further leakage of bile and allows the anastomosis 
to heal.

Summary

Patients with cancer typically have comorbidity 
that complicates their general medical care and 
the care of their specific cancers.92 In fact, the 
comorbid conditions increase in number and 
severity, with increased number and intensity of 
the therapies the patients undergo in the treat
ment of their cancers. Thus, the bulk of imaging 
resources consumed by patients with cancer are 
not used for diagnosis and staging but rather  
are expended in the management of comorbid 
conditions.
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Cancer Center Laboratory

Laboratory support for the oncology patient  
typically encompasses two discreet yet interde-
pendent functions. Being subject to the same 
non–cancer-related conditions prevalent in the 
general population of similar demographic 
makeup, in addition to those that are directly  
or indirectly cancer related, patients require a 
range of testing services that sufficiently meet 
both needs. Reflecting these dual functions, the 
organization of a cancer center laboratory opti-
mally includes clinical chemistry, hematology, 
microbiology, and transfusion services that offer 
expanded testing options to support the diagno-
sis, staging, and monitoring of malignancies, 
cancer-related conditions, and cancer therapy–
associated conditions. Included are bone marrow 
evaluation, hematology, and flow cytometry  
functions for diagnosis and monitoring,  
along with extended transfusion medicine and 
apharesis services to support bone marrow and 
peripheral blood stem cell transplantation. 
Tumor-related or treatment-related blood com-
ponent deficiencies must also be addressed. A full 
range of microbiology laboratory services is also 
needed to address the needs of the immunosup-
pressed patient, as well as a clinical chemistry 
laboratory that offers tumor marker and other 
biochemical testing required for the confirmation 
of a diagnosis of a malignancy, monitoring of 
treatment response, and detection of cancer-
related or therapy-associated conditions. Addi-
tional services are also commonly available, such 
as those provided by molecular diagnostic and 
human leukocyte antigen laboratories. 

In general, a substantial volume of testing 
typically reflects the diagnostic and follow-up 
needs of a patient population receiving somewhat 
longer-term or chronic care, with a lesser volume 
devoted to acute, short-term, emergency services. 
In this population, several types of aberrant labo-
ratory results are encountered frequently and 
often necessitate further investigation. Some of 
these are discussed in this chapter.

Laboratory Issues in the Oncology 
Patient Population 

Test Result Validity
A substantial portion of the testing performed in 
the cancer center clinical laboratory typically 

involves the use of immunoassays. These provide 
relatively sensitive, accurate assays that are well 
adapted for high-volume testing and serial moni-
toring. Interferences in these methodologies, 
however, can occur. These can be patient inde-
pendent, such as those that are caused by the use 
of inappropriate anticoagulant or specimen tube 
type, medications, hemolysis, hyperlipidemia, 
and other factors that either degrade specimen 
integrity or interfere with the test methodology, 
and are seen in any clinical laboratory. A common 
example is the background interference found 
with hyperlipidemic sera when immunoglobulins 
or other protein concentrations are measured 
using nephelometry-based testing. These are gen-
erally predictable and are avoided by adhering to 
published specimen collection requirements. 
Others are patient specific and are caused by 
either unexpected antibodies within the sample 
that effectively interfere with the activity of test kit 
reagent antibodies or are due to ectopic produc-
tion of the substance of interest, such as a hor-
mone by tumor. Patients with malignancies are at 
particular risk of having human antimouse anti-
bodies (HAMAs),1 autoantibodies,2–7 and ectopic 
hormone production. Consequently, laboratories 
serving a cancer patient population frequently 
have protocols in place to evaluate suspect sam-
ples when it appears that patient-specific factors 
are impacting test results. Expedient resolution is 
usually required to avoid unnecessary delays  
in treatment. For example, elevated serum or 
urine b-human chorionic gonadotropin (hCG) 
concentrations can be seen owing to ectopic pro-
duction by nontrophoblastic tumors. This can be 
found with a diverse variety of cancers, including 
carcinomas of the breast, liver, and gastrointesti-
nal tract; melanoma; and multiple myeloma,8–13 
and can serve as a source of confusion when per-
forming routine pregnancy testing prior to 
administration of chemotherapy or radiation 
treatment. It has been estimated that up to 30% of 
cancers in general can be associated with increased 
serum b-hCG levels.2 Similarly, the production  
of HAMAs is known to be an occasional conse-
quence of exposure to mouse monoclonal  
antibodies used in cancer treatment or imaging 
studies.1,14 Their presence or absence, however, 
cannot be predicted in individual patients.15  
Consequently, in this setting, requests for the 

laboratory to review results can be helpful when 
they appear to be inconsistent with previous 
results or when they are incompatible with 
observed clinical findings. The laboratory’s role 
involves a step-by-step process to rule out or 
identify potential sources of interference. This 
typically includes comparing results from analyz-
ers that use different methodologies, assessing the 
reproducibility of results at differing concentra-
tions, using antibody-blocking reagents, and 
assessing the ability to obtain expected results 
from known quantities of the substance in ques-
tion.16 Given the large volume of testing per-
formed in the typical cancer center laboratory, 
detectable interference from HAMAs, hetero-
philes, or other antibodies appears to be relatively 
infrequent, although it can potentially affect  
virtually any immunoassay. Table 1, although not 
all-inclusive, illustrates that a broad range of rou-
tine testing is commonly performed using immu-
noassays. Other patient-specific factors can also 
affect non–immunoassay-based testing. These 
include pseudohyperkalemia owing to marked 
leukocytosis or thrombocytosis,17 artifactually 
abnormal cell counts owing to large amounts  
of white blood cell fragmentation found with 
some leukemias,18 platelet satellitism or clump-
ing, or the presence of cold agglutinins,18–21 among 
others. Laboratory review, again, is usually  
helpful in clinically suspicious cases.

The clinical laboratory also serves a role as a 
direct source of information on specific test per-
formance characteristics. For those providing ser-
vice to cancer centers, questions not uncommonly 
arise concerning the optimum use of tumor 
markers and other assays performed for serial 
monitoring, in particular. Interpretation of tem-
poral changes in laboratory values is dependent 
on the ability to discriminate clinically relevant 
changes from those that are due to biologic or 
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Table 1  Tests that Are Frequently Performed by 
Immunoassay

Cardiac marker testing
Cytokine measurement
Hormone level assessment
Infectious disease screening
Therapeutic drug monitoring 
Tumor marker measurement
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random variation. Knowledge of physiologic fac-
tors, such as diurnal variation and method of 
clearance, that specifically affect the substance of 
interest and the individual test kit characteristics 
are both key to an accurate interpretation of both 
baseline values and serial changes. Some of these 
are listed in Table 2. 

Serum Proteins
Confirmation of and/or establishing a diagnosis 
of malignancy and monitoring for treatment 
response, disease recurrence, or treatment side 
effects together encompass a substantial portion 
of the chemistry testing. 

Serum protein concentration abnormalities 
are not uncommon, whether they consist of a 
relatively mild, moderate, or severe hypogamma-
globulinemia or, alternately, an increased total 
protein of varying proportions. Hypogamma-
globulinemia, with its extensive list of potential 
causes, some of which work in concert, can 
require additional evaluation. A consequence of 
deficient immunoglobulin production, enhanced 
loss, or both, treatment, when necessary, will 
focus on amelioration of the underlying cause.22 
In the setting of cancer, etiologies can include gas-
trointestinal or renal protein loss but also fre-
quently involve immunologic mechanisms that 
are as yet poorly understood and do not appear to 
be readily reversible.23–25 Infectious complications 
can be a significant cause of morbidity and mor-
tality, particularly for patients with hematologic 
malignancies, and not uncommonly, these are 
associated with a hypogammaglobulinemia.23,26–28 
When it is the presenting feature, serum immu-
noglobulin quantitation, serum immunofixation, 
serum free light chain assessment, and Bence 
Jones protein studies with urine immunofixation 
are helpful in ruling out the presence of a  
monoclonal protein as the cause. Determining 
prealbumin concentrations along with those of 
albumin can be useful adjuncts to the clinical  
history and physical examination in the assess-
ment of nutritional status; however, levels of  
both can be unreliable in the presence of acute 
inflammation.29–31  

Because an increased serum total protein in 
the absence of a known infectious, inflammatory, 

or other benign etiology, like a hypogammaglob-
ulinemia, may also herald an underlying malig-
nancy, serum protein electrophoretic studies and 
quantitation of immunoglobulins are usually 
helpful initial aids in distinguishing polyclonal 
from monoclonal immunoglobulin production. 
If the results are indicative of or the clinical suspi-
cion remains high for the presence of a monoclo-
nal gammopathy, further laboratory investigation 
includes immunofixation, Bence Jones protein 
studies, and serum free light chain concentration 
assessments, as were discussed previously for the 
evaluation of patients with low gammaglobulin 
levels. In addition, when the constellation of clin-
ical findings includes the cerebral, cardiovascular, 
pulmonary, renal, or bleeding abnormalities sug-
gestive of microcirculatory insufficiency, this may 
raise a suspicion that hyperviscosity syndrome is 
present and prompt the measurement of serum 
viscosity.32,33 Onset of symptoms can occur acutely 
or manifest slowly over prolonged periods of time 
and can consist of headache, altered mental status, 
disturbance of gait, mucosal bleeding including 
the gastrointestinal or the urinary tract, cardiac 
failure, visual changes, papilledema, or retinal 
hemorrhage.34–36 The presence or absence of 
symptoms cannot be readily predicted by serum 
protein concentrations alone as other factors 
influence blood protein–protein interactions, 
such as polymerization tendency, the effects of 
pH and temperature, and protein size and shape.32 
As a result, patients with relatively modest  
levels of a monoclonal protein component may 
present with a severity of symptoms that are 
seemingly out of proportion to its concentration, 
whereas others with high levels can appear to be 
surprisingly unaffected.32,35 Table 3 lists condi-
tions that have been associated with hyperviscos-
ity syndrome. Most commonly, it occurs as a 
complication of hematologic malignancies, which 

have resulted in excessive immunoglobulin or 
blood component production, although it can 
occasionally be found with benign conditions or, 
even rarely, with malignancies that are nonhema-
topoietic in origin.33–35,37–50 Cryoglobulinemia, in 
particular, is one disorder commonly associated  
with increased viscosity that can be considered  
in a symptomatic patient with a monoclonal  
gammopathy. Consisting of cold precipitable 
proteins, which are most often immunoglobulins, 
they are estimated to be present in up to 20%  
of patients with Waldenström’s macroglobulin-
emia and up to 10% of patients with multiple 
myeloma.51 Generally categorized into three types, 
type 1 is due to an isolated monoclonal immuno-
globulin, type 2 (mixed) involves a monoclonal 
immunoglobulin (frequently IgM) with activity 
against polyclonal immunoglobulins (often IgG), 
and type 3 involves polyclonal proteins (fre-
quently IgM and IgG).51,52 Type 1 is characteristi-
cally found in patients with multiple myeloma, 
Waldenström’s macroglobulinemia, or other 
lymphoproliferative disorders, whereas type 2  
can be found in lymphoproliferative disorders, 
autoimmune diseases, and infections (especially 
with hepatitis C virus).51,53 Although often asymp-
tomatic, patients can present with a variety of 
manifestations, including skin changes (purpura, 
uticaria, Raynaud’s phenomenon), arthralgias, 
peripheral neuropathy, and organ dysfunction 
(hepatic, pulmonary, renal).51,53 Symptoms are 
the result of either the occlusion of small blood 
vessels or vasculitis associated with immune com-
plex deposition.51,53 When the clinical suspicion  
is high that a cryoglobulin may be present, it is 
helpful to maintain close communication with 
the clinical laboratory as special specimen  
handling (maintenance at 37°C) is necessary for 
accurate diagnosis,54 as well as the fact that the 
presence of a cryoglobulin in a blood sample can 
interfere with the results of other laboratory 
tests.

Electrolytes
Electrolytes are routinely monitored closely as 
cancer patients have an increased risk of experi-
encing fluid or electrolyte imbalances during the 
course of their disease, either directly as a tumor-
related effect or secondarily as a side effect of 
treatment.55,56 Some can be anticipated based on 
tumor type or a known treatment complication, 
whereas others appear to be patient dependent. 
Although abnormalities of sodium, potassium, 
and phosphate, among others, are not uncom-
mon, assessment for possible hypomagnesemia 
or hypercalcemia is of particular interest in 
patients with malignancies.

It has been suggested that hypomagnesemia 
may be present in a substantial portion of patients 
seen in general clinical practice but often goes 
unrecognized.57 It has been estimated to occur in 

Table 2  Factors Important in the Evaluation of 
Baseline and Serial Valuess

Clearance rate: How is it influenced by hepatic,  
 renal, or other diseases? 
Specificity of test: What other substances or  
 conditions can give positive results? 
Sensitivity of test: What is the smallest amount  
 that can be reliably measured?
Potential interferences in test method
Physiologic variability: How much variation can  
 occur with no real change in disease  status?
Analytic variability: How much variability is  
 inherent in the laboratory measurement?

Table 3  Conditions that Have Been Associated 
with Hyperviscosity Syndrome 

Monoclonal hematopoietic disorders
 Waldenström’s macroglobulinemia
 Multiple myeloma (most often  
  immunoglobulin A or G)
 Leukemias
 Polycythemia vera
Nonhematopoietic malignancies
 Ovarian carcinoma
 Metastatic breast carcinoma
Polyclonal gammopathies
 Rheumatoid arthritis
 Sjögren’s syndrome
 Systemic lupus erythematosus 
 Human immunodeficiency virus (HIV)  
  infection
Other conditions
 Cryoglobulinemia
 Iatrogenic 
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approximately 10% of patients hospitalized for 
various reasons58 and over 17% of patients hospi-
talized for cancer.59 Causes include insufficient 
dietary intake, losses through the kidneys or  
gastrointestinal tract or as a secondary effect of 
treatment, particularly with cisplatin-containing 
regimens.57,60,61 Obvious signs and symptoms are 
usually absent or are nonspecific and are attrib-
uted to either depression or the primary disease, 
leading to underrecognition.62,63 These vary from 
subtle to clinically acute. They range from head-
ache, general apathy, or other seemingly psychiat-
ric-based behavioral changes or other associated 
electrolyte deficiencies to neuromuscular hyper-
excitability, cardiac arrhythmias, and even 
coma.63,64 Measurement of serum total, ionized, 
intracellular, and urinary magnesium concentra-
tions have all been employed, in addition to the 
use of the magnesium loading test in the evalua-
tion of patients with magnesium abnormalities. 
Optimum test selection, at this time, appears to 
be situation dependent.65,66

In clinical practice, hypercalcemia is most 
often caused by either primary hyperparathyroid-
ism or malignancy.67 It has been estimated to be 
found in up to 20% of patients with malignant 
neoplasms overall, although the actual prevalence 
varies by tumor type.56,68–70 Known mechanisms 
include tumor cell cytokine production promot-
ing local osteolysis and the activity of parathyroid 
hormone–related protein and other humoral fac-
tors that promote skeletal resorption and renal 
tubular calcium reabsorption.56,71 Similar to 
patients with hypomagnesemia, the presentation 
can consist of only vague or essentially nonspe-
cific complaints. Depending on the rapidity of 
onset and the severity of the abnormality,  
symptoms range from general feelings of  
fatigue, lethargy, or anorexia through muscular, 
gastrointestinal, cardiovascular, renal, and neu-
rologic manifestations.56,72 Given the common 
occurrence of this electrolyte disturbance in  
the cancer patient population and its diverse  
clinical presentation, serum calcium levels are 
routinely measured to confirm the presence of 
normocalcemia.   

Organ Systems

Central Nervous System

Although cerebrospinal fluid (CSF) is obtained in 
general, for several well-established clinical indi-
cations, including the diagnosis of demyelinating 
disorders, central nervous system (CNS) infec-
tions, and subarachnoid hemorrhage,73,74 in the 
cancer center, it is often obtained to evaluate for 
CNS involvement by either primary or metastatic 
tumor. Neurologic symptoms range from rela-
tively subtle to overt and include headache, cra-
nial nerve palsy, seizures, and coma.75 Findings of 
CNS involvement can occasionally be the initial 

evidence that a patient has a malignancy.75,76  
Macroscopically observable and chemically  
measurable CSF characteristics can be associated 
with the presence of tumor, including xantho-
chromia,73 increased cell counts,73 abnormal total 
protein concentrations,73,75 and decreased glucose 
concentrations.73 The diagnosis, however, is 
dependent on the cytologic identification of 
malignant cells. A positive cytology confirms 
tumor involvement of the leptomeninges or the 
ventricles.77 Evidence suggests that the test perfor-
mance is enhanced by the use of immunocyto-
chemistry77,78 and, if necessary, repeat sampling.78 
Electrophoresis with immunofixation to detect 
the presence of an M-protein within the CSF  
can also be helpful if a plasma cell–derived malig-
nancy is suspected. Several specimen collection–
related factors have been identified that help 
minimize the occurrence of false-negative 
results.79 These consist of immediate sample pro-
cessing, collecting the specimen from a known 
area of leptomeningeal involvement, ensuring  
an adequate sample volume, and, again, obtain-
ing a repeat sample if the first result was negative 
despite a high level of clinical suspicion.79 

Cardiac

In addition to the degree of risk for cardiovascu-
lar disease prevalent in individuals of similar 
background, patients with malignancies can be 
exposed to tumor or treatment-related effects 
that negatively impact cardiac function.80 Tumor-
associated conditions include compression of the 
heart or large blood vessels by masses, the pres-
ence of pericardial effusions, and the production 
of substances such as catecholamines by the 
malignant cells that either have cardiotoxic prop-
erties or promote arrhythmias.80 Among the treat-
ment side effects are chemotherapy-associated 
cardiac failure, myocarditis, pericarditis, and  
coronary artery spasms.80 Measurement of either 
brain natriuretic peptide or pro–brain natriuretic 
peptide serves as a fast, easily performed, and eco-
nomical blood test to assist in the assessment of 
suspected heart failure or, when appropriate, the 
clinical evaluation of patients prior to surgery  
or administration of cardiotoxic chemotherapy. 
Cardiac marker tests such as cardiac troponin I or 
T, creatine kinase MB, and myoglobin are useful 
adjuncts to the electrocardiogram in the assess-
ment of chest pain. Because the predictive value 
of these tests varies by time since onset of the car-
diac event, measurement of an “early” marker, 
such as myoglobin, is frequently combined with 
that of a “late” marker, such as cardiac troponin I 
or T. Serial measurements (typically three or 
four) are obtained over a 24-hour period to detect 
the expected changes in values over time charac-
teristic of cardiac injury. Increased cardiac marker 
values can also be found in conditions other than 
acute myocardial infarction that are commonly 

seen in patients hospitalized with cancer. These 
include renal failure, pulmonary emboli, myocar-
ditis, pericarditis, sepsis, and heart failure.81 As a 
result, clinical correlation is important, especially 
when evaluating the clinically ill, hospitalized 
patient to ensure the accurate interpretation of 
results.   

Gastrointestinal Tract

Clostridium difficile is a common cause of  
hospital-acquired diarrhea in patients treated 
with antibiotics and, consequently, is a source of 
treatment-related complications in the oncology 
patient as treatment with antibiotics usually 
occurs sometime during the course of the dis-
ease.82 Although a cytotoxin-mediated diarrhea is 
frequently the only overt symptom, an increase in 
the white blood cell count, an elevated tempera-
ture, or even toxic megacolon can also be pres-
ent.82 Rarely, the organism can be associated with 
other findings, such as abscess formation, perito-
nitis, and other infections.83 A pseudomembra-
nous colitis is the classic finding, although the 
diagnosis is often made clinically when cytotoxin 
is detected in individuals who are also symptom-
atic.82 It should be noted, however, that asymp-
tomatic colonization is estimated to occur in 
approximately 3% of healthy adults,83 and these 
do not require treatment.82     

Skin

Ancillary laboratory studies can be useful in the 
evaluation of skin lesions when malignancy is 
suspected and the diagnosis will be aided by addi-
tional confirmatory evidence. Such studies are 
most often helpful when tumors are hematopoi-
etic in origin. An example is the assessment of 
patients for a possible diagnosis of mycosis fun-
goides. Biopsy of the skin typically shows an atyp-
ical dermal lymphoid infiltrate. Additional 
complementary studies include immunohisto-
chemical stains that provide evidence of T-cell 
lineage (CD3+, CD4+) while simultaneously ruling 
out the presence of B-cell, myeloid, or other 
tumor cell types. T-cell receptor gene rearrange-
ment studies are useful to confirm the presence of 
monoclonality, whereas flow cytometry analysis 
performed on a blood sample can evaluate for the 
presence of an aberrant T-cell population within 
the patient’s peripheral blood. Use of immuno-
histochemistry, flow cytometry, and molecular 
analysis can particularly enhance the ability to 
discriminate benign, inflammatory skin lesions 
from true clonal expansions, as well as to identify 
the specific cell type of origin in malignant skin 
tumors that are hematopoietic in nature. As such, 
these studies can provide invaluable confirmatory 
information in these types of cases. 

Hematology

Cancer has a well-recognized association with  
the presence of coagulopathies, although the 
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underlying mechanisms are still under investiga-
tion. It is estimated that thrombosis may be  
the most common complication experienced by 
cancer patients and the second most common 
cause of mortality.84 Symptoms associated with 
cancer-related hypercoagulability range from 
ischemic strokes85 to recurrent episodes of  
thromboembolism.85 Symptoms and laboratory 
evidence of a coagulation disorder, including 
thrombocytopenia and increased D-dimer 
levels,86,87 can be the first manifestation of a  
previously undetected malignancy.86 

Summary

Patients with cancer are at risk of both disease-
related and treatment-related complications. 
These include electrolyte disturbances, serum 
protein abnormalities, coagulation disorders, 
cardiac manifestations, and infection. A broad 
range of testing services are necessary to provide 
the needed level of support for diagnosis and  
treatment.   
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Risk Assessment and the Management of 
Neutropenia and Fever

Kenneth V. I. Rolston, MD

Historical Perspective

The development of chemotherapy represented a 
significant step in the fight against cancer. Most 
chemotherapeutic regimens caused some degree 
of myelosuppression, leading to the two most 
common complications associated with chemo-
therapy: bleeding owing to thrombocytopenia 
and infection secondary to neutropenia. In neu-
tropenic patients, fever is almost always the result 
of an infection and is often the only manifestation 
of infection, although, occasionally, noninfec-
tious causes, such as tumor fever or drug fever, 
might be present.9 Approximately 15 to 50% of 
patients with a solid tumor and > 80% of patients 
with hematologic malignancies will develop at 
least one episode of fever.10 Early autopsy studies 
demonstrated that, particularly in patients  
with hematologic malignancies, infections were 
among the most frequent causes of death.11,12 
Often these infections were unrecognized and 
untreated, negating the potential benefit of  
antineoplastic therapy on the underlying neo-
plastic disorder. These data led to the concept of 
administering “empiric” antimicrobial therapy  
to neutropenic patients before documenting a 
specific infection.13

Early empiric therapy consisted of agents 
such as oxacillin, nafcillin, and vancomycin for 
gram-positive coverage and aminoglycosides 
such as gentamicin for gram-negative coverage.13 
These regimens had a significant impact on gram-
positive infections, but aminoglycosides were 
associated with treatment failures despite in  
vitro susceptibility of gram-negative bacilli, such 
as Escherichia coli and Pseudomonas aeruginosa,  
to them.14 The first major advance in the treat-
ment of gram-negative infections was the  
development of the antipseudomonal agent peni-
cillin-carbenicillin, which, when combined with 
an aminoglycoside or used as a single agent in 
high doses, was successful in treating many gram-
negative bacteremic infections.15,16 Further refine-
ments, such as the addition of a cephalosporin to 
the empiric regimen to cover Klebsiella species 
and to enhance gram-positive coverage, led to 

regimens that were associated with response rates 
of 60 to 75%.17–20

All early empiric regimens were administered 
parenterally. The first experience with oral antibi-
otic therapy in hospitalized patients was the use of 
trimethoprim-sulfamethoxazole (TMP-SMX) for 
infections that were refractory to other antibiotic 
regimens.21 With the subsequent development of 
the fluoroquinolones, particularly ciprofloxacin 
(which had potent activity against most gram-
negative organisms, including P. aeruginosa), 
sequential (ie, intravenous → oral) or oral antibi-
otic therapy for the entire febrile episode became 
a viable option.22,23,24 Economic pressures led to 
the development of home health care agencies, 
which shifted the focus away from hospital-based 
care. Many institutions invested in the infrastruc-
ture necessary to maintain ambulatory or home 
health care programs as part of a comprehensive 
health care plan. All of these developments have 
had an impact on the management of febrile  
neutropenic patients.

Risk Assessment Strategies

Several investigators have attempted to devise 
risk prediction rules since the late 1980s. Talcott 
and colleagues at the Dana-Farber Cancer  
Institute identified four subsets among febrile 
neutropenic patients in a deviation study.5 Group 
1 consisted of patients primarily with hemato-
logic malignancies and substantial medical 
comorbidities, who were already in hospital when 
they developed their febrile episode (Table 1). 
This group had a complication rate of 34% and  
a mortality rate of 23%. The three remaining 
groups were not hospitalized when their febrile 
episodes developed. Group 2 consisted of outpa-
tients with concurrent medical comorbidity (eg, 
volume depletion, nausea or vomiting, pain). Of 
the patients in group 2, serious complications 
occurred in 55% and 14% died. Group 3 con-
tained outpatients without concurrent comor-
bidity but whose cancer was uncontrolled. Major 
complications occurred in 31% of these patients 
and 15% died. None of these three groups were 

The relationship between neutropenia and the 
frequency and severity of infection was first 
described by Bodey and colleagues four decades 
ago.1 Febrile neutropenic patients can develop 
rapidly progressive infections and serious medi-
cal comorbidity, necessitating aggressive antimi-
crobial therapy and supportive care, including 
close monitoring in the hospital.2 It has long been 
recognized, however, that not all neutropenic 
patients have the same risk of developing serious 
infections and/or complications. Our ability to 
reliably identify such patients early in the course 
of a febrile episode was quite limited until very 
recently, leading to the uniform policy of admin-
istering hospital-based empiric antibiotic therapy 
to all febrile neutropenic patients.3 As our under-
standing of the syndrome of “febrile neutrope-
nia” has grown, it has become possible to identify 
low-risk patients with reasonable accuracy at the 
onset of a febrile episode.4 Several risk assessment 
schemes are available, including statistically 
derived and validated risk prediction rules and 
clinical criteria developed primarily at The  
University of Texas M. D. Anderson Cancer 
Center (MDACC).4–8 Improvements in support-
ive care, including drug development and deliv-
ery systems and the ability to manage substantial 
numbers of patients in an ambulatory setting, 
have enabled clinicians to consider not only the 
nature of empiric antibiotic therapy in febrile 
neutropenic patients (eg, combination regimens 
vs monotherapy) but the route of administration 
(parenteral, sequential, or oral), and the treat-
ment setting (hospital, ambulatory treatment 
center, home) as well. This chapter focuses on 
risk assessment in neutropenic patients, the vari-
ous choices available to treat low-risk patients, 
and the infrastructure necessary to develop and 
maintain a successful program of outpatient ther-
apy. Many of the principles that are discussed 
were developed at MDACC, where outpatient 
antibiotic therapy in low-risk febrile neutropenic 
patients has been practiced safely since the late 
1980s.
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considered to be low risk. Group 4 consisted of 
patients with no comorbidity and responsive 
tumors, that is, uncomplicated fever and neutro-
penia. The complication rate in this group was 
3%, and there were no deaths. These patients 
were considered to be low risk. These findings 
were later validated in a two-center validation 
study and formed the basis for some initial stud-
ies of early discharge or outpatient treatment of 
low-risk febrile neutropenic patients.6,25 Interest-
ingly, the presence of a hematology malignancy 
or a bloodstream infection did not appear to  
portend a poor outcome in the analysis.

Several years later, an international collab-
orative study conducted through the Multina-
tional Association for Supportive Care in Cancer 
(MASCC) established and validated a scoring 
system to identify low-risk febrile neutropenic 
patients at the time of presentation.7 Integer 
weights were assigned to seven different charac-
teristicsr to develop a risk index score (Table 2). 
These characteristics included the extent of ill-
ness, hypotension, lung disease, solid tumor or 
absence of fungal infection, no dehydration, out-
patient status, and age < 60 years (children were 
excluded). A score of 21 or greater identified low-
risk patients with a positive predictive value of 
91%. This MASCC risk index has been interna-
tionally accepted and endorsed by societies such 
as the Infectious Diseases Society of America 

(IDSA) and the National Comprehensive Cancer 
Network (NCCN).26,27 

Before the development and validation of 
these risk assessment rules, several institutions, 
including the National Cancer Institute (NCI), 
the European Organisation for Research and 
Treatment of Cancer (EORTC), and MDACC, 
used clinical criteria to identify low-risk patients 
for clinical trials.8,28,29 These criteria included 
hemodynamic stability, outpatient status, 
expected duration of neutropenia f 7 to 10 days, 
and absence of a significant medical comorbidity, 
such as abdominal pain, bleeding, mental status 
changes, suspected serious catheter-related  
infection, or a new pulmonary infiltrate. Some 
centers do not consider patients with hematologic 
malignancies to be low risk, regardless of other 
clinical characteristics.8,30 These clinical criteria 
might be more practical to use in busy clinical 
practices, whereas the MASCC risk index is  
recommended when conducting clinical trials  
to ensure uniformity in patient selection and 
interpretation of study data.31

Most risk assessment rules have been derived 
and validated in adult oncology patients. One 
study from the Memorial Sloan-Kettering Cancer 
Center evaluated 161 pediatric oncology patients 
with 509 episodes of fever and neutropenia and 
determined that children who initially lack signs 
of sepsis, are afebrile, and have an absolute  
neutrophil count (ANC) of 100 or higher after  
48 hours are at low risk of complications and 
could be selectively discharged on antimicrobial 
agents after a 48-hour period of hospitalization.32 
These and other criteria are now being used to 
identify low-risk pediatric oncology patients for 
outpatient antibiotic therapy from the onset of  
a febrile episode.33

Epidemiology of Infection

The epidemiology of infection in neutropenic 
patients undergoes periodic change and is often 
subject to geographic and institutional factors. 
Nevertheless, certain general trends are consis-
tently observed. Approximately half the number 
of patients with fever and neutropenia will have 
episodes of “unexplained fever,” that is, a clinical 
course consistent with infection but with no  

clinical microbiologic or serologic documenta-
tion of infection.9 Approximately 20 to 30% will 
have “clinically documented infections,” that is, a 
clinical site such as cellulitis or pneumonia, but 
negative cultures. Only 25 to 30% will have a 
“microbiologically documented infection,” that 
is, positive cultures from a normally sterile site, 
such as blood or urine (Figure 1). A very small 
proportion of patients, generally less than 5%, 
will have noninfectious causes of fever, such as 
tumor fever or drug fever. 

Among patients with documented infections, 
the most common sites are the bloodstream, uri-
nary tract, respiratory tract, skin and skin struc-
ture, and gastrointestinal tract.9 Approximately 
50% of microbiologically documented infections 
are caused by gram-positive organisms, predomi-
nantly Staphylococcus species, various strepto-
cocci, and Enterococcus species (Table 3).34,35 If 
only bloodstream infections are considered, the 
proportion of gram-positive infections is even 
higher (70–75%).36 Gram-negative organisms 
cause 20 to 25% of microbiologically documented 
infections, and a similar number are polymicro-
bial.37 Anaerobes are isolated very infrequently. 
Fungal and viral infections occur much later in 
the course of a neutropenic episode, and some 
viral infections are seasonal (eg, community 
respiratory viruses). These infections are dealt 
with in Viral Infections (Chapter 17) and Fungal 
Infections (Chapter 18). The frequency of infec-
tion in low-risk patients is approximately 20 to 
30%. The spectrum is different from that seen in 
high-risk patients, with very few infections caused 
by viridans group streptococci, Entero coccus spe-
cies, P. aeruginosa, Stenotrophomonas maltophilia, 
and other multidrug-resistant bacteria being seen 
in this patient subset.38

Risk-Based Therapy

There is uniform agreement that patients who  
are not classified to be low risk should receive 
hospital-based, parenteral, broad-spectrum 
empiric antibiotic therapy.39 The various benefits 
of this approach and the many treatment options 
(including combination regimens and monother-
apy) are discussed in detail in Chapter 19. In  

Table 1  Outcomes Related to Risk Groups among Febrile Neutropenic Patients*

Risk Group Number of Patients (%) Serious Complications (%) Deaths (%)

Group 1 (inpatients) 369 (52) 128 (37) 48 (13)
Group 2 (outpatients with concurrent   65 (9)  26 (40)  8 (12)
 comorbidity)
Group 3 (outpatients with   55 (8)  14 (25)  8 (15)
 uncontrolled cancer)
Group 4 (low-risk outpatients) 216 (31)   7 (3)  0 (0)
All patients 705 (100) 175 (25) 64 (9)

*Combined data from Talcott and colleagues’ derivation and validation studies.5,6

Table 2  MASCC Risk Index Scoring System for 
Identification of Low-Risk Neutropenic Patients*

Characteristic Score

Burden of illness (no symptoms or mild  
 symptoms) 5
No hypotension 5
No COPD 4
Solid tumor or no previous fungal infection 4
No dehydration 3
Burden of illness (moderate symptoms) 3
Outpatient status at onset of fever 3
Age < 60 yr 2

COPD = chronic obstructive pulmonary disease; MASCC = 
Multinational Association for Supportive Care in 
Cancer.

*Highest score possible is 26. A score of ≥ 21 indicates 
strong likelihood of low-risk status.7

FIguRE 1  Nature of febrile episodes in neutropenic 
patients.
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with a broad spectrum of activity, including 
potent gram-negative activity, and the emergence 
of home health care agencies, many clinicians  
and investigators did not feel comfortable with 
the concept of oral outpatient antibiotic therapy 
for low-risk febrile neutropenic patients. Conse-
quently, they chose to evaluate oral therapy in 
hospitalized low-risk patients, making the 
assumption that the hospital was the safest place 
to treat such patients. Two large prospective  
randomized trials compared oral antibiotics with 
standard parenteral regimens in hospitalized  
low-risk patients. The International Antimicro-
bial Therapy Cooperative Group of EORTC com-
pared intravenous ceftriaxone plus amikacin with 
oral ciprofloxacin plus amoxicillin-clavulanate 
and found these two regimens to be equivalent 
(84% vs 86% success rate). The frequency of 
adverse events, including death (related or unre-
lated to infection), was also found to be similar 
for both regimens.28

Investigators from the NCI and allied institu-
tions compared oral ciprofloxacin plus amoxicil-
lin-clavulanate with intravenous ceftazidime 
monotherapy.29 Although both regimens were 
again found to be equivalent (success rates of 71% 
and 67%, respectively), the response rates achieved 
with both regimens were lower than expected. 
Also, there was a high rate of intolerance of the 
oral regimen (16%) in comparison with the intra-
venous regimen (1%). Nevertheless, there were 
no deaths in either regimen, and more than 90% 
of patients were afebrile by day 5 of therapy.

The success of oral antibiotic regimens  
demonstrated in these and other smaller trials 
may have significant implications for the man-
agement of neutropenic patients with fever, par-
ticularly in countries with limited resources.41 In 
the United States and other nations with similar 
reimbursement and legal systems, hospital-based 
oral antibiotic therapy will probably not enjoy 
widespread use. In reality, most low-risk patients 
who are able to tolerate oral therapy can probably 
be discharged from the hospital and treated  
as outpatients. A small number may need to be 
hospitalized for reasons not related to their febrile 
episode or might live alone and be unable to  
adequately care for themselves. Such patients 
might benefit from hospital-based oral therapy.

Early Discharge on Parenteral or 
Oral Antibiotics

Another approach in low-risk febrile neutropenic 
patients is initial treatment in hospital, followed 
by early discharge (after approximately 48 hours 
of hospitalization) on oral or parenteral antibiot-
ics. Several trials have evaluated this approach. 
Shortly after developing their risk prediction rule, 
Talcott and colleagues conducted a pilot study  
to test the feasibility of this approach.25 Low-risk 
patients who had evidence of a significant source 
of infection, including an infiltrate on a chest 
radiograph or bacterial growth from initial blood 
cultures, and those who were 65 years or older 
were excluded to reduce the risk to patients fur-
ther. All patients received “standard” parenteral 
regimens for 48 hours in a hospital and were then 
discharged on the same regimen for home antibi-
otic therapy. The regimens included ceftazidime 
as monotherapy or mezlocillin + gentamicin as a 
combination regimen.

The results of this trial were disappointing. 
Of the 30 patients treated on this trial, 9 (30%) 
required readmission to the hospital. Four of 
these had medical complications (hypotension, 
renal failure, persistent fever, development of new 
infections, including mucormycosis), and five 
required changes to their antibiotic regimen after 
discharge. It was notable that 75% of serious 
complications occurred in patients with > 7 days 
of neutropenia. These results brought into  

Table 3  Common Bacterial Pathogens in Neutropenic Patients

Pathogen Comments

Gram positive 
Coagulase-negative staphylococci > 90% methicillin resistant
Staphylococcus aureus > 50% MRSA
Viridans group streptococci {223} 20% penicillin resistant
Enterococcus species {223} 30% VRE
Bacillus species 10% vancomycin resistant
Streptococcus pyogenes 
Streptococcus pneumoniae ~ 20% penicillin resistant
Steptococcus groups B, C, G Penicillin/vancomycin tolerant
Corynebacterium species 
Stomatococcus mucilaginosus Frequently causes meningitis

Gram negative 
Enterobacteriaceae  ESBL producers
Pseudomonas aeruginosa Multidrug-resistant strains
Pseudomonas (nonaeruginosa) species 
Stenotrophomonas maltophilia Multidrug-resistant strains 
Acinetobacter species 

ESBL = Extended spectrum beta-lactarmase; MRSA = methicillin-resistant Staphylococcus aureus; VRE = vancomycin-resistant 
enterococci.

general, empiric therapy should take into consid-
eration local epidemiology and susceptibility or 
resistance patterns. It is probably not advisable to 
have one standard regimen for use in such patients 
since this hastens the development of resistance.40 
Using various options based on patient type and 
the nature and site of infection (termed antibiotic 
heterogeneity) is probably a better approach, 
although there are no randomized trials compar-
ing these two approaches. The remainder of  
this discussion focuses on the various options 
available to treat low-risk, febrile neutropenic 
patients.

Antibiotic Therapy in Low-Risk 
Patients

The various treatment options for low-risk fes-
brile neutropenic patients are listed in Tables 4 
and 5. Each option is discussed separately with  
appropriate background information.

Hospital-Based Oral Antibiotic 
Therapy

Despite the development of reasonably accurate 
risk prediction rules, the availability of oral  
antimicrobial agents (eg, the fluoroquinolones) 

Table 4  Treatment Options for Low-Risk Febrile 
Neutropenic Patients

Hospital-based oral antibiotic therapy
Initial parenteral therapy in hospital, followed by  
 early discharge on outpatient parenteral or oral  
 antibiotics, when stable
Outpatient parenteral, sequential (intravenous →  
 oral), or oral antibiotic therapy for the entire  
 febrile episode

Table 5  Common Therapeutic Regimens in  
Low-Risk Febrile Neutropenic Patients

Parenteral regimens
 Aztreonam + clindamycin
 Ciprofloxacin + clindamycin
 Ceftriaxone + amikacin
 Ceftazidime or cefepime

Oral regimens
 Ciprofloxacin + clindamycin
 Ciprofloxacin + amoxicillin-clavulanate
 Gatifloxacin or moxifloxacin*
 Ofloxacin, levofloxacin†

*Only pilot data are available. No randomized studies yet. 
(Gatifloxacin not available in U.S.)

†Not recommended as monotherapy.
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question Talcott and colleagues’ criteria for the 
identification of low-risk patients, particularly 
the inclusion of patients with leukemia with the 
potential to develop prolonged neutropenia.

Better results were achieved by investigators 
from the United Kingdom, who modified Talcott 
and colleagues’ criteria for patient selection 
(excluding patients with documented infections 
and only enrolling patients with solid tumors or 
lymphomas and an anticipated duration of neu-
tropenia of 7 days of less).42 Early discharge on 
oral ciprofloxacin and amoxicillin-clavulanate 
was associated with a much lower readmission 
rate (7.6%), the regimen was well tolerated,  
and there were no deaths associated with this 
approach.43

In a similar study, children presenting with 
fever and neutropenia at six hospitals in Santiago, 
Chile, were randomly assigned to receive ambula-
tory antibiotic treatment after 24 to 36 hours of 
hospital-based therapy if categorized to be low 
risk.33 Initial parenteral therapy consisted of intra-
venous teicoplanin and ceftriaxone followed by 
oral cefuroxine on early discharge. Seventy-four 
(95%) of 78 patients treated in this manner had a 
positive response. Three recovered completely 
after therapeutic modifications. One developed 
fulminant infection owing to P. aeruginosa and 
died within 96 hours. Although the results of this 
trial are encouraging, they do highlight the fact 
that, occasionally, fulminant infections do occur 
even in patients considered to be low risk. Nota-
bly, neither regimens used in this study (intra-
venous or oral) had adequate antipseudomonal 
coverage.

Ambulatory Management of the 
Entire Febrile Episode

A significant proportion of patients cared for  
at MDACC come from other countries, are  
uninsured, and/or pay out of pocket. In the early 
1980s, approximately 50 patients with solid 
tumors who developed fever and neutropenia 
while receiving outpatient chemotherapy refused 
hospital admission and were treated with oral 
antibiotic regimens (primarily TMP-SMX + 
rifampin or clindamycin) without hospitaliza-
tion. Most of these patients responded to oral, 
outpatient therapy, with no serious complications 
and no deaths (K. Rolston, 1988). This experience 
served as pilot data for formal trials of outpatient 
antibiotic treatment of febrile neutropenic 
patients at this institution. To date, three ran-
domized trials have evaluated this approach  
at MDACC, and a few other trials have been  
conduced at other institutions as well. A recently 
published meta-analysis of these trials concluded 
that “oral antibiotics may be safely offered to  
neutropenic patients with fever who are at  
low risk for mortality.44 The results of four trials 
(and outcomes of patients treated on MDACC 

institutional outpatient pathways) conducted at 
MDACC are summarized in Table 6. These results 
demonstrate that both parenteral and oral  
regimens are safe and effective in low-risk febrile 
neutropenic patients. The response rates associ-
ated with these regimens ranged from 80 to  
95%. Many patients not responding to the initial 
regimen responded to alternative outpatient  
regimens. Among the few patients requiring hos-
pital admission, none had serious complications, 
none required care in the intensive care unit, and 
there were no infection-related deaths.8,45–48

All of the therapeutic approaches discussed 
above for the treatment of low-risk febrile  
neutropenic patients have now been accepted  
and endorsed by the IDSA and the NCCN as  
the standard of care.26,27,39 Some important  
issues regarding risk-based therapy are discussed 
below.

Risk-Based Therapy: general Issues

The above discussion has summarized progress 
that has been made over several decades but par-
ticularly during the past 15 years. This progress is 
the result of several factors, including

– Increased understanding of the syndrome of 
“febrile neutropenia”

 Technological advances in vascular access, 
infusion therapy, and outpatient monitoring

– The availability of potent oral antimicrobial 
agents that are easy to administer and are 
associated with very few adverse events

– Improved microbiologic techniques
– The current climate of the health care indus-

try, which has provided much of the impetus 
for evaluating nontraditional methods and 
sites of care

– The “team approach” to management, which 
includes the patients and their families

It must be remembered that most of the 
strategies discussed above have been developed 
and tested in large tertiary care hospitals and/or 
comprehensive cancer centers, with a particular 
interest and substantial experience and expertise 
in caring for cancer patients. The ability to create 
and maintain an infrastructure that can handle 
these strategies and the complicated logistics 
involved in large numbers of patients is critical to 
the success of such programs, and may not be 
available at many institutions. This infrastructure 
includes health care providers from various  
disciplines—physicians, nurses, pharmacists,  
vascular access and infusion therapy teams, home 
health care personnel, and patients and their 
caregivers—all acting in concert to ensure that 

Table 6  Results of Trials of Outpatient Antibiotic Therapy in Low-Risk Patients with Fever and Neutropenia 
Conducted at The University of Texas M. D. Anderson Cancer Center

Author Reference Type of Study and  Antibiotic Regimen(s) % Response to
  Patient Population  Initial Regimen

Rubenstein et al 8 Randomized trial of  IV, aztreonam 2 g q8h +  95
   outpatient regimens,   clindamycin 600 mg q8h
   all adults, 83 episodes  vs
    PO, ciprofloxacin 750 mg  88
    q8h + clindamycin 600 mg q8h
Rolston et al 45 Randomized trial of  IV, aztreonam 2 g q8h +  87
   outpatient regimens in   clindamycin 600 mg q8h
   adults, 179 episodes  vs
    PO, ciprofloxacin 500 mg  90
    q8h + amoxicillin-clavulante 
    500 mg q8h
Mullen et al 46 Randomized trial of  IV, ceftazidime 50 mg/kg/q8h 94
  outpatient regimens   vs
   in pediatric patients,   PO, ciprofloxacin 80
   75 episodes  12.5 mg/kg/q12h
Rolston et al 47 Open-label trial of  PO, gatifloxacin 400 mg 95
   quinolone monotherapy  once daily
   in adults, 40 episodes
Escalante et al 48 Patients enrolled on  IV, ceftazidime 2 g q8h +  80*
   institutional outpatient   clindamycin 600 mg q8h
   pathway, 257 episodes  vs
    PO, ciprofloxacin 500 mg q8h + 
    amoxicillin-clavulanate 
    500 mg q8h
Rolston, et al 49 Open label trial of quinolone  PO/IV moxifloxacin,  95 
   monotherapy in adults,   400 mg once daily 
   21 episodes

IV = intravenous; PO = oral.
*Combined response rate for parenteral and oral regimens as individual response rates are not mentioned. 
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the best supportive care is delivered as efficiently 
and safely as possible (Table 7). At institutions  
in which such an infrastructure does not exist, 
standard hospital-based care should continue to 
be provided to low-risk patients.

Risk-Based Therapy: Advantages 
and Disadvantages

Standard, hospital-based antibiotic treatment of 
the febrile neutropenic patient has been extremely 
successful in reducing the mortality and improv-
ing the overall outcome of such patients, parti-
cularly high-risk patients prone to developing 
serious complications.39 It is, however, not neces-
sary or even beneficial in all febrile neutropenic 
patients. Risk-based therapy is associated with 
several benefits, which are outlined in Table 8.

Data presented at the Fourth Decennial 
International Conference on Nosocomial and 
Healthcare-Associated Infections (Atlanta, GA, 
2002) documented that each year approximately 

2 million patients in the United States develop 
infections while hospitalized for other condi-
tions.51 These infections cost 4.6 billion dollars to 
treat and result in 88,000 deaths. Additionally, 
more than 70% of these infections are caused by 
organisms resistant to at least one antibiotic 
(many are multidrug resistant) generally used to 
treat such infections. Such infections are much 
more common in a hospital or long-term care 
setting than in a home care setting. Studies done 
in the 1960s demonstrated that patients acquired 
“hospital flora” 5 to 7 days after hospitalization. 
Consequently, early discharge from hospital to a 
home health care setting or total ambulatory care 
substantially reduces the frequency of resistant 
nosocomially acquired infections, particularly in 
patients who are otherwise at very low risk of 
developing serious complications or mortality.

As mentioned previously, many clinicians 
assumed that the hospital is the safest place to 
deliver health care and that care delivered at other 
sites must be shown to be “as safe as” hospital-
based care. This assumption was brought into 
serious question in a disturbing report entitled 
“To Err Is Human,” produced by the Institute of 
Medicine.50 This report focuses on several studies 
conducted across the United States and points 
out that the frequency of adverse events in US 
hospitals ranges between 2.9 and 3.7% of hospi-
talizations. Furthermore, between 8.8 and 13.6% 
of these events lead to death, and over half of 
these adverse events are due to medical errors that 
are considered to be preventable. When extrapo-
lated to the 37 million annual admissions to  
US hospitals, these studies imply that between 
44,000 and 98,000 patients die each year as a result 
of medical errors. Although medical errors (pre-
ventable or otherwise) occur in all health care  
settings, this report also points out that four of 
five such events occur in the hospital. These data 
strongly suggest that the hospital may not be the 
safest place to deliver health care. The low com-
plication and death rates associated with outpa-
tient therapy seem to support the findings of this 
important report. Governmental and nongovern-
mental organizations responsible for developing 
policies for the delivery of health care need to  
take these outcomes into consideration.

Several studies have demonstrated the posi-
tive economic benefits of early discharge and/or 
outpatient antibiotic therapy compared with  
hospital-based therapy.8,25,33,47 Studies have also 
documented significant improvements in the 
quality of life of patients receiving risk-based 
therapy (particularly outpatient therapy) and 
increased convenience for their families or other 
caregivers as well.8,25,44 This aspect does not receive 
much mention in today’s “outcomes” and finan-
cially focused health care environment. It is,  
however, an extremely important consideration 

in the overall care of the cancer patient and should 
not be ignored.

There are some potential disadvantages of 
risk-based (particularly oral, outpatient) therapy. 
Low risk does not mean “no risk,” and the poten-
tial for developing serious complications, such as 
septic shock, severe bleeding, or seizures, in a 
relatively unsupervised environment does exist. 
Careful patient selection and close monitoring of 
patients generally prevent but do not eliminate 
the occurrence of such events or enable one to 
manage them promptly should they occur.  
The potential for litigation might be a bit higher 
since hospital-based mishaps appear to be better 
accepted than those that occur outside the hospi-
tal. Additionally, some patients, particularly those 
on oral therapy, might not be fully compliant. 
Maintaining adequate vascular access can also 
occasionally become a problem that might be dif-
ficult to deal with immediately in an ambulatory 
or home care setting. Finally, patients might 
develop a false sense of security regarding their 
febrile episode since it did not require hospital-
ization and may ignore early signs or symptoms 
of progressive infection or other complications.  
It is imperative that patients be given very  
specific, written instructions regarding follow-up 
and monitoring. Some institutions might be 
unwilling or unable to invest in the infrastructure 
necessary to maintain these standards and  
requirements.

Future Considerations

Current risk assessment strategies are reasonably 
accurate. However, misclassification of patients 
does occur. This can have serious consequences 
when high-risk patients are misclassified as low 
risk. Further refinements in risk prediction rules 
that increase sensitivity and specificity and reduce 
the misclassification rate might increase the safety 
of this approach and perhaps make it applicable 
even in institutions that lack the infrastructure 
required currently.

The duration of neutropenia following the 
development of an episode of neutropenic  
fever is a critical determinant of low risk. Our 
ability to predict the duration of neutropenia has 
improved, but studies are under way to develop 
prediction rules that are more accurate. The 
impact of hematopoietic growth factors (granu-
locyte colony-stimulating factor and granulocyte-
macrophage colony-stimulating factor) on the 
risk and duration of neutropenia also needs to be 
fully investigated.

As the epidemiology of infection and  
sus ceptibility or resistance patterns change (eg,  
the startling increase in community-acquired  
methicillin-resistant Staphylococcus aureus) and 
as newer antimicrobial agents become available, 
newer treatment and preventive regimens and 
strategies will need to be developed.

Table 7  Requirements for a Successful Program 
of Outpatient Antibiotic Therapy

Institutional infrastructure/support
Dedicated team of health care personnel
Local microbiologic data (epidemiology,  
 resistance rates)
Selection of appropriate treatment regimens  
 (based on local epidemiology/susceptibility  
 patterns)
Adequate monitoring and follow-up of  
 nonhospitalized patients
Motivated, compliant patients and family or  
 other support personnel
Adequate transportation and communication  
 facilities
24 h/d access to a management team (eg, hotline  
 number) and proximity to the primary health  
 care facility

Table 8  Pros and Cons of Risk-Based Therapy

Advantages
 Reduced rate of “health care–associated”  
  infections
 Avoidance of iatrogenic hazards
 Lower costs/better resource use
 Improved quality of life (patients)
 Increased conveniences (family/other  
  caregivers)

Disadvantages
 Needs dedicated team and infrastructure
 Potential for serious complications in an  
  unsupervised setting
 Potential for noncompliance or issues with  
  vascular access
 Potential for litigation (?)
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Summary

The use of empiric antibiotic therapy in neutro-
penic patients with fever has been a very success-
ful strategy that has dramatically improved the 
overall survival of such patients. The recent rec-
ognition of distinct risk groups among febrile 
neutropenic patients has led to the development 
of newer treatment strategies for low-risk patients 
instead of the uniform strategy of hospital-based 
parenteral antibiotic therapy for all patients. 
Newer options include hospital-based oral antibi-
otic therapy for a selected group of patients, early 
discharge on parenteral or oral regimens after ini-
tial hospitalization, and ambulatory (clinic, office, 
home) management of the entire febrile episode. 
The advantages of risk-based therapy currently 
far outweigh the potential disadvantages. Newer 
challenges and newer opportunities will undoubt-
edly arise as future changes occur in the treatment 
of cancer patients.
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The management and care of patients with cancer 
and critically ill patients have, no doubt, been 
revolutionized by the technologic advances in 
medical devices, including the availability of  
central venous catheters (CVCs). Patients with 
cancer often need these devices, particularly long-
term Silastic catheters, to receive chemotherapy, 
antibiotics, blood products, and intravenous 
hyperalimentation. CVCs are vascular access 
devices that are made of soft flexible biocompat-
ible polymers. After being inserted into a large 
vein of the vascular system, such as the subclavian 
or internal jugular vein, they are advanced until 
the tip of the catheter is resting in the superior 
vena cava.

Prior to the advent of central catheterization, 
patients with cancer received intravenous chemo-
therapeutic agents, including vesicant agents 
through small peripheral venous catheters. This 
process was often complicated by extravasation 
and thrombosis of peripheral veins, which often 
interfered with anticancer chemotherapy admin-
istration. CVCs allowed for the safe and extended 
use of anticancer agents and the appropriate use 
of total parenteral nutrition, such as for patients 
with short bowel syndrome, as well as blood 
products and intravenous therapeutic agents. 
Similarly, patients requiring hemodialysis are in 
need of CVC as either an interim access during 
maturation of a graft or fistula or as a permanent 
vascular access for patients who may have failing 
arteriovenous fistulae or shunts. Therefore, it  
is no surprise that health care organizations  
purchase millions of intravascular catheters  
annually.

CVCs are not, however, without risk, and 
their use puts patients at potential risk of infec-
tions, both local and systemic. Infectious compli-
cations associated with the use of CVCs include 
local site infection, catheter-related bloodstream 
infection (CRBSI), septic thrombophlebitis, and 
other metastatic infections, such as endocarditis, 

osteomyelitis, endophthalmitis, and occasional 
organ abscesses. 

Epidemiology and Impact

Hospitals and clinics in the United States  
purchase annually more than 150 million intra-
vascular devices to administer various intrave-
nous medications, blood products, and parenteral 
nutrition fluids; to provide hemodialysis; and  
to monitor hemodynamic status.1 Although the 
majority of these devices are peripheral catheters, 
still, each year, over 5 million CVCs are inserted. 
More than 200,000 health care–related blood-
stream infections (BSIs) occur in the United 
States per year, where most of these infections are 
associated with the use of CVCs, with the rates of 
BSIs being higher among patients with CVCs than 
among those without these devices.1 The inci-
dence of CRBSIs depends on the type, material, 
and site of the catheter; how often the catheter  
is manipulated and accessed; the patient’s under-
lying disease; the acuity of the illness; and the type 
of drug injected through the catheter. According 
to recommendations from the Centers for Dis-
ease Control and Prevention (CDC) and the  
Joint Commission on Accreditation of Health-
care Organizations (JCAHO), the rates of CRBSIs 
are better expressed as the number of BSIs per 
1,000 catheter-days.2,3 Reporting the rate of infec-
tion in such a manner accounts for the BSI over 
time, adjusting the risk of the infection to the 
number of days the catheter is in use, and, hence, 
is at risk of infection. 

Since the 1970s, the CDC established a 
National Nosocomial Infection Surveillance 
(NNIS) system to collect data on hospital-
acquired infections and their etiology and inci-
dence, including BSIs associated with the use of 
CVCs. The NNIS data are collected from more 
than 300 participating hospitals in the United 
States, and the rates of CRBSI vary, depending on 

the size of the hospital, the particular service or 
unit at the hospital, the type of intensive care unit 
(ICU), and the type of catheter used.3 According 
to NNIS data, from January 1995 through June 
2003, the rates of CRBSI, ranged from 2.9 (in  
cardiothoracic ICU) to 10.6 (in a neonatal  
nursery for infants weighing ≤ 1,000 g) BSIs per 
1,000 catheter-days.3  

The problem of CVC-associated infections 
creates an undeniable substantial burden, both to 
the patient, in terms of morbidity and mortality, 
and to the economy, in terms of cost of care. It is 
estimated that about 80,000 CRBSIs occur annu-
ally in ICUs in the United States.4 The magnitude 
of this problem among these patients was esti-
mated with the aid of a computer model that was 
based on American Hospital Association data. 
According to this model, Mermel estimated that 
an average of 5.3 CRBSIs per 1,000 catheter-days 
occur annually, which accounts for around 80,000 
CRBSIs per year and approximately 2,400 to 
20,000 deaths owing to CRBSIs.5,6 The model also 
helped estimate that the annual management of 
these ICU patients with CRBSIs could cost from 
$296 million to $2.3 billion.5,6 In addition to  
these critically ill and hospitalized patients, many 
patients are discharged with central venous lines 
in place while they continue their intravenous 
therapy on an outpatient basis. This patient  
group is also at risk of acquiring catheter-related 
infections. When the entire health care–related 
services (not only ICUs) are considered, it is esti-
mated that about 250,000 cases of CRBSIs occur 
annually. These infections are associated with 
prolongation of hospital stay and attributable 
mortality that range from 12 to 25%, with a cost 
of care that is estimated to be from $34,508 to 
$56,000 per each episode of infection, and the 
yearly cost of managing and caring for patients 
with CRBSIs was found to range from $296  
million to $2.3 billion.1,3,6–10
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Pathophysiology and Risk Factors

A thorough understanding of the pathogenesis  
of catheter-related infections is an important  
prerequisite for accurate diagnosis, effective pre-
vention, and successful management of these 
infections. Catheter-related infections are often 
caused by organisms that are resistant to many 
available antimicrobial agents and hence are  
difficult to treat. For the CVC to be inserted into 
the blood vessel, the integrity of the skin has to be 
broken to allow for the introduction and advance-
ment of the device into the vascular system. 
Indwelling catheters connect a sterile environ-
ment, namely, the interior of the blood vessel, 
with the nonsterile skin surface at the catheter 
insertion site, allowing organisms, commonly 
colonizing the skin surface, to migrate along the 
catheter surface.  

Sources of Infections and Microbiologic 
Characteristics
Once the catheter is inserted, it becomes at risk  
of being colonized with microorganisms that 
eventually may lead to catheter-related infections. 
Microorganisms that are able to colonize the  
surface of the catheter may originate from  
different sources through any of the following 
mechanisms (Figure 1):

Organisms colonizing the skin are able to 
invade the percutaneous tract around the catheter 
insertion site, colonizing the catheter surface, 
particularly the extraluminal. This can occur 
either at the time of catheter insertion, especially 
when maximal sterile barrier precautions are not 

being thoroughly practiced, as during an emer-
gent insertion of a catheter, or afterward during 
the catheter dwelling.11 Short-term, nontunneled, 
and noncuffed catheters are often colonized 
through this route, whereby organisms migrate 
along the external surface of the catheter, coloniz-
ing the catheter tip, which may eventually lead to 
BSI.12–14 

As the catheter hub is accessed and mani-
pulated during the catheter use (such as for  
blood drawing, intermittent medication  
administration, or flushing), microorganisms 
from the hands of health care personnel may  
contaminate the catheter hub and lumen, causing 
intraluminal colonization of the catheter. This 
route of contamination is more relevant for long-
term tunneled silicone catheters, such as Hick-
man or Broviac, or long-term totally implantable 
catheters, such as ports, where the lumen of the 
hub or the bell of the port, as they are accessed for 
use, becomes the major source of colonization, 
which may eventually lead to infection.15,16 

Catheters can also be colonized during the 
flow of contaminated infusate, as shown by 
reports of several epidemics of infusion-related 
bacteremia; however, this mechanism for  
catheter-related pathogenesis is not very 
common.17,18 Whereas Staphylococcus and Can-
dida are responsible for most other CRBSIs, infu-
sion-related sepsis is often caused by gram-negative 
bacilli, with Enterobacter, Pseudomonas, Citrobac-
ter, and Serratia species being the most commonly 
seen. In addition, it is known that parenteral 
nutrition solutions and lipid emulsions promote 
the growth of certain bacteria and fungi, such as 
Candida parapsilosis and Malassezia furfur.19–21

Microorganisms originating from an infected 
site elsewhere in the body, such as pneumonia, 
urinary tract infection, or gastrointestinal infec-
tion, may be carried through the blood, hematog-
enously, and ultimately adhere to the surface  
of the inserted catheter, colonizing it (Figure  1). 
Although hematogenous seeding of the CVC  
has been suggested,22,23 its role in catheter coloni-
zation and subsequent infection is rarely demon-
strated. A study that used electron microscopy  
in studying catheters that were removed from 
patients with gram-negative or fungal BSI  
failed to show evidence of catheter seeding with 
organisms responsible for the bacteremias that  
preceded the removal of the catheters.24

Because the skin of the patient and the hands 
of health care workers are the main sources of  
the contamination of the indwelling catheter,  
the organisms that are commonly found to be 
colonizing the CVCs are the ones found to be skin 
colonizers. Staphylococci, particularly coagulase-
negative staphylococci (such as Staphylococcus 
epidermidis) and Staphylococcus aureus, are the 
leading causes of CRBSIs.14,25–28 Catheters may 
also become colonized by gram-negative bacilli, 
mostly nonenteric, originating from the hospital’s 
environment, such as Pseudomonas, Stenotroph-
omonas, and Acinetobacter species.25–31 In addi-
tion, the hands of medical personnel could also be 
colonized by yeast, such as Candida albicans and 
C. parapsilosis,32 which are also known to be asso-
ciated with the use of total parenteral nutrition  
and infusions containing glucose and, hence, 
could be responsible for CRBSIs.24,25 Less com-
monly, gram-positive bacilli, such as Corynebac-
terium species, although rarely do they colonize 
the skin or the catheter hub, can sometimes cause 
catheter-related infections.25–28,33,34

Pathogenesis and Biofilm Formation
The interaction between microorganisms, the 
medical device itself, and the patient as a host 
results in the occurrence of catheter-related infec-
tions. Microorganisms are able to colonize the 
catheter because of their ability to attach them-
selves to the surface of the polymer and synthesize 
or produce a hydrated extracellular polymeric 
exopolysaccharide, creating a complex matrix in 
which they aggregate, forming a biofilm.35 Virtu-
ally all indwelling CVCs become colonized by 
microorganisms that become embedded in the 
biofilm matrix, as was shown by scanning and 
transmission electron microscopy.36 On catheter 
insertion, platelets, plasma, and a variety of  
host tissue proteins, such as fibronectin, fibrino-
gen, fibrin, collagen, thrombospondin, and lam-
inin, act as mediators of bacterial adherence  
to the surface of the catheter.36–41 Different organ-
isms adhere differently to these host tissue  
proteins; for example, coagulase-negative staphy-
lococci, as well as C. albicans, have the ability to 
adhere to fibrin,42 whereas S. aureus is able to 
strongly adhere to fibronectin and laminin.38,39 FIguRE 1  Pathogenesis of catheter-related bloodstream infections and possible sources of infection.
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The presence of platelets, even in small numbers, 
was found to greatly enhance the adherence of 
both streptococci and staphylococci to the fibrin 
matrix.37 Raad and colleagues showed that 
although the biofilm formation on CVC surfaces 
was universal, its extent and its location depended 
on the duration of catheterization.14 Raad and 
colleagues found that biofilm formation was 
greater on the external surface of the catheter for 
short-term catheters that remained in place > 10 
days, whereas long-term catheters, with at least 30 
days of dwell time, had more biofilm formation 
on the inner lumen of the catheter. Furthermore, 
the type of fluid being infused through the CVC 
may also influence microbial growth; for exam-
ple, gram-negative organisms, such as Pseudomo-
nas aeruginosa, Klebsiella, Enterobacter, Pantoea, 
and Serratia species, grew well in intravenous 
fluids, whereas gram-positive S. epidermidis and 
S. aureus did not.1,43,44

During the process of catheter colonization, 
staphylococci produce significant amounts of 
extracellular slime, in which these organisms are 
embedded and covered (Figure 2). This slimy 
material acts to protect the microorganisms 
against the host defense mechanisms and anti-
microbial agents.45 Microorganisms within the 
biofilm are known to behave differently from 
free-floating or suspended organisms, also known 
as planktonic organisms. Anwar and colleagues 
showed that organisms in biofilm are more resis-
tant to antimicrobial treatment, where the cell 
count of P. aeruginosa in biofilm was reduced by 
about two logs, after treatment with levels of 
piperacillin plus tobramycin that far exceeded its 
minimum inhibitory concentration, whereas the 
same dosage of the antibiotics produced more 
than an eight-log decrease in the planktonic P. 
aeruginosa.46 Their study suggested that young 
biofilm cells of mucoid P. aeruginosa could be 
effectively eradicated with the combination of 
piperacillin and tobramycin, whereas old biofilm 
cells were very resistant to these antibiotics  
and eradication of old biofilm cells was not 
achievable.

Risk Factors
The risk of catheter-related infections varies 
according to several factors (Table 1). Prolonged 

duration of catheterization has been found, by 
several studies, to be a major risk factor for  
infections associated with the use of venous and 
arterial vascular catheters.13,47–50 Because catheter 
colonization involves microbial adherence to  
the catheter surface, the polymer material that 
catheters are made of may also play an important 
role in promoting thrombogenesis and adherence 
of organisms. Linder and colleagues demon-
strated that catheters made of polyurethane and 
flexible silicone were less thrombogenic than 
catheters made of polyvinyl chloride and hence 

are associated with fewer infections.51 Further-
more, staphylococci and fungi adhere better to 
polyvinyl chloride surfaces than to Teflon.52,53 
Numerous studies, mostly nonrandomized and 
retrospective in nature, suggest that the risk of 
infection seems to be higher among catheters with 
triple lumens than among those with a single 
lumen.54–59 Triple-lumen catheters are more likely 
to be manipulated and accessed more often than 
single-lumen ones. However, triple-lumen cath-
eters tend to be used more frequently in sicker 
patients than single-lumen catheters. Prospective 
randomized trials that included sicker patients at 
higher risk of developing catheter-related infec-
tions failed to show a difference in infection rates, 
based on the number of lumens.60–62 The location 
of the catheter could also influence the risk of 
catheter-related infection. CVCs have been found 
to be associated with higher infection rates than 
arterial catheters or short peripheral catheters. In 
a review by Hampton and Sherertz, in which they 
evaluated 30 prospective studies, the daily risk of 
infection per day of catheterization was found to 
be 1.3% per day for peripheral venous catheters, 
1.9% per day for peripheral arterial catheters, and  
3.3% per day for CVCs.63  

Table 1  Types of Central Venous Catheters and Rates of Infection Associated with Each

Type of Vascular Exit Site Length (cm) Rate of CRBSI per 1,000  Estimated Cost
Device   Catheter-Days, Pooled of Insertion
   Mean (95% CI)* at MDACC ($)

Peripheral venous  Peripheral veins of < 7 0.6 (0.3–1.2) < 1,000
 catheter  forearm or hand
Arterial catheter Major artery: radial,  < 7 cm 2.9 (1.8–4.5) ≈ 1,300
  femoral, axillary, 
  dorsalis, pedis, or 
  brachial
Nontunneled CVC Subclavian, internal  25–40 2.3 (2.0–2.4) ≈ 1,300
  jugular, or femoral
Pulmonary artery  Swan-Ganz: subclavian,  Up to 110 5.5 (3.2–12.4) ≈ 1,300
 catheter  internal jugular, 
  or femoral
Peripherally inserted  Basilic, cephalic, or brachial  40–60 0.4 (0.2–0.7) ≈ 1,000
 central catheter  veins into superior 
  vena cava
Tunneled venous  Surgically implanted into > 8 1.2 (1.0–1.3) ≈ 6,500
 catheter  subclavian, internal 
  jugular, or femoral 
  vein
Hemodialysis catheter  > 8
 Noncuffed
 Surgically implanted into   2.8 (2.3–3.1)
  subclavian, internal 
  jugular, or femoral 
  vein 
Cuffed   1.1 (0.7–1.6) ≈ 6,500
Port, implanted Surgically implanted > 8 0.2 (0.1–0.2) ≈ 7,000
  subclavian or internal 
  jugular

Adapted from Crnich CJ and Maki DG103 and Schinabeck MK and Ghannoum MA.104

CI = confidence interval; CRBSI = catheter-related bloodstream infection; CVC = central venous catheter; MDACC = M. D. 
Anderson Cancer Center.

*Based on 206 published prospective studies.  

FIguRE 2  Biofilm formation on catheter surface.
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Catheters inserted into internal jugular veins 
were found to be at higher risk of infection than 
those inserted into subclavian veins, as in the 
study by Mermel and colleagues, in wihch cathe-
ters inserted into an internal jugular vein were 
associated with a higher risk of infection (relative 
risk 4.3, p < .01).13 On the other hand, Senagore 
and colleagues did not find such an association, 
and they concluded that using a standard, sterile-
insertion technique and a catheter maintenance 
protocol yielded a low risk of insertion and  
infectious complications at either the internal 
jugular or the subclavian site.64 In a prospective 
randomized trial, patients in the ICU were ran-
domized to receive either femoral or subclavian 
CVCs. Femoral catheterization was found to be 
associated with a higher incidence rate of overall 
infectious complications (20% vs %, p < .001) 
and thrombotic complications (22% vs 2%,  
p < .001). Femoral catheterization was the only 
factor associated with infectious complications  
in that study (hazard ratio 4.8, 95% confidence 
interval [CI] 1.96–11.93, p < .001).65

The type of dressing applied to the catheter 
insertion site has also been studied in terms of its 
impact on the risk of catheter-related infection. 
In one prospective randomized study, patients 
with CVCs for 3 or more days were prospectively 
randomized to receive an occlusive transparent or 
gauze dressing and the incidences of insertion-
site colonization, local catheter-related infection, 
and CRBSI were compared.66 After 48 hours, 
transparent dressings were associated with sig-
nificantly increased rates of insertion-site coloni-
zation (p ≤ .009), local catheter-related infection 
(p = .002), and CRBSI (p = .015) in patients with 
long-term CVCs.66 Occlusive dressing tends to 
create a warm, moist atmosphere at the insertion 
site, where microbial growth would be favorable, 
and, hence, the risk of catheter colonization and 
infection. Craven and colleagues confirmed these 
findings in a study in which, by multiple logistic 
regression analysis, catheter-tip colonization was 
found to be associated with the summer season 
(odds ratio 3.0, 95% CI 1.4–6.2) and transparent 
polyurethane dressings (odds ratio 1.8, 95% CI 
1.1–3.2).67 In addition, Hoffmann and colleagues 
performed a meta-analysis of all studies published 
in the English literature, including abstracts, let-
ters, and reports that examined the infection risks 
associated with transparent compared with gauze 
dressings for use on central and peripheral venous 
catheters.68 The results demonstrated a signifi-
cantly increased risk of catheter-tip colonization 
with the use of transparent compared with gauze 
dressings when used with either central or periph-
eral catheters. An increased risk of CRBSI associ-
ated with the use of transparent compared with 
gauze dressings was also suggested by the findings 
of the study, although not confirmed.  

Other risk factors that have been observed  
by investigators include multiple catheter manip-
ulations, the inexperience of some inserters, and 
violations of aseptic techniques.63

Types of Intravascular Devices

A number of different CVCs are available with 
varying insertion techniques, sizes, and catheter 
materials. CVCs may be single-lumen or  
multilumen, double or triple (Table 1).  

Nontunneled Percutaneously Inserted 
Catheters
These may be made of silicone or polyurethane 
materials, and they are inserted into either the 
peripheral venous system (subclavian vein) or in 
the neck (jugular vein), through a percutaneous 
stick, where the catheter tip is advanced until it 
rests into the superior vena cava. These catheters 
can be placed in outpatient nonsurgical settings 
and can be exchanged over a guidewire, at the 
onset of catheter-related infection. An example of 
these catheters is the Hohn catheter.

Tunneled Catheters
These catheters are tunneled surgically under  
the skin for several inches to the cannulated  
vein. In 1973, Dr. John W. Broviac designed an 
intravenous catheter that provided access for 
patients who required prolonged parenteral  
alimentation.69 

Dr. Robert Hickman altered Broviac’s proto-
type in 1979 for patients with leukemia who 
required chemotherapy.70 His modified catheter 
had a larger lumen that facilitated the drawing of 
blood and the infusion of chemotherapeutic 
agents, blood, and intravenous fluids. After the 
catheter is inserted, its distal tip is advanced to 
just above the right atrium. The proximal end 
exits via a subcutaneous tunnel from the lower 
anterior chest wall. A felt Dacron cuff is used to 
anchor the catheter in place subcutaneously, 
where eventually it becomes enmeshed with 
fibrous tissues, allowing the catheter to become 
securely anchored and, hence, rendering it more 
stable and less likely to be pulled out accidentally. 
The cuff also creates a tissue interface that acts as 
a barrier against the migration of microorgan-
isms. A further modification of these tunneled 
catheters led to the Groshong catheter, which, 
unlike the traditional open-ended catheters, has a 
rounded closed tip, with an adjacent two-slit valve 
that remains closed unless the catheter is in use. 
Because the valve remains closed when not in use, 
it literally seals the fluid inside the catheter, pre-
venting it from getting in contact with the patient’s 
blood and hence reducing the risk of intraluminal 
blood clotting or infusion of air when the catheter 
is not in use. The valve also eliminates the need 
for routine clamping of the catheter.

Implantable Ports
Ports are totally implantable vascular access 
devices that are made of plastic or titanium mate-
rial and are inserted completely beneath the skin, 
connected to the catheter tube.71 Ports are surgi-
cally placed as either a central subclavian port, 
which is placed in the subcutaneous pocket of the 
upper chest wall, or as a peripheral port, which is 
placed in the antecubital fossa of the arm. Ports 
are available as single- or double-lumen catheters, 
with or without the Groshong valve.

Peripherally Inserted Central Venous 
Catheters
The use of peripherally inserted central venous 
catheters (PICCs) has gained acceptance as a 
method for long-term venous access. A PICC is a 
catheter made of silicone or polyurethane mate-
rial and may or may not have the Groshong valve. 
It is inserted peripherally at or above the antecu-
bital space into the cephalic, basilic, medial 
cephalic, or medial basilic vein, after which it is 
advanced into the superior vena cava above the 
right atrium. These catheters are usually placed in 
a nonsurgical outpatient setting, under local anes-
thesia, and may be placed by a skilled and trained 
infusion therapy nurse. At The University of 
Texas M. D. Anderson Cancer Center, PICCs 
were shown to be safe, with a mean duration of 
dwell of 87 days, and associated with a low rate of 
infection and a low cost of insertion.72

Manifestations and Definitions

Local Catheter Infection
Local signs and symptoms of infection may indi-
cate catheter-related infections. Local infection 
may exist alone, in the absence of BSI, at the  
catheter exit site, tunnel, or port pocket. It may be 
manifested by clinical signs of inflammation and/
or infection, such as erythema, swelling, pain, or 
purulent exudates in the immediate proximity of 
the catheter insertion site. However, this local 
inflammatory reaction may be absent, especially 
in immunocompromised neutropenic patients 
who lack those inflammatory cells. Clinical evi-
dence of local infection at an exit site, tunnel, or 
port pocket may suggest that the catheter is the 
source of a BSI. However, this is not always the 
case. For example, PICC lines may be associated 
with local aseptic catheter-site inflammation, sec-
ondary to local mechanical irritation of the vein 
owing to the insertion of a large catheter in the 
relatively small cephalic or basilic veins.72 There-
fore, it is important to define local catheter-related 
infections, not only in terms of clinical manifesta-
tions but also microbiologic evidence implicating 
the catheter as the source of the infection. The 
guidelines from the Infectious Diseases Society  
of America (IDSA) proposed the following  
definitions of local catheter infections73:
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• Exit-site infection. Clinically, it could be  
manifested by erythema, induration, and/or 
tenderness within 2 cm of the catheter exit 
site. These manifestations may be associated 
with other signs and symptoms of infection, 
such as fever or purulent discharge oozing 
from the exit site, in the presence or absence 
of concomitant BSI. Microbiologically, a cul-
ture of the exudate or purulent discharge at 
the catheter exit site may yield a microorgan-
ism, with or without concomitant BSI.

• Pocket infection. Purulent exudates in the 
subcutaneous pocket of a totally implantable 
intravascular device, containing the reservoir 
of the port, often in the presence of local  
tenderness, erythema, and/or induration 
over the pocket, usually indicate pocket 
infection. Necrosis of the overlying skin or 
spontaneous rupture and drainage may also 
occur, with or without concomitant BSI.

• Tunnel infection. Clinical signs and symp-
toms of infection, such as tenderness,  
erythema, and induration more than 2 cm 
from the catheter exit site or along the subcu-
taneous tract of tunneled catheters, such  
as Broviac or Hickman catheters, in the  
presence or absence of BSI.74,75

Systemic Catheter Infection
Probable CRBSI consists of bacteremia or funge-
mia in a patient with a CVC and one or more 
positive cultures of blood samples (preferably 
from the peripheral vein) in the presence of signs 
and symptoms of infection, such as fever, chills, 
and hypotension, and no apparent source for  
the BSI, other than the catheter. In addition, doc-
umented or definite CRBSI requires further  
confirmation through one of the following:

1. Positive result of semiquantitative (≥  15 
colony-forming units [CFU]/catheter seg-
ment) or quantitative (≥  102 CFU/catheter 
segment) catheter culture, whereby the cul-
ture yields the same organism (identical  
species and antibiogram) isolated from the 
peripheral blood sample

2. Quantitative cultures of blood samples, 
drawn simultaneously through the CVC and 
via a peripheral vein, with a ratio of ≥  5:1 
(CVC vs peripheral) 

3. Differential time to positivity, whereby the 
culture of blood drawn through the CVC 
becomes positive and yields the same micro-
organism, at least 2 hours before the culture 
of blood drawn simultaneously from a 
peripheral vein

Most CRBSIs are uncomplicated. However, 
some virulent microorganisms, such as S. aureus, 
C. albicans, and P. aeruginosa, may be associated 
with complicated deep-seated infections, includ-
ing catheter-related septic thrombosis, whereby 

the CRBSI is associated with an infected throm-
bus.76–78 Septic thrombosis is characterized by 
occasional swelling above the site of the throm-
botic vein and persistent BSI in spite of appropri-
ate antimicrobial therapy and the removal of the 
catheter. CRBSI may also become disseminated 
to another anatomic site, causing deep-seated 
infections, such as endocarditis, osteomyelitis, 
organ abscesses, and retinitis.76,77 Signs and symp-
toms of such deep-seated infections depend on 
the site affected by the infection.

Diagnosis

Catheter-related infections are often misdiag-
nosed, resulting in wasteful removal of catheters 
and unnecessary administration of antimicrobial 
agents. Clinical manifestations of sepsis, with no 
obvious cause other than the presence of a CVC, 
usually lead to suspecting CRBSI; however, signs 
and symptoms of sepsis, such as fever, chills, or 
hypotension, are nonspecific and may be caused 
by a myriad of etiologic factors, other than an 
infected catheter. Catheter-related BSIs are occa-
sionally associated with local signs and symptoms 
at the catheter exit site, such as erythema, tender-
ness, warmth, and lymphangitis. However, these 
clinical manifestations of local inflammatory 
signs have poor correlation with catheter-related 
infections because although their presence has a 
highly predictive value for infection, their absence 
has a very poor negative value.79 Safdar and  
Maki recently evaluated short-term catheters for 
CRBSIs, using insertion-site inflammation as  
the diagnostic indicator.80 Their study yielded 
sensitivity ≤ 3%, indicating that insertion-site 
inflammation is not predictive of CRBSI. There-
fore, signs of local infection should be evaluated 
carefully when diagnosing CRBSI, and it is impor-
tant to use microbiologic techniques to identify 
catheter colonization or infection.

Furthermore, as infections in immunocom-
promised patients increase in number and com-
plexity, laboratory diagnosis of catheter-related 
infections in this patient population presents the 
following challenges: (1) clinical presentation of 
the infection is often muted or delayed and non-
pecific, (2) frequent blood drawing for cultures 
should be done judiciously, especially for pancy-
topenic patients, and (3) careful consideration 
should be given to the decision of catheter removal 
and insertion of new catheter at a different site, 
especially in thrombocytopenic patients with 
poor vascular access, and, hence, the critical need 
for diagnosing catheter-related infections before 
removing the catheter.

It is important to accurately diagnose  
CRBSIs based not only on clinical findings but 
also on reliable microbiologic results. In the fol-
lowing section, we review two major diagnostic 
approaches based on whether the diagnosis of 

catheter-related infection is achieved while the 
suspected catheter is still in place or after the  
catheter is removal.

Diagnostic Techniques without  
Catheter Removal
Ideally, diagnosing CRBSIs needs to be done 
before removing the catheter, to avoid the  
needless removal of catheters not responsible  
for the infection. A good diagnostic method 
would accomplish this early diagnosis without 
compromising its accuracy.    

Cultures of Blood Drawn Percutaneously or 
through the Catheter

According to this method, patients with suspected 
CRBSI have two sets of blood cultures done, in 
which at least one set is drawn through a periph-
eral venipuncture. Single blood cultures, quanti-
tative or qualitative, according to which blood is 
drawn only through the CVC, have low positive 
predictive values as they do not compare the 
results of these cultures with the results of periph-
eral blood cultures and hence are not reliable. In 
a study of hospitalized hematology-oncology 
patients, culture of blood drawn through either 
the central catheter or peripheral vein showed 
excellent negative predictive value (99% and 98%, 
respectively), whereas culture of blood drawn 
through an indwelling CVC had low positive pre-
dictive value (63%), apparently less than from a 
peripheral venipuncture (73%).81 The study sug-
gested that the use of a catheter to obtain blood 
for culture may be an acceptable method for 
ruling out BSIs. However, a positive culture of 
blood drawn through a catheter would require 
further clinical interpretation.

Partial Simultaneous Quantitative Cultures of 
Peripheral and Catheter Blood Samples

This technique relies on the results of quantitative 
cultures of simultaneously drawn blood samples, 
in which one is drawn via a peripheral vein and 
the other through the CVC. Studies suggest that 
when quantitative cultures of blood drawn 
through the CVC yield at least fivefold the colony 
count (CFU) of blood drawn simultaneously 
through the peripheral vein, this finding is pre-
dictive of CRBSI.82–85 However, studies differ in 
regard to the exact cutoff point for this ratio, 
where it was found to be between ≥ 4:184 and 
10:1.85 Nonetheless, this test was shown to be 94% 
sensitive and 100% specific.84 Recently, Franklin 
and colleagues suggested a method for diagnosing 
CRBSI when a peripheral culture is unavailable.86 
They defined CRBSI as a fivefold or greater differ-
ence in CFU/mL between the two catheter lumens 
in pediatric patients, with sensitivity, specificity,  
a positive predictive value, and a likelihood ratio 
of 62%, 93%, 92%, and 9.2, respectively. 
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Endoluminal Brush Technique

This technique involves introducing a nylon 
brush through the catheter hub and into the 
lumen, brushing its interior wall. The brush is 
withdrawn and immediately placed into a buff-
ered container that is sonicated, and the solution 
is cultured onto a blood agar plate, with counts > 
100 CFU/mL considered positive. This technique 
was found to have sensitivity of 95% and specific-
ity of 84% by Kite and colleagues, who found the 
technique to be easy, with no adverse effects,87 
contrary to another study in which it was  
associated with arrhythmia and embolization.79 
The method is also criticized for being impracti-
cal and unreliable and may result in subsequent 
bacteremia owing to the brush’s entry into the 
lumen, which may introduce microorganisms 
into the catheter or may lodge them further. The 
brush may even disrupt any existent biofilm, 
releasing organisms into the bloodstream.  

Skin and Hub Cultures

There is no standard method for culturing the 
skin around the insertion site and no agreed on 
criteria for positive quantitative cultures. Basi-
cally, the area chosen for culture, either the skin at 
the catheter exit site or the interior of the catheter 
hub, is swabbed and then the swab is streaked 
onto an agar plate to be cultured semiquantita-
tively.88 Skin culturing, as a diagnostic test for 
CRBSI, was found to have ≤ 61% sensitivity, 72% 
specificity, and 62% positive predictive value.89 
However, when infection is suspected, sensitivity 
rises to 75%, specificity to > 90%, and the positive 
predictive value to 100%.90 Skin culturing at the 
catheter exit site has been studied, with varied 
results, which may be attributed to surface con-
tamination.  

Cultures of the hub alone still have a low  
sensitivity of 61%.89 However, when both the skin 
and the hub were cultured together, sensitivity 
improved to 86%, although specificity and the 
positive predictive value remain low. An alterna-
tive combination of superficial cultures is taking a 
culture of the hub and subcutaneous catheter seg-
ment, which slightly boosts the specificity to 82% 
and the positive predictive value to 78%, whereas 
the sensitivity remains at 84%.  

Differential Time to Positivity

In the presence of CRBSI, blood drawn through 
the catheter hub would turn positive much more 
quickly than blood drawn through a peripheral 
vein. This method relies on the availability of an 
automated blood culture system that records the 
time at which a culture turns positive. Recent 
studies suggest that if the difference in the time it 
takes for the culture of blood drawn through the 
CVC and a culture drawn simultaneously from a 
peripheral vein to become positive is at least 120 
minutes, then it is highly suggestive of a CRBSI.91,92 

This has been shown in a study involving 235 
neutropenic patients with febrile neutropenia, in 
which the differential time to positivity had 82% 
sensitivity and 88% specificity in diagnosing 
CRBSI.93 Although the differential time to posi-
tivity could not be verified as a diagnostic method 
among intensive care patients,94 recently, Raad 
and colleagues found it to be diagnostic in 191 
cases of BSI.95 The patient pool was subanalyzed 
for short-term catheterization (< 30 days) and 
long-term catheterization (≥ 30 days), and the 
study reported 81% sensitivity with 92% specific-
ity and 93% sensitivity with 75% specificity, 
respectively. Furthermore, receiver operating 
characteristic curve analysis showed that the  
≥ 120-minute cutoff optimizes sensitivity and 
specificity. However, interpretation of this diag-
nostic method could become complicated when 
antibiotics are given intraluminally at the time of 
drawing blood cultures through the catheter, in 
which case, colonized catheters may become 
falsely negative and sensitivity can be compro-
mised.95 The technique is also limited in that it 
does not evaluate cases with negative peripheral 
blood cultures in the presence of positive central 
blood cultures, a combination indicative of  
possible CRBSI catheter colonization.

Diagnostic Techniques Requiring  
Catheter Removal
Quantitative Catheter Culture

According to this technique, the removed cathe-
ter tip is immersed in broth, which is then cul-
tured, and any growth is considered significant.96 
This method lacks sufficient quantitation, and at 
the present time, its use is limited owing to its low 
specificity and high frequency of contamination.  

Semiquantitative Roll Plate Catheter Culture

After the catheter is removed, its intravascular tip 
is cut and rolled four times, back and forth, on an 
agar plate. The microorganisms are retrieved only 
from the external surface of the catheter, and after 
being cultured on the agar plate, the colonies are 
counted. Catheters are considered to be colonized 
if at least 15 CFU/catheter-tip segment are 
grown.97 If the same microorganism is isolated 
from both the catheter tip, at the quantitative 
level that defines colonization, and the blood-
stream, the diagnosis of CRBSI is established. 
This method is limited in that it retrieves free-
floating (nonbiofilm) microorganisms only from 
the external surface of the catheter and therefore 
misses culturing organisms colonizing the intra-
luminal surface of the catheter, such as with  
long-term catheters.

Quantitative Catheter Culture

Several methods, such as centrifugation,  
vortexing, and sonication, are used to retrieve 

microorganisms from both the external and the 
internal surfaces of the catheter. The catheter is 
said to be colonized when at least 1,000 CFU/
catheter-tip segment are retrieved. If the same 
organism colonizing the catheter tip also grows 
from a peripheral blood culture, in the presence 
of signs and symptoms of infection and in the 
absence of other sources for the infection, the 
diagnosis of CRBSI is established.98 A recent meta-
analysis showed that quantitative catheter culture 
was a more sensitive diagnostic method than the 
semiquantitative catheter culture method.99

Stain and Microscopy Rapid Diagnostic  
Techniques

Staining of the removed catheter segments and 
subsequent microscopy have been suggested as a 
simple and immediate diagnostic method. Cooper 
and Hopkins explored the use of direct Gram 
staining of the catheters for diagnosis.100 After 
being cultured, the catheters were immediately 
stained, and extraluminal organisms were identi-
fied under the oil immersion objective. The cutoff 
value of one organism per 20 oil immersion fields 
indicates that the catheter is colonized. Cooper 
and Hopkins reported 100% sensitivity, 97% 
specificity, a positive predictive value of 84%, and 
a negative predictive value of 100%, but the results 
were not reproduced in another study.101 In a 
similar technique, acridine orange staining has 
been used for diagnosis, in which fluorescence is 
indicative of positivity.102 In addition to achieving 
a sensitivity of 84% and a specificity of 99%, acri-
dine orange staining perhaps may be more easily 
performed than Gram staining, although micro-
scopic techniques as a whole are labor intensive.

Preventive Strategies

Because CRBSIs are associated with serious mor-
bidity and mortality and because of the difficulty 
and complexity of its diagnosis and its manage-
ment, particularly in immunocompromised 
patients, major effort should be exerted in trying 
to prevent these infections (Table 2).103,104

Successful preventive strategies should aim 
at carefully controlling all factors that could lead 
to the colonization of the CVC by microorgan-
isms. Evidence-based guidelines and preventive 
measures have been published to provide health 
care practitioners with background information 
and specific recommendations aimed at reducing 
the incidence of intravascular CRBSIs (Table 2). 
The published guidelines represent the recom-
mendations of the Healthcare Infection Control 
Practices Advisory Committee (HICPAC) and 
other professional organizations, including the 
IDSA, Society for Healthcare Epidemiology of 
America (SHEA), and American Society of  
Critical Care Anesthesiologists (ASCCA), among 
others.105 In the next section, we review major 
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strategies for prevention of catheter-related  
infections.

Specialized Infusion Therapy Team
Well-organized programs that help health care 
workers provide, monitor, and evaluate care given 
to patients and that facilitate patient education 
and continuous education to physicians, fellows, 
and medical students are critical for a successful 
preventive strategy. Risk of infection is known to 
decline following standardization of aseptic 
care.106–108 When medical centers used the services 
of experienced infusion therapy teams, for the 
insertion and maintenance of catheters, including 
dressing changes, catheter-associated infection 
rates decreased five- to eightfold.109,110 At M. D. 
Anderson Cancer Center, where an experienced 
infusion therapy team is available, the infection 
rates of nontunneled, noncuffed, Silastic catheters 
were found to be 0.13 infections per 100 catheter-
days, comparable to the low rates of the tunneled 
Hickman catheters.72 

Maximal Sterile Barriers
The insertion of some types of catheters, such as 
implantable ports and tunneled catheters, requires 
involved surgical procedures; therefore, these 
types are usually inserted in the operating room. 
On the other hand, nontunneled catheters and 
PICCs are usually inserted elsewhere; hence, their 
insertion may not be subject to the same strin-
gently sterile atmosphere of an operating room. 
However, a prospective randomized clinical trial 
succeeded in proving that the use of maximal 
sterile barrier precautions during the insertion of 
nontunneled long-term silicone catheters in the 
subclavian vein and PICCs resulted in a signifi-
cant reduction in infections associated with these 
devices.11 The devices had a mean dwell time of  
70 days, and the rate of CRBSI dropped from 

0.5/1,000 catheter-days to 0.02/1,000 catheter-
days. Maximal sterile barrier precautions involved 
wearing a sterile gown, gloves, and a cap and using 
a large drape, during the insertion of catheters, 
similar to the drapes used in operating rooms.

Tunneling
These catheters are buried under the skin in a 
subcutaneous tunnel and a felt Dacron cuff is 
used to anchor the catheter subcutaneously in 
place. The cuff eventually becomes enmeshed 
with fibrous tissues, allowing the catheter to 
become securely anchored, and it also creates a 
tissue interface that acts as a barrier against the 
migration of microorganisms. A prospective ran-
domized study found that CRBSI occurred more 
frequently and more rapidly in the nontunneled 
than in the tunneled group, in which catheters 
were tunneled into the internal jugular vein (p = 
.02, log rank test), with an infection rate of 1.9 per 
100 catheter-days in the nontunneled group and 
0.7 per 100 catheter-days in the tunneled group.26 
The study demonstrated that subcutaneous tun-
neling of internal jugular CVCs reduced by at 
least fourfold the risk of CRBSI in critically ill 
patients. However, another prospective random-
ized study of tunneled silicone catheters inserted 
in the subclavian vein in immunocompromised 
patients failed to demonstrate the efficacy of sub-
cutaneous tunneling, in which the infection rate 
among the patients with tunneled catheters was 
0.22/100 catheter-days and among the nontun-
neled catheters was 0.20/100 catheter-days.111 
Nonetheless, the main issue here is whether tun-
neling is cost effective since the surgery required 
for the procedure may cost an additional $2,500, 
and other, more cost-effective alternatives could 
be as efficacious in reducing the rate of catheter-
related infections.

Antimicrobial Coating of Catheters
A newer approach to prevention of CRBSI is the 
coating of the catheter surface with antimicrobial 
agents to prevent the initial biofilm formation. 
This method allows sustained and slow release of 
the antimicrobial agents, with virtually undetect-
able serum levels. First-generation catheters 
impregnated with chlorhexidine and silver sulfa-
diazine (CHX-SSD) lowered the rate of CRBSIs 
from 7.6 per 1,000 catheter-days to 1.6 per 1,000 
catheter-days (p = .03).12 A cost-effectiveness 
analysis concluded that using these catheters in 
patients at high risk of catheter-related infections 
reduces the incidence of CRBSI and death and 
provides significant saving in costs estimated to 
be $196 per catheter inserted.112 These first-gen-
eration CHX-SSD catheters were coated only on 
the external surface, and the catheters in the study 
were cultured by the roll plate technique, retriev-
ing microorganisms only from the outer surface 
of the catheter. This may explain the failure  

of three subsequent studies to reproduce the 
results of Maki and colleagues,12 especially when 
both catheter surfaces were cultured by sonica-
tion.113–115 Mermel estimated the effect of this 
device on CRBSI and showed that the CHX-SSD 
catheter reduces the risk of infection in short-
term catheterization but is not effective for cath-
eters placed for an average of 3 weeks, probably 
owing to the reduction in its antimicrobial  
activity over time.4 Mermel also attributed the 
lack of long-term efficacy to the fact that only the 
outer surface of the catheter was impregnated; 
therefore, there was no protection against lumi-
nal colonization. A second-generation CHX-SSD 
catheters impregnated on both surfaces is now 
available. However, the zones of inhibition pro-
duced by this second-generation catheters were 
shown to decrease to less than 10 mm in only  
3 days.116 This second-generation CHX-SSD  
catheters were tested in a prospective randomized 
study in patients from 14 ICUs of university  
hospitals in France. Although the use of the CHX-
SSD catheters decreased the catheter colonization 
significantly from 11/1,000 catheter-days (13%) 
to 3.6/1,000 catheter-days (3.7%), p = .01, they 
failed to decrease the rate of CRBSI.117

Raad and colleagues and Darouiche and  
colleagues developed commercially available 
polyurethane catheters impregnated intralumi-
nally and extraluminally with minocycline and 
rifampin, and they were more efficacious when 
compared, in prospective, randomized, double-
blind, controlled studies, with uncoated catheters 
and with catheters impregnated with CHX-
SSD.118,119 In comparison with first-generation 
CHX-SSD catheters, the catheters impregnated 
with minocycline and rifampin were 12-fold less 
likely to be associated with CRBSI (relative risk 
0.1, 95% CI 0.0–0.6) and 3-fold less likely to be 
colonized. In a review for the CDC, Wenzel and 
Edmond estimated that 4,745 to 9,450 lives would 
be saved with the use of catheters impregnated 
with minocycline and rifampin according to  
varying attributable mortality rate estimates.120 
The use of minocycline and rifampin catheters,  
in medical and surgical intensive care units,  
was associated with a significant decrease in  
nosocomial BSIs, including vancomycin-resistant 
enterococci (VRE) bacteremia, catheter-related 
infections, and lengths of hospital and ICU stay.121 
The risk of developing resistnace after prolonged 
use of these antimicrobially coated catheters was 
investigated in a retrospective evaluation of 4-
year clinical use of minocycline and rifampin–
impregnated catheters in bone marrow 
transplantation patients. The study found no evi-
dence of development of staphylococcal resis-
tance to the antibiotics coating the catheters.122 A 
recent prospective randomized study evaluated 
long-term nontunneled silicone CVCs impreg-
nated with minocycline and rifampin and found 

Table 2  Strategies for the Prevention of  
Catheter-Related Bloodstream Infection

Strategies during CVC insertion
 Maximal sterile barrier precautions11

 Using an expert infusion therapy team108,109

 Use of antiseptics at CVC exit site27,127

Device-related strategies
 Select the least number of lumens needed54–59

 Antimicrobial coating of CVC117–122

 CVCs with silver cuff128–130

 Tunneled CVC26

 Implantable port70

Strategies during CVC dwell period
 Avoid needless manipulation of CVC63

 Use of nonocclusive dressing66

 Topical antiseptics or antibiotics27,126,127

 Anticoagulant and antimicrobial flush  
  solution123–125

CVC = central venous catheter.
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them to also be significantly more efficacious than 
control uncoated catheters in reducing CRBSIs in 
cancer patients.123

Anticoagulant and Antimicrobial Lock 
Solutions
This technique is particularly useful for long-term 
catheters, in which hub contamination is the 
main source of catheter colonization and, ulti-
mately, CRBSI.15 According to this method, the 
catheter lumen is flushed and then filled with 2 to 
3 mL of anticoagulant in combination with an 
antimicrobial agent. Heparin as an anticoagulant, 
alone or in combination with vancomycin, has 
been used to lock the catheter lumen. Heparin 
interferes with the thrombin sheath formation  
on the catheter surface and was shown, alone  
and combined with vancomycin, to reduce  
catheter-tip colonization.124,125 However, using 
vancomycin prophylactically should be avoided 
to minimize the risk of emergence of vancomy-
cin-resistant organisms. Also, there is a potential 
for a superinfection with gram-negative bacilli 
and Candida because vancomycin has an antimi-
crobial spectrum limited to gram-positive bacte-
ria. Raad and colleagues prevented recurrent 
CRBSI by using a lock solution of 3 mg minocy-
cline and 30 mg ethylenediaminetetraacetic 
(EDTA) as prophylaxis in three patients.126 The 
combination of minocycline and EDTA showed 
synergistic activity against methicillin-resistant 
staphylococci, gram-negative bacilli, and C.  
albicans and a cidal effect on bacteria in the  
biofilm.127–129 

Topical Antiseptics or Antibiotics
Topical antibiotics, such as polymixin-neomy-
cin-bacitracin, significantly decrease the risk of 
catheter-related infections but may increase the 
risk of fungal colonization and infection.130 Maki 
and colleagues compared the effectiveness of 70% 
alcohol, 10% povidone-iodine, and 2% chlorhex-
idine gluconate and the rate of CRBSI was almost 
fourfold lower in the chlorhexidine arm than in 
the other two arms.27 A meta-analysis evaluated 
the efficacy of skin disinfection with chlorhexi-
dine gluconate compared with povidone-iodine 
solution in preventing CRBSI and found that 
chlorhexidine gluconate reduced the risk of 
CRBSI by 49%.131

Silver Cuff
A collagen cuff impregnated with silver and con-
nected to the catheter is placed subcutaneously to 
act as a mechanical barrier against migrating 
organisms. The device failed to reduce the rates of 
CRBSI when used with long-term catheters,132,133 
possibly owing to the biodegradable nature of  
the collagen since it degrades within a week.  
However, in critically ill patients with short-term 
catheters, it was shown to reduce infections.134 
The silver cuff is rarely used in the United States.

Management

The management of CRBSI involves making deci-
sions related to (1) whether the CVC should be 
removed, (2) the type of antimicrobial therapy, 
based on the type of organism and its resistance 
pattern, and (3) the duration of antimicrobial 
therapy. Such decisions depend on two factors. 
The first is the type of organism and whether this 
organism has a high tendency to be associated 
with deep-seated complications and a high rate of 
relapse. Second is whether there are clinical man-
ifestations suggestive of a complicated source, 
such as the persistence of fever and bacteremia or 
fungemia after catheter removal and initiation of 
appropriate antimicrobial therapy.  

Given that the CVC is an identifiable,  
removable source of the infection, there is a  
tendency to consider all patients with a CVC and 
an associated BSI to represent a catheter-related 
infection. Indiscriminate removal of the CVC in 
this situation would result in an unnecessary, 
wasteful, and highly expensive practice. There-
fore, it is important for the clinician to carefully 
determine whether the catheter is the source of 
the BSI prior to making management decisions as 
to the need for CVC removal and the duration of 
antimicrobial therapy. Hence, simultaneous 
blood cultures need to be drawn at the time of 
presentation of the patient, and the internist 
should make determinations on the diagnosis  
of CRBSI based on the differential time to posi-
tivity91–95 or the differential quantitative blood 
cultures,82–86 as outlined in the Diagnosis section 
of this chapter (Figure 3). Because management 
decisions as to whether the CVC should be 
removed and the duration and type of therapy 
depend on the type of organism causing CRBSI, 
we discuss such organisms below. 

Coagulase-Negative Staphylococcus  
These organisms are considered to be the most 
likely cause of CRBSI.26–28 Since these organisms, 
which include S. epidermidis, are usually skin 
organisms, they are often the cause of contami-
nated blood cultures. Therefore, a single blood 
culture drawn from the CVC and subsequently 
found to be positive for coagulase-negative  
staphylococci could reflect hub or intraluminal 
colonization of the catheter rather than a true 
bacteremia.135 To ascertain the diagnosis of bacte-
remia, at least two blood cultures, including a 
positive blood culture drawn from a peripheral 
vein, are necessary. When quantitative blood  
cultures are used, a colony count of > 15 CFU of 
coagulase-negative staphylococci isolated from a 
blood sample drawn through the CVC is highly 
suggestive of true bacteremia.136

Although catheter removal was once thought 
to be necessary, most (almost 80%) of the CRBSI 
caused by coagulase-negative staphylococci could 

be treated with glycopeptide antibiotics, such as 
vancomycin, without catheter removal. However, 
if the CVC is not removed, there is a 20% chance 
that the bacteremia will recur.137 This is compared 
with only a 3% risk of recurrence if the catheter is 
removed (p < .005). Because this organism is 
associated with low virulence and a low tendency 
for metastatic deep-seated infections (such as 
endocarditis), the IDSA guidelines on manage-
ment suggested that the catheter associated with 
CRBSI caused by coagulase-negative staphylo-
cocci could be salvaged through antibiotic lock 
therapy.73 Hence, if the CVC is to be retained, a 
longer duration of therapy consisting of 10 to 14 
days (rather than 5 to 7 days if the CVC is 
removed) is to be considered with antibiotic lock 
therapy. Alternatives to vancomycin are available 
for the treatment of coagulase-negative staphylo-
coccal bacteremia. These include dalbavancin, 
which is a long-acting glycopeptide given once 
per week. Dalbavancin was recently shown to be 
superior to vancomycin in the treatment of CRBSI 
caused by coagulase-negative staphylococci and 
S. aureus.138 The high frequency of infections 
caused by methicillin-resistant S. aureus, includ-
ing coagulase-negative staphylococci, has been 
the driving force for the wide use of glycopeptide 
antibiotics, which, in turn, has resulted in higher 
rates of VRE. Other alternative antibiotics with an 
activity against VRE are also available. These 
include linezolid and daptomycin.139,140

S. aureus
The CVC is the leading source of S. aureus bacte-
remia in the cancer patient.141 S. aureus is associ-
ated with a high rate of deep-seated metastatic 
infections, including endocarditis, particularly in 
the nonthrombocytopenic solid tumor patient. 
Deep-seated infections, including septic throm-
bosis and endocarditis, have been reported in 33 
to 35% of non-neutropenic, nonthrombocytope-
nic patients with solid tumor.76,141 The associated 
overall mortality was reported as 38%.141 In con-
trast, thrombocytopenic and neutropenic patients 
with underlying hematologic malignancy and  
S. aureus bacteremia have a very low rate of meta-
static infection (< 3%), with an overall mortality 
of 11%.142 This difference could be attributed  
to several factors. First, nonthrombocytopenic 
cancer patients with a solid tumor have a  
high prevalence of cardiac valve lesions and non-
bacterial thrombotic vegetations of the valve 
associated with thromboembolism.143 This serves 
as a substrate for a higher rate of infective bacte-
rial endocarditis in the setting of S. aureus  
bacteremia.  

Second, an important factor in the develop-
ment of infective endocarditis is the formation of 
platelet bacterial thrombi on the surface of the 
valve.144,145 S. aureus cells have been shown to form 
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platelet aggregations through fibronectin-bind-
ing proteins, leading to platelet bacterial valvular 
thrombi and vegetation formation.145 Hence, the 
thrombocytopenia could be a protective factor 
against the formation of the platelet bacterial  
valvular thrombi.

Three observational prospective studies  
have demonstrated that removal of the CVC in  
S. aureus CRBSI (including the uncomplicated 
cases) has been associated with a more rapid 
response to therapy and a lower relapse rate.146–148 
In a subset of thrombocytopenic patients with 
hematologic malignancy and a surgically implant-
able catheter with no other available vascular 
access, consideration should be given to catheter 
salvage and antibiotic lock therapy.73,126 This con-
sists of filling the lumen of the catheter with 2 mL 
of an antibiotic combination, often mixed with 
an anticoagulant. Vancomycin in combination 
with heparin or minocycline and vancomycin in 
combination with EDTA are some of the options 
to be considered.125–127 Combinations could  
be alcohol based, consisting of 25% ethanol  
solution.149  

The type of antibiotics used should be based 
on the susceptibility of S. aureus. For methicillin-
sensitive S. aureus, a semisynthetic antistaphylo-
coccal penicillin or first-generation cephalosporin 
is the first choice.73 For methicillin-resistant S. 
aureus, several options can be considered, includ-
ing vancomycin, linezolid, daptomycin, or even 

dalbavancin.138–140 The duration of therapy should 
be based on the likelihood of deep-seated compli-
cations. For uncomplicated S. aureus CRBSI, a 
10-day to 2-week course is acceptable if the CVC 
is removed.73 Raad and colleagues showed in sev-
eral studies including patients with underlying 
cancer that the persistence of fever and bactere-
mia for more than 72 hours after antibiotic initia-
tion and catheter removal is highly suggestive of a 
complicated course associated with deep-seated 
infections, including septic thrombosis and endo-
carditis.76,150 These findings were further sup-
ported by a large prospective observational study 
that included 720 consecutive adults with S. 
aureus bacteremia.151 The strongest predictor of S. 
aureus bacteremia was the persistence of fever 
and/or bacteremia for more than 72 hours. In this 
subpopulation of S. aureus CRBSI with persisting 
fever and bacteremia, strong consideration should 
be given to transesophageal echocardiography to 
rule out endocarditis and the treatment duration 
should be expanded to at least 4 weeks.73 In 
uncomplicated cases of S. aureus CRBSI, consid-
eration should be given to the use of an oral anti-
biotic combination beyond 7 days of parenteral 
antibiotic treatment. Recent studies have sug-
gested that a combination of quinolones plus 
rifampin active against S. aureus could be useful 
in patients who are allergic to b-lactam antibiot-
ics, including those patients with staphylococcal 
CRBSI.152  

Gram-Negative Bacilli  
Gram-negative bacillary bacteremia usually 
emerges from a non–catheter-related source, such 
as nosocomial urinary tract infection, nosocomial 
pneumonia, or intra-abdominal infection. How-
ever, gram-negative bacillary CRBSI caused by 
organisms such as Klebsiella pneumoniae, Entero-
bacter species, Pseudomonas species, Acinetobacter 
species, and Stenotrophomonas maltophilia have 
been reported.29,30,78 Elting and Bodey reported on 
149 episodes of bacteremias caused by S. malto-
philia and other non-aeruginosa Pseudomonas 
species in which the CVC was the most common 
source of the BSI.30 Failure to remove the catheter 
in this cancer patient population was associated 
with a significantly higher rate of treatment  
failure and bacteremia recurrence. In another 
study involving cancer patients from Memorial 
Sloan-Kettering Cancer Center, catheter-related 
infections caused by Pseudomonas species were 
associated with a higher rate of treatment failure 
unless the catheter was removed.78 A more recent 
study by Hanna and colleagues demonstrated 
that documented CRBSIs caused by gram- 
negative bacilli were associated with a high fre-
quency of relapse if the CVC was retained, whereas 
CVC removal was associated with only a 1% risk 
of relapse (p < .001).153 Therefore, if the gram-
negative bacillary bacteremia is judged to be 
CRBSI, then it is prudent to remove the CVC in 
cancer patients and treat with a 1-week course  
of appropriate broad-spectrum anti-bacillary 
antibiotics (Figure 3).73

Candida Species  
Catheter-related candidemia may be associated 
with serious complications, such as septic throm-
bosis and endocarditis.154,155 In a multivariate 
analysis of nosocomial BSIs, Candida species were 
the only organisms independently predictive of a 
poor outcome.156–170 Fourteen studies evaluated 
the impact of CVC removal on the outcome of 
candidemia. All five prospective studies have 
demonstrated that CVC removal was associated 
with improved outcome.157–161 These included 
large studies in which multivariate analysis 
showed that catheter retention proved to be a  
significant independent risk factor for the  
persistence of candidemia and was associated 
with higher mortality.157 Of the nine retrospective 
studies, eight have demonstrated an improved 
outcome with CVC removal.162–169 In cancer 
patients, catheter removal improved outcome 
independent of persistent neutropenia and  
vascular catheter retention proved to be an inde-
pendent risk factor for the persistence of candi-
demia.158,162,169 Nucci and colleagues prospectively 
analyzed the risk factors for death among 145 
patients with nosocomial candidemia.158 Catheter 
retention was found to be an independent  
variable for increased risk of death in multivariate 

FIguRE 3  Algorithm for the diagnosis of catheter-related bloodstream infection (CRBSI). BSI = bloodstream 
infection; CFU = colony-forming unit; CVC = central venous catheter; DTP = differential time to positivity. *Such 
as staphylococci, Candida, Micrococcus, or Bacillus species.

BSI = bloodstream infection; CFU = colony-forming unit; CVC = central venous catheter; 
DTP = differential time to positivity. *Such as staphylococci, Candida, Micrococcus, or Bacillus species. 

Patient with CVC and signs 
and/or symptoms of BSI

Order simultaneous blood cultures from 
CVC and peripheral vein and investigate

•  Blood culture positive for organisms* that                    
   commonly cause CRBSI
•  There is no apparent source of the bacteremia,         
   other than the CVC

Before CVC removal Confirm diagnosis of  CRBSI After CVC removal

CLINICALLY: CVC site 
inflammation/discharge

LABORATORY:
Quantitative: Number of CFUs from CVC 
blood is ≥5 folds that from peripheral blood.

CVC tip culture: 
Growing same organism retrieved from 
blood, with these bacterial counts:
Roll-plate: ≥15 CFUs/catheter segment
Sonication: ≥1,000 CFUs /catheter 
segment
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analysis independent of persistent neutropenia. 
In a retrospective study, Anaissie and colleagues 
reviewed 416 patients with cancer and underlying 
candidemia and showed that the catheter reten-
tion was associated with poor outcome, death, 
and persistence of the infection compared with 
the outcome of patients who underwent guide-
wire exchange or removal of the catheter (p = 
.002), independent of the severity of the illness 
and the persistence of the neutropenia.162 In a 
recent retrospective study involving 404 cancer 
patients with candidemia and an indwelling CVC, 
Raad and colleagues determined by multivariate 
analysis that CVC retention for more than 72 
hours is associated with a poor outcome (decreased 
response to antifungal agents, morbidity, and 
mortality) in patients with Candida CRBSI.169  
In that study, CVC removal did not have any 
impact on improving outcome in patients with 
non–catheter-related secondary candidemia. 
Therefore, in cancer patients, the CVC should be 
removed early within 72 hours in patients  
with suspected or documented catheter-related 
candidemia. According to the study by Raad and 
colleagues, patients with previous chemotherapy 
or high-dose steroids are more prone to have 
their candidemia emerging from a noncatheter 
source and, hence, may not benefit from the early 
CVC removal.169  

Rex and colleagues demonstrated that fluco-
nazole has comparable efficacy to amphotericin B 
in the treatment of candidemia (71% of the cases 
were considered to be catheter related), with a 
significantly better safety profile in favor of fluco-
nazole.171 Echinocandins (caspofungin and mica-
fungin) were demonstrated through prospective 
randomized trials to be equivalent to amphoteri-
cin B or liposomal amphotericin B respectively in 
the treatment of candidemia with an improved 
safety profile. A recent multicenter study showed 
that anidulafungin (another echinocandins) is 
equivalent to and possibly superior to fluconazole 
in the treatment of invasive candidiasis. There-
fore, in patients with catheter-related candidemia, 
fluconazole or echinocandins should be consid-
ered efficacious and safer alternatives to ampho-
tericin B. In a center in which there are higher 
rates of fluconazole-resistant Candida glabrata 
and Candida krusei, echinocandins should serve 
as a better alternative to fluconazole.173,174 The 
duration of therapy for uncomplicated catheter-
related candidemia has been suggested to be  
2 weeks from the last positive blood culture, 
according to the IDSA guidelines.73
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and Kaposi’s sarcoma (KS) may be the result of 
the virus-chemical interaction. 

EBV was the first human virus associated 
with carcinogenesis, specifically to the origin of 
B-cell lymphomas.8 To date, a variety of EBV-
related tumors, such as Hodgkin’s disease and 
nasopharyngeal cancer, have been described (see 
Table 1). 

HHV-8 has been suggested as the etiologic 
agent for KS, with deoxyribonucleic acid (DNA) 
sequences of this herpesvirus isolated in KS tis-
sues.9 Hence, this virus is also termed Kaposi’s 
sarcoma–associated herpesvirus (KSHV).10 The 
pathogenesis of human immunodeficiency virus 
(HIV)-associated KS appears to be multifactorial. 
For instance, the use of nitrite inhalants and 
exposure to wet clay soils or other environmental 
sources appear to be linked to the unique epide-
miology of HIV-associated KS.11,12

Hepatitis B (HBV) and C (HBC) viruses have 
also been associated with the development of 
HCC, and their interaction with chemical car-
cinogens such as aflatoxin exposure, heavy alco-
hol consumption, inorganic arsenic ingestion, 
radioactive thorium dioxide exposure, iron over-
load, oral contraceptive use, and anabolic steroid 
use appears to be important in the pathogenesis 
of HCC.6,13,14 HCV might also have a role as an 
etiologic agent in non-Hodgkin’s B-cell lym-
phoma,15,16 although this association may have 
some geographic variations.17

Human papillomavirus (HPV) has been 
associated with a variety of cancers, and its inter-
action with cofactors (eg, smoking, oral contra-
ceptives, high parity) may play a carcinogeneic 
role.18 Virtually all cases of cervical cancer are due 
to a subset of HPV types, of which the most 
important are HPV-16, HPV-18, and HPV-45.1 
HPV has also been associated with the develop-
ment of penile, anal, or vulvar cancers, as well as 
with pulmonary adenocarcinoma, head and neck 
squamous cell carcinoma, laryngeal squamous 
cell carcinoma, and ovarian cancer.1,5,19–22 Poly-
omaviruses such as JC virus and simian virus 40 
(SV40) could also contribute to the pathogenesis 
of cancer, especially those affecting the central 
nervous system and the skin.3,23 

Human T-cell leukemia virus type 1 has been 
identified as the causative agent of T-cell leuke-
mia or lymphoma.1 Unlike other retroviruses that 
have direct oncogenic properties, HIV is thought 
to facilitate—through the suppression of the 
immune system—the occurrence of several cancer 
types caused by other infectious agents,24 although 
recent data indicate that HIV-1 infection may 
actively promote cancer growth, based on the evi-
dence that the HIV-1–encoded Tat protein can 
directly induce tumor angiogenesis and enhance 
transmission of KSHV to target cells.10

The importance of detecting viruses as causes 
of cancer has enormous implications for public 
health. Such infectious agents constitute an iden-
tifiable and possibly preventable cause of cancer, 
and treatment options to prevent infection with 
or to eradicate these viruses could diminish the 
incidence of cancer. For example, HBV’s associa-
tion with HCC and HPV’s association with cervi-
cal cancer have led to trials of vaccines for 
preventing cancer; encouraging results have been 
reported.25,26

Viral Hepatitis

The existence of more than 400 million people 
chronically infected with HBV and another 170 
million individuals chronically infected with 
HCV makes these two infections a serious global 
public health problem.27–29 More than 25% of 
people with chronic hepatitis B infection will die 
of liver disease, and more than 1 million deaths 
result from this infection annually.28 Likewise, 
chronic hepatitis C is a major cause of chronic 
liver disease and death throughout the world, 
with approximately 280,000 deaths attributable 
to this infection annually.29

HBV Infection
Clinical Manifestations 

For adults, the risk of the HBV infection becom-
ing chronic (ie, carriage of HBV surface antigen 
[HBsAg] for at least 6 months) is less than 5%.30 
Chronic HBV infection can cause hepatic  
cirrhosis and cancer.28 

Viruses have been implicated in the pathogenesis 
of several malignancies. In addition, viral infec-
tions are common complications among cancer 
patients and are associated with considerable 
morbidity and mortality, especially in those with 
hematologic malignancies and those who have 
undergone hematopoietic stem cell transplanta-
tion (HSCT). For example, herpes viruses are 
common pathogens in these patient populations, 
especially herpes simplex virus, varicella-zoster 
virus, and cytomegalovirus (CMV) and, to a lesser 
extent, Epstein-Barr virus (EBV), and human 
herpesvirus (HHV)-6. Other common viruses in 
these immunocompromised patients are com-
munity-acquired respiratory viruses (CRVs), 
including respiratory syncytial virus (RSV), influ-
enza virus, and parainfluenza virus (PIV), which 
produce upper respiratory tract infections (URIs) 
that can potentially progress to severe lower respi-
ratory tract infections (LRIs). Other, less common 
viruses that can cause serious illness in cancer 
patients and HSCT recipients include hepatitis 
viruses, polyomaviruses, picornaviruses, rhinovi-
ruses, coronaviruses, enteroviruses, adenoviruses, 
and metapneumoviruses. In this chapter, we 
review the potential role of viruses as causative 
agents of cancer and cover relevant issues on viral 
infections affecting both patients with cancer and 
HSCT recipients. 

Viral Infections as causes of cancer

Several viruses, including herpesviruses, hepatitis 
viruses, retroviruses, and polyomaviruses, have 
been implicated in the pathogenesis of various 
malignancies (Table 1).1–7 Such an association has 
been supported by the oncogenic properties of 
these viruses in animal models or cell cultures, 
and epidemiologic evidence is mounting. Tumor 
viruses might drive the malignant growth or 
modify the tumor phenotype. Viral carcinogenic-
ity is cell type specific, multifactorial, and influ-
enced by cofactors; the interaction between viral 
and chemical carcinogens may explain the cause 
of several cancers (see Table 1). For example,  
cervical cancer, hepatocellular carcinoma (HCC), 
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HBV infection can produce a high incidence 
of hepatic complications during therapy for 
cancer.31 Acute hepatitis owing to HBV reactiva-
tion is a complication observed in up to 67% of 
HBsAg-positive patients undergoing chemother-
apy.32–34 In most cases, the reactivation of HBV is 
asymptomatic, with mild and transient elevations 
of alanine aminotransferase levels. Some patients 
may have more severe flare-ups; massive necrosis 
and liver failure are associated with a mortality 
rate of 5 to 40%.31,35,36 Therefore, the possibility of 
HBV reactivation should be considered in patients 
with a history of HBV infection who develop liver 
dysfunction following chemotherapy.

Pathophysiologic Mechanisms 

In reactivation of HBV or HCV, chemotherapy 
depresses the immune system, leading to enhanced 
viral replication and an increase in the number  
of infected hepatocytes.34,35 In both infections, 
hepatocellular damage appears to be mediated 
primarily by host cellular immune responses, and 
the clinical signs of acute hepatitis are usually 

manifested at reconstitution of circulating lym-
phocytes. After discontinuation of chemotherapy 
and restoration of the individual’s immune 
system, T cells directed at HBV or HCV antigens 
press on hepatocytes, potentiate inflammation, 
and can initiate hepatocyte lysis and progression 
to fibrosis.32,35,37,38

Diagnosis 

HBV reactivation in cancer patients appears to  
be more common in male subjects, of young  
age, who have a diagnosis of lymphoma or breast 
cancer, positive results for hepatitis B early anti-
gen (HbeAg), a high prechemotherapy HBV viral 
load, and previous exposure to anthracyclines 
and/or corticosteroids.31,33,39,40 The presence of 
corticosteroids in the chemotherapy regimens is 
considered one of the most important risk factors 
for chemotherapy-induced HBV reactivation.34,39 
HBV contains a corticosteroid-responsive ele-
ment that is an HBV enhancer.38 Other chemo-
therapeutic agents or immunosuppressive drugs, 
apart from anthracyclines or corticosteroids,  

that have been linked to the reactivation of  
HBV include vincristine, bleomycin, etoposide, 
methotrexate, actinomycin D, mercaptopurine, 
azauridine, chlorambucil, cytosine arabinoside, 
leukovorin, cisplatin, and gemcitabine39 and the 
newer chemotherapeutic drugs fludarabine32 and 
rituximab.41

Patients previously infected with HBV and 
undergoing HSCT are also at higher risk of hepa-
titis-related morbidity and mortality.27,40 Never-
theless, the presence of chronic hepatitis B or C 
infection before transplantation should not be an 
absolute contraindication to HSCT, particularly 
in patients with normal serum aminotransferases 
and patients without marked hepatic fibrosis or 
cirrhosis.27,40

Patients should be screened routinely for 
HBsAg in endemic areas of chronic HBV infec-
tion before they undergo cytotoxic treatment.36 
Enzyme-linked immunosorbent assays are used 
to test for the presence of HBsAg, HBeAg, and 
antibodies against HBeAg. Patients who have 
positive results and are suspected to be having  
an HBV reactivation should have HBV-DNA 
levels measured for confirmation.32,36 In addition, 
during chemotherapy and immunosuppressive 
therapy, serologic antibody markers of hepatitis 
may be negative, thus making HBV-DNA moni-
toring by polymerase chain reaction (PCR) 
useful.42 Reactivation of HBV infection can occur 
with either HBeAg-positive or HBeAg-negative/
anti–HBe-positive cancer patients.34,39 Similarly, 
reactivation can occur despite the presence of 
HBV surface antibody following HSCT.43  
Pretransplantation liver biopsy to assess for the 
presence of fibrosis or cirrhosis is recommended 
in patients with abnormal serum aminotransfer-
ases or clinical manifestations of chronic liver  
disease.37

Chemotherapy regimens in individuals with 
HBV reactivation are usually discontinued and 
restarted several months after the acute event, 
when liver function test results normalize and 
HBV-DNA levels become undetectable.38  
Reactivation-related acute hepatitis can also cause 
delays and necessitate reductions in chemo-
therapy, reducing the chance of cancer remission 
and increasing the mortality rate.34,44

Treatment 

The two modes of treatment for hepatitis B  
infection are viral suppression (eg, with nucleo-
side analogues such as lamivudine or adefovir 
dipivoxil) and immunomodulation (eg, with 
interferon-a) (Table 2).28,45–50 Lamivudine has 
been successfully used for the treatment of acute 
HBV reactivation in cancer patients undergoing 
chemotherapy.38,51 In these patients, treatment of 
HBV infection may be indicated when a high risk 
of hepatic disease progression is documented 
during or at the end of chemotherapy.27 In cancer 

Table 1  Association between Viruses and Various Cancers 

Virus Family Type of Association and Cancer Other Factors Associated with These Cancers

Herpesviridae
 EBV Proven: Burkitt’s lymphoma,  Burkitt’s lymphoma: malaria, nitrosamines 
  Hodgkin’s disease, non-Hodgkin’s  Non-Hodgkin’s lymphoma: polychlorinated 
  lymphoma, AIDS-associated   biphenyls, pesticides, hair dyes 
  lymphomas, nasopharyngeal cancer,  
  post-transplantation  
  lymphoproliferative disorders
 Controversial: breast cancer, gastric  
  cancer, leiomyosarcomas 
 HHV-8 (KSHV) Proven: Kaposi’s sarcoma, primary  HIV, nitrite inhalants,  
  effusion lymphoma  immunosuppressants, water and/or  
   volcanic soils, nitrosamines
Hepadnaviridae  
  HBV Proven: hepatocellular carcinoma Dietary aflatoxins, alcohol
Flaviviridae  
  HCV Proven: hepatocellular carcinoma Alcohol
 Potential: non-Hodgkin’s lymphoma
Papovaviridae  
 Polyomaviruses  
  JC virus Potential: human brain tumors and  No data 
  non-neural tumors
  Simian virus 40 Potential: mesothelioma, brain tumors Mesothelioma: asbestos, tobacco
 Papillomaviruses  
  HPV  Proven: cervical cancer, oropharyngeal  Cervical cancer: HSV-2 coinfection, 
  cancer  tar-based vaginal douches, tobacco, wood
 Potential: penile cancer, squamous   smoke, oral contraceptives, high parity,  
  cell skin cancer, pulmonary   tobacco 
  adenocarcinoma, laryngeal squamous  Oropharyngeal cancer: alcohol, tobacco 
  cell carcinoma, esophageal squamous  
  cell carcinoma
 Controversial: colorectal tumors
Retroviridae  
  HTLV-1 Proven: adult T-cell leukemia No data

EBV = Epstein-Barr virus; HBV = hepatitis B virus; HCV = hepatitis C virus; HHV-8 = human herpesvirus 8; HIV = human 
immunodeficiency virus; KSHV = Kaposi’s sarcoma–associated herpesvirus; HPV = human papillomavirus; HSV-2 = herpes 
simplex virus type 2; HTLV-1 = human T-cell leukemia virus type 1.
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and HSCT patients, nucleoside analogues are 
preferable because they do not cause substantial 
myelosuppression, a possible complication of 
interferon-a therapy.35,40 Liver transplantation is 
also effective and should be considered in patients 
with end-stage disease that does not respond  
to medical therapy.28 In children undergoing  
chemotherapy or HSCT, the criteria to start treat-
ment must be the same as those used in children 
with chronic hepatitis, such as disease lasting for 
at least 6 months with abnormal transaminase 
levels and HBV-DNA positivity.27

Primary prophylactic therapy using lamivu-
dine is well tolerated and effective in reducing the 
incidence of HBV reactivation in chronic HBsAg 
carriers undergoing chemotherapy.34,38,52 Lamivu-
dine treatment should continue for 6 to 12 months 
following the last dose of immunosuppressive 
treatment.38 Prophylactic use of nucleoside ana-
logues such as lamivudine or famciclovir may also 
result in a significant decrease in the incidence 
and severity of HBV reactivation after HSCT.40,53 
However, limiting the use of prophylactic antivi-
ral agents to patients who are at the highest risk of 
developing HBV reactivation may reduce the 
potential complication of emergence of mutant 
viruses.39 

Besides the prophylactic use of nucleoside 
analogues in HBsAg-positive patients, other strat-
egies to reduce the risk of reactivation of HBV in 
patients with HBV infection and cancer who 

receive cytotoxic chemotherapy include the use  
of less aggressive and less immunosuppressive 
chemotherapy protocols in HBsAg-positive 
patients, close monitoring every 1 to 3 weeks 
throughout the course of chemotherapy, and 
early intervention during reactivation.34,44 To 
date, insufficient information exists to allow  
recommendation of antiviral prophylaxis for the 
population that has been exposed to HBV but 
tests negative for HBsAg.35

HCV Infection 
Clinical Manifestations 

Acute HCV infection is generally benign in less 
than one-third of patients and tends to become 
chronic in more than 70% of them, at which  
stage it can induce cirrhosis, end-stage disease, 
liver failure, and liver cancer.29,54 Several factors 
are clearly associated with the rate of fibrosis  
progression, including a low CD4 count.29 

Pathophysiologic Mechanisms

These are described in the section on HBV  
infection.

Diagnosis 

HCV infection may be diagnosed using serologic 
assays for antibodies and molecular tests for viral 
particles. Antibodies against HCV are detected  
by enzyme immunoassays that are very sensitive 

and very specific. However, cancer patients, espe-
cially those with hematologic malignancies, can 
have false-negative results. In these patients, the 
conventional detection of anti-HCV antibodies is 
not sufficient for diagnosis, thus necessitating 
PCR determination of HCV–ribonucleic acid 
(RNA).27,29,55,56 Knowledge of the viral load is also 
helpful for predicting treatment response and 
relapse.29 Liver biopsy should be considered in 
patients with clinical manifestations of cirrhosis, 
patients with chronic HCV infection and elevated 
serum aminotransferase levels, and patients with 
HCV who have a history of excessive alcohol 
intake. Patients with marked hepatic fibrosis or 
cirrhosis should not proceed to high-dose myeo-
loablative therapy and HSCT because of the  
high risk of complications and death from HCV 
infection.37 

It seems that HCV has a lower reactivation 
rate than HBV has following chemotherapy, but 
when it occurs, it can be fatal.32,34

Treatment 

The combination of pegylated interferon and 
ribavirin can eradicate HCV in more than 50%  
of patients (see Table 2). Combination antiviral 
therapy has been more effective than monother-
apy with either agent and has a higher rate of  
sustained response.48 Combination therapy 
should be considered for patients with decom-
pensated but stable chronic HCV liver disease.57 

Table 2  Antiviral Agents Used for Treating Hepatitis B and C Viral Infections

Antiviral Agent Mechanism of Action FDA-Approved Indication  Reported Adverse Effects

Lamivudine Inhibition of reverse transcriptase and  Chronic hepatitis B infection Fatigue, headache, rashes, insomnia, myalgias, 
  incorporation into viral DNA, which halts   arthralgias, decreased appetite, diarrhea, nausea,  
  the DNA synthesis of HBV   vomiting, hepatomegaly with steatosis, pancreatitis,  
    fat redistribution, lactic acidosis, death
Adefovir dipivoxil (oral  Inhibition of DNA synthesis of HBV through  Chronic hepatitis B infection Headache, asthenia, abdominal pain, diarrhea, 
 prodrug of adefovir)  competitive inhibition of reverse transcriptase    dyspepsia, flatulence, nausea, pruritus, rash, renal 
  and incorporation into viral DNA   failure
Interferon-a The precise mechanism of action has not been  Chronic viral hepatitis caused Influenza-like symptoms (eg, fever, chills, fatigue,  
  determined; thought to be related to altered   by either HBV (interferon-a-2b,   headache, malaise, myalgia, and arthralgia),  
  synthesis of RNA and DNA, enhanced   peginterferon a-2a and a-2b)  alopecia, anorexia, nausea, vomiting, diarrhea,  
  phagocytic activity of macrophages, and   or HCV (interferon-a-2a or -2b  dizziness, hypersensitivity, pruritis, aplastic anemia,  
  augmented specific cytotoxicity of lymphocytes   or alphacon 1, peginterferon  hepatotoxicity, liver enzyme elevations, nephrotic 
  for target cells  a-2a and a-2b)  syndrome, neutropenia, thrombocytopenia,  
    pancreatitis, impaired concentration, severe  
    somnolence, depression, suicidal ideation, anxiety,  
    psychosis, pneumonitis, renal insufficiency/failure,  
    retinal hemorrhages, cotton-wool spots, retinal  
    artery/vein obstruction, thyroid and liver function  
    test abnormalities
Ribavirin Still unclear; may act at several sites, including  Chronic hepatitis C infection with  Fatigue, headache, anorexia, dyspepsia, nausea, rash, 
  cellular enzymes, to interfere with viral   compensated liver disease  lethargy, increased concentrations of serum  
  nucleic acid synthesis  (in combination with  bilirubin, pruritus, conjunctivitis, headache,  
   interferon-a-2b, peginterferon  hemolytic anemia, pancreatitis, bronchospasm,  
   a-2a and a-2b)  worsening respiratory status, cardiac arrest,  
    hypotension, bradycardia, death

DNA = deoxyribonucleic acid; FDA = US Food and Drug Administration; HBV = hepatitis B virus; HCV = hepatitis C virus; RNA = ribonucleic acid.
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These antiviral treatments reduce the progression 
of liver fibrosis and can reverse cirrhosis.29 Liver 
transplantation is the primary treatment option 
for patients with decompensated cirrhosis.29  
A high viral load degree and the presence of  
genotype 1 are predictors of poor outcome in the 
general population.27

Ribavirin, administered during conditioning 
and after transplantation in HCV-infected  
pat ients requiring HSCT, appears to be safe and 
can result in clearance of HCV-RNA.58

High alcohol consumption must be avoided59 
and metabolic disorders (eg, diabetes, overweight) 
improved.60 Superinfection with hepatitis A virus 
in patients with chronic HCV infection can result 
in severe acute or even fulminant hepatitis. There-
fore, hepatitis A vaccine should be recommended 
for individuals with HCV infection and evidence 
of chronic liver disease.61 Based on limited data, 
hepatitis A vaccination can be used among HSCT 
recipients 24 months or older at least 12 months 
after HSCT.62

cytomegalovirus

CMV is a ubiquitous herpesvirus that infects 40 
to 100% of adults.63 CMV infection is a consider-
able problem in patients who have undergone 
allogeneic or autologous HSCT,64,65 and it is an 
emerging infection with significant morbidity 
and mortality among patients with leukemia66 
and lymphoma.67,68

Clinical Manifestations
The most common forms of infection in patients 
with hematologic malignancies and in HSCT 
recipients are CMV infection (antigenemia) and 
CMV disease (end-organ disease). Pneumonia 
and gastrointestinal disease are the most common 
manifestations of CMV disease in these patient 
populations; other manifestations, such as  
myocarditis, hepatitis, adrenalitis, thyroiditis, 
pancreatitis, nephritis, and encephalitis, are less 
common.64,66,67,69,70 Retinitis, a common manifes-
tation of CMV disease in acquired immune  
deficiency syndrome (AIDS) patients,71 is rare in 
cancer patients and those who have undergone 
HSCT.63,67,72,73 

The mortality rate from CMV pneumonia 
varies according to the underlying malignancy, 
reported as 30% in patients with lymphoma, 57% 
in those with leukemia, and up to 90% in those 
who have undergone HSCT.64,66,74,75 With current 
treatment regimens consisting of ganciclovir and 
intravenous immunoglobulin (IVIG), the mor-
tality rate is approximately 60% for pneumonia.74 
In patients with CMV pneumonia, the presence 
of lymphopenia in leukemia patients66 and a high 
APACHE II score and development of antiviral 
toxicity in lymphoma patients are predictors of 
poor outcome.67

Development of either CMV infection or 
CMV disease in cancer patients has been associ-
ated with the use of corticosteroids68,70 and new 
chemotherapeutic agents such as, alemtuzumab, 
and fludarabine.66,76,77 Potential risk factors for the 
development of CMV disease in HSCT recipients 
include pretransplantation CMV seropositivity, 
transplantation of hematopoietic stem cells from 
a matched unrelated donor or a mismatched 
related donor, use of T cell–depleted marrow, 
severe graft-versus-host disease, previous use of 
tacrolimus, and administration of prophylactic 
ganciclovir only three times per week.63–65,78,79

Pathophysiologic Mechanisms
CMV remains latent in tissues after a patient’s 
recovery from the initial infection.63 Lympho-
cytes, particularly cytotoxic T cells, play a crucial 
role in maintaining CMV in the latent stages and 
in controlling CMV infection80; thus, their impair-
ment may contribute to the development of  
CMV infection or CMV disease in cancer patients 
or those who have undergone HSCT.67,81 CMV 
also exerts an immunomodulatory role, which 
predisposes patients to fungal infections.82 For 
instance, patients with hematologic malignancies 
and HSCT who develop either CMV infection or 
CMV pneumonia commonly have concomitant 
Pneumocystis jiroveci (formerly Pneumocystis  
carinii) pneumonia and an increased risk of  
subsequent development of invasive pulmonary 
aspergillosis.83,84

Diagnosis 
Early detection of CMV infection is critical to  
its optimal management.66 Conventional viral 
culturing has been the gold standard for diagnos-
ing CMV to date but is limited by its poor predic-
tive value, lack of quantitation, false-negative 
results, and up to 6 weeks’ turnaround time.85–88 
Rapid viral culturing using the shell vial method, 
a modification of conventional culturing, has 
reduced the diagnosis time to approximately 2 
days and has a sensitivity of 68 to 100% compared 
with conventional culturing.85,87,89 The CMV pp65 
antigenemia assay using peripheral blood leuko-
cytes is another reliable, rapid, and sensitive test. 
Similarly, the CMV pp67–messenger RNA assay 
appears to be a promising diagnostic tool  
with high specificity for the diagnosis of CMV 
infection, comparable to that of the quantitative 
pp65-antigenemia assay.90,91 In patients who have 
undergone HSCT, the presence of antigenemia  
is a predictor of the development of CMV pneu-
monia,79,85,92 although no correlation between 
CMV antigenemia and the development of CMV 
pneumonia has been observed in patients with 
lymphoma.67 Real-time PCR for detection of 
CMV-DNA in the blood is an alternative that  
is also rapid and sensitive for diagnosing active 

disease and monitoring the response to therapy; 
additionally, it appears to be more sensitive than 
the identification of antigenemia in detecting 
CMV reactivation in patients with lymphoid 
malignancies and after HSCT.93,94 Virus quantita-
tion can be used to risk-stratify patients and  
to monitor treatment.94 CMV in tissue and bron-
choalveolar lavage specimens may also be identi-
fied by cytology, histopathologic examination  
for viral inclusions, or immunohistochemical 
staining.67,85,89

A definitive diagnosis of CMV pneumonia 
depends on the detection of the virus in lung 
tissue.85 However, lung biopsies are rarely per-
formed in patients with cancer because of the 
morbidity (eg, bleeding) associated with this pro-
cedure.85 Detection of CMV in bronchoalveolar 
lavage samples correlates highly with detection  
in lung biopsies95 and is therefore presently the 
preferred method of diagnosis. Therefore, most 
cases of CMV pneumonia in cancer patients are 
diagnosed by the presence of both clinical and 
radiographic evidence of pneumonia and the  
isolation of CMV in respiratory samples obtained 
by noninvasive procedures (eg, bronchoalveolar 
lavage samples or sputum). The clinical manifes-
tations and radiologic appearances of CMV pneu-
monia are indistinguishable from those of other 
causes of pneumonia in patients with cancer  
and after HSCT (Figure 1). Consequently, estab-
lishing the diagnosis by bronchoalveolar lavage 
samples is critical in these patients. 

The second most common presentation of 
CMV disease in cancer patients is gastrointestinal 
infection (Figure 2).69 Gastrointestinal CMV  
disease mainly involves the stomach (41%) and 

FIgure 1  Cytomegalovirus pneumonia in a patient 
with lymphoma. Chest radiograph shows bilateral 
interstitial and alveolar infiltrates along with right 
pleural effusion.
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colon (28%) and may be associated with a high 
attributable mortality rate (42%) among patients 
with cancer, particularly those with disseminated 
CMV disease or AIDS.69 We previously reported 
that the presentation of gastrointestinal CMV dis-
ease varies according to the type of cancer and is 
influenced by the HIV serostatus.69 More specifi-
cally, upper gastrointestinal tract CMV disease is 
more common in patients with hematologic 
malignancies than in those with solid tumors. 
Even more, cancer patients with AIDS are more 
likely than those without AIDS to have colonic 
involvement, whereas cancer patients without 
AIDS are more likely than those with AIDS to 
have gastric involvement.69 Thus, gastrointestinal 
CMV disease should be suspected even in non-
HSCT patients to initiate treatment before  
dissemination occurs.  

Therapy
The use of antiviral agents affects the outcome  
of cancer patients with CMV infection or CMV 
disease (Table 3).46,48,49,66–69,96–98 Therapy for CMV 
infection consists of intravenous administration 
of ganciclovir with or without IVIG for CMV 

pneumonia. The use of ganciclovir is limited by 
the associated development of neutropenia, how-
ever, which can increase the risk of superinfec-
tions, and the emergence of ganciclovir-resistant 
CMV infection.99 Foscarnet is used in patients 
who experience severe myelosuppression during 
ganciclovir therapy. This agent does not cause 
neutropenia but is associated with nephrotoxicity 
and electrolyte imbalances. Valganciclovir is an 
oral prodrug of ganciclovir with a 10-fold greater 
bioavailability than oral ganciclovir’s and has the 
potential to replace intravenous drug treatment 
in cancer patients who can take oral medication.96 
Cidofovir can also be used for treatment, but like 
foscarnet, it causes nephrotoxicity and occasion-
ally neutropenia.97 CMV infections refractory to 
sequential therapy with foscarnet and cidofovir 
have been reported.99

Combinations of antiviral agents against 
CMV disease have not been systematically evalu-
ated in cancer patients. Although combination 
therapy with ganciclovir and high-dose IVIG 
appears to be more effective than therapy with 
ganciclovir alone in the treatment of CMV pneu-
monia in patients who have undergone HSCT,75 
no randomized trials have been done comparing 
these two treatment modalities. 

Thus, to date, therapy for CMV disease in 
cancer or HSCT patients is suboptimal, and more 
effective and less toxic antiviral agents are urgently 
needed. However, preventing CMV infection  
has been more successful. It can be prevented  
in CMV-negative HSCT recipients by using  
bone marrow and screened blood products  
from donors who are also seronegative for CMV. 
Because of the high risk of CMV infection in sero-
positive HSCT recipients or those whose donors 
are seropositive, instituting measures to prevent 
CMV disease is important. Two strategies are 
used to prevent CMV infection in seropositive 
patients who are at risk of reactivation. One is  
the prophylactic administration of ganciclovir 
(foscarnet can be used as an alternative); valgan-
ciclovir may be useful in some high-risk patients. 
The second strategy involves early or preemptive 
therapy for subclinical CMV infection, based on 
positive surveillance testing (ie, antigenemia or 
PCR) for CMV from blood or the fluid obtained 
during bronchoalveolar lavage.88 Each of these 
strategies has limitations, but both prophylactic 
and preemptive therapies are effective for pre-
venting CMV disease.65,78 Novel strategies include 
the use of donor-derived CMV-specific T 
cells.62,100,101

HIV/AIDS-related cancers

Immunodeficiency, whether congenital or 
acquired (eg, HIV infection, drug or transplant 
related), increases the risk of certain types of  
cancers.102,103 Patients with AIDS have an increased 

incidence of certain cancers, some of them  
with unusual spectra and manifestations.24,103–105 
AIDS patients have a definite increased incidence 
of five cancers: KS; non-Hodgkin’s lymphoma 
(NHL), including primary central nervous  
system lymphoma (PCNSL); squamous cell  
carcinoma of the conjunctiva; Hodgkin’s disease; 
and childhood leiomyosarcoma.102 Most of these 
cancers are known to be associated with specific 
herpesviruses and HPV coinfections.10,102,103 

Kaposi’s Sarcoma
HHV-8, also known as KSHV, has been suggested 
as the causative agent of KS.9,10 The distribution  
of KS appears to have geographic variations, at 
least partially related to the effect of the use of 
highly active antiretroviral therapy (HAART). 
For example, KS is relatively common in parts  
of Africa,24 whereas it is rare in the United  
Kingdom.102 In Africa, a steady increase in the 
incidence of KS has been observed over the last 
several years, and its occurrence in women  
has increased.104,106 An increase in childhood KS 
has also been noted.106 In developed countries, the 
incidence of KS has declined since the introduc-
tion of HAART, but this cancer is still a problem 
for AIDS patients in these countries.107,108 This  
is probably because KS manifests less aggressively 
in patients receiving HAART, although the  
natural history and outcome do not appear to be 
influenced by the use of this therapy.109

The skin is the most common site of KS, with 
painless, slightly raised nodular tumors or plaque-
like lesions, although, rarely, it can manifest in 
skeletal muscle and bone.108 HIV-associated KS 
often manifests as multiple lesions affecting both 
the skin and internal organs.102 HIV-infected 
patients with KS should be treated with HAART.108 
Identification of the optimal chemotherapy  
or immunotherapy against KS as well as  
antiviral therapy is the subject of continuous 
investigations.

Non-Hodgkin’s Lymphoma
NHL is a relatively late complication of HIV 
infection, and the incidence increases with the 
duration of infection.105 The effect of HAART in 
HIV-associated NHL is mixed. For example,  
the incidence of systemic NHL has decreased110,111 
but to a lesser extent than the incidence of  
other AIDS-defining malignancies, such as KS 
and PCNSL.107,111 Moreover, the prognosis of 
NHL has improved,110,112 but it is still the most fre-
quent cause of death among AIDS patients,111,112 
even in the era of HAART.111 Roughly half of all 
cases of systemic NHL related to AIDS are linked 
to EBV infection.103

HIV-associated systemic NHL exhibits pleo-
morphic features, has a range of subtypes, and 
can have an aggressive clinical course.102 The vast 

FIgure 2  Gastrointestinal cytomegalovirus disease 
in a patient with cancer. Esophagogastroduodenos-
copy showing cytomegaloviral infection associated 
with ulcer, granulation tissue, and edema.
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majority of systemic AIDS-related NHLs belong 
to the three high-grade B-cell lymphomas: 
Burkitt’s lymphoma, immunoblastic lymphoma, 
and large cell lymphoma. Among the less common 
types are primary effusion lymphoma and multi-
centric Castleman’s disease–associated NHLs.10 
Most NHLs are of nodal origin (71%),106 but 
HIV-associated NHL is characterized by wide-
spread disease involving extranodal sites such as 
the bone marrow, gastrointestinal tract, central 
nervous system, ovary, and skin.102,106,113 In Africa, 
a significant increase in the incidence of NHLs in 
women has been reported.104 The response to 
HAART remains an important prognostic factor 
in patients with NHL.112 Standard chemothera-
pies similar to those used for systemic NHL in 
non–HIV-infected patients have also been used 
for those infected with HIV.112

Primary Central Nervous System  
Lymphoma
PCNSL is an aggressive cancer in AIDS patients. 
More than 95% of cases are of B-cell origin, with 
microscopic and immunologic features similar to 
those of systemic NHL, including its association 
with EBV infection.110,114 However, PCNSL is 
rarely accompanied by lymphoma outside the 
central nervous system. PCNSL occurs most often 
in the advanced stages of AIDS, typically observed 
in HIV-infected patients who have CD4+ cell 
counts below 50/mm3.110,114 The incidence of 
PCNSL has dropped since the introduction of 
HAART.112,114

These patients have constitutional symp-
toms, altered mental status, seizures, and multiple 
irregular or ring-shaped enhancing lesions on 
magnetic resonance images.114 PCNSL must  
be differentiated from a more common AIDS-
defining illness, cerebral toxoplasmosis. In the 
absence of a response to a trial of antitoxoplas-
mosis therapy, cytologic examination of the  
cerebrospinal fluid and EBV-DNA detection or a 
stereotactic biopsy are required to confirm the 
diagnosis of PCNSL. The median survival rate  
is poor, and the optimal therapy against PCNSL  
is not well defined. Local radiotherapy is favored 
over chemotherapy, and the combination of 
radiotherapy and HAART improves patients’  
survival rate.110

Hodgkin’s Disease
The risk of developing Hodgkin’s disease is high 
after the onset of AIDS.103 Like systemic NHL and 
PCNSL, most HIV-associated Hodgkin’s disease 
tumors are also linked to EBV infection.103 Among 
HIV-infected individuals, Hodgkin’s disease is 
clinically unusual, generally presenting at a late 
stage with extranodal dissemination and an  
atypical, aggressive clinical course.102,113 The pre-
dominant histologic subtypes are mixed cellular-
ity and lymphocyte depletion, which are relatively 
rare in HIV-negative patients.102 The effect of 
HAART on the epidemiology of HIV-associated 
Hodgkin’s disease remains unclear.107

Other Cancers
A dramatic increase in the incidence of eye 
tumors, particularly of squamous cell tumors  
of the conjunctiva, has been observed in Africa, 
one of the regions most affected by the AIDS  
epidemic.104,106 Similarly, HIV-infected children 
have been observed to have a high risk of develop-
ing leiomyosarcoma.115 Increases in oral, testicu-
lar, skin, brain, lung, breast, and thyroid cancers 
have been linked to HIV infection, although  
further research is needed to clarify such  
associations.102

The incidence of cervical cancer remains very 
high, and it is the most common cancer among 
women with AIDS.104 However, there has been no 
suggestion that the natural history of cervical 
cancer has been affected by HIV.104,106 HIV infec-
tion appears to increase the risk of low-grade cer-
vical lesions but not the risk of invasive cervical 
cancer.102 Furthermore, there is no evidence that 
the oncogenic role of HPV is different in HIV-
infected women than it is in HIV-noninfected 
women.10 Similarly, in no study has an increase  
in the relative risk of HCC been observed in  
HIV-seropositive subjects.102

community-Acquired respiratory 
Viruses

CRVs can produce severe infections in both com-
munity and hospital settings.116–118 These viruses 
frequently cause respiratory illnesses that are 

Table 3  Systemic Antiviral Agents Used for Treating Cytomegalovirus Infection or Disease

Antiviral Agent Mechanism of Action Indication Reported Adverse Effects

Ganciclovir Guanosine analogue; inhibits DNA synthesis  CMV prophylaxis and treatment*; CMV Anemia, neutropenia, thrombocytopenia,  
  by suppressing DNA chain elongation  infections, particularly CMV retinitis in   hypersensitivity (eg, fever, skin rash), phlebitis,  
   immunocompromised (eg, AIDS) patients   anorexia, nausea or vomiting, eosinophilia,  
   (treatment and prophylaxis)  increased levels of creatinine or blood urea nitrogen,  
    central nervous system effects (eg, mood or other  
    mental changes, nervousness, tremor, seizures,  
    confusion, encephalopathy), increased liver  
    function test results
Foscarnet Pyrophosphate analogue that acts by  CMV retinitis,* CMV prophylaxis and Anemia, fever, headache, diarrhea, nausea, vomiting,  
  inhibiting DNA polymerase during the   treatment  nephrotoxicity, seizures, electrolyte disturbances 
  DNA polymerization process   (eg, hypocalcemia, hypophosphatemia,  
    hyperphosphatemia, hypomagnesemia,  
    hypokalemia)
Valganciclovir Prodrug of ganciclovir, then acts as  CMV retinitis in AIDS patients* and  Headache, insomnia, pyrexia, anemia, neutropenia, 
  described for ganciclovir  CMV disease prophylaxis (heart, kidney,   thrombocytopenia, abdominal pain, diarrhea,  
   kidney-pancreas transplantation)*;   nausea, vomiting 
   therapy and prophylaxis of CMV  
   infection
Cidofovir Inhibition of viral DNA polymerase by  CMV retinitis in patients with AIDS*; may  Nausea, vomiting, headache, rash, severe 
  its diphosphorylated metabolite  be effective in the treatment and   nephrotoxicity, metabolic acidosis, ocular hypotony,  
   prophylaxis of CMV infection  anterior uveitis, iritis, neutropenia, 
    thrombocytopenia

AIDS = acquired immune deficiency syndrome; CMV = cytomegalovirus; DNA = deoxyribonucleic acid.
*Indication approved by the US Food and Drug Administration.
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associated with high morbidity and mortality 
rates among cancer patients and HSCT recipi-
ents.116–125 For instance, among adult HSCT recip-
ients in 1997 at The University of Texas M. D. 
Anderson Cancer Center, CRV infection was the 
major cause of death, second only to Aspergillus 
infection.126 However, there are seasonal differ-
ences in the intensity and virulence of the epi-
demics in the communities and between regions; 
thus, the impact of CRV infections in HSCT 
recipients varies between centers. 

The CRVs include some virulent and  
highly contagious viruses, the most common of 
which include RSV, the influenza viruses, and 
PIV122,127–129; there are two subtypes of RSV (A and 
B), three types of influenza viruses (A, B, and C), 
and four types of PIV (1 through 4, with serotype 
3 the most common). Picornavirus, rhinovirus, 
coronavirus, adenovirus, and enterovirus are  
less common respiratory viruses.116,121,129–131 

CRV infections in HSCT recipients have 
been extensively studied, and their characteristics 
are summarized in Table 4.117,119–121,126–129,132–135 
Overall, they occur in up to 36% of all adult HSCT 
recipients.120,126,127 The risk from CRV infection is 
higher in allogeneic HSCT recipients than in 
autologous HSCT recipients.119,126,127 

In the case of hematologic malignancies, 
especially leukemia, CRV infections occur in up 
to 33% of affected patients; the characteristics  
of those infections in this subset of patients are 
summarized in Table 5.123–125,130,131,136,137 

Of note is that the incidence of RSV, influ-
enza, or PIV infection varies between different 
series of HSCT recipients and patients with  
hematologic malignancies. These differences 
might result from the CRV infection rates in the 
community and/or differences in the diagnostic 
methods and infection control measures used in 
the different centers.

Clinical Manifestations
RSV and influenza infections are observed in  
seasonal patterns. In the United States, most RSV 
infections occur during November and May,116 
although, rarely, cases have been reported at  
different times throughout the year, including the 
summer months.138 The start of influenza season 
typically follows that of the RSV season, and  
most cases are reported during the winter months. 
The seasonal prevalence of influenza infections  
in patients with hematologic malignancies and  
in HSCT recipients parallels their prevalence  
in the general community.117,118 On the other 
hand, PIVs, rhinoviruses, and adenoviruses are 
prevalent throughout the year.128–131

Immunocompromised patients with CRV 
infections usually display a more prolonged  
duration of infection and viral shedding and have 
more varied initial manifestations of symptoms 
than normal CRV hosts do.116 Cancer patients 
may present with mild to moderate URIs, such as 
pharyngitis or laryngitis, or with potentially  
lethal LRIs, such as tracheobronchitis, bronchiol-
itis, or pneumonia.116 The most common signs 
and symptoms of CRV infections are cough, fever, 
sputum, rhinorrhea, sinus congestion, sore throat, 
rales, or rhonchi.133,134 It is interesting that in 
HSCT recipients with CRV infection, alveolar 
condensation is the most common abnormality, 
followed by the presence of an interstitial  
infiltrate.133 An association of CRV infections 
with late airflow obstruction has recently been 
described.139 

Up to 80% of CRV-associated URIs in HSCT 
recipients and patients with hematologic malig-
nancies may progress to LRIs; however, in the 
majority of studies, progression occurs in 30 to 
50% for RSV and 25 to 30% for PIV.117,118,124,126,133 
Progression usually occurs within 2 weeks of  
the diagnosis of a URI (median 7 days), with  

certain variations observed according to the virus 
involved, and it appears to be more commonly 
produced by RSV than by an influenza virus or 
PIV (see Table 4 and Figure 3). Allogeneic HSCT 
recipients appear to have a higher risk of develop-
ing LRIs than autologous HSCT recipients do.127 
Progression from influenza URI to pneumonia 
has been reported in HSCT recipients given 
amantadine or rimatadine but not in those given 
osetalmivir or zanamivir.117 Influenza in patients 
treated with corticosteroids, antiviral agents, or 
both is less likely to progress to an LRI than it is  
in untreated HSCT patients.117 The strongest  
risk factors for progression to LRIs in HSCT 
recipients are older age, lymphopenia in patients 
with RSV infection, and use of systemic cortico-
steroids and lymphopenia in patients with PIV 
infection.128 

Table 4  Characteristics of the Most Common Community-Acquired Respiratory Virus Infections in Hematopoietic Stem Cell Transplant Recipients

Virus Incidence (%) Risk Factors  Progression  Risk Factors  Median Days  Shedding  Treatment Mortality 
  for Infection from URI to  for Progression (range) to Progression  Duration,  Rate* (%)
   LRI (%) to LRI to LRI d (range)

RSV 5–10 Male sex 27–80 Older age, stem cells    RSV-IVIG plus 7–100 
     from mismatched     aerosolized 
     or unrelated donor,     ribavirin 
     pre-engraftment  
     period, lymphopenia 4–7 (0–7) 10–16 (1–30)  
       
Influenza 1 Female sex,  7–32 Lymphopenia, less exposure  11 (4–14) 7 (2–37) Oseltamivir appears  10–57 
   advanced    to corticosteroids,     to be more effective 
   disease   autologous HSCT    than rimantadine
PIV 2–7 Use of unrelated  Use of high-dose 3 (0–30) No data Aerosolized ribavirin  0–75 
   stem cell donor 0–27  corticosteroids    with or without IVIG

HSCT = hematopoietic stem cell transplantation; IVIG = intravenous immunoglobulin; LRI = lower respiratory tract infection; PIV = parainfluenza virus; RSV = respiratory syncytial virus;  
URI = upper respiratory tract infection. 

*Mainly due to LRI.

FIgure 3  Respiratory syncytial virus pneumonia in a 
patient with chronic myeloid leukemia. Chest radio-
graph shows airspace disease in the right lower 
lobe. 
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Risk factors for progression of CRV- 
associated URIs to LRIs in patients with hemato-
logic malignancies include inpatient status at  
the onset of infection, lymphopenia, and CRV 
infection caused by RSV.118 

In HSCT recipients, prolonged shedding  
of CRVs may occur for all species (see Table 4). 
Influenza virus shedding has a longer duration in 
allogeneic recipients, those given higher doses of 
corticosteroids, or those who have not received 
antiviral therapy.117 

The most common periods during which 
CRV infections occur are in the first 30 days and 
90 days after HSCT.119,133 Patients who develop 
CRV pneumonia before engraftment are at the 
greatest risk of death, with a reported mortality 
rate of up to 80%.116,121 However, the outcome  
of infection in such a patient population varies 
with the type of infection and the virus involved 
(see Table 4), and the results from recent studies 
suggest that outcome is improved with early  
institution of therapy.140 

Notable geographic and probably center-to-
center differences occur in the outcome of CRV 
infections in HSCT recipients. For example, in 
the United States, the highest mortality rate 
observed in this patient population appears to 
occur in those with RSV infection,117 whereas in 
Brazil, influenza A infection accounts for most 
fatal cases.133 Furthermore, in Europe, the mortal-
ity rate associated with RSV infection appears  
to be higher in allogeneic than in autologous 
recipients, whereas the mortality rate associated 
with influenza infection seems to be similar in the  
two groups of HSCT recipients.127 Overall, the 
mortality rates associated with CRV-associated 
pneumonia are between 7 and 100% in HSCT 
recipients118,123,124,126 and 5 and 83% in patients 
with leukemia (see Tables 4 and 5).118,123 These 
differences are likely due to differences in the 
definition of LRIs, underlying immunosuppres-
sion, the presence of copathogens, and the timing 
and type of treatment regimens. 

Pathophysiologic Mechanisms
In immunocompromised patients, URIs caused 
by CRVs can spread to the lower respiratory tract. 
For example, RSV, influenza viruses, and PIV 
may predispose cancer patients and HSCT recipi-
ents to serious secondary bacterial or fungal infec-
tions.116–118,123,127,129,133 Additionally, coinfection 
with more than one of these CRVs has been 
reported in 3 to 7% of HSCT recipients and  
in 12 to 50% of patients with hematologic  
malignancies.118,119,125,127,137 It is interesting that 
RSV infections were also associated with delayed 
engraft ment following transplantation in one 
study.141 

Diagnosis
Prompt and accurate diagnosis of CRV infections 
allows early treatment, possibly delays the  

necessity for chemotherapy and transplantation,  
and permits rapid initiation of infection control 
measures.120,126,128,133 Methods used for diagnosing 
CRVs include viral culture, enzyme-linked immu-
nosorbent assays for antigen detection, direct or 
indirect immunofluorescence assays with mono-
clonal antibodies, PCR amplification, and chemi-
cal reactions for enzyme detection.116,122,129,133 PCR 
testing also allows virus quantitation. Histopath-
ologic examination of lung tissue with immuno-
histochemical staining has also been used for 
diagnosing CRV infections.125,134 

In patients who have rhinorrhea, nasal or 
sinus congestion, otitis media, pharyngitis, and/
or cough without hypoxemia or infiltrates on 
chest radiography, CRV-associated URIs are usu-
ally diagnosed when a CRV is microbiologically 
isolated in a specimen from the upper respiratory 
tract. However, CRV-associated LRIs are diag-
nosed when a CRV is either microbiologically  
isolated from a lower respiratory tract sample or 
identified during histopathologic examination  
of lung tissue in the presence of symptoms  
and radiographic findings compatible with a 
diagnosis of a viral LRI.117,130,134,142

Therapy
Without treatment, the mortality rate associated 
with RSV LRIs may be as high as 100%,116,120,127 
although recent reports also suggest that some 
RSV-infected patients may have a good outcome 
without treatment.141 The results with the use  
of antiviral therapy against RSV URIs in HSCT 
recipients (mainly autologous recipients) and 
patients with multiple myeloma have been con-
flicting.127,138,141 The reasons for these differences 
are poorly understood but are likely due to the 
immunosuppressive state of the patient.

The experience from several transplantation 
centers suggests that the patients at highest risk of 
severe RSV disease are those whose transplants 
have not yet fully engrafted; therefore, treatment 
should be initiated early in the pre-engraftment 
period.126,134,135 At M. D. Anderson Cancer Center 

and the Fred Hutchinson Cancer Research Center, 
our current practice is to individualize care  
for HSCT recipients with a postengraftment  
RSV-associated URI based on the presence of risk 
factors for progression to severe disease, such as 
the presence of lymphopenia.134,135 

To date, the only available antiviral therapy 
for RSV infection is aerosolized ribavirin.49,116 
RSV-IVIG is derived from pooled adult plasma 
containing high titers of neutralizing antibodies 
against RSV. Monotherapy with RSV-IVIG may 
modify RSV infections.126 In recent years, the  
use of aerosolized ribavirin plus RSV-IVIG has 
been associated with better outcomes than  
available previously in patients with RSV LRIs, 
especially when treatment is initiated early during 
the infection; however, these results were not 
obtained in randomized trials.116,120,126,134,135 For 
HSCT recipients, the prompt use of this combi-
nation approach resulted in a dramatic decrease 
in the overall mortality rate from 100% to less 
than 40%.116,126,143 However, the benefit of com-
bining aerosolized ribavirin with IVIG in HSCT 
recipients remains to be elucidated in prospective 
controlled clinical trials, as does the benefit of 
using standard IVIG preparations rather than 
antibody preparations containing high titers of 
RSV-neutralizing antibody or RSV-specific 
monoclonal antibody.135,140

Initial treatment options for uncomplicated 
influenza A viral infection include amantadine, 
rimantadine, oseltamivir, and zanamivir. Aman-
tadine and rimantadine are chemically related 
antiviral drugs with the same target (M2) and are 
effective in the treatment of influenza A infec-
tion.96,116 Oseltamivir and zanamivir belong to a 
new class of antiviral agents, the neuraminidase 
inhibitors, which are active against both influenza 
A and B viruses and are approved for the treat-
ment of influenza infections.96,116 Treatment 
options for uncomplicated influenza B viral  
infections include oseltamivir and zanamivir.  
The results of noncontrolled studies have shown 
that oseltamivir might be more effective than 

Table 5  Characteristics of the Most Common Community-Acquired Respiratory Virus Infections in Patients 
with Leukemia

Virus Incidence (%) Predominant  Frequency of  Treatment Mortality 
  Leukemia LRI (%)  Rate* (%)

RSV 10 Acute and chronic  59–67 Aerosolized ribavirin plus  53–83
   myeloid   RSV-IVIG
Influenza 33 Acute and chronic  35–80 Oseltamivir, zanamivir,  5–43 
   lymphoid   amantadine, rimantadine,  
     aerosolized ribavirin
PIV 3 Acute and chronic  55–67 Aerosolized ribavirin 15–66
   lymphoid

IVIG = intravenous immunoglobulin; LRI = lower respiratory tract infection; PIV = parainfluenza virus; RSV = respiratory 
syncytial virus.

*Mainly due to LRI.
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rimantadine for the treatment of influenza virus–
associated URIs and LRIs.117 Ribavirin is a broad-
spectrum antiviral agent with activity against 
RNA and DNA viruses, including influenza A  
and B viruses, PIV, and RSV.48 Few clinical studies 
exist on ribavirin in treating influenza infection. 

The idea of combination antiviral therapy for 
treatment of severe influenza infections has not 
been explored in controlled trials.116 Combina-
tion therapy of M2 and neuraminidase inhibitors 
can be considered for severe disease; however, 
published data are limited.117 Compared with 
single agents, combinations of ribavirin with 
amantadine or rimantadine have shown enhanced 
antiviral activity in vitro and in animal models  
of influenza A infection.144 Ribavirin could be 
used in combination with neuraminidase inhibi-
tors for life-threatening influenza B infections.  
Antiviral therapy against influenza virus infec-
tions should be administered for at least 5 days  
in patients with hematologic malignancies because 
a shorter duration of therapy might be associated 
with progression to an LRI in high-risk 
patients.142

Currently, no licensed antiviral therapy  
is available for treating severe PIV infections.  
Ribavirin is active against PIV in vitro but pos-
sesses only marginal activity in vivo.116,124 Several 
investigators have reported that successful out-
comes with ribavirin depended on early initiation 
of therapy, that is, when the virus was confined to 
the upper respiratory tract.116,145 However, PIV 
infections appear to be less responsive than RSV 
infections to treatment with aerosolized ribavi-
rin.128 Ribavirin has also failed to shorten the time 
for PIV shedding in HSCT recipients.129 Although 
the combination of IVIG and ribavirin has also 
been used to treat PIV-associated LRIs, the results 
have been inconclusive.116,129 

In the absence of optimal therapy against 
CRV infections in HSCT recipients and cancer 
patients, preventing such infections is of the 
utmost importance. RSV-IVIG has been used  
for prevention of severe RSV-associated LRIs in 
children with chronic lung disease or a history of 
premature birth.116 The development of palivi-
zumab, a monoclonal antibody directed against 
RSV, has provided another option for preventing 
RSV infection.116 The mainstay of influenza  
prophylaxis in the general population is the inac-
tivated influenza vaccine.116 Prophylactic oral 
antiviral therapy against influenza viruses may  
be warranted for patients in high-risk groups if 
vaccination is contraindicated or if supplies of 
vaccine are insufficient.116 Antiviral drugs cur-
rently approved for influenza chemoprophylaxis 
include amantadine, rimantadine, and oseltami-
vir.116 Amantadine and rimantadine are equally 
effective in preventing influenza A infection,  
with efficacy rates of 70 to 90% in controlled 

trials.116 Neuraminidase inhibitors are highly 
effective in prophylaxis146; the side-effect profile 
appears to be more favorable than that of M2 
inhibitors. Surveillance, vaccination of contacts, 
and preemptive antiviral therapy might also  
minimize the effect of influenza infection in 
HSCT recipients.62,117 

Finally, the use of infection control measures 
is important and has dramatically reduced the 
incidence of CRV infections.126 At M. D. Ander-
son Cancer Center and the Fred Hutchinson 
Cancer Research Center, patients are screened for 
CRV infections before they undergo stem cell 
transplantation if they are symptomatic, and 
transplantation is delayed if a URI is present.62,147 
Whether all transplants must be delayed (includ-
ing autologous transplants for multiple myeloma) 
remains controversial,138 and more research is 
needed to identify patients who can safely be 
transplanted. PCR testing might prove useful in 
this regard in future. Meanwhile, we favor delay-
ing transplantation in patients with URI. Patients 
are encouraged to wash their hands frequently, 
visits to patients are limited, and both visitors and 
staff must wear masks and gloves when entering 
the rooms of patients with URI symptoms.126 
Whether a general mask policy (even during  
contact with uninfected patients) is effective 
remains controversial. Contact of family mem-
bers, visitors, and staff with uncontrolled respira-
tory secretions should be minimized.  In addition, 
patients should be placed in respiratory isolation 
conditions until they are symptom free and  
respiratory samples yield negative microbiologic 
results.117,126

Summary

Clinical and epidemiologic studies have suggested 
that many viruses may be associated with carci-
nogenesis. In addition, viral infections are impor-
tant causes of morbidity and mortality in HSCT 
recipients and patients with hematologic malig-
nancies. Less is known about the effect of these 
infections on other subsets of cancer patients. The 
risk factors for developing a severe viral infection 
need better definition to permit identification of 
high-risk patients who may benefit from preven-
tive measures and/or early diagnosis and therapy. 
Because of the suboptimal response of these infec-
tions to the currently available antiviral therapies, 
new antiviral agents are needed. Finally, preven-
tion remains the most important approach in  
this patient population, and infection control 
measures are of paramount importance.
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For many years, the major focus of attention in 
the study of infectious complications of cancer 
was on bacterial infections. In recent years, how-
ever, with the use of more aggressive therapies, 
widespread use of human stem cell transplanta-
tion, and the ability to control most bacterial 
infections, fungal infections have emerged as seri-
ous and frequently fatal complications in patients 
with cancer, especially those with acute leukemia 
and recipients of human stem cell transplants 
(HSCTs).1–4 This chapter provides an overview of 
modern antifungal agents and the current issues 
regarding the most important mycoses that inter-
nists encounter in patients with cancer.

Overview of Antifungal Agents

Until the early 1990s, treatment of life-threaten-
ing invasive fungal infections was essentially  
limited to the use of only one antifungal agent, 
amphotericin B (AMB) deoxycholate (AMB-d).5 
The introduction of several new antifungal agents 
with activity against opportunistic yeasts and 
molds has provided new treatment options, how-
ever.2,6,7 Currently, 13 antifungals are licensed for 
the treatment of invasive mycoses. These drugs 
belong principally to four classes: polyenes, 
pyrimidines, azoles, and echinocandins (Table 1). 
No ideal antifungals for the treatment of deep 
mycoses have been identified, and the drug of 
choice is influenced by many factors, such as  
the specific type of fungal infection, its site, and 
the presence of comorbidities (Table 2). Conse-
quently, selection of antifungal therapy should be 
an individualized process with careful consider-
ation of the disease severity, potential for organ 
toxicity, and drug interactions.

Amphotericin B
For decades, conventional AMB has been  
considered the gold standard for the treatment of 
deeply invasive fungal infections.5 However, the 

significant toxic effects of the conventional AMB 
formulation, which include infusion-related 
fever, rigors, headache, dose-limiting nephrotox-
icity, and anemia, often limit the effectiveness of 
this agent in severely ill patients.5 Consequently, 
lipid-based formulations of AMB (eg, AmBisome, 
Abelcet, Amphotec) that offer the advantages of 
fewer infusion-related side effects and reduced 
nephrotoxicity were developed.6,8 The dose equiv-
alency of these formulations differs from that of 
conventional AMB-d, with the requirement of 
lipid formulation doses three- to five-fold higher 
(in mg/kg) for similar efficacy.6,8 When AMB is 
incorporated into a lipid carrier, the pharmacoki-
netics of the drug change depending on the par-
ticle size of the formulation. The larger-particle 
formulations (Abelcet and Amphotec) are rapidly 
removed from the bloodstream by macrophages 
and other cells of the reticuloendothelial system 
and deposited into deep tissue sites such as the 
liver, spleen, and lung, resulting in more rapid 
clearance from the bloodstream relative to the 
standard AMB formulation.6 In contrast, the 
smaller-particle liposomal AMB formulation 
(AmBisome) circulates in the bloodstream for 
longer periods before being sequestered into deep 
tissue sites.6 Therefore, clearance of this formula-
tion and the volume of its distribution are lower 
than those of AMB.6 The clinical impact of these 
pharmacokinetic differences between different 
AMB formulations is unclear.8 All three lipid for-
mulations accumulate to a lesser degree in the 
kidneys when compared with the standard AMB 
formulation, however, which accounts for their 
reduced rates of nephrotoxicity.

Despite the improved therapeutic index of 
these lipid formulations of AMB, there are still 
relatively few data from prospective clinical trials 
suggesting that these considerably more expen-
sive formulations are more effective than conven-
tional AMB. Moreover, the 10- to 20-fold higher 
acquisition cost of the lipid formulations has 

required many institutions to restrict their use  
to patients with preexisting renal failure or those 
at high risk of nephrotoxicity while receiving 
AMB (eg, patients receiving concomitant neph-
rotoxic drugs). Currently, there is no consensus 
regarding the clinical or pharmacoeconomic 
threshold for using lipid AMB formulations as 
first-line therapy for most invasive mycoses in 
patients with cancer. Cost-effective use of these 
formulations relies on institution-specific factors, 
including their acquisition (primary) costs and 
secondary costs (eg, increased length of stay; use 
of a pharmacy, blood bank, laboratory, and  
radiology services) associated with managing the 
additional toxic effects of the standard AMB  
formulation.

The most common acute toxic effects of all 
AMB formulations are infusion-related reactions, 
which are characterized by fever, chills, rigors, 
anorexia, nausea, vomiting, myalgia, arthralgia, 
and headache.5 Hypotension, flushing, and dizzi-
ness are less common, but bronchospasm and 
true anaphylactic reactions have been reported 
with both the conventional and lipid formula-
tions of AMB. Severe hypokalemia and cardiac 
arrhythmia have also been reported in patients 
with a central venous catheter in place who 
received a rapid infusion or excessive dose of the 
conventional AMB formulation.5 Therefore, 
slower infusion rates (more than 4–6 hours) and 
electrocardiogram monitoring should be consid-
ered for patients with underlying cardiac conduc-
tion abnormalities. Because thrombophlebitis is a 
common local side effect with infusion into a 
peripheral vein, use of a central venous catheter is 
required if AMB will be administered for more 
than 1 week.5 Slower infusion rates, rotation of 
infusion sites, application of hot packs, use of 
low-dose heparin, and avoidance of AMB con-
centrations greater than 1 g/L can minimize 
thrombophlebitis.
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Acute reactions to AMB generally subside 
over time and with subsequent infusions of it. Use 
of lipid formulations reduces, to varying degrees, 
the incidence of infusion-related reactions. Inter-
estingly, the concentration of each AMB formula-
tion (% weight/volume) may play a role in the 
incidence of infusion reactions. AmBisome (10% 
w/v) has the lowest incidence of reactions, fol-
lowed by Abelcet (34% w/v) and conventional 
AMB-d (35% w/v). The cholesterol dispersion 
lipid formulation of AMB (Amphotec) has both 
the highest concentration of AMB (50% w/v) and 
the highest reported rates of infusion-related 
reactions. Lipid AMB formulations have also 
been associated with a unique triad of acute infu-
sion-related reactions, including dyspnea; severe 
abdominal, flank, and/or leg pain; and flushing 
and urticaria. Most of these reactions can be effec-
tively managed by administration of diphenhydr-
amine and interruption of the lipid AMB infusion. 
In the past, administration of a test dose of AMB-
d (eg, 1–5 mg) was recommended prior to initiat-
ing therapy, but this is no longer considered useful 
for screening patients for hypersensitivity reac-
tions. Premedication with agents such as low-
dose hydrocortisone (1 mg/kg), diphenhydramine, 
meperidine (0.5 mg/kg), and nonsteroidal anti-
inflammatory agents may be performed prior to 
AMB infusions to blunt symptoms of acute reac-
tions, although the data from organized clinical 
trails supporting their routine use are limited. 
Premedication should also be considered with the 
use of lipid AMB formulations, even though their 
infusion reactions are somewhat less severe (for-
mulation dependent) when compared with those 
of the conventional AMB formulation.

Nephrotoxicity is the most significant delayed 
toxic effect of AMB and can be classified by  
glomerular and tubular mechanisms.5 AMB 
directly constricts the afferent arteriole, resulting 
in a decrease in both renal blood flow and glo-
merular filtration (increased serum creatinine), 
eventually leading to azotemia (increased blood 
urea nitrogen). AMB-induced azotemia can be 
delayed by ensuring that patients are well hydrated 
prior to starting therapy and sodium loading 
(intravenously administering 0.5–1.0 L of normal 
saline before and after infusing AMB) to maintain 
renal blood flow and adequate glomerular  
filtration pressure. Although the exact amount  
of sodium needed to reduce nephrotoxicity is 
unknown, studies in human adults receiving 
AMB-d have examined the use of 85 to 600 mg/d 
of sodium before AMB administration.5 Although 
several recent uncontrolled studies have suggested 
that administration of AMB-d by continuous 
infusion can delay glomerular toxic effects, this 
dosing approach is not widely recommended. 
Azotemia with AMB administration is generally 
reversible, although 5 to 10% of patients may 
have persistent renal impairment after discon-
tinuation of therapy.

Distal tubular membrane damage caused  
by AMB leads to Fanconi-like syndrome with 
impaired urinary acidification, defective urinary 
concentrating ability, and potassium and magne-
sium wasting.5 Hypokalemia in particular is 
common in patients receiving either conventional 
or lipid formulations of AMB and may require 
the administration of up to 15 mEq of supple-
mental potassium per hour. Hypokalemia and 
hypomagnesemia frequently precede decreases in 
glomerular filtration (increased serum creatinine 
level), especially in patients who are adequately 
hydrated or receiving lipid formulations of AMB. 
However, continued tubular damage eventually 
results in decreases in renal blood flow and  
glomerular filtration through tubuloglomerular 
feedback mechanisms that constrict the afferent 
arteriole. Therefore, renal protective measures, 
such as sodium loading, should still be considered 
for patients receiving lipid AMB formulations.

Prolonged courses of treatment with AMB 
may result in normochromic, normocytic anemia 
owing to the inhibitory effects of AMB on renal 
erythropoietin synthesis.1,2 Patients with diseases 
other than cancer may experience decreases in 
hemoglobin of 15 to 35% below baseline that  
will return to normal within several months of 
discontinuation of the drug; these decreases may 
be even more severe in patients with cancer. 
Administration of recombinant erythropoietin 
has been suggested for patients with symptomatic 
anemia during AMB administration.

5-Flucytosine
Flucytosine is the fluoropyrimidine approved for 
the treatment of invasive fungal infections and is 
available only as an oral capsule formulation.6 
The usefulness of flucytosine in treating invasive 
mycoses is hampered by its relatively narrow 
spectrum, high rates of acquired resistance in 
common pathogens (ie, Candida spp), and  
significant potential for toxic effects. Thus, flucy-
tosine is not used as monotherapy and has a  
narrowly defined role in the treatment of most 
mycoses. Because flucytosine is widely distributed 
throughout the body, including the cerebrospinal 
fluid (CSF), after oral administration, it is a useful 
adjuvant to antifungals with slow or minimal dis-
tribution into anatomically privileged sites, such 
as the meninges.

Flucytosine was originally developed as an 
antitumor chemotherapeutic agent before it was 
discovered to have antifungal activity against 
common yeast.6 Not surprisingly, its most 
common side effects are nausea and vomiting, 
increases in serum transaminase levels, and bone 
marrow suppression.6 The risk of bone marrow 
suppression can be reduced if serum levels are 
maintained at less than 100 mg/mL. Because  
flucytosine is eliminated unchanged through the 
kidneys, serum level monitoring and dosage 

adjustment are required for patients receiving 
flucytosine in combination with AMB or other 
nephrotoxic agents.

Azole Antifungals
The availability of azole antifungals, particularly 
the oral triazoles itraconazole, fluconazole, and, 
most recently, voriconazole, fulfills a critical need 
for effective and better tolerated alternatives to 
AMB.2,6,7 Fluconazole, itraconazole, and voricon-
azole have proven to be valuable agents in the 
prevention and treatment of both primary and 
opportunistic mycoses. All three triazoles are 
available in tablet or capsule form, oral solution 
or suspension, and intravenous formulations, 
providing clinicians with added flexibility in ther-
apy selection. Because all azoles are potentially 
teratogenic, their use should be avoided in preg-
nant women.

Fluconazole

Of the triazoles, fluconazole (Diflucan) is clearly 
the best tolerated and has the most desirable 
pharmacologic properties, including high bio-
availability, high water solubility, a low degree of 
protein binding, linear pharmacokinetics, and  
a wide volume of distribution, including the  
CSF, eye, and urine.6,7 Fluconazole has a more 
limited spectrum of activity than itraconazole 
does, including most Candida spp (except Can-
dida krusei and, in certain cases, Candida glabrata) 
and Cryptococcus neoformans, and it is a second-
line agent for Histoplasma capsulatum, Blastomy-
ces dermatitidis, and Coccidioides immitis. 
Fluconazole6,7 does not have clinically useful 
activity against molds such as Aspergillus. Unlike 
other azoles, fluconazole is eliminated primarily 
unchanged through the kidneys and is less sus-
ceptible to clinically significant drug interactions 
through mammalian cytochrome P-450 enzymes 
at standard dosages used to treat superficial (100–
200 mg/d) or systemic (400–800 mg/d) infections. 
However, administration of higher dosages of  
fluconazole (eg, 800 mg/d) may result in more 
pronounced cytochrome P-450 inhibition. 

Itraconazole

Itraconazole (Sporanox) was introduced in the 
early 1990s as a capsule formulation that was 
effective against superficial fungal infections and 
mild to moderately severe endemic mycoses. 
However, its erratic absorption in critically ill 
patients limited its effectiveness against opportu-
nistic mycoses. The subsequent reformulation of 
itraconazole into an oral and intravenous solu-
tion with hydroxy-b-propyl cyclodextran signifi-
cantly improved the blood levels of the agent  
that could be obtained in critically ill and  
immunocompromised patients. Specifically, 
administration of the oral liquid formulation 
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results in a 30% higher area under the curve 
(AUC) over 24 hours under fed conditions and 
60% higher AUC under fasting conditions. Itra-
conazole is a relatively broad-spectrum triazole 
with activity against many common fungal patho-
gens, including most Candida spp, Cryptococcus, 
endemic dimorphic fungi (H. capsulatum, B. der-
matitidis, and C. immitis), and Aspergillus spp.6,7 
This drug is lipophilic and highly protein bound 
and has a long half-life, nonlinear pharmacoki-
netics, and limited distribution into some body 
fluids, including the CSF and urine. Itraconazole 
is metabolized in the liver and, to a lesser extent, 
the gut into more hydrophilic metabolites, one  
of which (hydroxyitraconazole) retains potent 
antifungal activity. 

The most common adverse effects of oral 
itraconazole therapy are gastrointestinal effects, 
rash, and asymptomatic increases in hepatic 
transaminase levels. Cases of severe idiosyncratic 
hepatitis have been reported infrequently in 
patients receiving itraconazole therapy. Pro-
longed therapy with itraconazole can be associ-
ated with metabolic disturbances (suppression of 
adrenal steroid synthesis) and increased risk of 
congestive heart failure. Itraconazole is a sub-
strate and potent inhibitor of mammalian cyto-
chrome P-450 enzymes and is therefore susceptible 
to a number of clinically significant drug interac-
tions (see Azole Drug Interactions). When admin-
istered as an oral solution, the cyclodextran 
vehicle used to dissolve itraconazole is passed 
through the gastrointestinal tract with minimal 
metabolism.7 In the intravenous formulation, 
however, cyclodextran must be cleared through 
the kidneys. This vehicle may accumulate  
in patients with moderate to severe renal dys-
function (eg, estimated creatinine clearance of  
< 30 mL/min), which in animal studies has been 
associated with toxic effects in the bladder epi-
thelium.7 Although these effects have not been 
observed in humans, patients with poor renal 
function who are candidates for itraconazole 
should be preferentially given the oral formula-
tion of itraconazole unless the potential benefits 
of the intravenous formulation high blood levels) 
outweigh the theoretical risk.

Voriconazole

Voriconazole (Vfend) is a methylated analogue of 
fluconazole with enhanced activity against yeast 
and important opportunistic molds, including 
Aspergillus and Fusarium spp.6,7 Voriconazole is 
not active, however, against Zygomycetes. In terms 
of its clinical pharmacology, voriconazole has 
characteristics of both fluconazole and itracon-
azole. Like fluconazole, voriconazole is well 
absorbed orally, has limited protein binding,  
and is distributed widely throughout the body, 
including the CSF. Like itraconazole, intravenous 
voriconazole is formulated in a cyclodextran 

solution (sulfobutylether cyclodextran) and has 
nonlinear pharmacokinetics and similar precau-
tions for its use in patients with marked renal  
dysfunction. Voriconazole is metabolized into 
inactive metabolites through the liver and is  
an inhibitor of mammalian cytochrome P-450 
enzymes. In addition to the common adverse 
effects seen with other triazoles (gastrointestinal 
effects, rash, increases in hepatic enzyme levels), 
voriconazole causes transient visual disturbances 
in 15 to 30% of patients, manifesting as photo-
phobia, perception of blinking or flashing lights 
(even with the eyes closed), and, occasionally, 
hazy or blurred vision. These side effects tend to 
occur during the first week of therapy and disap-
pear with continued therapy in most patients. 
Occasionally, visual disturbances are intensified 
by hallucinations, a separate side effect seen in 2 
to 8% of patients receiving voriconazole (often 
with concomitant benzodiazepines and narcotic 
analgesic therapy). These visual disturbances are 
thought to result from temporary alterations in 
electrical conduction of photoreceptors in the 
rods and cones of the retina, which revert to 
normal once therapy is stopped. No permanent 
damage to the retina has been noted in human or 
animal studies of voriconazole.

The dose-limiting toxicity of voriconazole, 
like that of most azole antifungals, is hepatic  
toxicity that initially presents with asymptomatic 
increases in serum transaminase levels. Generally, 
these increases are reversible and transient and do 
not require discontinuation of therapy. However, 
serious hepatic reactions during treatment with 
voriconazole and other azoles have been reported, 
including clinical hepatitis, cholestasis, and ful-
minant hepatic failure. These reactions often 
occur when an azole is administered concomi-
tantly with other hepatotoxic drugs. Liver func-
tion tests should be evaluated at the start of and 
during the course of azole therapy. Abnormal 
elevations in liver function should be routinely 
monitored, and azole therapy should be discon-
tinued if severe hepatic impairment develops. 

Posaconazole
Posaconazde (Noxafil) is a recently approved  
oral triazole for the treatment and prevention of 
invasive fungal intections. This agent has a very 
broad spectrum of activity against yeasts and 
molds, including the Zygomycetes7. Posaconazole 
is given orally 2–4 times a day. It is widely distri-
buted in the Body metabolized by the liver, and 
well tolerated, even in long-term.

Azole Drug Interactions

An inherent limitation of azole pharmacology is 
that the target of their antifungal activity, the 
cytochrome P-450 enzyme 14-a-demethylase, 
shares considerable homology with mammalian 
cytochrome P-450 enzymes involved in drug 
metabolism.5 Thus, azole antifungals are both 
substrates and inhibitors of cytochrome P-450 

systems in humans. Not surprisingly, these drugs 
have many interactions with the metabolism of 
other drugs; many of these interactions have the 
potential to result in severe clinical outcomes if 
not detected early. Cytochrome P-450 3A4  
inducers increase the metabolism of all azoles to 
varying degrees depending on their lipophilicity. 
Coadministration of rifampin, for example,  
can reduce fluconazole serum concentrations by 
approximately 50% and itraconazole, voricon-
azole, and posaconazole concentrations by up to 
90%. When possible, azole antifungal therapy 
should be avoided during high-dose conditioning 
chemotherapy prior to hematopoietic cell  
transplantation owing to an increased risk of 
acute hepatotoxicity and accumulation of toxic 
chemotherapy metabolites.

Echinocandins
With the introduction of caspofungin (Cancidas) 
in 2001, the echinocandins became the first truly 
novel class of antifungal agents to be introduced 
in more than 40 years.6 Echinocandins disrupt  
the integrity of the fungal cell wall by disturbing 
the synthesis of b-(1,3)-glucan polymers, which 
are critical cross-linking structural components 
in the cell wall of Candida and Aspergillus spp  
and the mycelial forms of some endemic fungi. 
Although echinocandin resistance appears to  
be rare, some Candida spp (C. parapsilosis and C. 
guilliermondii) may be inherently less susceptible 
to lower echinocandin concentrations than other 
species candida due to subtle differences in their 
b-(1,3)-D-glucan synthase structure. Also, echi-
nocandins have no clinically effective activity 
against C. neoformans. They also appear to have 
suboptimal in vitro activity against endemic 
fungi. In most cases, differences in fungal cell wall 
construction appear to define the spectrum of 
these agents. For example, the cell walls of Zygo-
mycetes spp are constructed primarily of chitin 
and chitosan polymers, with relatively fewer  
b-(1,3)-D-glucan synthases, glucuronomanno-
proteins, and matrix components. Not surpris-
ingly, echinocandins are not effective against 
Zygomycetes.6

One echinocandin, caspofungin, has been 
approved for the treatment of infections by Can-
dida and Aspergillus spp. Two other echinocan-
dins, micafungin and anidulafungin, were recently 
approved. Despite some modest differences in 
pharmacokinetics and potency, the echinocan-
dins are pharmacologically similar and probably 
interchangeable. All three of these agents are 
available only as intravenous formulations, have 
predominantly linear pharmacokinetics, have 
relatively high tissue concentrations (except in 
the CSF, eyes, and urine), have a prolonged  
elimination half-life, and are metabolized mostly 
through chemical degradation followed by  
secondary hepatic metabolism (caspofungin and 
micafungin). Caspofungin dosage adjustment is 
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recommended for patients with severe hepatic 
dysfunction (Child-Pugh score 7–9). All three 
echinocandins were well tolerated in phase II and 
III clinical trials, with the most common adverse 
effects being phlebitis or venous irritation, head-
ache, fever, and rash. Infusion-related reactions 
analogous to the ones seen with vancomycin have 
been described with caspofungin because of its 
potential to cause histamine release from mast 
cells. The most common adverse effects reported 
with echinocandin therapy in the laboratory  
are transient elevations in serum transaminase 
and alkaline phosphatase levels. The echinocan-
dins are neither substrates nor inhibitors of  
cytochrome P-450 enzymes of P-glycoprotein 
enzymes. For reasons not completely understood, 
coadministration of echinocandins with inducers 
of cytochrome P-450 3A4 (eg, rifampin, phenyt-
oin) results in modest (25–50%) decreases in the 
AUC of these antifungals, which can be overcome 
with increased dosages. Furthermore, caspofun-
gin modestly (20%) decreases the AUC of con-
comitant tacrolimus therapy. Coadministration 
of caspofungin and cyclosporine in early phase I 
and II trials resulted in increased cyclosporine 
levels and elevated serum transaminase levels. 
Although this interaction was not observed in 
subsequent clinical trials or with other echino-
candins, current caspofungin labeling does not 
recommend coadministration of the drug with 
cyclosporine unless the benefits outweigh the 
potential risk of increased hepatotoxicity.

Pathogenesis of Fungal Infections

Multiple, frequently interrelated factors impact 
the susceptibility of patients with cancer to a  
variety of fungal infections (Table 3).3,9,10 Candida 
spp are often part of the patient’s endogenous 
flora,9 whereas opportunistic molds (eg, Aspergil-
lus and Fusarium spp) are ubiquitous in the envi-
ronment.1,10,11 Although symptoms of infection 
with these organisms usually develop while the 
patient is in the hospital, except during periods of 

hospital construction or faulty air handling,  
most infections are community acquired.11 Most 
serious fungal infections occur in patients with 
cancer who have prolonged, severe neutrope-
nia.3,9–11 This is not surprising as neutrophils are 
capable of ingesting and killing Candida spp, and 
neutrophils were found to be the primary defense 
against the hyphae of Aspergillus spp in animal 
studies.3,9–11 Administration of high doses of adre-
nal corticosteroids, especially for protracted peri-
ods, predisposes patients to mycoses, especially  
to aspergillosis and other mold infections.12 The 
alveolar macrophages ingest and kill Aspergillus 
spores, and corticosteroids interfere with the  
fungicidal activity of macrophages.12 In addition, 
disruption of mucocutaneous barriers predis-
poses patients to fungal infections. Furthermore, 
candidemia3 and, rarely, Fusarium fungemia13 are 
associated with the use of intravascular catheters. 
Local Aspergillus11 and Zygomycetes infections14 
have occurred at catheter insertion sites, often 
leading to disseminated infection. Disseminated 
fusariosis13,15 occasionally arises from paronychia 
caused by skin trauma adjacent to sites of  
onychomycosis.13,15 Other sites of tissue damage 
may also facilitate fungal infections. For example, 
leukemic infiltrates and chemotherapy-induced 
ulcerations of the oropharynx and gastrointesti-
nal tract may be sites of origin for disseminated 
candidiasis.3,9 Different types of defects in cellular 
immunity, such as decreased numbers of CD4  
T lymphocytes and defects in T-cell signaling, 
play an important role in predisposing patients  
to certain fungal infections, such as oropharyn-
geal candidiasis,3 cryptococcosis, reactivation of  
histoplasmosis, and coccidioidomycosis.

Broad-spectrum antibiotic therapy has been 
associated with fungal infections, especially can-
didiasis.3,9 This may be due to suppression of the 
normal flora, allowing for fungal overgrowth, as 
has been shown with Candida spp in the orophar-
ynx and gastrointestinal tract. Antibacterial and 
antifungal prophylaxis also may be associated 
with fungal infections, the latter of which facili-
tates acquisition of fungi resistant to antifungal 
agents. For example, fluconazole prophylaxis has 
been associated with increased colonization and, 
in some studies, infection with fluconazole- 
resistant non-albicans Candida spp, such as  
C. krusei and C. glabrata.16–20 

Candidiasis

Candidiasis is the most common mycosis in 
patients with cancer, although its frequency has 
decreased in recent years because of the wide-
spread use of antifungal prophylaxis, especially 
with fluconazole, in highly susceptible popula-
tions.16,21 Multiple risk factors predispose patients 
with cancer to candidiasis (see Table 3). The spec-
trum of infections caused by Candida spp in 

cancer patients is broad. Hence, Candida spp  
can cause a range from mild yet uncomfortable 
superficial infections to major organ and widely 
disseminated infections.3 

Although C. albicans has accounted for more 
than 50% of systemic infections for some time, 
other Candida spp that are frequently resistant to 
fluconazole have emerged as relatively common 
pathogens in patients with cancer.16–20 For exam-
ple, Candida tropicalis mimics acute bacterial 
sepsis in neutropenic patients with leukemia,22 is 
more likely to cause the characteristic skin lesions 
associated with disseminated candidiasis, and 
occasionally causes a syndrome of skin lesions 
and painful myositis. C. glabrata has variable sus-
ceptibility to fluconazole, and increased coloniza-
tion and infection with this species have been 
associated with fluconazole prophylaxis.23 Also, 
C. parapsilosis has been associated with parenteral 
alimentation and use of intravascular catheters.3 
Finally, C. krusei is inherently resistant to flucon-
azole and has been isolated with increasing  
frequency of colonization and infection in insti-
tutions that use fluconazole prophylactically.17–19 

Oral Candidiasis
The most common superficial Candida infection 
in patients with cancer who are not receiving pro-
phylaxis is acute pseudomembranous candidiasis 
of the oropharynx (thrush).3 This infection occurs 
following mucosal damage by chemotherapy or 
radiotherapy, such as patients with head and neck 
cancer who undergo chemoradiation. The lesions 
associated with it are creamy, whitish, curd-like 
plaques or pseudomembranes on the buccal 
mucosa, palate, or tongue, the exposed base of 
which is erythematous and painful and may bleed. 
These lesions may be associated with fissures in 
the angles of the mouth. Rarely, patients with 
cancer who have clinically significant thrush also 
have esophageal involvement manifesting with 
only mild or moderate odynophagia.

Diagnosis of oral candidiasis is confirmed by 
the presence of yeasts and pseudohyphae on 
scraping of an infected area and in culture analy-
sis.3 Recovery of Candida spp from a culture alone 
is insufficient evidence because these fungi are 
commonly found as colonies in the oropharyn-
geal mucosal surfaces, especially in patients who 
are receiving antibiotics. The most effective ther-
apy for oral candidiasis has been fluconazole, 
which is well absorbed from the gastrointestinal 
tract, easy to take, and well tolerated. Some 
patients have a response to topical agents; how-
ever, these agents are not palatable (eg, nystatin, 
clotrimazole).

Candida Esophagitis 
Patients with cancer are also susceptible to esoph-
ageal candidiasis.3 Symptoms of esophageal  

Table 3  Overview of Risk Factors for Candidiasis 
in Patients with Cancer

Nosocomial factors
 Broad-spectrum antibiotics
 Chemotherapy-induced mucositis
 Central venous catheters
 Systemic corticosteroids
 Major surgery, especially intra-abdominal
 Length of intensive care unit stay
 Total parenteral nutrition
Underlying conditions/comorbidities
 Neutropenia
 Hematologic malignancy
 Diabetes mellitus
 Solid tumors with necrosis
 Pancreatitis
 Chronic renal failure
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candidiasis include dysphasia, retrosternal pain, 
and odynophagia. This infection, if left unde-
tected, can have serious complications, including 
chronic esophageal strictures, bronchoesophageal 
fistulae, and mediastinitis. Approximately 70%  
of patients with Candida esophagitis also have 
thrush; hence, the diagnosis is usually easy to  
suspect. A barium contrast roentgenogram may 
show peristaltic abnormalities, spasm, shaggy 
ulcerations, and a moth-eaten appearance of the 
mucosa. It is important to recognize, however, 
that esophagitis in cancer patients has other 
causes, such as herpes simplex virus and cytomeg-
alovirus. Thus, esophagoscopy with brushing, 
biopsy, and culture analysis is the only way to 
confirm the diagnosis of Candida esophagitis.3 
Because Candida spp are the most common 
causes of infectious esophagitis, it is usually 
appropriate to initiate therapy empirically with 
an antifungal agent and reserve esophagoscopy 
for patients who do not have a response after  
several days of therapy, However, esophagitis  
in cancer patients who have been receiving anti-
fungal prophylaxis should lower the threshold for 
early esophagoscopy. Fluconazole is the optimal 
agent for most cases of esophageal candidiasis 
because it can be initially administered intrave-
nously if necessary and then be administered 
orally. Caspofungin has been shown to be as effec-
tive as fluconazole in acquired immune deficiency 
syndrome (AIDS) patients, but its use results in 
slightly higher rates of relapse. Furthermore, 
caspofungin is available only as an intravenous 
formulation. Oral itraconazole and intravenous 
AMB are occasionally indicated for these  
infections.

Urinary Candidiasis 
Primary infections of the urinary tract can develop 
in patients with cancer if they have a urinary 
obstruction or a urinary catheter in place.3 Dis-
criminating between colonization and infection 
on the basis of quantitative cultures is difficult as 
no culture density suggests infection. Candida 
casts in the urine are diagnostic but are found 
infrequently. In addition to cystitis, a Candida sp 
may migrate through the urethra to the renal 
pelvis in some patients (especially those with dia-
betes mellitus) and cause a urinary obstruction 
owing to fungus ball formation or necrotizing 
papillitis. Candiduria in a febrile neutropenic 
patient may be a manifestation of a disseminated 
infection. Fluconazole is the most appropriate 
agent for this infection.

Disseminated Candidiasis
Disseminated candidiasis usually originates from 
lesions of the oropharynx or gastrointestinal tract 
or from intravenous catheters.3 Sites usually 
involved include the kidney, heart, muscle, gas-

trointestinal tract, lung, liver, and spleen. Most 
patients with cancer who have disseminated can-
didiasis have no unique signs or symptoms that 
would differentiate it from other infections. 
Patients usually are debilitated, have experienced 
a previous or concomitant bacterial infection, 
and have persistent or recurrent fever that may be 
associated with pulmonary infiltrates or deterio-
rating liver or renal function. Some patients pres-
ent with acute onset of fever and hypotension, 
which is suggestive of endotoxic shock.

Eye lesions suggestive of disseminated candi-
diasis may develop. Therefore, a careful ophthal-
mologic examination should be performed when 
this infection is suspected.3 Typical eye lesions are 
single or multiple whitish, fluffy exudates with 
indistinct margins that are sometimes associated 
with hemorrhaging and borders covered by a  
vitreous haze. Patients often have no symptoms, 
although some complain of ocular pain, blurred 
vision, scotoma, or photophobia. These lesions 
are rarely found in neutropenic patients because 
these patients are unable to mount an adequate 
inflammatory reaction.

Characteristic skin lesions have been 
described in about 10% of patients with dissemi-
nated candidiasis. These lesions may be general-
ized or localized to the extremities and may be 
numerous or few.3 They are nontender, firm, 
raised nodules that are pink to red in color and do 
not blanch under pressure. Some patients with 
these lesions have myositis (usually associated 
with C. tropicalis infection) that manifests as  
diffuse severe muscle tenderness, which is most 
pronounced in the legs. Candida spp can be  
identified in the dermis and cultured from about 
half of biopsy specimens.

Diagnosis of disseminated candidiasis may 
be difficult as the organism was not isolated from 
multiple blood culture specimens obtained from 
up to 40% of patients with widespread infection 
demonstrated at autopsy examination in previous 
studies.3,24 The use of lysis centrifugation and 
high-volume sensitive culture systems (eg, the 
BacT/ALERT system, which monitors CO2  
production via infrared detection) has improved 
the yield of positive blood cultures. A variety of 
methodologies have been developed to detect  
circulating Candida antigens or metabolites (eg, 
mannan), including polymerase chain reaction, 
but none have been entirely satisfactory. Also, the 
ability to culture Candida spp from multiple  
nonsterile sites (eg, sputum, urine, feces) does not 
establish the diagnosis of candidiasis. Because the 
diagnosis may be difficult to establish, empiric 
administration of antifungal therapy is often 
appropriate for colonized neutropenic patients 
who do not have a response to broad-spectrum 
antibacterial agents, especially if they have not 
received antifungal prophylaxis.

Chronic Disseminated Candidiasis
A distinct syndrome known as chronic dissemi-
nated candidiasis has been described almost 
exclusively in patients with acute leukemia.3,25 
Typically, these patients have fever that is unre-
sponsive to broad-spectrum antibacterial agents 
after prolonged periods of neutropenia. After 
neutropenia is resolved, the patient remains 
febrile; experiences anorexia, progressive debili-
tation, and weight loss; and may have hepato-
splenomegaly or pain in the right upper quadrant. 
Also, the patient’s alkaline phosphatase level is 
usually greatly elevated, whereas transaminases 
and total bilirubin are only mildly elevated.  
Multiple small lesions can be detected in the liver 
and spleen by magnetic resonance imaging (MRI), 
computed tomography (CT), or ultrasonogra-
phy. The disease can persist for several months 
despite therapy and interfere with subsequent 
administration of cytotoxic chemotherapy. The 
diagnosis of chronic disseminated candidiasis can 
be confirmed by visualizing hyphae on liver 
biopsy specimens, but the organism is cultured 
from only 50% of biopsy specimens. Occasion-
ally, patients may have hypersplenism. This  
form of candidiasis is rarely seen in leukemic 
patients receiving treatment at institutions where 
fluconazole prophylaxis is used routinely.

Candida Pneumonia 
Although the lung is usually involved in dissemi-
nated Candida infections, primary Candida  
pneumonia occurs infrequently in patients with 
cancer.3,26 However, aspiration of Candida- 
containing oral secretions and pneumonia may 
develop in some patients. Isolation of Candida 
spp in clinical specimens from a patient with a 
pulmonary infiltrate does not establish the diag-
nosis of Candida pneumonia, however. A recent 
autopsy study of patients with cancer demon-
strated that whereas many patients with pneumo-
nia had Candida spp cultured from sputum and 
bronchoalveolar lavage specimens, the specificity 
and positive predictive value of the cultures were 
low.26 Only histopathologic evidence is confirma-
tory, although it is often impossible to obtain for 
many patients. Empiric antifungal therapy may 
be indicated for high-risk patients with cancer 
who have Candida-positive sputum cultures and/
or cytology and progressive pulmonary infiltrates 
despite undergoing broad-spectrum antibacterial 
therapy.

Candida Meningitis
Multiple small abscesses may be present in the 
brain in patients with disseminated candidiasis; 
however, they usually do not have any symptoms.3 
Candida meningitis occurs infrequently and is 
associated with disseminated infection in the 
majority of cases or the use of ventricular shunts. 
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There are no specific clinical signs or symptoms 
that discriminate Candida meningitis from  
bacterial meningitis. Examination of CSF speci-
mens from patients with Candida meningitis 
reveals decreased glucose and elevated protein 
concentrations and lymphocytosis. Candida  
spp are rarely visualized by direct microscopic 
examination of CSF, however.

Treatment and Supportive Care
Mortality rates for candidemia and disseminated 
candidiasis are especially high in patients with 
cancer and recipients of HSCTs.27,28 The mortality 
rates approach 70% in patients who receive  
AMB-d. Few neutropenic patients survive their 
infection unless their neutrophil counts recover. 
AMB-d has been compared with fluconazole in 
several prospective randomized trials, most of 
which have excluded neutropenic patients.29,30 All 
of these studies showed these two drugs to be 
essentially equally efficacious, although flucon-
azole was substantially less toxic. In one study 
that included patients with neutropenia at the 
onset of their infection, the response rate for  
fluconazole was significantly higher, although  
the number of patients was not large. Whether 
fluconazole is superior to AMB-d in patients with 
persistent neutropenia is not certain, but it is 
unlikely to be worse as few of these patients have 
a response to AMB-d. Lipid formulations of AMB 
are less nephrotoxic than AMB-d, but there is no 
convincing evidence that they are more effective 
for invasive candidiasis. Because prolonged  
antifungal therapy is not required for most cases  
of acute candidiasis, however, the use of these 
more expensive lipid preparations might not be 
justified. Finally, the value of routine in vitro  
susceptibility testing as a guide for selecting  
antifungal therapy for invasive candidiasis has 
not been convincingly demonstrated in this  
population.31,32

Given the broad-spectrum activity of caspo-
fungin against Candida spp, it would appear to be 
an ideal agent for treatment of severe Candida 
infections, particularly in patients with preexist-
ing risk factors or underlying renal dysfunction 
owing to treatment with AMB.5 Caspofungin, an 
echinocandin with broad-spectrum fungicidal 
activity against Candida spp,6 has been compared 
with AMB-d in therapy for systemic Candida 
infections, 90% of which were candidemia; few 
neutropenic patients were included in this trial. 
Caspofungin was found to be at least as effective 
as AMB-d and considerably less toxic; thus, it has 
promise in the treatment of candidiasis.33,34

Therapy for chronic disseminated candidia-
sis is often difficult to perform, and the response 
to it has often been unsatisfactory.3,25 However, 
one small study showed that a lipid formulation 
of AMB was effective against it.21 A larger study 
indicated that fluconazole was effective, even in 
patients who did not have a response to treatment 

with AMB-d.25 Evidence of response may require 
several weeks of therapy. The duration of therapy 
should be determined according to the rapidity of 
clinical improvement and resolution of lesions  
in roentgenographic examinations, ideally, 2 to 6 
months.25 Patients may have residual lesions in 
the liver and spleen because of scarring.

A controversial issue is whether indwelling 
intravascular catheters should be removed rou-
tinely from patients with candidemia.35–38 Use of 
these catheters is often vital to the management of 
seriously ill patients, and there is considerable 
expense in removing and replacing surgically 
implanted catheters. Nevertheless, some but not 
all studies have shown that catheter removal 
shortens the duration of candidemia and improves 
the rate of response to antifungal therapy.35–38 
This is especially true if the infecting organism is 
C. parapsilosis; in such cases, fungemia can persist 
for more than a week despite the use of appropri-
ate therapy if the catheter is not removed. In vitro 
studies have shown that caspofungin is more 
active than azoles or AMB against Candida spp 
growing in biofilm, which characteristically forms 
on catheters.39 The clinical significance of this is 
unclear, however. Figure 1 outlines the general 
principles of management of acute candidiasis in 
patients with cancer.

Aspergillosis

Invasive aspergillosis has emerged as an impor-
tant and significant infection, accounting for 20 
to 40% of systemic fungal infections in patients 

with acute leukemia, 10 to 20% in recipients of 
bone marrow transplants (BMTs), and 5 to 15% 
in recipients of solid organ transplants.1,11,40 On 
the other hand, this infection is rare in patients 
with solid tumors.41 In view of the decreased  
incidence of candidiasis in the era of azole  
prophylaxis, this mycosis has emerged as a  
leading cause of death in patients with leukemia 
and/or recipients of BMTs.16,42 Most cases of inva-
sive aspergillosis occur in patients with neutrope-
nia or who are receiving adrenal corticosteroids, 
which interfere with macrophage function. Asper-
gillus fumigatus is responsible for most of these 
infections,1,11 although the frequency of aspergil-
losis caused by more resistant Aspergillus spp, 
such as Aspergillus terreus, may be increasing.43 In 
most cases, the infection is acquired by inhalation 
of spores, and epidemics have occurred in hospi-
tals undergoing construction within the facility 
itself or in adjacent areas. Aspergillus spp invade 
blood vessels, causing thrombosis and infarction, 
and can erode through facial planes, cartilage, 
and bone.

Over 70% of Aspergillus infections involve 
the lung, and some patients may present with 
symptoms suggestive of pulmonary embolism, 
such as sudden onset of pleuritic pain, fever, 
hemoptysis, and a pleural friction rub.1,11,42 Other 
patients may present with fever unresponsive to 
antibacterial agents and may not initially have 
any abnormalities on chest roentgenograms. A 
few patients have acute pulmonary hemorrhage 
that is fatal.

The earliest-appearing abnormality on chest 
roentgenograms in patients with aspergillosis is  

FIgure 1  Approach to the management of hematogenous candidiasis in the high risk cancer patient.
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a single or multiple nodular lesions.1,11,42 As  
the infection progresses, wedge-shaped infarcts,  
necrotizing bronchopneumonia, lobar consolida-
tion, or diffuse infiltrates may be found. Patients 
with normal roentgenograms should undergo  
a CT scan, which will usually reveal a nodular 
infiltrate surrounded by a halo of low attenua-
tion. If the infection is controlled, one or several 
cavitations usually develop, which often contain  
a fungus ball.

Approximately 15 to 20% of Aspergillus 
infections in neutropenic patients involve  
the sinuses.1 Signs and symptoms include fever, 
headache, retro-orbital erythema, swelling, and 
rhinorrhea. Usually, a necrotic lesion can be 
found on the nose or palate. A CT scan or MRI 
will show opacification of the sinuses and bony 
obstructions. As the infection progresses, it causes 
proptosis, ophthalmoplegia, endophthalmitis, 
and cerebral infarction. Invasive oral infections 
involving the gingiva and spreading to facial 
muscle and bone have been described in patients 
with leukemia.

Primary invasive cutaneous Aspergillus infec-
tions have been observed, usually associated with 
venous access devices.11 Deposition of Aspergillus 
spores may occur during catheter insertion or 
subsequent dressing with contaminated materi-
als. The lesions in these cases begin as erythema-
tous or violaceous plaques that progress to 
necrotic ulcers covered by black eschars.

Hematogenous dissemination occurs in 30 
to 40% of Aspergillus infections.1,4,21 The central 
nervous system is a common site of involvement, 
resulting in cerebral infarction, which causes neu-
rologic defects, seizures, stupor, or coma. The 
gastrointestinal tract is involved in 40% of these 
cases, especially the esophagus and large bowel, 
which may lead to perforation or massive hemor-
rhaging. Skin lesions are found in 5 to 10% of 
patients and evolve into well-circumscribed ulcers 
that are covered by black eschars.

One major impediment to successful man-
agement of invasive aspergillosis is difficulty  
in establishing an early diagnosis. Thus, most 
patients receive antifungal therapy with a pre-
sumed rather than proven diagnosis of aspergil-
losis. Tissue biopsy specimens can be obtained 
from infected sinuses or skin that reveal fungal 
hyphae, although the organism may not grow on 
culture media. Unfortunately, the fungus is 
seldom isolated from blood cultures of patients 
with a disseminated infection.44 Aspergillus spp 
are also seldom cultured from the sputum of 
patients with a pulmonary infection, and bron-
choscopy with bronchoalveolar lavage may fail to 
establish the diagnosis. In a recent study at our 
institution, Aspergillus-positive sputum cultures 
were obtained antemortem, only 30% of which 
contained histopathologically proven aspergillo-
sis.45 Whenever Aspergillus spp are cultured from 
respiratory secretions of susceptible patients, they 

are either already infected or likely to become 
infected in the near future. 

A variety of noncultural methods have  
been used to improve early diagnosis of invasive 
aspergillosis, but most of them have not been 
entirely satisfactory.46–49 Serologic methods 
designed to detect circulating free antigens or 
immune complexes have been developed by using 
enzyme-linked immunosorbent assay and radio-
immunoassay techniques.46–51 These procedures 
have focused on detecting galactomannan and b-
(1,3)-D-glucan.46–52 These tests might underper-
form in the setting of Aspergillus-active antifungal 
prophylaxis52 and false-positive reactions with 
too commonly used antibiotics, such as piperacil-
lin-tazobactan, in patients with cancer.53 Despite 
these limitations, attempts have been made to 
select patients for preemptive therapy who are at 
high risk of invasive aspergillosis based on anti-
gen detection and imaging techniques. Molecular 
approaches such as polymerase chain reaction are 
also promising as diagnostic tools.46–49,54,55 The 
role of these newer, non–culture-based methods 
for therapeutic monitoring in aspergillosis is not 
clear at present.

Interpreting the results of therapy for asper-
gillosis is difficult.56–58 Many patients do not 
receive treatment until they have advanced dis-
ease, whereas others receive treatment for proba-
ble or possible but not proven infection. The 
status of the patient’s host defenses is critical to 
his or her therapeutic response.58 Neutropenic 
patients do not have a response unless their neu-
trophil count recovers during therapy, a factor 
that is not often reported in the clinical literature. 
Some patients have residual lesions that may 
cause relapse of their infection. Even with the 
availability of new antifungal therapies, the  
majority of heavily immunocompromised cancer 
patients still do not survive an invasive infection 
with an Aspergillus spp.

There is a paucity of well-conducted,  
controlled clinical studies of the treatment of 
aspergillosis.56–58 However, the recent introduc-
tion of uniform diagnostic criteria for proven, 
probable, and possible aspergillosis by the Euro-
pean Organization for Research and Treatment of 
Cancer Invasive Fungal Infections Cooperative 
Group/Mycoses Study Group consortium was an 
advance in this area of clinical research.59 These 
criteria consist of host-risk, mycologic, clinical, 
and radiologic criteria. Standardization of the 
definitions for diagnosing and assessing the effec-
tiveness of antifungal therapy holds promise for 
addressing the many controversial issues in the 
management of aspergillosis. Some of these issues 
are discussed below.

The lipid formulations of AMB have been 
shown in uncontrolled studies to have an efficacy 
rate of about 40 to 60% in patients with aspergil-
losis whose infection was refractory to AMB-d or 
who could not tolerate it.8,60 There is a consensus 

that use of the lipid formulations of AMB decreases 
nephrotoxicity and infusion-related toxicity,5  
but the daily acquisition prices of these products 
are much higher than those of AMB-d.8 The 
nephrotoxicity in these cases frequently appears 
to be clinically significant, especially in the most 
heavily immunosuppressed patients.61 An even 
more controversial issue is whether there are clin-
ically meaningful differences in the various lipid 
formulations of AMB.8,56 Most of the available 
data on this have been derived from indirect  
comparisons and suggest that all of the lipid for-
mulations of AMB, when given at the standard 
dosage of 5 mg/kg/d, appear to have comparable 
efficacy. 

Although itraconazole has been approved for 
the treatment of aspergillosis, its role in primary 
therapy remains to be clarified. In most of the 
published reports of the efficacy of oral itracon-
azole, it was administered only to less heavily 
immunosuppressed patients with aspergillosis62 
as the use of intravenous itraconazole was only 
recently approved. Therapeutic serum levels of 
itraconazole can be achieved rapidly and reliably 
by using the intravenous preparation of the drug. 
Recent encouraging data from a small open-label 
multicentered study of aspergillosis indicate that 
administration of intravenous itraconazole fol-
lowed by oral itraconazole is safe and reliably 
results in therapeutic levels of the drug and good 
response rates.63 Intravenous itraconazole could 
be a viable option for primary therapy for asper-
gillosis, especially in slightly immunosuppressed 
cancer patients who have a stable clinical picture. 
However, if there is concern about the bioavail-
ability of itraconazole because of interactions 
with other concomitantly administered medica-
tions, another agent should be used, even in stable 
patients, unless the itraconazole serum level5 can 
be routinely monitored in a timely fashion.

A major advance in the treatment of aspergil-
losis has been the arrival of new antifungals with 
improved activity against Aspergillus spp, such  
as voriconazole and caspofungin.64–67 The new  
triazoles show impressive in vitro activity in 
animal models of aspergillosis, and their avail-
ability in oral form allows their use in long-term 
therapy.6,7 Early clinical experience suggested that 
they are also active in humans in both salvage 
therapy and primary therapy for aspergillosis.64–66 
Recently, a large randomized multicenter study 
comparing treatment with voriconazole and 
AMB-d followed by other licensed antifungal 
therapy showed a survival advantage in patients 
randomized to receive voriconazole.64 The supe-
riority of voriconazole over the other agents tested 
was consistent in all of the subgroups studied. 
Voriconazole likely will become the preferred 
agent for the majority of cases of documented 
aspergillosis. Echinocandins are static drugs in 
vitro against Aspergillus spp, but their activity in 
animal models and selected groups of patients 
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with aspergillosis refractory to or intolerant of 
other antifungals appears to be promising.67

The lack of effective treatment of aspergillo-
sis and availability of new antifungal agents has 
made the concept of combination therapy for 
aspergillosis theoretically appealing.68 To date, no 
clinical studies have convincingly determined 
whether therapy with antifungal combinations is 
more beneficial than that of monotherapy in 
aspergillosis. For instance, our recent experience 
suggests that combinations of itraconazole69 or 
caspofungin70 with lipid formulations of AMB are 
not beneficial. In contrast, a recent small study 
suggested that the combination of caspofungin 
and voriconazole is beneficial as salvage therapy 
for refractory aspergillosis.71

The optimal duration of therapy for aspergil-
losis is uncertain.56 Such therapy should be highly 
individualized with respect to resolution of all of 
the symptoms and signs of the infection, radio-
logic near-normalization, Aspergillus-negative 
cultures, and, ideally, restoration of the impaired 
immune defenses.

Pulmonary infarcts and tissue sequestration 
are common causes of antifungal therapy failure 
and fatal hemorrhage. Also, the role of adjunctive 
surgery in the management of aspergillosis has 
not been addressed in a conclusive way. Early 
detection of Aspergillus lesions by chest CT com-
bined with aggressive combined antifungal and 
surgical treatment appears to confer a survival 
advantage,72 and resection of infected pulmonary 
tissue has been shown to be beneficial in some 
patients.73 After successful antifungal therapy, the 
presence of residual cavitary lesions, especially 
those containing fungus balls, may cause late 
exsanguinating hemorrhage or reactivation of the 
infection during subsequent myelosuppressive 
chemotherapy. Removal of these lesions when 
surgically feasible should be considered and may 
provide a survival benefit.73 Surgical intervention 
may be lifesaving for patients with acute pulmo-
nary hemorrhage, even when performed early in 
the disease process.

Finally, the role of immunomodulators in 
the management of aspergillosis remains unre-
solved.1,56 As is the case with the other refractory 
opportunistic mycoses, the beneficial adjunctive 
role of immunomodulation with cytokines or 
infusion of immune effector cells in various  
combinations (eg, granulocyte-macrophage 
colony-stimulating factor [GM-CSF], granulo-
cyte colony-stimulating factor, interferon-a,  
GM-CSF-primed white cell transfusions) in  
cases of refractory or recurrent aspergillosis has 
been suggestive only in anecdotal clinical reports. 
However, substantial preclinical evidence sup-
ports the role of immunomodulation in the con-
trol of Aspergillus spp. Further studies are needed 
in this important area of clinical investigation. 
Figure 2 outlines the general principles of the 
management of acute aspergillosis in patients 
with cancer.

Zygomycosis

Zygomycosis refers to infections caused by a vari-
ety of molds of the order Mucorales. These molds 
are widely distributed in the environment and are 
usually acquired by inhalation of spores but occa-
sionally are acquired by contamination of open 
skin lesions or ingestion.14 Like Aspergillus spp, 
these fungi invade blood vessels, causing throm-
bosis and infarcts. The types of zygomycosis are 
rhinocerebral, pulmonary, sinusitis, gastrointes-
tinal cutaneous, and disseminated.14,74 Sinopul-
monary is the most common type of zygomycosis 
in cancer patients.74 

Pulmonary macrophages and neutrophils 
are important host defenses against these infec-
tions. Cancer patients susceptible to zygomycosis 
include recipients of BMTs; patients with acute 
leukemia, malnutrition, or diabetes mellitus;  
and patients receiving treatment with adrenal 
corticosteroids or undergoing hemodialysis and 
receiving deferoxamine. The presentations of 
zygomycosis are similar to those of aspergillosis. 
Although it occurs less frequently than aspergil-
losis does, zygomycosis appears to be on the  
rise in patients with cancer.74,75 Importantly, the 
increasing use of agents with good activity against 
Aspergillus but no activity against Zygomycetes 
(eg, voriconazole, echinocandins) may increase 
the incidence of zygomycosis as a breakthrough 
infection.76 

The mortality rate of zygomycosis is high in 
patients with hematologic malignancies. More 
specifically, the 3-month mortality rate was 71% 
in a recent unselected cohort of 24 patients with 
cancer who had definite or probable zygomycosis 
at The University of Texas M. D. Anderson Cancer 

Center.74 The attributable mortality rate in these 
patients was 92%, and 75% of those who died  
did so within 4 weeks from the onset of their 
symptoms. Finally, the outcome of disseminated 
zygomycosis in the setting of continuous immu-
nosuppression, such as in patients with refractory 
neutropenia, has been almost uniformly fatal 
despite the use of aggressive antifungal therapy.

The optimal management of zygomycosis 
has not been well defined as no prospective  
studies have evaluated the management of this 
uncommon infection. The introduction of the 
lipid formulations of AMB, which have improved 
the therapeutic index and allow for the delivery  
of higher daily dosages of the agent,60 as well as 
posaconazole, a broad-spectrum triazole with 
promising preclinical activity against the Zygomy-
cetes,77 has renewed interest in studying new  
therapeutic strategies for this devastating myco-
sis. Proper management of ketoacidosis in  
diabetic patients and use of “radical” surgery with 
extensive débridement of all necrotic areas is 
important to recovery from zygomycosis.

The widespread use of voriconazole, a  
triazole with no inherent activity against the  
Zygomycetes has been recently associated with a 
rise in incidence of Zygomywsis in high risk 
hematology patients.

Fusariosis

Fusarium spp are found in the air and soil 
throughout the world and are common plant 
pathogens.13,15,78 Several of these species have  
been recognized as human pathogens, including 
Fusarium solani, Fusarium moniliforme, Fusarium 
oxysporum, and Fusarium dimerum. Some species 

FIgure 2  Approach to the management of invasive mold infection in the high risk cancer patient.
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produce mycotoxins.13,15 Because Fusarium spores 
are recovered from environmental air samples, 
most systemic infections involve the lung or 
sinuses. Chronic superficial infection of the skin 
or nails may be the portal of entry for some sys-
temic Fusarium infections. Most systemic infec-
tions occur in severely immunocompromised 
patients, such as recipients of HSCTs and patients 
with acute leukemia.13,15,78 The most important 
risk factors for fusariosis are severe neutropenia 
and use of high-dose adrenal corticosteroid  
therapy.13,15,78,79

Like Aspergillus spp, Fusarium spp have a 
propensity for invading blood vessels, causing 
thrombosis and infarcts.13,15 Pulmonary fusariosis 
may present with symptoms suggesting an acute 
pulmonary embolism. Approximately 75% of 
infections in neutropenic patients disseminate, 
and the organism can be isolated from blood  
culture specimens in about 70% of patients.13,15 
Multiple skin lesions are common in patients 
with disseminated fusariosis.13,15 A variety of these 
lesions may be found simultaneously, including 
red or gray macules, papules (some with central 
necrosis or an eschar), and pustules.80 Some 
patients experience significant myalgia or painful 
subcutaneous lesions.15 Occasionally, patients 
with less severely compromised host defenses 
may have only localized infections of the skin, 
such as paronychia, erythematous nodules, hem-
orrhagic bullae, and tender, progressive necrotic 
lesions at sites of previous trauma.

The susceptibility of Fusarium spp to anti-
fungal agents in vitro has been variable, but, over-
all, it has been mediocre.15 Some Fusarium isolates 
are susceptible to new triazoles, such as voricon-
azole and posaconazole.6,7 In fact, voriconazole 
was shown to be active as salvage therapy in a 
small series of patients with fusariosis.66 At the 
present time, no antifungal agent is reliably effec-
tive in neutropenic patients with fusariosis, and 
most patients receive high doses (≥ 5 mg/kg/d) of 
a lipid formulation of AMB with or without vori-
conazole. However, in neutropenic patients, 
recovery of neutrophil production is the most 
critical factor for a successful outcome.

Trichosporonosis

Trichosporon asahii (beigelii) and the related yeast 
Blastoschizomyces capitatus are widely distributed 
in air, soil, and decaying fruit.81,82 Infections with 
these fungii occur predominantly in patients with 
acute leukemia and recipients of HSCTs. These 
infections can cause endophthalmitis, meningitis, 
pneumonia, and osteomyelitis, but more than 
80% of the infections are disseminated.81,82 The 
organisms can be isolated from blood culture 
specimens obtained from about 80% of patients 
with a disseminated infection. The mortality rate 
in patients with disseminated trichosporonosis 
who have persistent neutropenia has been 

reported to be as high as 80%. The liver and spleen 
are frequently infected, and some patients have 
chronic infections similar to chronic dissemi-
nated candidiasis. About 30% of patients with 
disseminated trichosporonosis have skin lesions, 
which may begin as small maculopapular or nod-
ular lesions and become necrotizing ulcerations. 
However, the presentation of trichosporonosis 
might be changing. A recent study at our institu-
tion indicated that 70% of Trichosporon infections 
were cases of catheter-related fungemia without 
evidence of disseminated disease.83 Because fluco-
nazole is active against Trichosporon spp,5 wide-
spread use of this drug in antifungal prophylaxis 
likely prevents the development of disseminated 
infection.

Fluconazole appears to be active against 
trichosporonosis and more effective than AMB 
based on animal and human studies.5,81,82,84 The 
clinical experience with voriconazole is limited,85 
but laboratory studies have suggested that it is the 
most active available triazole for trichosporono-
sis. Animal studies have suggested that combina-
tion therapy with AMB plus an azole is the optimal 
therapy for disseminated trichosporonosis.84

Overview of endemic Mycoses and 
Cryptococcosis

Endemic mycoses and cryptococcosis are rela-
tively less common causes of morbidity and  
mortality in patients with cancer, particularly 
those with chronic deficits in cell-mediated 
immunity. There is a significant spectrum of 
manifestations and severity of these infections, 
ranging from asymptomatic lung nodules to  
fulminant disseminated infection. Most of these 
infections occur in patients with hematologic 
malignancies, especially those with severely sup-
pressed T-cell function.86–89 These patients are 
also susceptible to reactivation of latent infections 
acquired prior to the development of their malig-
nancy. The therapeutic options for endemic 
mycoses include AMB-d, lipid formulations of 
AMB (3–5 mg/kg/d),90–92 and intravenous itra-
conazole (200 mg given twice daily for 2 days  
and then once daily). Caspofungin has limited 
activity, and the experience with voriconazole is 
very limited at present. AMB-based therapy is 
preferred for severely ill patients with systemic 
mycoses who have pneumonia, meningitis, or 
disseminated infection. Once the patient has 
improved substantially and is clinically stable, 
liquid itraconazole (200 mg/d)89 may be given 
orally. Therapy should be administered for at 
least 3 to 6 months or until immunosuppression 
abates.

Histoplasmosis
Most cases of histoplasmosis in patients with 
hematologic malignancies are disseminated  

infections.87 Physical findings may include  
hepatosplenomegaly, mucocutaneous ulcerations 
(especially in the oral cavity), and signs of central 
nervous system involvement.87 Histoplasma is 
visualized or cultured from infected tissues,  
respiratory secretions, or blood specimens.87

Coccidioidomycosis
C. immitis may cause fulminant pneumonia in 
immunocompromised hosts with high fever, 
hypoxemia, and diffuse pulmonary infiltrates.86 
Often these patients have a disseminated infec-
tion that may involve the skin, bones, and menin-
ges. Skin lesions in cases of coccidioidomycosis 
may be papular, pustular, nodular, or ulcerative. 
Although serologic tests are often positive for 
coccidioidomycosis, the fulminant nature of the 
infection usually requires a more aggressive diag-
nostic approach with examination and culture of 
tissue specimens, sputum, or CSF.

Cryptococcosis
C. neoformans has tropism toward the central 
nervous system and is a well-known cause of 
meningitis and disseminated infection in patients 
with AIDS.93 Patients with cancer who have a 
lymphoid malignancy or T-cell dysfunction  
secondary to systemic corticosteroid use are at 
high risk of cryptococcosis.88 However, recent 
studies have increasingly identified this infection 
in patients with solid tumors as routine flucon-
azole prophylaxis is performed less often in these 
patients.88 Pulmonary cryptococcosis is the most 
common presentation of this infection, which 
often is asymptomatic and could mimic pulmo-
nary malignancy.88 AMB-d and lipid formulations 
of AMB (with or without 5-flucytosine) and  
fluconazole have clinical activity against  
cryptococcosis.5,88,93

empiric Antifungal Treatment

In autopsy studies of neutropenic patients with 
cancer who had prolonged fever, 40 to 69% had 
evidence of an invasive fungal infection.4 This 
high incidence, along with the high mortality rate 
associated with fungal infections (approaching 
90% in selected patient groups); difficulties in 
reliable, timely diagnosis; and a lack of clinical 
signs and symptoms at the initial stages of the 
infection in neutropenic patients, led to the intro-
duction of empiric antifungal therapy in the 
1980s. Most experts recommend introducing an 
antifungal drug for patients who remain febrile 
for 5 or more days despite undergoing an appro-
priate initial regimen and in whom resolution  
of neutropenia is not imminent. Some authors 
prefer to institute antifungal therapy earlier  
(day 3) or even include antifungals up-front for 
high-risk patients because of the poor prognosis 
for infections when treatment is delayed.94,95 
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Regardless, physicians should make individual-
ized decisions about the perceived risk of fungal 
sepsis and timing and type of antifungals to be 
administered.94 For example, for a patient with 
leukemia and a history of invasive pulmonary 
aspergillosis, the threshold for initiating antifun-
gal therapy should be very low early on in the  
setting of febrile neutropenia.94

The optimal duration of empiric antifungal 
treatment in patients with no clinical or micro-
biologic documentation of an invasive fungal 
infection has not been established.94 Again, the 
key factor is resolution of neutropenia. If neutro-
penia has resolved and the patient is clinically 
well, antifungal administration can be discontin-
ued. If neutropenia persists despite defervescence 
and repeated workup shows no suspicious lesions, 
antifungal administration can be stopped after 2 
weeks. In unstable patients with persistent fever 
and neutropenia, antifungal treatment should be 
continued for the entire febrile episode, probably 
at a more intense level.

For some time, AMB has been the only drug 
available for antifungal therapy, but its efficacy 
has been limited by significant nephrotoxicity 
and infusion-related toxic effects. Thus, efforts 
have been made to develop new, effective, less 
toxic antifungal drugs. Lipid formulations of 
AMB have been introduced and proven to be as 
effective as AMB, with fewer renal and infusion-
related toxic effects in empiric antifungal  
therapy.96 However, these formulations are far 
more expensive than the parent drug, making the 
pharmacoeconomic threshold for their use 
unclear in neutropenic patients with persistent 
fever.

Second- and third-generation triazoles, such 
as fluconazole,97 itraconazole,98 and voricona-
zole,99 are frequently used as empiric antifungal 
treatment regimens. Fluconazole has proven to 
be an acceptable alternative to AMB provided 
that the probability of infection with Aspergillus 
or resistant Candida spp is low. Patients in this 
group include those without high-risk leukemia 
and/or any BMTs, sinusitis, pneumonia, or previ-
ous prophylactic or empiric use of fluconazole.97

 

Additionally, itraconazole and voriconazole have 
been found to have similar efficacy but lower tox-
icity when compared with AMB. In a recently 
completed large, multi-institutional, prospective, 
randomized study, caspofungin was compared 
with liposomal AMB in persistently febrile  
neutropenic patients. Caspofungin was found to 
be more efficacious and less toxic than liposomal 
AMB.100

Given the growing number of treatment 
options for fungal infections, the question is 
which agent is best for empiric antifungal  
therapy? In the future, with the introduction of 
non–culture-based diagnostic methods, such as 
polymerase chain reaction and antigen detection, 
empiric antifungal therapy will likely evolve to 
preemptive antifungal therapy.

Conclusions

Despite the major progress that has been made in 
the management of mycoses in patients with 
cancer over the past decade, major challenges 
remain. The goals for future research include the 
development of new effective antifungals to over-
come the emerging resistant fungal pathogens, 
refinement of the existing models for risk stratifi-
cation to reliably identify best therapeutic strate-
gies, and introduction of new non–culture-based 
modalities for early detection of fungal infection, 
which will lead to the replacement of empiric 
therapy with pathogen-specific preemptive  
therapy. 
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Parasitic diseases in patients with underlying 
malignancies are uncommon infectious problems 
in the United States, a direct reflect of the very  
low prevalence of parasitic infections in the  
general population in this country.1,2 In contrast, 
parasitic infections are relatively more frequent  
in cancer patients in other areas of the world, 
especially in those with higher prevalence of  
gastrointestinal parasitic infections (such as  
cryptosporidiosis, strongyloidiasis), blood-borne  
parasitic infections (malaria) and central nervous 
system parasitic infections (toxoplasmosis, cysti-
cercosis).

The objective of this chapter is to review the 
epidemiology, clinical presentation, diagnosis, 
treatment and prevention of Pneumocystis jiroveci 
pneumonia (formerly known as Pneumocystis 
carinii pneumonia [PCP]) and Toxoplasma gondii 
infections in cancer patients, follow by a  
short review of other miscellaneous parasitic 
infections.

Pneumocystis jiroveci Infection

Introduction
P. carinii was first identified in 1909–1910 by 
Chagas and by Carini3,4 and was recently renamed 
P. jiroveci.1,5 The first description of PCP was  
in 1952.6 Although, initially classified as a proto-
zoan, more recent molecular genetic studies have 
demonstrated that P. jiroveci may be considered 
an atypical fungus,2,5,7,8 consisting in multiple 
strains, each one restricted to infecting a single 
host species.5,7 The life cycle and the origin of 
infection (de novo or reactivation) are still 
unknown.2,5

In 1976, Hughes and colleagues9 found an 
incidence of 22 to 45% of PCP in children with 
acute lymphoblastic leukemia, depending on the 
stage and the chemotherapy used. Later on, the 
same author demonstrated that trimethoprim-
sulfamethoxazole (TMP-SMX) was an effective 
prophylaxis,10 and its routine use has resulted in a 
decrease of the incidence to 0%.5,11–13 Since the 

1980s, PCP is a well-known life-threatening 
opportunistic infection in patients with impaired 
cellular immunity, such as patients with AIDS, 
hematological malignancies, recipients of trans-
plant, severe malnutrition, congenital T-cell  
deficiencies, or those receiving high-dose systemic 
steroids or other immunosuppressive agents.2,5,14

Epidemiology
The incidence of PCP without TMP-SMX  
prophylaxis varies by the type of cancer and the 
use of immunosuppressive therapy. Patients  
with hematologic malignancies (leukemia and 
lymphoma) have a higher incidence (between 
22% and 67%)2,5,9,14,15 than the incidence among 
patients with solid tumors, usually taking immu-
nosuppressive therapy (1.3 to 34%) 2,5,16,17. Recip-
ients of hematopoietic stem cell transplantation 
(HSCT) or solid organ transplantation (especially 
those post-lung transplant, who also have a high 
incidence of PCP [from 5% to  more than 25%]).2,5 
The majority of patients was found to have  
lymphopenia (< 1,000 lymphocytes/mL) at the 
onset of infection.15

Clinical Presentation
The clinical presentation of PCP in cancer patients 
is characterized by the presence of fever (86%), 
dyspnea (75 to 78%) and non-productive cough 
(70%).2,5,15 Compared to HIV-positive patients,18 
cancer patients with PCP have shorter median 
duration of symptoms (28 vs. 5 days, respectively) 
and lower median arterial oxygen tension at room 
air (69 vs. 55 mm Hg, respectively), with a high 
rate of admission to the intensive care unit (41 to 
60%) and of use of mechanical ventilation (30 to 
41%).14,15,18,19 Coinfection with other opportunis-
tic infections is also commonly found.15

Diagnosis
The diagnosis of PCP is based on the detection  
of the organism in a clinical specimen using  
colorimetric (Gomori’s methanemine silver stain 

or Giemsa stain) or immunofluorescent stain 
(using monoclonal antibody 2G2), the latter 
being more sensitive and specific.5 Bronchoalveo-
lar lavage specimens from cancer patients have a 
higher yield for PCP, compared to lung tissue or 
induced sputum specimens.2,5,15 It has been 
reported in the literature that the P. jiroveci load 
seen on microscopic examination of respiratory 
specimens is lower in cancer patients.5 PCP shows 
an acellular intra-alveolar eosinophilic exudate in 
histopathologic studies.5

Recent studies using molecular-based meth-
ods have been shown to be more sensitive than 
the stains for detection of PCP and have also 
demonstrated the presence of asymptomatic  
colonization.5,20,21

The characteristic radiographic findings of 
PCP are bilateral interstitial infiltrates, which 
progress to alveolar infiltrates. However, up to 
10% of patients may have normal chest radio-
graph.5,15,18,22 The computed tomography of the 
chest usually demonstrates a characteristic ground 
glass opacity pattern.5

Treatment and Clinical Outcome
The treatment of PCP has remained basically  
the same since the 1970s. TMP-SMX is the first-
line therapy against PCP in any kind of patient, 
including cancer patients,2,5 Patients intolerant of 
TMP-SMX could be treated with one of the alter-
native therapies summarized in Table 1. Although 
in-vitro–resistant mutations have been demon-
strated, there is no correlation between these 
mutations and clinical resistance to TMP-SMX.23

The duration of therapy for cancer patients 
with PCP was established to be 2 weeks, unless  
the PCP is severe, the clinical response is not  
optimal, or further immunosuppressive therapy 
is given.2,5

Although no adequate clinical trials have 
been done testing the possible benefit of adjuvant 
steroids therapy in HIV-negative patients with 
PCP, it is recommended to follow the same  
indications for adding steroids to the regimen as 
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were established for patients with AIDS and 
PCP.24

Survival rates vary based on the population 
at risk, with cancer patients showing the worst 
rates.2,5,15,25 Recent data have shown that the  
survival rate associated with PCP in AIDS patients 
has declined noticeably during the last decade, in 
contrast to the little improvement of survival of 
HIV-negative patients with PCP.2,5

Reported poor prognostic factors in  
cancer patients with PCP were prolonged steroid 
therapy (> 15 days), diffuse lung involvement, 
mechanical ventilation, an elevated serum lactate 
dehydrogenase level and elevated C-reactive  
protein.14,15,25

Prevention
Since TMP-SMX prophylaxis was demonstrated 
to be effective prophylactic therapy by Hughes 
and colleagues,10 this antimicrobial is the pre-
ferred prophylactic agent in any patient popula-
tion. However, its associated adverse effects, 
mainly myelotoxicity, have been the driving force 
behind the use of alternative prophylactic agents, 
as shown in Table 2. The optimal duration of  
prophylaxis remains to be determined.

Summary
In conclusion, PCP is still an uncommon, but 
life-threatening pulmonary infection in cancer 
patients. The type of cancer, history of transplant 
and the use of immunosuppressive therapy influ-
ence the clinical presentation and outcome of this 
infection. In contrast to PCP in HIV-positive 
patients, there have not been any improvements 

in mortality rate for PCP in HIV-negative patients. 
Early diagnosis, identification of risk factors and 
prompt and better therapy of this infection among 
cancer patients should improve the clinical  
outcome.

Toxoplasma gondii Infection

Introduction
T. gondii is an intracellular protozoan parasite 
that infects humans and animals. Seroprevalence 
of toxoplasmosis in the general population varies 
between geographic areas, from 14 to 40% in the 
United States to 50 to 90% in continental Europe 
and Latin America, and increases with age.26–29 
Most infections are asymptomatic, but symptom-
atic infection may present with a mononucleosis-
like picture, chronic infection with chorioretinitis, 
acute disseminated infection, and single-organ 
disease (encephalitis or pneumonitis).26,27,29 
Transmission may occur transplacentally, by 
ingestion of undercooked infested meat or by 
exposure to oocysts in contaminated soil.

Most of the epidemiology, clinical manifesta-
tions, and the outcome, treatment, and preven-
tion of toxoplasmosis in immunosuppressed 
cancer patients comes from the studies of toxo-
plasmosis in patients with AIDS.27 A first-class 
study contrasting the characteristics of toxoplas-
mosis in HIV-infected patients with HIV- 
negative patients is still waiting to be done.

Epidemiology
Toxoplasmosis occurs frequently in severe immu-
nosuppressed patients—mainly patients with 
AIDS. It is a rare, but important and often devas-
tating parasitic infection in patients undergoing 
hematopoietic stem cell transplantation.27,30,31 
Disseminated toxoplasmosis apparently results 
from reactivation of a latent infection associated 
with cellular immunodeficiency.26,27 One recent 

European study reported 41 cases of toxoplasmo-
sis after HSCT. Most patients (94%) were sero-
positive for T. gondii before the HSCT, and 73% 
developed moderate to severe graft-versus-host 
disease prior to developing the infection.28

Clinical Presentation
Encephalitis is the most common type of  
infection in cancer patients post-HSCT with 
toxoplasmosis (60 to 80%), followed by pulmo-
nary involvement in up to 41% of the cases 
reported.28,30,31 These patients, like any other 
immunosuppressed patients, may present with 
non-specific clinical manifestations (fever, head-
aches, lymphadenopathy, myalgia, or anorexia) 
or with more specific ones (confusion, drowsi-
ness, meningism or seizures)28

Diagnosis
The presumptive diagnosis of toxoplasmosis in 
immunocompromised patients is based on the 
detection of IgG to Toxoplasma in serum and 
radiologic findings compatible. Diagnosis of  
acute infection could be established by the  
simultaneous detection of serum IgG and IgM to 
Toxoplasma26–28 Determination of IgG titers in 
cerebral-spinal fluid (CSF) may be useful to help 
identify the infection27

Immunohistochemistry or conventional  
histology examination with identification of  
parasites in tissue samples are definitive diagnos-
tic tests but are not convenient daily clinical  
practice.26,27

The identification of genetic material of the 
parasite is under investigation in HSCT recipi-
ents, testing blood samples or CSF samples,27,32 
with controversial results.

Imaging studies (computed tomography of 
the head or magnetic resonance imaging of  
the brain) could demonstrate focal or multifocal 
abnormalities in the central nervous system 
(CNS). However, these findings are not pathog-
nomonic. Radiologic studies are important in 
order to assess the response to therapy.26–28

Treatment and Clinical Outcome
Table 3 shows the treatment regimens available 
for acute toxoplasmosis in immunocompromised 
patients. Combination therapy with pyrimeth-
amine and sulfadiazine, complemented with  
leucovorin is the first choice.26,27

The mortality rate of toxoplasmosis in post-
HSCT patients is around 60 to 70%, apparently 
higher than for AIDS patients, with an elevated 
number of cases diagnosed post-mortem.26–28

In contrast to toxoplasmosis in AIDS, which 
could be a subacute medical problem, this para-
sitic infection could be rapidly fatal in patients 
post-HSCT if they are not treated without delay. 
Appropriate antimicrobial therapy was identified 

Table 1  Treatment Regimens of Pneumocystis 
Jiroveci Pneumonia

Drug Dose

TMP-SMX * 2 tablets double-strength  
  oral every 8h
TMP-SMX 5 mg/kg of TMP every 8h

Alternatives 

TMP + Dapsone 320 mg oral q8h + 100 mg 
  daily
Atovaquone 750 mg oral twice daily
Clindamycin  300 to 450 mg oral/IV every 
 + primaquine   6h + 15 to 30 mg oral daily 
Pentamidine 4 mg/kg IV daily
Trimetrexate  45 mg/m2 IV daily 
 + leucovorin  + 20 mg/m2 oral/IV
  every 6h 

Adjunctive Therapy 

Prednisone  (if PaO2 at room air  
  < 70 mm Hg)

IV = intravenous; SMX = sulfamethoxazole; TMP = 
trimethoprim

Table 2  Prophylactic Regimens of Pneumocystis 
Jiroveci Pneumonia

Drug Dose

TMP-SMX * 1 tablet double-strength oral  
  daily
 1 tablet single-strength oral  
  daily

Alternatives 

TMP-SMX 1 tablet double-strength oral  
  3 times/week
Dapsone 100 mg oral daily
Aerosolized  300 mg via nebulizer monthly
 Pentamidine
Atovaquone 1,500 mg oral daily

SMX = sulfamethoxazole; TMP = trimethoprim
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as the most important survival factor.28,29 There-
fore, a presumptive diagnosis of CNS toxoplas-
mosis should prompt the immediate treatment. 
The optimal duration and role of suppressive 
therapy needs to be studied.

Prevention
In AIDS patients, the prophylaxis for PCP is also 
effective for toxoplasmosis (Table 4). In cancer 
patients, the use of prophylaxis in seropositive 
patients after HSCT is apparently justified.26,33 
However, further studies are necessary to confirm 
this postulate, to determine the role of secondary 
prophylaxis, and to define the optimal duration 
of prophylactic regimen.

Summary
In conclusion, toxoplasmosis is an uncommon, 
but life-threatening infection in immunocom-
promised patients with cancer, especially to those 
post-HSCT. Additional studies should be done to 
determine the importance of the type of cancer, 
history of transplant, and the use of immunosup-
pressive therapy in the clinical presentation and 
outcome of this infection. Early diagnosis, identi-
fication of risk factors, and prompt and better 
therapy of this infection among cancer patients 
should improve the clinical outcome.

Miscellaneous Parasitic Infections

Strongyloides stercoralis
Strongyloides is an uncommon helminth that can 
produce a wide variety of clinical syndromes in 
cancer patients, based on the immunologic status 
of the host. It could remain localized in patients 
with solid tumors, or develop a hyperinfection 
syndrome with gastrointestinal manifestations, 
diffuse pneumonitis and respiratory failure, usu-
ally together with gram-negative sepsis, described 
most often in patients with hematological  

malignancies or post-HSCT.30,34,35 Apparently, the 
patients with the disseminated disease do not 
have a good response to any antimicrobial ther-
apy (thiabendazole or ivermectin), unless there is 
a recovery of the immune status.

Schistosoma species
Infection by this trematode is associated with 
development of cystitis, intestinal and vesical 
ulcerations, hepatic fibrosis, portal hypertension 
and bladder cancer. This parasite infection is 
endemic in tropical and subtropical countries, 
but there have not been any native reported cases 
in the United States.36,37

Intestinal Protozoan Infections
Although Giardia, Cryptosporidium, Isospora, 
Cyclospora, Microsporida and Entamoeba histo-
lytica, have been associated with chronic infec-
tious diarrhea in AIDS patients, there are very low 
incidences in infectious enterocolitis in patients 
with an underlying malignancy in the United 
States.38,39,40 Routine microbiology tests for these 
enteric parasites, as well as for all “classic” entero-
pathogenic bacteria (Salmonella, Shigella, Cam-
pylobacter, Yersinia, Aeromonas, Plesiomonas and 
Vibrio) should not be recommended as routine 
tests in cancer patient with acute uncomplicated 
diarrhea or without a identified epidemiological 
risk factor.38,39 The detection of Clostridium  
difficile toxin in stools of cancer patients with 
acute diarrhea is the only exception, because of 
the high prevalence of this infection in cancer 
patients, especially those with hematological 
malignancies.41,42
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Tuberculosis has a substantial impact on global 
public health; nearly 8 million new cases of  
Mycobacterium tuberculosis are estimated to occur 
yearly, adding to the existing burden of 1,700  
million cases worldwide.1,2 In 1993, the World 
Health Organization declared tuberculosis a 
public health emergency because 3 million 
patients were expected to die annually owing to 
complications arising from tuberculosis, making 
it the most frequent cause of death due to an 
infectious organism.3 Humans are the only known 
reservoir of M. tuberculosis, and nearly one-third 
of the world’s population is now estimated to  
be infected with this potentially devastating  
infection. Public health measures, including 
bacilli Calmette-Guérin vaccination, improved 
living standards, especially among the inhabitants 
of inner cities has resulted in marked reduction  
in the infection rates in populations of the  
developed regions of the world, although the 
tuberculosis attack rate remains undeterred in 
underdeveloped and developing countries.

In the United States, reported cases of  
tuberculosis consistently declined during the 20th 
century until 1985. The unanticipated sudden 
increase in the newly diagnosed cases of tubercu-
losis between 1985 and 1992 in United States were 
attributed to the epidemic of human immunode-
ficiency virus (HIV), acquired immunodeficiency 
syndrome (AIDS), illicit drug use, homelessness, 
and ineffective tuberculosis control programs in 
large urban centers.4,5 The decline in tuberculosis 
since 1992 was attributed to re-implementation 
of effective tuberculosis control programs with 
emphasis on early diagnosis to interrupt spread  
in the community, directly observed therapy  
that ensured compliance of adequate anti- 
tuberculosis therapy, and a number of other pre-
ventive measures. They were all creditedwith 
establishing in 1997 the lowest ever number of 
new recorded cases.6

Most M. tuberculosis infections occur in 
patients with no known immune defects, although 
inadequate adaptive cellular immune response 

substantially increases the risk of both new infec-
tion and reactivation of remotely acquired dis-
ease. The host factors that promote tuberculosis 
include protein-calorie malnutrition and residing 
in communities with inadequate sanitation, poor 
ventilation, and overcrowding. In developed 
regions of the world, homelessness, illicit drug 
use, incarceration in correctional facilities,  
prolonged use of systemic corticosteroids and  
tumor necrosis factor inhibitor therapy has been 
associated with increased risk of tuberculosis.7,8 
Since the introduction of effective antiretroviral 
therapy (ART) and ART-related cellular immune 
reconstitution, patients with HIV-AIDS are less 
susceptible to developing active tuberculosis.9

Patients with an underlying malignancy, 
Hodgkin’s diseases, gastric, head and neck can-
cers were considered a susceptible population.10,11 
One report said most cases of active tuberculosis 
in HIV-negative cancer patients receiving care  
at a comprehensive cancer center in the United 
States were noted in patients with hematologic 
malignancies, including acute and chronic 
myelogenous leukemia, and non-Hodgkin’s  
lymphoma.12 Tuberculosis has also been reported 
in the recipients of hematopoietic stem cells, 
although the infection rate (despite severe cellular 
immune dysfunction) has remained low in the 
residents of North America and Europe.13 Recipi-
ents of organ transplantation, however, appear to 
have a higher rate of developing active tuberculo-
sis.14 This discrepancy is less obvious in patients 
undergoing hematopoietic stem cell transplanta-
tion in the areas of high M. tuberculosis endemic-
ity.15–17 In the United States, reactivation of M. 
tuberculosis remains a concern in foreign-born 
cancer patients who have increased risk of infec-
tion reactivation during antineoplastic-therapy–
induced severe immune suppression.12,18,19

In this chapter, we provide a brief introduc-
tion of hosts’ immune resistance against  
mycobacterial pathogens and immune defects 
that promote systemic disease due to mycobacte-
ria. The clinical spectrum of disease and  
antituberculous therapies are discussed under 

two sections: Tuberculosis and Nontuberculous 
Mycobacteriosis.

Antimycobacterial Immune Defense

Intact reticuloendothelial systems provide the 
bases of innate immune defense against the  
invading virulent M. tuberculosis as well as most 
non-virulent environmental mycobacterial spe-
cies other than M. tuberculosis. However, it is the 
adaptive cellular immune response that provides 
effective containment and elimination of intra-
cellular mycobacteria residing within the mono-
nuclear cells.20 All components of T-lymphocytes 
including c d cells play a role, although CD4 cells 
are the dominant a b lymphocytes that provide 
the backbone of a host’s immune response against 
mycobacterial infections.21,22 Interferon-c (IFN-
c) is the most important proinflammatory cyto-
kine secreted by primed T-helper type-1 (TH1) 
lymphocytes, which activates fixed tissue macro-
phages, recruits peripheral mononuclear cells  
to the site of infection and sets the stage for  
granuloma formation.23 The granuloma 1)  
serves as a physical barrier for mycobacterial 
propagation, 2) promotes unfavorable oxygen 
and micronutrient-deficient environments and 
3) most importantly, creates a milieu in which 
various components of the immune cells and 
extracellular cytokines and chemokines interact 
to enhance effector-cell–mediated mycobacterial 
cell death.24,25

The delayed-type hypersensitivity reaction 
against the invading mycobacterial infection on 
one hand is critical in effective containment of 
infection, and on the other hand, via calcification 
of granulomas, large quantities of caseation 
necrosis and formation of pulmonary cavities 
paradoxically enable the intracellular mycobacte-
ria to evade the host’s immune surveillance.26 The 
cytokines that play an important role in antimy-
cobacterial immune defense cascade other than 
IFN-c include interleukin 12, T-cell-derived 
tumor necrosis factor alpha (TFN-a) and the 
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expending family of TNF-related immuno-active 
peptides.27–29 

Immune Defects
The host’s immune defects, in the light of earlier 
discussion, mostly involve dysregulation of cellu-
lar adaptive immune response. A complicated 
cascade of events are set into effect following 
exposure to mycobacterial antigens, and organ-
ism-specific antigen-primed T-cells at the infec-
tion site orchestrate events leading to cell death of 
these intracellular pathogens.

Defects in the protagonist TH1 cytokine,  
IFN-c may present as a deficiency in cytokine 
production. Dysfunctional cytokine specific 
receptors (IFN-c) have been shown to increase 
difficult-to-treat systemic mycobacteriosis.30–33 
Furthermore, defects in post-receptor cytoplas-
mic signaling pathways such as signal transducer 
and activator of transcription 1 (STAT1), signal 
transducing molecule, nuclear factor (NF)kb 
essential modulator (NEMO), or ancillary cyto-
kines including interleukin-12, interleukin-18, 
and TNF-a can also lead to enhanced risk of 
severe disseminated infection due to otherwise 
non-virulent mycobacteria.20,23,27 

At present, the consensus to undertake an 
immunologic work is warranted in only HIV-
negative patients who present with refractory 
mycobacterial infections or those with recurring 
pulmonary nontuberculous mycobacteriosis with 
no known underlying predisposing conditions. 
Most patients with M. tuberculosis do not have a 
known immune defect, and for most patients, 
appropriate antimycobacterial therapy alone 
results in good sustained response. Nontubercu-
lous mycobacteriosis, even due to organisms  
with low disease-causing potential, are often in 
the setting of immunologically intact host, and an 
extensive immunologic workup at present may 
not yield clinically relevant information. In a 
select group of patients with unresponsive myco-
bacterial infection, immunologic investigation 
may be undertaken in consultation with  
Infectious Diseases.

Tuberculosis

Among the four species of M. tuberculosis com-
plex, M. tuberculosis and M. bovis are associated 
with the most cases of tuberculosis in humans.  
Of infections due to the other two species, M. 
africanum causes rare tuberculosis-like illness in 
Africa and M. microti, an agent associated with 
devastating infection among rodents, leads to 
rare, accidental infection in humans.

Acute Infection and Risk of Disease
As humans are the only reservoir of M. tuberculo-
sis, infection is spread from person to person, and 
the most common method of transmission is via 

inhalation of aerosolized respiratory secretions 
from an infected individual. Exposure to patients 
with acid-fast bacilli (AFB) positive sputum smear 
have a 25 to 50% risk of acquiring infection. In 
certain situations such as close, prolonged expo-
sure (especially in overcrowded situations), the 
attack rate may be as high as 80%.34 Interestingly, 
in patients with smear-negative active pulmonary 
infection, risk of transmission to a non-infected 
person is not significantly higher than the risk of 
infection acquisition in the community at large.35 
Nursing home residents are at a higher risk of 
infection, which may present several predispos-
ing risks, including prolonged close exposures to 
other individuals compounded by age-associated 
senescence of adaptive cellular immune response.36 
Other settings that may increase the risk of spread-
ing tuberculosis include shelters for the homeless 
and correctional facilities. However, it is impor-
tant to state that only a fraction of patients, after 
M. tuberculosis infection, will go on to develop 
clinical tuberculosis, and the lifetime risk in  
the general population varies from 5% to 15%. In 
contrast, individuals with severe immune sup-
pression have a very high risk of developing active 
disease following acute infection. Patients with 
renal failure, alcoholism, malnutrition, underly-
ing malignancy, prolonged systemic corticoste-
roid use, stem cell and organ transplantation, and 
especially AIDS, have a nearly 8% to 10% per year 
lifetime risk of developing tuberculosis after acute 
infection.37

Pulmonary Tuberculosis
This by far is the most common presentation of 
tuberculosis. Most pulmonary infections present 
as reactivation of remotely acquired infection, 
although in the developed countries, a substantial 
proportion of pulmonary infection represents 
recently acquired infection, especially in the  
non-immigrant native population.

Primary Pulmonary Tuberculosis

In contrast to young individuals, adults are 
immunologically better equipped to handle acute 
M. tuberculosis infection; most infections remains 
localized to lungs; systemic dissemination seldom 
occurs; regional lymphadenopathy, if present, is 
modest, and erythema nodosum or phlyctenular 
(vesicular) keratoconjunctivitis are not often 
seen. Pulmonary infiltrates remain localized, with 
minimal clinical signs and symptoms, especially 
in patients with ineffective immune defenses, 
which leads to delay in diagnosis and institution 
of appropriate therapy, and potentially increases 
the community- and hospital-based risk of spread 
of infection to other susceptible individuals.

Post-primary Pulmonary Tuberculosis

This is the prevalent form of disease worldwide. 
Infection is often asymmetrical and involves 

apices of lungs and/or the apex of the lower lobes. 
Focal pneumonitis leads to caseous necrosis that 
drains in the bronchial tree to form a cavity and 
which remains patent due to fibrosis and inelas-
ticity of the infected non-necrotic surrounding 
lung tissue. The caseous drainage in the bronchial 
tree leads to bronchogenic spread of tuberculosis 
to other patients with unaffected lungs, and also 
extends to the trachea, larynx and oropharynx. 
Along with bronchogenic spread, the organism-
rich caseous drainage (via aerosolized respiratory 
droplets) plays a central role in person-to-person 
transmission of infection. Infections in this set-
ting are often limited to lungs, and hematogenous 
spread is kept in check for the most part due  
to hypersensitivity-induced thrombosis of the 
involved pulmonary parenchyma. In contrast to 
primary pulmonary tuberculosis, lymphadenop-
athy and calcification of paratracheal and  
mediastinal lymph nodes is not present.

The pulmonary cavities, especially those with 
thick walls, remain patent for extended periods 
after completion of effective anti-tuberculosis 
therapy. These patent cavities provide favorable 
milieu for secondary superinfections due to 
Aspergillus spp and other nontuberculous myco-
bacteria. Patients may present with new-onset 
hemoptysis without the evidence of recurrent 
tuberculosis. In most cases, this represents locally 
angioinvasive Aspergillus superinfection. This 
clinical presentation should be considered in the 
background of more ominous M. tuberculosis-
associated erosion of pulmonary artery (Rasmus-
sen’s aneurysm), which may result in serious 
hemoptysis, exsanguinations, and death.

In elderly patients, post-primary tuberculo-
sis of the lung may present as a chronic infection 
that spears upper lobes and that is difficult to dis-
tinguish from other infectious causes of chronic 
pneumonia. A high level of suspicion is needed  
to attempt an early diagnostic intervention in 
elderly patients in whom what appears to be bac-
terial pneumonia fails to responds to appropriate 
broad-spectrum antimicrobial therapy.

Constitutional symptoms such as loss of 
appetite, low-grade late-afternoon fever, night 
sweats, and weight loss are classically described in 
patients with post-primary tuberculosis, although 
in patients with cancer or recipients of transplan-
tation, these symptoms do not help in diagnosis 
of tuberculosis. Cough is invariably present, 
although in chronic cases, cough may be well 
compensated. Occasional hemoptysis is also  
suggestive of tuberculosis, although in cancer 
patients with severe thrombocytopenia, this 
important feature becomes subdued as a cardinal 
sign of advancing pulmonary tuberculosis. Sero-
fibrinous pleural effusion may accompany a long- 
standing untreated infection, and true plural 
tuberculous empyema are seldom seen in the 
post-anti-tuberculous chemotherapy era.
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In patients with advancing pulmonary  
tuberculosis, the upper respiratory tract may be 
involved, including the well-described (although 
now seldom seen) laryngeal disease. Most laryn-
geal infection now represents hematogenous 
seeding rather than what used to be an extension 
of pulmonary tuberculosis via bronchogenic 
spread. Nevertheless, patients with untreated 
laryngeal tuberculosis pose a serious public health 
risk, as they are able to aerosolize a large number 
of viable infectious organisms leading to high rate 
of disease transmission. Laryngeal infections are 
often pleomorphic, and ulcerative or exophytic 
lesions may be mistaken for cancer.

Diagnosis

A high level of suspicion is central in the early 
diagnosis of tuberculosis. Early-morning sputum, 
or gastric aspirates in patients who do not pro-
duce sputum may provide diagnosis in the major-
ity of patients with pulmonary disease. Although 
AFB-negative sputum does not eliminate the pos-
sibility of M. tuberculosis infection, especially in 
immunosuppressed cancer patients, diagnostic 
bronchoalveolar lavage via fiberoptic bronchos-
copy, with or without transbronchial biopsy, may 
be able to enhance diagnostic yield. Percutaneous 
fine-needle aspiration or video-assisted thoracot-
omy may be undertaken to obtain samples of 
lung, pleura, and lymph nodes in patients sus-
pected of cryptic tuberculosis if other less invasive 
procedures fail to provide conclusive results.

Treatment

Prior to the availability of effective anti- 
tuberculosis therapy, disease progressed in three 
out of four patients, despite various now- 
antiquated methods, including iatrogenic col-
lapse of the affected lung. This changed 
dramatically with the availability of streptomycin 
and, more importantly, isoniazid and rifampin 
making sanatorium-based treatment obsolete. 
The post-antibiotic era, however, has become 
marred with the emergence and global spread  
of M. tuberculosis strains that are resistant to the 
bactericidal drugs isoniazid and rifampin (strains 
known as multi-drug resistant tuberculosis 
(MDR-TB).

For infections due to drug-sensitive M. tuber-
culosis, the duration of therapy is suggested as 6  
to 9 months, although shorter courses have been 
tried with variable success. The recommended 
four first-line drug regimen includes a combina-
tion of isoniazid, rifampin plus pyrazinamide for 
the first 8 weeks; ethambutol hydrochloride is 
included in most regimens, along with pyrazin-
amide, for the first 2 months of therapy. Patients 
receiving the ethambutol-based regimen should 
have visual examinations at frequent intervals to 
detect ocular toxicity before the patient become 
symptomatic.

Other anti-tuberculosis agents include strep-
tomycin and levofloxacin, which are regarded as 
first-line agents, although they are not recom-
mended in the initial choice of drug combina-
tions for the patient who tolerates the suggested 
3- or 4-drug combination. Agents known as 
second-line drugs are ethionamide, cycloserine, 
kanamycin, capreomycin, para-aminosalicylic 
acid, and clofazamine. These antimicrobials are 
reserved for patients who are either intolerant to 
the first-line drugs, or more importantly, in the 
treatment of infections due to MDR-TB.

Systemic corticosteroids may be used  
cautiously in patients who are on effective anti-
tuberculosis therapy. Indications for a limited 
systemic steroid use include patients who are 
severely debilitated with serous anemia, hypoal-
buminemia, protracted hectic fevers, and those 
with refractory life-threatening hypoxia.

Extrapulmonary Tuberculosis
M. tuberculosis can infect almost any body site. 
Extrapulmonary tuberculosis is considered an 
infection involving a non-pulmonary end-organ 
site, and, at present, bloodstream invasion is the 
most common method of tuberculosis systemic 
spread. Bronchogenic spread of tuberculosis to 
the upper respiratory tract or larynx, or contigu-
ous spread to the pleural space or to the chest wall 
are discussed elsewhere.

Tuberculous Lymphadenitis

Scrofula is the predominant form of extrapulmo-
nary tuberculosis; the cervical lymph node chain 
along the anterior border of the sternocleidomas-
toid muscle is commonly involved. Infection is 
often unilateral with minimum constitutional 
symptoms. Excisional lymph node biopsy is  
diagnostic, although precautions are needed to 
present post-surgical fistula tract formation. In 
patients with bilateral, or multicentric tubercu-
lous lymphadenitis, evaluation for an underlying 
HIV-associated immune suppression is war-
ranted, as widespread tuberculous lymphadenitis 
represents more severe systemic disease; patients 
in this setting often have systemic symptoms and 
are ill-appearing.38 In localized cervical infection, 
a short course (6 months) of therapy may be  
adequate in patients with drug-susceptible strains 
of M. tuberculosis. A paradoxical lymph node 
enlargement, pain, or fistula formation during or 
after completion of antituberculous therapy rep-
resent the hosts’ inflammatory response, which 
may be treated with a short course of systemic 
corticosteroids, especially in patients with a  
clinically disabling paradoxical reaction. This, 
however, must not be confused with immune 
reconstitution syndrome noted in patients  
with highly active antiretroviral-therapy–induced 
immune reconstitution.

Miliary Tuberculosis

The current description of miliary tuberculosis is 
hematogenous dissemination of M. tuberculosis 
via the bloodstream to remote body sites. Miliary 
tuberculosis may either present as an acute or 
cryptic form of disease. In the post-antibiotic era, 
miliary tuberculosis is most frequently reported 
in patients with cancer, those receiving antineo-
plastic therapy, chronic alcoholism, cirrhosis of 
the liver, and patients with rheumatologic dis-
eases.39–41 Secondary foci of infection include the 
meninges, peritoneum, liver, adrenals, kidneys, 
and pleura. In the lungs, a miliary radiographic 
pattern may help in establishing the correct diag-
nosis, although lymphangitic spread of solid-
organ cancer, widespread pulmonary lymphoma, 
and invasive fungal infections can present a mili-
ary pattern, which is difficult to distinguish from 
tuberculosis. Rapid diagnosis is imperative, as is  
a biopsy of either enlarged lymph nodes or a  
scrotal mass; the finding of caseating granulomas 
on liver or bone marrow biopsy should alert the 
healthcare provider to the possibility of dissemi-
nated tuberculosis and to the prompt institution 
of combination therapy, including isoniazid, 
rifampin and pyrazinamide. In patients with 
severe hypoxemia refractory to supplemental 
oxygen therapy or patients with evidence of  
disseminated intravascular coagulation, adjuvant 
systemic corticosteroid therapy is suggested.

Skeletal Tuberculosis

In the developed countries, tuberculous spondy-
litis (or Pott’s disease) involves elderly rather than 
young adults as it does in regions of endemic 
tuberculosis. This potentially devastating disease 
of the spine originates as either due to a remotely 
acquired infection via hematogenous route or, 
less likely, extension from pleural or peritoneal 
tuberculosis, and rarely via lymphatic spread. The 
primary site of infection is intervertebral disc 
space; adjoining vertebral bones become involved 
as the infection progresses. In nearly half the 
patients, at the time of diagnosis, infection may 
involve paraspinal space, and if unchecked, the 
paraspinal abscess may lead to fistula formation. 
Compromise of motor functions is a serious  
concern in patients with paraspinal abscess. Any 
sign of lower-extremity weakness, loss of sensa-
tion, or paresthesia must be investigated with a 
contrast-enhanced MRI scan to evaluate possible 
nerve root or spinal cord compromise, which,  
if untreated, will result in devastating paralysis.  
In some instances, paralysis may develop after 
anti-tuberculosis treatment has commenced; this 
paradoxical reaction may warrant emergent lami-
nectomy to relieve pressure and prevent spinal 
cord damage.

Similarly, osteoarticular tuberculosis is a dis-
ease of the elderly; multiple joints may be involved 
with periarticular abscess formation. In one study, 
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the shoulder joint was the most frequently 
involved joint, in contrast with monarthric  
disease of the past, which usually involved knee  
or hip joints.42,43 Patients may also present  
with tuberculous tenosynovitis in the hand. A 
patient with chronic wrist joint tuberculous  
may seek medical attention due to carpal tunnel 
syndrome.

Genitourinary Tuberculosis

Most patients with renal tuberculosis have  
either a history of, or ongoing, active pulmonary 
tuberculosis. Rarely, patients with cryptic, slowly 
progressive miliary (hematogenous) tuberculosis 
may develop features of renal mycobacterial  
disease. Papillary necrosis, urethral strictures, 
scarring-related asymmetrical hydronephrosis, 
cavitary lesions in the renal cortex, and focal renal 
calcifications are all seen with, and considered, 
features of renal tuberculosis. Diagnostic workup 
consists of first-of-the-day voided urine sample, 
AFB stain, and mycobacterial cultures. An intra-
venous pyelogram may show the collection chan-
nel abnormalities mentioned above. In selected 
cases, renal biopsy may be undertaken to establish 
appropriate diagnosis. Renal function is often 
preserved, although compromised renal function 
and hypertension are the hallmarks of the rarely 
seen tuberculous interstitial nephritis.

Female genital tract tuberculosis starts as 
hematogenous seeding of the endosalpinx; infec-
tion then spreads to the endometrium, ovaries, 
and cervix; the vagina is rarely involved. Most 
patients are diagnosed during workup for infertil-
ity, although menstrual irregularities and dull 
lower abdominal discomfort are not uncommon. 
Cervical and endometrial tuberculosis may  
present as an ulcerative mass that is frequently 
mistaken for cancer; similarly, patients with ovar-
ian tuberculosis may receive a misdiagnosis of 
malignancy. Those with tuberculous peritonitis 
have been incorrectly diagnosed with metastatic 
ovarian cancer with carcinomatosis.44,45

Gastrointestinal Tuberculosis

In the era prior to the availability of effective  
anti-tuberculosis therapy, a large proportion of 
patients with active pulmonary disease would 
have concomitant gastrointestinal (GI) tract 
tuberculosis. Any part of GI tract may be involved, 
although the ileocecal area is the most frequent 
site of GI tuberculosis, presenting as chronic 
weight loss, anorexia, diarrhea, intestinal obstruc-
tion, and bleeding. In chronic untreated cases, 
patients may present with a palpable, soft, non-
tender, lower abdominal mass. Other features of 
enteric tuberculosis include intestinal obstruc-
tion, perforation, and fistula formation between 
the bowel loops and/or small intestinal lumen 
and skin (enterocutaneous fistula).

Hepatic and biliary tract tuberculosis has 
prominent obstructive patterns; alkaline phos-
phatase levels are disproportionately high com-
pared with often normal levels of transaminase 
and bilirubin. Pancreatic tuberculosis presents as 
a mass in the epigastric retroperitoneal region, 
and is difficult to distinguish form cancer.

Tuberculous Peritonitis

Of the two varieties of peritoneal tuberculosis, the 
“serous” variety is common, whereas the “plastic” 
form, which presents as a “doughy abdomen” on 
examination, is seldom seen. Patients present 
with chronic weight loss, and have dull abdomi-
nal pain, recurring fever, and occasionally, clini-
cal presentation may mimic acute bacterial 
peritonitis, especially in patients with end-stage 
cirrhosis of the liver. Similar to pleural tuberculo-
sis, peritoneal fluid is often non-diagnostic. 
Biopsy of the involved peritoneum and/or direct 
peritoneal fluid polymerase chain reaction may 
improve probability of correct diagnosis. Treat-
ment is same as that for pulmonary infection,  
and we recommend against the use of adjuvant 
corticosteroids to prevent intestinal obstruction, 
which may occur either during or after  
completion of anti-tuberculosis therapy.

Aural Tuberculosis

Aural tuberculosis is a rare infection and  
often misdiagnosed as a refractory bacterial otitis 
media, or otitis externa; in most patients, the only 
symptom is painless otorrhea. Infection leads  
to gradual loss of hearing, and granulomatous 
inflammation is in abundance. If unchecked, 
infection can lead to extensive destruction of 
mastoid and temporal bones. In some cases, case-
ation necrosis may extend into intracranial cavity 
and present as new onset seizures and with other 
neurological abnormalities.46 Clinical worsening 
after institution of anti-tuberculosis therapy  
similar to tuberculous cervical lymphadenitis,  
or tuberculous meningitis may represent para-
doxical reaction resulting from uncontrolled 
inflammatory response. In these select patients, a 
short course of systemic corticosteroids may ame-
liorate symptoms, while effective combination 
anti-tuberculosis therapy is continued.

Cutaneous Tuberculosis

Skin involvement may result from either direct 
inoculation, or extension from an infected under-
lying structure such as bone, joint, or lymph  
node. In patients with severe immune dysfunc-
tion, hematogenous dissemination may lead to 
skin lesions that are often multiple, asymmetrical, 
and widespread. In general, cutaneous tuberculo-
sis can mimic a variety of cutaneous disorders; 
nodular lesions with underlying induration or 
necrotic ulceration are prominent findings.  

Diagnosis requires full-thickness skin biopsy. 
Treatment depends on the underlying primary 
site of infection. In patients with hematogenous 
disseminated disease, treatment is the same as 
that for miliary tuberculosis.

Tuberculosis Mimicking Tumor
Tuberculosis can imitate clinical and radiographic 
features of various diseases; as mentioned  
earlier, abdominopelvic tuberculosis may be  
misinterpreted as cancer—especially infections 
involving the peritoneum, ovaries, uterus, and 
pancreas.43,44,47 In patients with chronic, slowly 
progressive, indolent pulmonary tuberculosis 
may be mistaken for lung cancer.48 In one study, 
nearly 60% of patients with focal pulmonary 
tuberculosis were referred to a comprehensive 
cancer for treatment of presumed lung cancer.12 It 
is also important to realize that certain malignan-
cies may be mistaken for tuberculosis, especially 
bronchoalveolar carcinoma, and pulmonary  
non-Hodgkin’s lymphoma.49,50 

In patients with an underlying malignancy, 
the risk of tuberculosis reactivation is higher than 
in the general population.51 Therefore, a high  
suspicion that tuberculosis may coexist with an 
undiagnosed cancer, or (in patients with known 
malignancies) that tuberculosis may develop con-
currently, may help in early identification and 
institution of appropriate therapy.52–54 A diagnos-
tic attempt may include fiberoptic bronchoscopic 
evaluation, transthoracic fine-needle aspiration, 
or evaluation of surgically obtained lung tissue, 
which may provide timely diagnosis in a select 
group of patients in whom the probability of  
concurrent cancer and tuberculosis may  
coexist.55–58

Nontuberculous Mycobacteriosis

The scope of mycobacterial infections due to  
species other than M. tuberculosis have expanded 
near-exponentially in the recent past. In part, this 
increase is attributed to the widespread availabil-
ity of newer molecular identification methods.59 
Most nontuberculous mycobacteria (NTM) are 
ubiquitous in nature, and unlike M. tuberculosis, 
person-to-person spread is not a significant 
means of transmission of infection. Isolation of 
these low-virulence mycobacteria is not uncom-
mon, and, in immunologically intact, non- 
susceptible individuals, they frequently represent 
either laboratory/environmental contaminant or 
non-disease associated colonization of respira-
tory, orointestinal or genitourinary tracts. In 
patients with severe adaptive cellular immune 
defects, these mycobacteria may pose a serious 
threat.

Another feature that distinguishes these 
organisms from M. tuberculosis is that they exhibit 
variable antimicrobial susceptibility profiles and 
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they are often not susceptible to the first-line anti-
tuberculosis agents. The NTM are discussed 
under two broad headings based on the time 
needed for them to grow in the laboratory. Slow-
growing mycobacteria (SGM) are somewhat sim-
ilar to M. tuberculosis and take between 4 to 8 
weeks to grow in enriched culture medium, 
whereas in the case of rapidly growing mycobac-
teria (RGM) growth becomes evident within 7 
days.

Slow-Growing Mycobacteria 
Mycobacterium avium-intracellulare 

M. avium and M. intracellulare were originally 
differentiated on the bases of virulence to chick-
ens and rabbits, respectively. Human infections 
were reported in 1943, and during the 1980s and 
1990s, increased appreciation of diseases associ-
ated with MAC has been attributed in part due to 
the HIV epidemic, although a higher number of 
HIV-negative patients have also been described as 
having infection diseases due to these NTMs.

Pulmonary infections are most common, 
and isolation of MAC in respiratory tract samples, 
including tracheal aspirate, or bronchial samples, 
by itself is not diagnostic of pulmonary MAC 
infection. Diagnosis requires presence of a radio-
graphic and clinical disease that is compatible 
with MAC infection. The radiographic feature 
suggestive of pulmonary NTM includes small, 
multicentric nodules, tree-in-bud appearances, 
and/or small thin-walled cavitary lesions. Cough 
is the most prominent symptom; sputum pro-
duction is relatively minimal, except in patients 
with severe cystic bronchiectasis. Chronic lung 
disease is a well-recognized predisposing factor  
in non-immunosuppressed patients, including 
patients with silicosis, chronic bronchitis, emphy-
sema, and cystic fibrosis. Patients with healed 
fibrocavitary tuberculosis remains at risk for  
secondary M. avium-intracellulare infection.

Since the 1980s, an increasing number of 
MAC-associated pulmonary NTM cases have 
been noted in middle-aged and elderly women 
with no obvious immune defects. The most 
common feature of this illness is chronic cough, 
fatigue, inability to gain weight, depression, and, 
in advanced cases, multicentric, cystic bronchiec-
tatic pulmonary lesions; fever and night sweats 
are often not present. Some authors described an 
underlying defect in IFN-c production in patients 
who were initially mischaracterized as having 
Lady Windermere syndrome.30,31 This defect in 
the critical cytokine pathway has led to otherwise 
healthy patients to develop indolent, locally 
destructive pulmonary lesions due to environ-
mental mycobacteria with low disease-causing 
potential in otherwise healthy individuals.

MAC infections are difficult to treat owing  
to resistance to several antimicrobial agents;  
therapeutic regimens comprise three to four 

drugs to which clinical isolates are susceptible; 
rifampin, ethambutol, macrolide derivatives  
such as azithromycin and clarithromycin, plus a 
quinolone (like ciprofloxacin) are often used. 
Clofazimine-based regimens are not suggested 
owing to unacceptable drug toxicity and high 
mortality seen in HIV-seropositive patients with 
disseminated MAC. The duration of therapy is 
longer than that for patients with pulmonary 
tuberculosis. Most patients are treated for 18 to 
24 months; in those with extrapulmonary disease, 
duration may be extended to 36 months. 

Mycobacterium kansasii

M. kansasii is antigenically related to M. tubercu-
losis and may be associated with false positive 
PPD due to antigenic cross-reactivity. Most infec-
tions in the United States are seen in urban  
centers situated in the southeast and Midwestern 
parts of the country. As animal studies suggest, 
presence of dust by unexplained mechanisms 
enhances disease-causing potential of M. kansa-
sii60; it is not surprising that patients with pneu-
moconiosis are more susceptible to M. kansasii 
lung infection compared to the general popula-
tion; infections are fourfold higher in men com-
pared to women. Similarly, infections tend to be 
common with certain occupations that involve 
chronic exposure to dust. These include miners, 
welders, sandblasters, and painters.

Pulmonary infections are slowly progressive, 
although, unlike MAC, M. kansasii leads to lung 
involvement difficult to distinguish from tuber-
culosis. Infections frequently involve the upper 
lung lobes, and thin-wall cavities are seen  
routinely in patients with M. kansasii pulmonary 
nontuberculous mycobacteriosis. Treatment is 
rifampin-based, although rifampin-resistant 
strains are on the rise, especially in patients with 
AIDS receiving rifampin prophylaxis.61,62 M. kan-
sasii is intrinsically resistant to pyrazinamide,63 
and a large study has shown that isoniazid can  
be excluded for antimicrobial regimen.64 Clar-
ithromycin is often added with rifampin plus  
ethambutol, while awaiting rifampin susceptibil-
ity results.65Duration of therapy is 12 to 18 
months.

Other Slow-Growing Mycobacteria

M. ulcerans, M. marinum, M. genavense M.  
haemophilum, and M. simiae are occasionally 
associated with infection in human.

M. haemophilum was almost exclusively seen 
in patients with severe immune dysfunction, 
either due to AIDS66 or in recipients of hemato-
poietic stem cell transplantation.67 Disseminated 
infections were common, and predilection for 
tendon sheaths, bone, and joints was similar to 
infection seen with RGM.

M. simiae complex includes M. simiae, M. 
lentiflavum, and M. triplex; like M. kansasii, these 

SGMs lead to pulmonary disease that is difficult 
to distinguish from tuberculosis. However, nearly 
three-quarters of clinical isolates may be associ-
ated with no discernable disease.68,69In certain 
regions of the United States, it has become the 
second most frequent NTM.69Infections tend to 
be more refractory to antimicrobial therapy,  
and high frequency of drug resistance further 
complicates options for effective drug regimen. 
Clarithromycin, quinolones, ethambutol, cyclo-
serine, and ethionamide show favorable in vitro 
activity.70 

Rapidly Growing Mycobacteria
These organisms exhibit prominent growth on 
solid culture medium within 7 days after incuba-
tion. The most recent distribution of pathogenic 
species includes M. fortuitum complex, which 
besides M. fortuitum, M. mucogenicum, and M. 
septicum, now also incorporates formerly known 
species of M. chelonae complex (M. chelonae and 
M. abscessus). M. smegmatis forms the newly 
described second group, including M. smegmatis, 
M. wolinskyi, and M. goodii.71 

Pneumonia

In patients with pulmonary nontuberculous 
mycobacteriosis in the United States, RGM are 
the third most common cause of NTM after MAC 
and M. kansasii, respectively. M. abscessus is asso-
ciated with most pulmonary infections in the 
RGM group, whereas infections due to M. fortui-
tum, sub. sp. fortuitum, M. smegmatis sub. sp. 
smegmatis, and M. goodii are less frequent.72 M. 
goodii has been mostly isolated in patients with 
aspiration lipoid pneumonia. Similar to SGM, 
isolation of RGM from respiratory tract samples 
is not sufficient to make a diagnosis of RGM 
infection; as in most cases, these organisms may 
represent either colonization or environmental 
contamination.

To establish an RGM’s link to pulmonary 
disease, microbiologic isolation should be accom-
panied with radiographic and clinically compati-
ble disease.73 Clinical symptoms of pulmonary 
NTM, which at best are non-specific of mycobac-
terial infection, include chronic, minimally pro-
ductive cough, low-grade fever, weight loss, and, 
in severe cases, hemoptysis may occur.73

Clinical and microbiological response to 
antimicrobial therapy for RGM pulmonary  
mycobacteriosis is less encouraging compared to 
treatment response in patients with SGM infec-
tions.74 Drug combination including clarithro-
mycin, high-dose cefoxitin plus amikacin have 
been associated with good clinical response,  
albeit microbiologically refractory M. abscessus  
infections are not uncommon.

Skin and Soft Tissue Infection

M. fortuitum is the most common RGM that is 
often associated with skin and soft tissue infection 
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in immunologically competent patients; most 
infections occur due to accidental inoculation, 
such as stepping on a nail. Whereas most infec-
tions due to M. chelonae is seen in patients with a 
underlying predisposing condition, such as 
chronic corticosteroid use, rheumatoid arthritis, 
lupus, and cancer.73,75 

Health-related infections occur sporadically 
and have been seen in patients after deep intra-
muscular injection, sternal wound infection  
following cardiac surgery, and after a variety of 
reconstructive and plastic surgical procedures, 
including augmentation mammaplasty and chest 
wall reconstruction after tumor resection.76

Catheter-Related Infections

These infections have become the most common 
health care-related infections due to RGM;  
most infections involve patients with long-term 
indwelling intravascular catheters, and often 
catheter-insertion sites are involved. In cancer 
patients, M. chelonae and M. abscessus are by  
far the most common in this setting.77 Recently 
identified RGM species are increasingly reported 
in patients with cancer with catheter-related 
infection. They include M. smegmatis,78 M.  
neoaurum,79 M. aurum,80 M. lacticola,81 and M. 
brumae.82

 It is important to emphasize the fact that 
RGM are frequently isolated in hospital and labo-
ratory water supplies, and a number of pseudo-
outbreaks involving contaminated blood culture 
materials and fiberoptic bronchoscope sterilizing 
machine contamination have been described.83,84 
Therefore, a strict criteria must be instituted 
before attributing catheter infection to these  
low-virulence ubiquitous nontuberculous myco-
bacteria.85 Treatment includes prompt removal  
of infected devices, and systemic combination 
antimicrobial therapy for 6 to 12 weeks. Selection 
of antimicrobials depends on RGM species; as  
a general rule, RGM are resistant to most anti-
tuberculosis agents with the exception of etham-
butol. In patients with M. chelonae-M. abscessus 
infections, selection of appropriate drug therapy 
is even more limited due to high-level intrinsic 
drug resistance. Clarithromycin-based regimens 
are currently recommended, although so are 
newer fluoroquinolones, such as gatifloxacin and 
moxifloxacin; linezolid in vitro profile also 
appears promising, although further clinical 
experience is needed before such treatment is  
recommended. Other agents under investigation 
includes tigecycline, a new glycocycline that shows 
promising activity against most clinical isolates of 
M. abscessus.86

Summary

M. tuberculosis has become a rare infection in 
patients receiving antineoplastic therapy in the 

United States and tends to be prominent in non-
native, foreign-born patient population. In recent 
years, a change in the underlying malignancy has 
also been noted as patients with leukemia and 
non-Hodgkin’s lymphoma have overshadowed 
head and neck and gastric cancers. Most cancer 
patients have a favorable response to therapy,  
and multi-drug resistant strains are seldom 
encountered in this patient population.

The spectrum of non-tuberculosis mycobac-
teria is changing rapidly, as the immunopatho-
genesis of SGM continues to improve. In recent 
years, difficult-to-treat infections due to RGM are 
on the rise; this may, in part, reflect newer molec-
ular identification methods, but a rise in the sus-
ceptible immunosuppressed patient population 
and the frequent use of indwelling prosthetic 
devices are also important contributors in this 
trend. Despite resistance to a number of available 
antimicrobials, newer agents may provide the 
much-needed treatment options for high-risk 
cancer patients with mycobacterial infection- 
disease.
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Hypercalcemia of Malignancy
Gregory A. Clines, MD, PhD

Theresa A. Guise, MD

Humoral Mediators of  
Hypercalcemia of Malignancy

Hypercalcemia occurring in the setting of malig-
nancy may be due to (1) humoral factors secreted 
by tumors that act systemically on target organs 
of bone, kidney, and intestine to disrupt normal 
calcium homeostasis; (2) local factors secreted by 
tumors in bone, either metastatic or hematologic, 
which directly stimulate osteoclastic bone resorp-
tion; and (3) coexisting primary hyperparathy-
roidism (1°HPT). The first two of these situations 
should be viewed as opposite ends of a continual 
spectrum, rather than as completely unrelated 
pathologies. Clearly the pathophysiology of 
hypercalcemia in patients with solid tumors and 
no bone metastases at one end of the spectrum, 
and myeloma associated with extensive local bone 
destruction adjacent to the tumor cells at the 
other, is very different. However, in between  
these extremes are hypercalcemic patients with 
squamous cell carcinomas in which hypercalce-
mia may occur with some, but not extensive, 
osteolytic bone metastases, and hypercalcemic 
patients with advanced breast carcinoma in which 
hypercalcemia almost never occurs in the absence 

of extensive osteolytic bone destruction. Separat-
ing hypercalcemia into subcategories based on 
the assumption that the underlying mechanisms 
are distinct is not entirely satisfactory. This is 
because the mediators may be identical, except 
that in one situation it is a local mediator, while in 
another it is a humoral mediator. Additionally, if 
the tumor burden in bone is great, local tumor-
produced mediators of bone resorption may be 
produced in sufficient quantities to have systemic 
effects. Although this review will discuss the 
effects of cancer on bone organized into such cat-
egories, it is important to understand that a sig-
nificant portion of cancer patients will fall into 
the middle of this spectrum, having both humoral 
and local effects of tumor on bone.

Parathyroid Hormone-Related Protein
Hypercalcemia has been associated with malig-
nancy since the development of serum calcium 
assays in the 1920s. Only in 1941, however,  
did Fuller Albright advance the hypothesis  
that parathyroid hormone (PTH) is ectopically 
produced by certain tumor types. Over the subse-
quent five decades, investigators determined  
that PTH was not, in fact, the cause of humoral 
hypercalcemia of malignancy (HHM), but that a 
“PTH-like factor” was responsible for most cases. 
In 1987, this PTH related-protein (PTHrP) was 
purified from human lung cancer,6 breast cancer,7 
and renal cell carcinoma8 simultaneously by  
several independent groups and cloned shortly 
thereafter.9

PTHrP shares 70% sequence homology  
with PTH over the first 13 amino acids at the N-
terminus. Beyond the initial amino-terminal 
sequence, the protein is unique and shows no  
further sequence homology with PTH. The cloned 
PTHrP protein is larger than PTH and three  
distinct isoforms of 139, 141, and 173 amino acids 
have been demonstrated. Similarly, the human 
PTHrP gene is much larger and more complex 
than the parathyroid hormone gene, spanning  
15 kilobase of genomic deoxyribonucleic acid 
(DNA) and having nine exons and three pro-
moters. Despite these differences, both PTH  
and PTHrP bind to a common PTH/PTHrP 
receptor10 and share similar biologic activities.11

Malignancy is the most common cause of  
hypercalcemia in the hospitalized patient, and 
malignancy-associated hypercalcemia is one of 
the more common paraneoplastic syndromes. Up 
to 30% of patients with cancer may develop 
hypercalcemia during the course of their disease.1 
Generally, the cancer is well advanced when 
hypercalcemia occurs, and the prognosis is poor.2 
Survival beyond six months is uncommon.3 The 
relative frequencies of malignancies associated 
with hypercalcemia are listed in Table 1.4

Symptoms of Hypercalcemia

Symptoms of hypercalcemia (Table 2) may  
vary in individual patients and are related both  
to the absolute concentration of serum calcium 
and to the rate of rise in serum calcium.5 Nonspe-
cific gastrointestinal symptoms of anorexia, con-
stipation, nausea, and vomiting may predominate. 
Optimal neurological function is dependent on 
extracellular calcium level and symptoms can 
range from subtle neuropsychiatric manifesta-
tions, such as irritability and depression, to muscle 
weakness, delirium, and even coma. Cardiovas-
cular manifestations of hypercalcemia include 
arrhythmias and hypertension. Hypercalcemia 
causes an impaired ability of the distal nephron  
to concentrate urine, resulting in polyuria and 
polydipsia. The hypercalcemic effects of anorexia, 
nausea, vomiting, and impaired renal concen-
trating ability lead to dehydration and, subse-
quently, altered mental status. This, in turn, may 
promote immobilization and lead to worsening 
hypercalcemia.

Table 1 Malignancies Associated with  
Hypercalcemia

Malignancy Frequency (%)

Lung 35
Breast 25
Hematologic 14
Head and neck 6
Renal 3
Prostate 3
Unknown primary 7
Others 7

Reproduced with adapted from Mundy GR and Martin TJ.4

Table 2  Clinical Features of Hypercalcemia 

Neurologic and  Lethargy, drowsiness
 psychiatric Confusion, disorientation
 Disturbed sleep,  
  nightmares
 Irritability, depression
 Hypotonia, decreased  
  deep tendon reflexes
 Stupor, coma
Gastrointestinal Anorexia, vomiting
 Constipation
 Peptic ulceration
 Acute pancreatitis
Cardiovascular Arrhythmias
 Synergism with digoxin
 Hypertension
Renal Polyuria, polydipsia
 Hypercalciuria
 Nephrocalcinosis
 Impaired glomerular  
  filtration
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PTHrP has been detected in a variety of 
tumor types as well as in normal tissue.12,13 The 
widespread expression of PTHrP in normal tissue 
was the first evidence that the hormone had a role 
in normal physiology. In addition to the PTH-
like effects, emerging work testifies to the fact that 
PTHrP plays a role in the (1) regulation of carti-
lage differentiation and bone formation14; (2) the 
growth and differentiation of skin,15 mammary 
gland,16 and teeth17; (3) cardiovascular function18; 
(4) transepithelial calcium transport in mammary 
epithelia and placenta19,20; (5) relaxation of 
smooth muscle in the uterus, bladder, arteries, 
and ileum21–24; and (6) host immune function.25,26 
Normal subjects do not have detectable circulat-
ing levels of PTHrP, suggesting that, in normal 
physiology, PTHrP acts as a local regulator or 
cytokine in the tissues where it is produced.

Approximately 80% of hypercalcemic 
patients with solid tumors have detectable or 
increased plasma concentrations of PTHrP.7  
In addition to the diverse normal physiologic 
functions of PTHrP, it has a multifunctional  
role in cancer as well. Such identified functions 
include (1) mediating hypercalcemia; (2) aiding 
in the development and progression of osteolytic 
bone metastasis, as will be discussed in subse-
quent sections; (3) regulating growth of cancer 
cells27–29; and (4) acting as a cell survival factor.30 
The first identified consequence of PTHrP  
in cancer was the humoral hypercalcemia of 
malignancy syndrome.

Humoral Hypercalcemia of Malignancy versus 
1°HPT

Despite similarities between the syndromes of 
HHM and 1°HPT and the similar biologic activi-
ties of PTHrP and PTH, respectively, unexplained 
differences between these syndromes exist. First, 
patients with PTHrP-mediated HHM have low 
1,25-dihydroxyvitamin D3 (1,25-(OH)2D3) levels 
compared to patients with 1°HPT, even though 
both hormones stimulate 1a-hydroxylase activ-
ity.31 Moreover, infusion of PTH or PTHrP in 
healthy volunteers over a 48-hour period increased 
plasma 1,25-(OH)2D3 levels; however, PTH was 
more effective than PTHrP.32 Second, while both 
syndromes have marked increases in osteoclastic 
bone resorption, many patients with HHM do 
not have the normally coupled increase in osteo-
blastic activity experienced by those with 1°HPT. 
Studies using either serum markers of bone turn-
over33 or quantitative bone histomorphometry34 
have demonstrated this uncoupling of bone 
resorption from bone formation. Finally, unlike 
the metabolic acidosis seen in patients with 
1°HPT, patients with HHM often have a meta-
bolic alkalosis with a low plasma chloride and 
high plasma bicarbonate concentration. Although 
many explanations have been postulated for the 
discrepancies between HHM and 1°HPT, such as 
the pulsatile secretion of PTH and the apparent 

continuous secretion of PTHrP and biologically 
active PTHrP fragment,35 and suppression of 
bone formation and 1a-hydroxylase activity  
by other tumor-associated factors, the reasons  
for these differences have not been adequately 
elucidated.

PTHrP in Hypercalcemia Associated with Breast 
Cancer

The role of PTHrP in breast cancer–associated 
hypercalcemia deserves special consideration. 
Breast cancer predominantly affects bone through 
metastatic mechanisms, typically with lytic depos-
its in the skeleton. Approximately 10% of women 
with breast cancer will have hypercalcemia as a 
complication at some point in the disease. The 
association of hypercalcemia with extensive 
osteolytic lesions in breast cancer is so strong that 
the presentation of hypercalcemia without bone 
metastases should suggest the presence of coex-
istent primary hyperparathyroidism.36 Based on 
this association, it was long held that breast 
cancer–associated hypercalcemia results from 
excessive reabsorption of bone around tumor 
deposits. However, clinical studies3 failed to dem-
onstrate any relationship between the extent of 
bone metastasis and serum calcium levels. Con-
versely, studies exploring the potential role for a 
humoral mediator of hypercalcemia in breast 
cancer clearly demonstrated altered renal hand-
ling of calcium and phosphate, as well as increased 
nephrogenous cyclic adenosine monophosphate 
(cAMP), suggesting that 10 to 60% of hypercalce-
mic patients with breast cancer had a circulating 
factor with PTH-like properties. The identifica-
tion of PTHrP as this factor is hardly surprising 
when it is recalled that PTHrP appears to play an 
important role in normal breast physiology. In 
the case of breast cancer, PTHrP appears to have 
both paracrine and endocrine actions.

PTHrP was detected by immunohistochemi-
cal staining in 60% of 102 invasive breast tumors 
removed from normocalcemic women, but not  
in normal breast tissue.37 At least four other  
studies have confirmed these percentages, and 
one of these demonstrated immunoreactive 
PTHrP within the cytoplasm of lobular and ductal  
epithelial cells in normal and fibrocystic breast 
tissues.38–41 Furthermore, 65 to 92% of hypercal-
cemic breast cancer patients (with and without 
bone metastasis) had detectable plasma PTHrP 
concentration by radioimmunoassay similar to 
those documented in patients with humoral 
hypercalcemia of malignancy due to non-breast 
tumors.38,42 PTHrP is an important mediator of 
hypercalcemia in breast cancer. It also plays a sig-
nificant role in the pathophysiology of breast 
cancer metastasis to bone, as evidenced by clinical 
studies indicating that PTHrP expression by pri-
mary breast cancer is more commonly associated 
with the development of bone metastasis and 
hypercalcemia.39

PTHrP in Hypercalcemia Associated with 
Hematologic Malignancies

Hypercalcemia associated with hematologic 
malignancies results both from systemic effects of 
tumor-produced factors such as 1,25-(OH)2D3 

(discussed below), and from secretion of local 
bone-active cytokines, such as interleukin-6 (IL-
6), IL-1, and lymphotoxin or TNFb, from tumor 
in bone. PTHrP has been demonstrated to be an 
important pathogenic factor in the development 
of hypercalcemia in some patients with hemat-
ologic malignancies. In a clinical study of 76 
patients with various hematologic malignancies, 
50% of the 14 hypercalcemic patients had signifi-
cant increases in plasma PTHrP concentrations.43 
Of these, five had non-Hodgkin’s lymphoma, one 
had Hodgkin’s disease, and one had multiple 
myeloma. The serum 1,25-(OH)2D3 concentra-
tions, when measured, were low in the hypercal-
cemic non-Hodgkin’s lymphoma patients who 
had increased plasma PTHrP concentrations. 
Also of interest in this study is the fact that several 
normocalcemic patients with non-Hodgkin’s 
lymphoma, Hodgkin’s lymphoma, multiple 
myeloma, and Waldenström’s macroglobulin-
emia had increased plasma PTHrP concentra-
tions as measured by an amino-terminal PTHrP 
assay. Using a sensitive, two-site immunoradio-
metric assay, other investigators have noted 
increased plasma PTHrP concentrations in 
patients with adult T cell leukemia and B cell lym-
phoma.44 Finally, in separate studies, circulating 
concentrations of PTHrP (comparable to those in 
HHM) were present in two of four hypercalcemic 
patients with non-Hodgkin’s lymphoma, in  
three of nine with myeloma, and in a patient  
with myeloid blast crisis of chronic myeloid  
leukemia.45,46 Thus, the humoral mediators in  
the hypercalcemia associated with hematologic 
malignancies include both 1,25-(OH)2D3 and 
PTHrP.

1,25-Dihydroxyvitamin D
Under normal physiologic conditions, serum  
calcium concentration and levels of 1,25-(OH)2D3 
are inversely related. In the setting of hypercalce-
mia, serum 1,25-(OH)2D3 concentrations are 
suppressed unless there is persistent stimulation 
of 1a-hydroxylase activity from an autonomous 
source of PTH, such as with primary hyperpara-
thyroidism. Outside of this situation, lack of  
1,25-(OH)2D3 suppression indicates abnormal 
regulation of 1,25-(OH)2D3 synthesis and further 
suggests extra-renal production such as that 
observed with granulomatous disease. In granul-
omatous disease, activated macrophages within 
the granuloma synthesize 1,25-(OH)2D3.47–49  
Similarly, a major mediator of hypercalcemia in 
Hodgkin’s disease, non-Hodgkin’s lymphoma, 
and other hematologic malignancies appears to 
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be an extra-renal production of 1,25-(OH)2D3.50 
The mechanism is similar to that observed in 
granulomatous disease. In this scenario, hyper-
calcemic patients have increased plasma 1,25-
(OH)2D3 concentrations with low or normal 
plasma PTH and urinary cAMP concentrations,51 
without the presence of bone involvement. 
Affected patients have also been shown to have 
increased fasting urinary calcium excretion51 as 
well as increased intestinal calcium (47Ca) absorp-
tion.52 Increased 1,25-(OH)2D3 concentrations 
were noted in 12 of 22 hypercalcemic patients 
with non-Hodgkin’s lymphoma. In addition, 
71% of 22 normocalcemic patients with non-
Hodgkin’s lymphoma were hypercalciuric, and 
18% had increased serum 1,25-(OH)2D3 concen-
trations. These findings led the investigators to 
conclude that disregulated 1,25-(OH)2D3 pro-
duction was common in patients with diffuse 
large cell lymphoma.50 The low serum PTH  
and urinary cAMP concentrations indicated that 
neither PTH nor PTHrP mediated the hypercal-
cemia in this setting. Prostaglandins, when mea-
sured, have been low, and selected patients had 
no calcium-lowering effect from indomethacin 
therapy.45

Thus, the mechanisms responsible for hyper-
calcemia in this setting appear to be multifactorial 
and include 1,25-(OH)2D3–mediated increases in 
intestinal absorption of calcium and osteoclastic 
bone resorption. Additionally, many of the 
reported patients had altered renal function, a 
finding that suggests that impaired renal calcium 
clearance may also be contributing to the hyper-
calcemia in certain patients. It is likely that  
the lymphoma tissue itself hydroxylates 25-
hydroxyvitamin D to the active 1,25-(OH)2D3 
similar to the situation in hypercalcemia associ-
ated with granulomatous disease. One a- 
hydroxylase activity has been demonstrated in 
human T cell lymphotrophic virus type-I- 
transformed lymphocytes as well as in other 
extrarenal tissues.53,54 None of the reported 
patients with 1,25-(OH)2D3-mediated hypercal-
cemia had concomitant granulomatous disease; 
and hypercalcemia often improved with medical 
or surgical therapy that resulted in a decrease in 
serum 1,25-(OH)2D3 concentration. Recurrence 
of hypercalcemia and increased plasma 1,25-
(OH)2D3 concentrations has been documented 
with recurrence of disease.55

Parathyroid Hormone
For many years after Fuller Albright’s observa-
tions in 1941, malignancy-associated hypercalce-
mia was attributed to ectopic-tumor–produced 
PTH. It is now clear that PTHrP is responsible  
in the great majority of cases of HHM. There  
have been rare cases, however, of authentic-
tumor–produced PTH causing hypercalcemia. 
Specifically, ectopic PTH production has been 

documented in a small cell carcinoma of the 
lung,56 a squamous cell carcinoma of the lung,57 
an ovarian cancer,58 a widely metastatic primitive 
neuroectodermal tumor,59 a papillary adenocarci-
noma of the thyroid60 and a thymoma.61 Molecu-
lar analysis of the ovarian carcinoma revealed 
both DNA amplification and rearrangement  
in the upstream regulatory region of the PTH 
gene. Interestingly, the primitive neuroectoder-
mal tumor produced both PTH and PTHrP that 
resulted in severe hypercalcemia. These reported 
patients did not have coexisting primary hyper-
parathyroidism since the parathyroid glands  
were normal at the time of neck exploration or at 
autopsy in all cases. However, the fact remains 
that ectopic production of PTH is a rare event, 
and it is clearly documented that most patients 
with malignancy-associated hypercalcemia have 
suppressed plasma PTH concentrations.62 It 
should be emphasized that the most likely cause 
of hypercalcemia in the setting of malignancy  
that is associated with a normal or increased 
serum PTH concentration is co-existing  
hyperparathyroidism.

Other Tumor-Associated Factors
There is accumulating evidence that solid tumors 
may produce other humoral factors, either alone 
or in combination with PTHrP, that have the 
capacity to stimulate osteoclastic bone resorption 
and cause hypercalcemia. These factors include 
IL-1, IL-6, transforming growth factor a (TGFa), 
tumor necrosis factor (TNF) and granulocyte 
colony-stimulating factor (G-CSF). Administra-
tion of IL-1 injections to mice caused a mild 
hypercalcemia,63,64 which has been effectively 
blocked by the IL-1 receptor antagonist.65 Mice 
bearing Chinese hamster ovarian tumors trans-
fected with the complementary DNA for IL-6 
developed mild hypercalcemia,66 as did mice bear-
ing a renal carcinoma that cosecreted IL-6 and 
PTHrP.67 High serum levels of IL-6 in patients 
with humoral hypercalcemia of malignancy have 
also been reported.68,69

Human TGFa and TNFa stimulated osteo-
clastic bone resorption in vitro and resulted  
in hypercalcemia in vivo.70–72 TNFa also caused 
hypercalciuria, without an increase in nephro-
genous cAMP, and increased osteoclastic bone 
resorption in vivo in a mouse model.73 In addi-
tion, as noted in the previous section, some of 
these factors have been shown to modulate the 
end-organ effects of PTHrP on bone and kidney. 
In some instances, factors such as TGFa, IL-1,  
IL-6, and TNF enhanced the hypercalcemic  
effects of PTHrP. The ability of IL-6 to enhance 
PTHrP-mediated hypercalcemia appeared to  
be due to increased production of the early  
osteoclast precursors by IL-6 (as measured by 
granulocyte macrophage colony forming units), 
in combination with increased production of  

the more committed osteoclast precursors by 
PTHrP.74

Prostaglandins of the E series are powerful 
stimulators of bone resorption,75 although their 
role in bone destruction associated with malig-
nancy remains unclear.76 Some of the effects of 
cytokines on bone may be mediated in part 
through prostaglandins. Indomethacin, a prosta-
glandin synthesis inhibitor, and has been shown 
to block part of the osteoclast-stimulatory effects 
of IL-1 in vivo.63,64 Although prostaglandins have 
been demonstrated to be produced by cultured 
tumor cells in vitro, indomethacin treatment  
of malignancy-associated hypercalcemia is only 
occasionally effective.77 Thus, it is unlikely that 
prostaglandins have a major causal role in  
hypercalcemia associated with malignancy.

Treatment of Hypercalcemia of 
Malignancy

The ultimate treatment of malignancy-associated 
hypercalcemia is eradication of the underlying 
cancer. However, cure is frequently not possible, 
and in patients with symptomatic or life- 
threatening hypercalcemia, therapy must be 
aimed specifically against the mediating mecha-
nisms. Increased osteoclastic bone resorption is 
present in essentially every patient with hypercal-
cemia of malignancy and is, therefore, a key target 
for treatment and prevention of hypercalcemia. 
Two of these mechanisms in particular, increased 
osteoclastic bone absorption and increased renal 
tubular calcium reabsorption, are common to 
most patients with hypercalcemia of malignancy, 
even those cases not associated with PTHrP pro-
duction.78 Medical therapy is therefore aimed at 
inhibiting bone resorption and promoting renal 
calcium excretion.

Because many hypercalcemic patients  
are dehydrated at presentation, the latter can be 
effectively addressed with intravenous adminis-
tration of isotonic saline. This first step of therapy 
serves to rehydrate the patient while enhancing 
calciuresis by increasing the glomerular filtration 
rate and reducing the fractional reabsorption of 
calcium and sodium. The use of loop diuretics, 
such as furosemide, to enhance calcium excretion 
is frequently overemphasized in clinical practice. 
These agents may exacerbate fluid loss; therefore 
their use should be limited to the volume-repleted 
patient and only then with close monitoring of 
volume status.79 Hydration alone rarely results in 
full resolution of hypercalcemia,80 however, and 
more aggressive therapies are usually needed.

Bisphosphonates are currently the mainstay 
for long-term treatment of hypercalcemia and 
osteolytic bone disease. They have an affinity for 
bone surfaces undergoing active resorption and 
are released in the bone microenvironment 
during remodeling. These compounds decrease 
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osteoclastic bone resorption by two described 
mechanisms. First, the nitrogen-substituted 
bisphosphonates, such as alendronate, risedro-
nate and zoledronic acid, are potent inhibitors  
of the enzyme farnesyl diphosphate synthase, 
thereby blocking protein isoprenylation. It is 
believed that the prenylation of small GTP- 
binding proteins is important for structural integ-
rity of the osteoclast; without it, the osteoclasts 
undergo apoptosis. Second, the non-nitrogen 
containing bisphosphonates, clodronate and  
etidronate, are less potent and also induce osteo-
clastic apoptosis but by a different mechanism. 
These bisphosphonates are metabolically incor-
porated into nonhydrolyzable ATP analogs that 
inhibit ATP-dependent intracellular enzymes. 
The bisphosphonates have been known to inhibit 
osteoclastic bone resorption for over 30 years.

There are also several lines of evidence  
that suggest bisphosphonates affect osteoclastic 
bone resorption indirectly through actions on 
osteoblasts. For example, bisphosphonates  
have previously been shown to have multiple 
actions on osteoblasts such as (1) modulation of 
proliferation and differentiation81; (2) prevention 
of apoptosis82; (3) modulation of extracellular 
matrix protein production83,84; (4) regulation of 
the expression and excretion of IL-685,86; and (5) 
decrease of angiogenesis.87,88 Recently, Viereck 
and colleagues presented in vitro evidence that 
bisphosphonates act directly on human osteo-
blasts to increase the production of both osteo-
protegerin (OPG) messenger ribonucleic acid 
(mRNA) and protein.89 Clearly, the implication  
is that by increasing OPG expression, the  
receptor activator of NF-kB ligand (RANKL)-
mediated stimulation of osteoclasts can be  
neutralized.

The various bisphosphonates available on 
the market vary in potency, but all are poorly 
absorbed from the gut and are most effective for 
treatment of hypercalcemia when used intrave-
nously. Intravenous etidronate, the least potent of 
its class, normalized calcium concentration in 30 
to 40% of patients when given in doses of 7.5 mg/
kg on three consecutive days.90–92 Oral etidronate, 
at dosages of 25 mg/kg/d for more than 6 months 
can cause bone mineralization defects.93 Pami-
dronate, alternatively, combines high potency 
with low toxicity and has become the agent of 
choice for the treatment of hypercalcemia of 
malignancy. When used in the recommended 
doses of 30 to 90 mg intravenously over 4 to  
24 hours, it is highly effective in normalizing 
serum calcium concentrations and is not associ-
ated with mineralization defects. The onset of 
clinically apparent action is somewhat delayed 
with the bisphosphonates. Clinical studies using a 
90-mg infusion of pamidronate over 4 hours 
indicate that the mean time to achieve normocal-
cemia is approximately 4 days, while the mean 
duration of normocalcemia is 28 days.94 An  

effective method for achieving a rapid and sus-
tained reduction in serum calcium concentration 
is to use pamidronate in combination with calci-
tonin. The combined use of a bisphosphonate 
with calcitonin lowers serum calcium levels more 
rapidly and effectively than either alone.95

Zoledronic acid, the most potent bisphos-
phonate available, is very effective for the treat-
ment of hypercalcemia of malignancy. At doses of 
4 mg and 8 mg, this bisphosphonate was com-
pared to a single 90-mg infusion of pamidronate  
in patients with hypercalcemia of malignancy. 
Zoledronic acid was superior in respect to 
response rates, time to calcium normalization, 
and response duration.96 The 4-mg dose is FDA-
approved, as renal dysfunction occurred with the 
8-mg dose.

Inhibiting osteoclastic bone resorption  
and renal tubular calcium reabsorption within 
minutes of administration, calcitonin also makes 
an excellent agent for the acute treatment of 
hypercalcemia. Unfortunately, tachyphylaxis  
frequently develops within 48 hours as a result of 
down-regulation of the calcitonin receptor. Con-
comitant use of glucocorticoids, however, can 
prolong the effective time of treatment.97 This 
effect appears to result from a glucocorticoid 
mediated up-regulation of cell-surface calcitonin 
receptors and increased de novo production of 
calcitonin receptors in the osteoclast.98 Calcitonin 
can be administered every 6 to 12 hours in doses 
of 4 to 8 U/kg. Human calcitonin is available,  
but salmon calcitonin is generally used. If salmon 
calcitonin is used, then a test dose of 1 unit should 
be administered first, since rare anaphylactic 
reactions have been reported.

Two antineoplastic agents have been used 
effectively for the treatment of malignancy-asso-
ciated hypercalcemia, but are rarely used now. 
Plicamycin, formerly called mithramycin, is an 
inhibitor if DNA-dependent RNA synthesis and a 
potent inhibitor of bone resorption. The dosage 
used to treat hypercalcemia (25 mcg/kg) is one-
tenth the usual chemotherapeutic dose and 
should be infused over 4 hours. It has consider-
able side effects of nephrotoxicity, hepatotoxicity, 
thrombocytopenia, nausea, and vomiting. Gal-
lium nitrate is another antineoplastic agent with 
calcium-lowering effects. It also has serious neph-
rotoxicity and is somewhat inconvenient to use as 
it is administered over a continuous 5-day infu-
sion. Use of these antineoplastic agents should be 
reserved for cases of hypercalcemia that are unre-
sponsive to maximum doses of bisphosphonates.

Finally, about 30% of patients treated with 
glucocorticoids for malignancy- associated hyper-
calcemia respond with a fall in serum calcium 
concentration. Glucocorticoids are most likely to 
have clinical effect in the setting of hypercalcemia 
associated with multiple myeloma or hematologic 
malignancies associated with 1,25-(OH)2D3. In 

these situations, glucocorticoids inhibit osteo-
clastic bone resorption by decreasing tumor pro-
duction of locally active cytokines, in addition to 
having direct tumorolytic effects.99 Glucocorti-
coids, in dosage equivalents of 40 to 60 mg of 
prednisone daily, should be given. If no appre-
ciable response is observed within 10 days, then 
glucocorticoid therapy should be discontinued.

In conclusion, hypercalcemia of malignancy 
is due to a heterogeneous group of tumor-derived 
factors that disrupt normal calcium homeostasis. 
Regardless of the pathophysiology, in most 
instances, the central mediator of this process is 
the osteoclast. The standard of care for this com-
plication of malignancy is now bisphosphonate 
treatment, which is effective in most cases.  
However, the possibility of bisphosphonate resis-
tance has emerged. Thus, future therapeutic 
options should address this issue. Possible alter-
native therapies include inhibitors of the RANKL 
pathway or neutralizing antibodies to PTHrP. 
The latter would also reverse the increased  
renal tubular reabsorption of calcium caused by 
increased PTHrP concentrations. Clinical trials, 
in progress, should determine if these modalities 
will be as effective or complementary to  
bisphosphonate treatment.
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Paraneoplastic syndromes are cancer-associated 
clinical syndromes caused by biologic or humoral 
factors, including hormones, cytokines, and 
immunoglobulins. In this chapter, we focus on 
the endocrine paraneoplastic syndromes, also 
known as ectopic hormone syndromes, other 
than hypercalcemia of malignancy, which is  
discussed in Chapter 23, “Endocrine Neoplastic 
Syndromes.”

Early awareness of a paraneoplastic syn-
drome is important clinically. An occult malig-
nancy may initially manifest as a paraneoplastic 
syndrome, which can allow for early detection 
and treatment and potential cure. Treatment of 
the effects of the syndrome can be palliative even 
if a cure for the tumor is implausible. When a 
paraneoplastic syndrome mimics the effects of 
metastatic disease, however, a patient may be 
mistakenly considered an inappropriate candi-
date for potentially curative treatments. Develop-
ment of the syndrome can also be used as a marker 
of tumor recurrence or to signify a poor progno-
sis. Autocrine growth hormones (GHs) causing 
the syndrome are potential therapeutic targets.

The mechanisms underlying ectopic hor-
mone production may vary between different 
tumors. In some examples, the tumor cells  
may have produced the hormone during an ear-
lier stage in their development. For example, 
parathyroid hormone–related protein, the cause 
of hypercalcemia of malignancy, is normally 
expressed in actively differentiating squamous 
cells but is expressed at low levels or not at all in 
completely differentiated squamous epithelium.1 
In addition, the production of hormone precur-
sors and peptides that may be normally produced 
by nonendocrine tissues can increase with neo-
plastic transformation.2,3 In other cases, the syn-
thesizing machinery of a hormone-producing  
cell is coopted to produce a different hormone. 
Production of peptides by neuroendocrine 
tumors is the most common ectopic hormone 
mechanism of this type. Neuroendocrine cells are 
dispersed through nearly all organs: lung, gastro-
intestinal tract, pancreas, thyroid gland, adrenal 
medulla, breast, prostate, and skin. These neural 

crest–derived cells may produce biogenic amines 
and a long list of polypeptide hormones, includ-
ing adrenocorticotropic hormone (ACTH), cor-
ticotropin-releasing hormone (CRH), growth 
hormone–releasing hormone (GH-RH), calcito-
nin, vasoactive intestinal peptide, and pancreatic 
polypeptide.

Ectopic Adrenocorticotropic  
Hormone Syndrome

Ectopic ACTH secretion causing Cushing’s  
syndrome was the second hormonal syndrome 
—after hypercalcemia of malignancy—to be 
associated with cancer in 1928.4 Tumoral produc-
tion of CRH is a rare cause of paraneoplastic 
Cushing’s syndrome.

Tumors
Among all patients with Cushing’s syndrome, 
40% have an obvious pituitary tumor causing 
Cushing’s syndrome, 28% have a nonvisible  
pituitary source, 17% have adrenal hypersecre-
tion of cortisol, and 15% have ectopic ACTH 
secretion from an underlying tumor.5 Extrapitu-
itary tumors that produce ACTH are classically 
lung cancers, particularly of the small cell type, 
and comprise 50% of all tumors causing ectopic 
adrenocorticotropic hormone syndrome (EAS) 
(Table 1). However, only 0.4 to 2% of all lung 
cancers and 2 to 5% of small cell lung carcinomas 

are associated with ectopic ACTH production.4–6 
Recent reports have noted a greater association 
between benign tumors, such as carcinoids,  
and EAS. EAS tumors can be grouped into two 
histologic categories: carcinoid-oat cell and  
pheochromocytoma-neuroblastoma.5,7

Tumors can also produce CRH, the peptide 
normally produced by the hypothalamus that 
stimulates pituitary ACTH production and  
secretion, with or without ACTH.5 Neoplasms 
that produce CRH include medullary thyroid  
carcinoma,8 ganglioneuroblastoma,9 and prostate 
cancer.10

Carcinomas of the liver, prostate, and breast 
have been documented to produce ACTH. Some 
malignancies can concomitantly produce ACTH 
and CRH.11,12 Sarcomas have not been associated 
with EAS.6

Pathophysiology
All tissues in the body make pro-opiomelanocor-
tin-derived peptides, albeit in smaller amounts 
than that produced in the pituitary gland; tumors 
or carcinomas can produce excessive quantities of 
it.6 Pro-ACTH, or “big” ACTH, a prohormone 
by-product of pro-opiomelanocortin, can be 
enzymatically cleaved into multiple biologically 
active peptides: ACTH (leading to adrenal gland 
stimulation and cortisol secretion), melanocyte-
stimulating hormone (effecting skin hyperpig-
mentation), and b-endorphin and metenkephalin 
(which have opiate-like activity). 

Clinical Manifestations
Ectopic ACTH secretion leads to bilateral adrenal 
hyperplasia (as does a pituitary source) and many 
of the classic findings of hypercortisolism (Table 
2). A review of 90 patients by the National Insti-
tutes of Health found that the three most common 
signs and symptoms of EAS were proximal muscle 
weakness (92%), hypertension (78%), and men-
strual irregularity (78%).3 Because the adrenal 
glands are stimulated to produce excessive 
amounts of 11-deoxycorticosterone and cortisol, 
which have mineralocorticoid and glucocorticoid 

Table 1  Tumors Causing Ectopic  
Adrenocorticotropic Hormone Syndrome

Lung cancer—50%
Carcinoid tumors—25% 
 Bronchus
 Thymus
 Small intestine
Neural crest tumors—15%
 Pheochromocytoma
 Neuroblastoma
 Medullary carcinoma of the thyroid
Thymoma—10%
Carcinoma of breast, gastrointestinal tract, ovary, 
 cervix, prostate—rare
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effects, edema, metabolic alkalosis, and hypokale-
mia are more prominent features of EAS than 
they are of Cushing’s syndrome from other 
causes.6 Centripetal obesity, purplish abdominal/
axillary striae, moon facies, a dorsocervical fat 
pad, and hyperpigmentation of the buccal mucosa 
are not typical signs when there is an underlying 
malignant tumor, such as oat cell carcinoma of 
the lung; these are more frequently seen with 
indolent tumors.

Occasionally, especially with slow-growing 
disseminated neuroendocrine tumors, the onset 
of Cushing’s syndrome may occur many years 
after the diagnosis of a tumor. Some tumors, such 
as thymic or bronchial carcinoids, may not cause 
any clinical manifestations of ACTH production 
because they do not produce a sufficient amount 
of the peptide. Highly aggressive malignancies, 
however, usually cause rapid development of 
Cushing’s syndrome.

Occult tumors producing hypercortisolemia 
are defined as undetectable tumors of nonpitu-
itary origin that produce excessive ACTH or CRH 
for more than 4 to 6 months before tumor identi-
fication.13 A review conducted at the National 
Institutes of Health found that patients with 
unidentifiable primary tumors causing EAS sur-
vived longer than those with known tumors.3 Of 
the identifiable tumors, primary pulmonary 
tumors, with the exception of small cell lung car-
cinomas, were associated with longer survival 
periods than other tumor types. The average sur-
vival time after diagnosis of an overt tumor was 
24 months.3

Diagnosis
The keys to diagnosing EAS are having clinical 
suspicion and conducting a rational, systematic 
series of biochemical tests prior to obtaining 
imaging studies. A typical clinical scenario that 
raises concern for the presence of EAS involves a 
patient with a known tumor who experiences 
weight loss, unexplained hypokalemic alkalosis, 
and abnormal glucose tolerance.

First, screening for hypercortisolism should 
be performed with a 24-hour urine collection for 

free cortisol (UFC), a low-dose overnight dexa-
methasone (DXM) suppression test, or a mid-
night salivary cortisol test. The 24-hour UFC test 
has a 100% sensitivity and 98% specificity for 
Cushing’s syndrome and can distinguish hyper-
cortisolism from obesity.6,14 An elevated 24-hour 
UFC level (>4 times the normal reference range) 
with a simultaneously elevated ACTH level (>10 
pg/mL) is highly suggestive of EAS.15 Three differ-
ent urine collections on separate days may be 
needed because cortisol production is variable. A 
low-dose overnight DXM suppression test con-
sists of 1 mg of DXM given orally at 11 pm fol-
lowed by a blood sample drawn at 8 am to 
determine the serum cortisol level. A suppressed 
cortisol level of <1.8 µg/dL rules out hypercorti-
solemia, but a level of >14.3 µg/dL confirms the 
presence of Cushing’s syndrome from any source 
(pituitary, adrenal, or ectopic).15,16 A midnight 
salivary cortisol test is simple and noninvasive, 
but the results are highly variable, depending on 
the laboratory. A salivary cortisol level of >0.55 
µg/dL is a good screen for Cushing’s syndrome: 
this cutoff value identified 93% of patients with 
Cushing’s syndrome and excluded 100% without 
it.17

After one confirms the presence of hyper-
cortisolism, an ACTH level (with a two-site 
immunoradiometric assay) should be evaluated 
to determine whether the Cushing’s syndrome is 
dependent on ACTH (ie, pituitary adenoma or 
EAS) or independent from ACTH (ie, primary 
adrenal disease). A plasma ACTH concentration 
>20 pg/mL suggests an ACTH-dependent pro-
cess, whereas an ACTH level of <10 pg/mL is 
consistent with an adrenocortical process (adre-
nal adenoma or carcinoma).16 Although a serum 
ACTH level of >200 pg/mL is suggestive of EAS, 
bronchial and thymic carcinoids and occult 
tumors may exhibit lower levels of ACTH, serum 
cortisol, and UFC than aggressive or overt tumors 
do.6 If the ACTH level is within the range of 10  
to 20 pg/mL, further dynamic testing with CRH 
stimulation (as described below) will be needed.

Identifying the source of ACTH (pituitary vs 
ectopic tumor producing ACTH vs ectopic tumor 
producing CRH) in ACTH-dependent Cushing’s 
syndrome is one of the most difficult diagnostic 
evaluations in endocrinology (Figure 1). DXM 
suppression of cortisol and CRH stimulation of 
ACTH are tests that help distinguish the source of 
excessive ACTH. With EAS tumors, plasma corti-
sol is resistant to exogenous glucocorticoid sup-
pression, and the ACTH level usually does not 
rise in response to CRH stimulation. One excep-
tion to this observation is that in the presence of 
a CRH-producing tumor, since the hypotha-
lamic-pituitary axis is essentially intact, the clini-
cal presentation is similar to that of a classic 
pituitary ACTH-producing tumor. In addition, 
in 30% of occult EAS tumors and 41% of thoracic 

carcinoids, cortisol can be suppressed with DXM. 
Alternatively, in 9 to 25% of cases of pituitary-
dependent Cushing’s syndrome, DXM will fail to 
suppress cortisol production (Table 3).6

The response to dexamethasone is observed 
with the high-dose dexamethasone suppression 
test (HDDST), which can be performed in vari-
ous ways. The 2-day HDDST consists of 2 mg of 
DXM given orally every 6 hours for 48 hours, 
with 24-hour urine specimens collected at base-
line and after days 1 and 2 of DXM administra-
tion for determination of the UFC level. A decrease 
in the UFC level of >90% from the baseline level 
is suggestive of a pituitary source of ACTH. The 
overnight HDDST is performed by giving 8 mg of 
DXM orally once at 11 pm with an evaluation of 
the plasma cortisol level at 8 am the following 
day. A decline in plasma cortisol of >50% from 
the baseline level or a level of <5 µg/dL suggests 
a pituitary tumor. The overnight HDDST is more 
sensitive and accurate than the 2-day HDDST for 
pituitary ACTH production.6

A CRH stimulation test is performed by 
administering 1 µg/kg (maximum dose 100 µg) of 
synthetic ovine CRH intravenously and evaluat-
ing the plasma ACTH and cortisol levels at base-
line and every 15 minutes after the injection for 
60 minutes. EAS tumors will respond with stable 
or only minimally increased ACTH and cortisol 
levels. With pituitary tumors, ACTH and cortisol 
levels will rise >50% (sensitivity 86%, specificity 
90%) and 20% (sensitivity 91%, specificity 95%), 
respectively, from baseline levels.18 A combina-
tion of the 2-day HDDST and CRH stimulation 
tests, the DXM-CRH test, will increase the sensi-
tivity and specificity of the evaluation for pituitary 
Cushing’s syndrome.19

In the absence of an obvious pituitary tumor 
or other neoplasm, bilateral inferior petrosal 
sinus sampling (IPSS) should be done in patients 
with ACTH-dependent Cushing’s syndrome to 
determine the source of the ACTH because the 
pituitary circulation drains directly into the  
inferior petrosal sinuses (IPSs). Simultaneous 
blood samples for ACTH from the bilateral IPSs 
and peripheral (P) circulation will reveal an IPS 
to P ratio of g3 after CRH stimulation in the 
presence of a pituitary tumor.20 The sensitivity 
and specificity of IPSS for diagnosing pituitary 
Cushing’s syndrome are about 94%.7 IPSS is  
especially helpful in differentiating occult EAS 
from pituitary Cushing’s syndrome because 
occult EAS tumors can respond to the previously 
described dynamic tests similarly to the way pitu-
itary tumors do. The limitations of IPSS arise 
from technical inexperience, high cost, and rare  
neurologic and thromboembolic complications.

Other diagnostic modalities include radio-
logic studies or tumor markers. Chest radiogra-
phy and computed tomography or magnetic 
resonance imaging of the neck, chest, and/or 

Table 2  Clinical Manifestations of Ectopic  
Adrenocorticotropic Hormone Syndrome

Proximal muscle weakness
Hypertension
Mentrual irregularity
Hirsutism
Osteopenia/osteoporosis
Fracture
Hypokalemia
Hyperglycemia
Edema
Weight loss
Psychiatric disorder (depression, psychosis)
Ecchymosis
Infection 
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abdomen are ordered to evaluate patients for  
pulmonary, thymic, or abdominal tumors. The 
use of OctreoScan with indium 111 pentetreotide 
(Mallinckrodt, Inc., St. Louis, MO) can identify 
neuroendocrine tumors that can express soma-
tostatin receptors. Ninety percent of occult EAS 
tumors are neuroendocrine in nature; thus, 

neuron-specific enolase or chromogranins can be 
useful tumor markers.

Treatment
As with most paraneoplastic syndromes, the  
most definitive therapy for EAS is to treat the 
underlying tumor with surgery, chemotherapy, 

or radiotherapy. However, a study at the Mayo 
Clinic on 106 patients with EAS showed only a 
12% cure rate after surgical excision of the pri-
mary tumor,2 and the National Institutes of 
Health showed a 29% curative rate with surgical 
removal.3 Surgical excision of benign tumors 
(such as bronchial carcinoids or pheochromocy-
tomas) causing EAS is associated with higher rates 
of cure.6

For incurable tumors producing EAS,  
pharmacologic agents can be used to inhibit  
adrenal production of cortisol; however, their use 
is often limited by their adverse side-effect pro-
files. In addition, hypoadrenalism and adrenal 
crises need to be avoided by using supplemental 
glucocorticoid and mineralocorticoid therapy. 
Mitotane, a derivative of the insecticide dichloro-
diphenyltrichloroethane (DDT) that was found 
to cause necrosis and atrophy of the adrenal 
cortex, was the first adrenolytic used. Maximal 
benefit occurs after 4 to 6 months of continued 
use; however, the side effects of nausea, vomiting, 
diarrhea, and depression often become intolera-
ble, causing most patients to discontinue therapy 
prematurely. Aminoglutethimide inhibits choles-
terol processing, which disrupts the production 
of cortisol and aldosterone and androgens. 
Metyrapone, an 11-b-hydroxylase inhibitor, pre-
vents cortisol synthesis. Increasing ACTH in 
response to decreasing cortisol levels does not 
overcome the adrenolytic effects of metyrapone. 
The combination of metyrapone and aminoglu-
tethimide can be used to lower the individual 
dosages needed. Ketoconazole is an antimycotic 
agent that inhibits P-450-dependent enzymes 
involved with adrenal and gonadal steroid pro-
duction and prevents cortisol from binding to 
glucocorticoid receptors. Octreotide, a soma-
tostatin analogue, and RU-486, a glucocorticoid 
antagonist used in investigational protocols, have 
been used with variable efficacy.

At times when the primary tumor or ACTH 
excess cannot be treated, bilateral adrenalectomy 
may be an option.21 The risk of developing  
Nelson’s syndrome, hyperpigmentation second-
ary to pituitary hyperplasia and increased  
ACTH production, is 47%.15 There is limited  
clinical experience with selective adrenal arterial 
embolization in patients who are poor surgical 
candidates and fail medical therapy.

Patients with rapidly progressive small cell 
lung carcinoma and EAS form a unique subset of 
patients because of the need to initiate chemo-
therapy on a timely basis. Unfortunately, these 
patients are also highly susceptible to opportunis-
tic infections, and initiation of therapy will often 
lead to death or serious morbidity related to infec-
tion.22 Adrenolytic agents may be required in 
these patients to control the hypercortisolemia 
with the goal of normalizing the serum cortisol 
for a period of 1 to 2 weeks or longer. Although 

Table 3  Differences between Ectopic Adrenocorticotropic Hormone Syndrome and Cushing’s Disease

Laboratory Finding Ectopic ACTH Syndrome Cushing’s Disease (Pituitary Source)

Hypokalemia Common Rare
Serum or urinary cortisol Markedly elevated Modestly high, high normal
Serum ACTH High Inappropriately “normal” or
   slightly high
High-dose dexamethasone Unusual Usual
 suppression of urinary cortisol
Rise in serum ACTH or cortisol with Unusual Usual
 CRH administration

ACTH = adrenocorticotropic hormone; CRH = corticotropin-releasing hormone.

FigurE 1  Sources of adrenocorticotropic hormone (ACTH)-dependent Cushing’s syndrome. It is difficult to dif-
ferentiate between a pituitary (left panel) and an ectopic (middle panel) source of ACTH, the most common 
causes of ACTH-dependent Cushing’s syndrome. To differentiate with certainty, placement of catheters in veins 
draining the pituitary gland (inferior petrosal sinuses) combined with stimulation by exogenous corticotropin-
releasing hormone (CRH) permits differentiation with certainty. Ectopic CRH production by a tumor results in 
increased ACTH production by the pituitary gland (right panel). It is difficult to differentiate between ectopic CRH 
production and pituitary gland–dependent Cushing’s syndrome, necessitating the measurement of CRH in 
peripheral blood to make the diagnosis with certainty. Malignant tumors occasionally produce both CRH and 
ACTH, further complicating the diagnostic evaluation.
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this may correct the immune status, it can cause 
an unacceptable delay in the initiation of  
chemotherapy from an oncologic perspective. 
Prophylactic therapy for opportunistic infections 
caused by Pneumocystis carinii or other fungi  
is recommended during chemotherapy after  
normalization of the serum cortisol level.

Non–islet Cell Tumor Hypoglycemia

Tumor-induced hypoglycemia is an uncommon 
but challenging and serious complication for 
cancer patients. Hypoglycemia in association with 
an underlying tumor can occur in a variety of 
situations, three of which are endocrine related 
(Table 4). First, excessive insulin can be produced 
by an islet cell tumor or insulinoma. Second, 
involvement of the hepatic parenchyma by pri-
mary or metastatic lesions can lead to “liver  
failure” and insufficient gluconeogenesis from 
hepatic destruction or cytokine activity with 
tumor necrosis factor a and interleukins 1 and 6. 
These cytokines have been shown to produce 
hypoglycemia in animal models.23 Third, a tumor 
can secrete an aberrant form of insulin-like growth 
factor (IGF) type 2, which can mediate hypoglyce-
mic effects by binding to insulin receptors. This 
process produces the endocrine paraneoplastic 
syndrome of non–islet cell tumor hypoglycemia 
(NICTH). NICTH is reported to be 25% as 
common as insulinomas, although this is most 
likely an underestimation.23 Since the assays for 
IGF-1 and IGF-2 were established in 1990, more 
than 120 cases of NICTH were documented in 
just one region of the United Kingdom by 2004.24 

Tumors
NICTH is most commonly seen in patients with 
mesenchymal tumors such as fibromas and  
fibrosarcomas, which constitute about half of all 
tumors associated with NICTH. Tumors with 
epithelial and hematopoietic origins also have 
been seen with NICTH. About half of the epithe-
lial tumors consist of hepatocellular carcino-
mas.25–27 Overall, NICTH is associated with a  
wide range of tumors (Table 5).23,28 Large fibro-
sarcomas usually arise in the thoracic or retro-
peritoneal spaces. NICTH-associated tumors  
are typically large and slow-growing.

Pathophysiology
Aberrantly processed IGF-2 produced by tumor 
cells was first observed by Daughaday and col-
leagues in 1988 in a patient with leiomyosarcoma 
and recurrent hypoglycemia.29 This abnormal 
IGF-2 was termed “big” IGF-2 because it has a 
higher molecular weight than normal mature 
IGF-2, indicating incomplete processing of pro–
IGF-2 peptides. After tumor resection, big IGF-2 
was nearly undetectable.29 Lowe and colleagues 
found increased amounts of messenger ribonu-
cleic acid in tumor tissue from patients with 
NICTH, thus establishing the role of big IGF-2 in 
this syndrome.30

In normal physiology, mature IGF-2 (molec-
ular weight 7.5 kDa) is produced from a series of 
biochemical alterations of pre-pro-IGF-2, a 17 
kDa molecule produced by the liver. IGF-1 and 
mature IGF-2 competitively bind to insulin-like 
growth factor binding protein type 3 (IGFBP-3) 
and other subtypes of IGFBPs. This IGF-IGFBP 

complex then binds to a molecule called acid-
labile subunit (ALS). More than 98% of mature 
IGF-2 is bound to IGFBPs, with the majority 
associated with the large ternary complex of 
mature IGF (1 or 2)/IGFBP-3/ALS (total molecu-
lar weight 150 kDa). Less than 2% of mature IGF-
2 is free in the circulation and can readily cross 
the capillary barrier.27 The ternary complex is too 
large to cross the capillary membrane into the 
interstitium.23,27,31,32 The normal ratio of IGF-2 to 
IGF-1 in plasma is 3:1, with individual concentra-
tions significantly greater than that of insulin. 
However, because of their formation of the large 
ternary complexes, which cannot access the insu-
lin or IGF receptors in the interstitium, and the 
very small amount of free IGF-2 that can access 
the receptors, the IGFs are unable to exert any 
clinically relevant insulin-like effects.23

In the setting of NICTH, the tumor produces 
excessive amounts of IGF-2, which is primarily 
(60–77%) composed of the subgroup of big  
IGF-2 (10–15 kDa), which is unable to effectively 
form the ternary complex with ALS.29,32,33 In addi-
tion, the high levels of big IGF-2 give negative 
feedback to the pituitary to cause a decrease in 
GH production, which, in turn, leads to decreased 
production of IGF-1, IGFBP-3, and ALS.25 Alter-
natively, GH-independent IGFBP-2 will increase 
in response to hypoglycemia.34 In the end, IGF-2 
(normal and big) and the small amounts of IGF-1 
present will be sequestered into binary complexes 
(molecular weight 50 kDa) with IGFBP-2 or 
IGFBP-3 rather than the larger ternary complexes. 
These smaller binary complexes, as well as free 
IGF-2, readily cross the capillary membrane, thus 
allowing IGF-2 to cross-react with insulin recep-
tors in the interstitium (Figure 2).23 The resultant 

Table 4  Causes of Hypoglycemia in Cancer 
Patients

Sepsis
Renal failure
Liver failure
Adrenal insufficiency
Isolated growth hormone deficiency
Hypopituitarism
Starvation
Excessive insulin or sulfonylurea in the following 
 settings:
 Total parenteral nutrition with insulin therapy
 Renal insufficiency 
 Factitious hypoglycemia
Drugs
 Pentamidine for Pneumocystis pneumonia
 Trimethoprim-sulfamethoxazole and renal 
  failure
 Quinine
 Haloperidol
 Salicylates
Insulinoma
Non–islet cell tumor hypoglycemia

Table 5  Tumors Causing Non–Islet Cell Tumor 
Hypoglycemia

Mesenchymal tumors
 Fibromas and fibrosarcomas—50%
 Mesothelioma
 Hemangiopericytoma
 Neurofibroma
 Leiomyosarcoma
 Sarcoma of kidney
Epithelial tumors
 Liver—50%
 Lung
 Pancreas
 Stomach
 Adrenal gland
 Kidney
 Esophagus
 Ovary
 Prostate
 Breast
 Larynx
 Bladder (transitional cell carcinoma)
Neuroendocrine tumors
 Carcinoid
Unknown 

FigurE 2  Pathophysiologic mechanism of non–islet 
cell tumor hypoglycemia (NICTH). (1) Excessive levels 
of big insulin-like growth factor (IGF)-2 (black hexa-
gon) produced by the tumor is released into the  
circulation and negatively feeds back on pituitary 
growth hormone (GH) secretion. (2 and 3) Decreased 
levels of GH lead to decreased hepatic production of 
acid-labile subunit (ALS) (green oval), IGF-1, insulin-
like growth factor binding protein (IGFBP)-3 (blue 
semicircle), and mature IGF-2. IGFBP-2 (yellow inverted 
triangle) production increases in response to hypogly-
cemia. (4) Increased concentrations of binary com-
plexes (big IGF-2+IGFBP-2) cross the capillary mem-
brane. (5) IGF-2 binds to insulin receptors, causing 
hypoglycemia. IR = insulin receptor.
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by two findings: the elevation of big IGF-2 levels 
is compensated for by a decrease in the normal 
IGF-2 level, and big IGF-2, which cross-reacts 
with the IGF-2 radioimmunoassay, is incom-
pletely recognized by the assay.27,37 Thus, an IGF-2 
to IGF-1 ratio of >10 is more sensitive than an 
IGF-2 level alone for diagnosing NICTH.23

A glucagon stimulation test (1 mg of gluca-
gon administered intravenously over 2 minutes 
with blood drawn at 0, 15, 30, and 45 minutes 
after administration to test for glucose level) per-
formed during a hypoglycemic episode can be 
useful in distinguishing whether the hypoglyce-
mia is insulin mediated (insulinoma or NICTH). 
This test takes advantage of glucagon’s gluconeo-
genic action on the liver to stimulate glycogen 
breakdown into glucose. An increase in glucose 
by > 30 mg/dL from baseline is consistent with 
either insulinoma or NICTH as the glycogen 
stores are maintained in these pathologic condi-
tions because of the antiglycogenolytic effects of 
insulin.38

Localization of the primary tumor with 
radiologic imaging is not difficult because the 
tumors associated with NICTH are often large.

Treatment
Surgical excision, chemotherapy, and radiother-
apy to reduce tumor mass are the mainstays of 
treatment of the primary tumor and hypogly-
cemic effects. However, when a patient is unable 
to undergo surgical or chemoradiotherapy,  
palliative measures can be taken to control the 
hypoglycemic episodes. Glucose infusions (20% 
or 50% dextrose) can acutely manage hypogly-
cemia, and frequent small meals can prevent 
hypoglycemic episodes. Eventually, however, the 
progressive nature of the underlying malignancy 
will cause the hypoglycemia to become resistant 
to these conservative therapies.

Continuous infusion with glucagon has been 
described to maintain normoglycemia for a few 
months to allow for palliation or improvement of 
clinical performance status so that possible anti-
neoplastic therapies can be provided in the 
future.38 Unfortunately, the adverse side-effect 
profile and cost of the medication often limit its 
prolonged use.39

Glucocorticoids are also effective in the  
management of NICTH. A patient treated with 
prednisolone (30 mg/d) demonstrated increased 
IGF-1, IGFBP-3, and ALS levels but decreased 
IGF-2 levels, leading to an overall increase in the 
amount of ternary complexes and resolution of 
hypoglycemia.26 Because IGF-2 may act as an 
autocrine growth factor for the primary tumor, 
control of IGF-2 levels with glucocorticoid ther-
apy may stabilize tumor progression.40 Glucocor-
ticoids may decrease IGF-2 levels through a 
variety of mechanisms. They may induce enzymes 
to convert pro-IGF-2 into the mature form or 
increase clearance and/or suppress tumor pro-
duction of big IGF-2.41 Unfortunately, glucocor-
ticoid therapy appears to be reversible and dose 
dependent, requiring prednisone equivalents of 
>20 mg/d.

GH therapy has also been used, although 
with less efficacy. Relief of hypoglycemia is pos-
sible with high doses of GH daily (4 U/d); how-
ever, its prolonged use can lead to adverse side 
effects, such as arthritis from acral edema and 
other acromegaloid features. Its therapeutic effect 
does not appear to be sustained despite continu-
ous treatment.23,26 Additionally, the theoretical 
potential for GH to stimulate tumor growth raises 
concern about its use as a treatment of choice.28

Syndrome of inappropriate  
Antidiuretic Hormone

Hyponatremia was first associated with lung 
cancer in 1938, but its association with inappro-
priate secretion of an antidiuretic hormone 
(ADH)-like substance was made in 1957 by 
Schwartz and colleagues.5,42 This report was fol-
lowed by the finding of an ADH-like substance  
in lung carcinoma extract in 1963.43

Tumors
Syndrome of inappropriate antidiuretic  
hormone (SIADH) is most commonly associated 
with small cell lung carcinoma and carcinoid 
tumors. Forty percent of patients with small  
cell lung carcinoma have high ADH levels, but 
only about 15% manifest SIADH.4,44,45 Rarely, 
SIADH has been seen with other tumor types: 

Table 6  Clinical Manifestations of Non–Islet Cell 
Tumor Hypoglycemia

Neuroglycopenic symptoms
 Headache
 Dizziness
 Confusion
 Amnesia
 Seizure
 Lethargy or somnolence
 Diminished motor activity
 Stupor
 Coma 
Autonomic symptoms
 Diaphoreses
 Palpitations
 Tachycardia
Acromegaloid signs
 Jaw prognathism
 Enlarged nose
 Acral swelling
 Skin tags
 Nuchal hyperpigmentation

hypoglycemia is mediated through increased glu-
cose consumption in skeletal muscle, suppressed 
hepatic glucose production, and suppressed  
lipolysis in adipose tissue.

In response to the hypoglycemia, insulin 
levels decrease and insulin receptors are up- 
regulated.35 Thus, patients with NICTH may have 
an increased sensitivity to insulin-like peptides.

Clinical Manifestations
Neuroglycopenic and autonomic symptoms can 
occur anytime during the day but usually are 
associated with normal periods of fasting, that is, 
early morning and before meals. Recovery of neu-
rologic function with administration of glucose 
or glucagon supports the diagnosis of symptom-
atic hypoglycemia. Occasionally, acromegaloid 
features may develop because of the actions of 
IGFs on GH receptors (Table 6).36

It is interesting that hypoglycemia can occur 
at any time during the course of the malignancy. 
In patients with NICTH treated with surgical 
excision or other antineoplastic therapy who have 
complete resolution of hypoglycemic episodes, 
production of big IGF-2 and hypoglycemia may 
not return with tumor recurrence for unclear  
reasons.37

Diagnosis
The keys to differentiating NICTH from an insu-
linoma or hepatic destruction as a cause of hypo-
glycemia are to recognize the symptoms and to 
conduct the correct biochemical tests at the time 
of hypoglycemia. These tests include determining 
the levels of glucose, insulin, proinsulin, C- 
peptide, IGF-1, IGFBP-3, GH, IGF-2, and ketones 
(Table 7). In NICTH, total IGF-2 levels are  
usually inappropriately normal or elevated. The 
presence of a normal total IGF-2 level is explained  

Table 7  Distinction between Non–Islet Cell Tumor Hypoglycemia, Insulinoma, and Hepatic Tumor Burden

Laboratory Finding NICTH Insulinoma Hepatic Tumor Burden

Insulin Low High Low
C-peptide, proinsulin Low High Low
GH Low Normal–high Normal–high
IGF-1 Low Normal Normal
IGF-2 Normal–high Normal Normal
IGFBP-3 Low Normal Normal
b-Hydroxybutyrate Low Low High

GH = growth hormone; IGF = insulin-like growth factor; IGFBP = insulin-like growth factor binding protein; NICTH = non–islet 
cell tumor hypoglycemia.
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prostate carcinoma, breast carcinoma, adreno-
cortical carcinoma, esophageal carcinoma,  
pancreatic carcinoma, other gastrointestinal  
carcinomas, thymomas, Hodgkin’s lymphoma, 
non-Hodgkin’s lymphoma, and head and neck 
carcinomas.4 One case of an immature teratoma 
was reported to cause SIADH (Table 8).46

Pathophysiology
Under normal conditions, serum osmolality is 
maintained in a narrow range between 280 and 
295 mOsm/kg by ADH (also known as arginine 
vasopressin), which is produced by the supraop-
tic and paraventricular nuclei in the hypothala-
mus. Although serum osmolality is the most 
important stimulus for ADH secretion, arterial 
underfilling, nausea, hypothyroidism, hypocorti-
solism, and various medications also stimulate its 
release.47,48

ADH binds to its receptor on the collecting 
duct of the renal system to allow for intracellular 
aquaporin 2 channels to be fused to the luminal 
membrane, thus permitting the flow of water 
from the lumen into the cell and then into the 
interstitium. Natriuresis is likely facilitated by  
the decreased action of the renin-angiotensin-
aldosterone system caused by the increase in 
blood volume accompanying water retention.48

ADH, oxytocin, and their binding proteins, 
neurophysins, can be produced by tumors. ADH 
production by tumors is not suppressed by  
hypo-osmolality. Besides inappropriate ADH 
secretion, there is some speculation that atrial  
and brain natriuretic peptides play a role in 
cancer-associated hyponatremia. Elevated atrial 
natriuretic peptide levels may cause hypona tremia 
in patients who have normal ADH levels.44,49–51

Clinical Manifestations
Most patients who develop SIADH are asymp-
tomatic, with only mild hyponatremia, especially 
when the hyponatremia evolves slowly. The 
patients are euvolemic. When the serum sodium 
concentration falls below 120 mEq/L, however, 
27 to 44% of patients may develop severe neuro-
logic symptoms and signs (Table 9).44 Focal neu-
rologic disturbances can occur even in the absence 
of space-occupying lesions in the brain. In  
particular, premenopausal women who develop 

hyponatremia may develop profound cerebral 
edema and are at greater risk than men or  
postmenopausal women for severe neurologic 
symptoms and residual complications.52

Diagnosis
The finding of hyponatremia should initiate a  
systematic investigation for the cause, which  
first entails an assessment of the tonicity. If  
the assessment reveals hypotonic hyponatremia, a 
distinction based on the patient’s overall volume 
status can be made (Table 10).

Finding hyponatremia with serum hypo-
osmolality and relative urinary hyperosmolality 
(usually serum osmolality <280 mOsm/kg and 
urinary osmolality >500 mOsm/kg) after exclud-
ing the presence of adrenal insufficiency or  
hypothyroidism supports the diagnosis of SIADH.  

The urinary sodium level will be inappropriately 
elevated (urinary sodium >20 mEq/L), in the 
absence of diuretics and renal dysfunction, for  
the level of hyponatremia (Table 11). SIADH 
owing to an underlying tumor or other causes 
(eg, pulmonary disease, central nervous system 
disorder) is difficult to distinguish by biochemical 
workup alone. Clinical correlation will assist with 
diagnosis.

ADH levels can be measured by radioimmu-
noassay, but their clinical significance is unclear 
because ADH values do not correlate with the 
clinical presentation of hyponatremia.

Treatment
Aside from treating the underlying tumor with 
surgery or chemoradiotherapy, SIADH can usu-
ally be managed with free water restriction (ie, 
<500 mL/24 h or replacement of the urine output 
by 50%); this can correct the hyponatremia 
slowly, over 7 to 10 days. In critically ill (eg,  

Table 9  Clinical Manifestations of Hyponatremia

Neurologic
 Altered mental status (confusion, lethargy,  
  psychotic behavior)
 Headache
 Focal neurologic deficits or abnormalities
 Seizure
 Coma
Gastrointestinal
 Anorexia
 Nausea or vomiting
 Abdominal cramps
Pulmonary
 Respiratory arrest
 Noncardiogenic pulmonary edema

Table 10  Causes of Hypotonic Hyponatremia

Volume Status Laboratory Finding Cause

Hypovolemic Renal sodium loss (>20 mEq/L) Diuretics
  Solute diuresis (glucose, mannitol)
  Salt-wasting nephropathy (chronic interstitial 
   nephropathy, polycystic kidney disease, 
   obstructive uropathy, Bartter’s syndrome)
  Mineralocorticoid deficiency (Addison’s disease)
  Cerebral salt wasting (post-traumatic)
 Nonrenal sodium loss (<20 mEq/L) Gastrointestinal (diarrhea, vomiting, pancreatitis)
  Skin (sweating, burns)
  Blood loss

Euvolemic Urine sodium >40 mEq/L SIADH
   Tumors
   Central nervous system disorders (tumor, 
    infection, trauma)
   Pulmonary diseases
   Drugs (alcohol, cisplatin, cyclophosphamide, 
    vincristine, melphalan, morphine)
   Idiopathic
  Hypothyroidism 
  Hypocortisolism
  Primary polydipsia

Hypervolemic  Renal failure (nephrotic syndrome) 
  Congestive heart failure
  Cirrhosis

SIADH = syndrome of inappropriate antidiuretic hormone.

Table 11  Diagnostic Criteria for SIADH

Hyponatremia
Inappropriately high urine osmolality
Inappropriately high urinary sodium excretion 
 (>20 mEq/L)
Euvolemia
Normal renal function
No diuretic use
Normal thyroid function
Normal adrenal function

SIADH = syndrome of inappropriate antidiuretic hormone.

Table 8  Tumors Causing SIADH

Small cell lung carcinoma
Pancreatic
Duodenal
Prostatic
Bladder
Urethral
Lymphoma
Olfactory neuroblastoma 
Thymoma

SIADH = syndrome of inappropriate antidiuretic hormone.
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comatose) patients, more aggressive therapy  
with hypertonic saline and furosemide may be 
used with extreme caution to elicit a net fluid loss. 
The serum sodium level should be monitored 
closely for a rise of about 0.5 mEq/L/h to avoid 
central pontine myelinolysis or brain osmotic 
demyelination syndrome, which occurs with 
overly rapid correction of hyponatremia. Adrogue 
studied 62 patients with hyponatremia (sodium 
<110 mEq/L) and found that a higher risk  
of neurologic complications occurred with  
correction rates of >0.55 mEq/L/h.53 

Demeclocycline is an antibiotic in the tetra-
cycline family that blocks ADH-induced cyclic 
adenosine monophosphate formation in the  
renal tubules. This medication, given as 600 to 
1,200 mg/d divided into three or four doses, leads 
to a decline in intracellular aquaporin 2 channel 
phosphorylation, which prevents the channel 
from inserting into the luminal membrane.  
Demeclocycline takes from 4 to 21 days to work 
but is preferable to other therapies for long-term 
treatment of SIADH.44 Lithium is also used some-
times, but it is less effective than demeclocycline 
and has an inferior adverse side-effect profile.54

Urea, given at a dosage of 40 g dissolved  
in 100 to 150 mg of normal saline every 8 hours 
along with a normal saline infusion (60–100 mg/
h) for 1 to 2 days, can correct the salt-losing  
tendency in SIADH without the need for water 
restriction since it induces osmotic diuresis. Rapid 
water shifts do not usually occur with this treat-
ment, as they do with mannitol, thus limiting the 
risk of cardiac failure.55

Vasopressin receptor type 2 antagonists are 
currently being studied in animal and clinical 
trials.56 These agents are especially promising 
because they directly block the action of ADH on 
the receptors on the renal tubules without wors-
ening renal function and with minimal adverse 
side effects.

Resolution of SIADH correlates well with 
tumor regression in response to chemoradiother-
apy. With tumor recurrence, 60 to 70% of patients 
will also have a recurrence of SIADH. However, 
the presence or absence of SIADH does not affect 
the prognosis of patients with small cell lung  
carcinoma.44

Tumor-induced Osteomalacia

Oncogenic osteomalacia–rickets was first 
described by McCance in 1947,57 but Prader and 
colleagues were the first to attribute it to the pres-
ence of tumor in 1959.58 It has also been referred 
to as tumor-induced hypophosphatemic rickets, 
oncogenous osteomalacia, and tumor-induced 
osteomalacia (TIO).59 TIO is a rare condition 
characterized by bone mineralization disease, 
hypophosphatemia, renal phosphate wasting, 
impaired calcitriol (1,25-dihydroxyvitamin D3, 

the active form of vitamin D) synthesis, fractures, 
and resolution of all of these abnormalities after 
removal of an underlying tumor.

Tumors
Only approximately 120 cases of TIO have been 
reported in the literature, although this may not 
reflect its true prevalence. Most tumors that cause 
TIO are mesenchymal in origin and are usually 
benign, although malignant types and other  
histologic types of tumors have been reported 
(Table 12).59,60 The mesenchymal tumors can  
be further classified into the following four  
histologic subgroups61: 

1. Phosphaturic mesenchymal tumor (PMT), 
mixed connective tissue type, is the most 
common of the subtypes, making up about 
70% of the mesenchymal tumors associated 
with TIO62

2. Osteoblastoma-like PMT
3. Ossifying fibroma–like PMT
4. Nonossifying fibroma–like PMT

TIO tumors are often small and slow- 
growing and present in obscure areas, which 
makes them extremely difficult to locate; thus,  
clinicians must conduct long-term follow-up  
and surveillance in patients with TIO. Often 
tumors are found within bone, especially in the 
craniofacial regions and extremities (eg, naso-
pharynx, mandible, sinus, femur, tibia). Occa-
sionally, they are located in the brain or in the 
popliteal, inguinal, or suprapatellar areas. In a 
review of 100 cases, 87% of TIO tumors were 
benign, 50% were vascular in origin, and 50% 
were located in skeletal tissues.63

Pathophysiology
Before discussing the pathophysiology involved 
with TIO, normal phosphate homeostasis should 
be reviewed briefly. A low serum phosphate  
level stimulates renal 25-hydroxyvitamin D1-a-
hydroxylase (1-a-hydroxylase) activity, which 
converts 25-hydroxyvitamin D into 1,25- 

dihydroxyvitamin D3 (calcitriol). Calcitriol, in 
turn, increases calcium and phosphorus absorp-
tion by the intestine and enhances their mobiliza-
tion from the bone. The resulting increase in 
calcitriol and calcium levels will decrease parathy-
roid hormone secretion, which increases renal 
calcium excretion and phosphorus reabsorption. 
In addition, hypophosphatemia itself will  
stimulate renal reabsorption of phosphate.

In TIO, tumors highly express one or  
more hormones (phosphatonins) that demon-
strate phosphaturic activity and inhibit 1- 
a-hydroxylase activity in cultured kidney  
cells.64–67 The fibroblast growth factor 23 gene 
(FGF23), although expressed in low levels in 
normal tissue, is highly expressed in tumors  
associated with TIO.68–70 It is also expressed  
in X-linked hypophosphatemia and has a role  
in autosomal dominant hypophosphatemic  
rickets.71,72 FGF23 decreases expression of renal 
sodium–phosphorus cotransporters, which  
normally mediate phosphorus reabsorption,  
leading to hypophosphatemia. Excessive FGF23 
levels will also down-regulate 1-a-hydroxylase 
activity to cause decreased levels of calcitriol,  
contributing to the hypophosphatemia.66

Secreted frizzled-related protein type 4 and 
matrix extracellular phosphoglycoprotein are 
other phosphatonins cloned from TIO-associated 
tumors.73,74 No assays for these are currently  
commercially available.75

The cause of hypophosphatemia in TIO is 
distinct from that seen in light-chain nephropa-
thy associated with hematogenous malignancies, 
in which renal phosphate wasting is mediated by 
light-chain proteinuria.76

Clinical Manifestations
Chronic hypophosphatemia causes inadequate 
mineralization of the osteoid, a condition called 
osteomalacia. Patients have long-term symptoms 
of bone and muscle pain. The poor quality of the 
bones will lead to recurrent fractures of the long 
bones, vertebral bodies, and ribs. In younger 
patients, growth retardation and bowing of the 
lower extremities can occur (Table 13).59

Patients typically have symptoms long before 
a diagnosis of TIO or identification of a tumor is 

Table 12  Tumors Causing Tumor-Induced 
Osteomalacia

Mesenchymal tumors
 Sclerosing angioma
 Benign angiofibroma
 Hemangiomas
 Hemangiopericytoma
 Chondrosarcoma
 Primitive mesenchymal tumor
 Chondroma-like tumor
 Giant cell tumor of bone
Breast carcinoma
Prostate carcinoma
Small cell lung carcinoma
Multiple myeloma
Chronic lymphocytic leukemia

Table 13  Clinical Manifestations of  
Tumor-Induced Osteomalacia

Arthralgia
Myalgia
Proximal muscle weakness
Fatigue
Recurrent fractures
Chest wall abnormalities (restrictive respiratory 
problems)
Gait disturbances
Growth retardation (in younger patients)
Bowing of lower extremities
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made. A review of the 120 published cases showed 
symptomatic periods ranging from 2.5 months to 
19 years (average >2.5 years) before the diagno-
sis was made. In most patients, it was diagnosed 
in the sixth decade of life (range 1–74 years old), 
and only 15% were younger than 20 years old.60

Diagnosis
The list of possible underlying causes of  
hypophosphatemia far surpasses that of osteoma-
lacia (Tables 14 and 15). The workup for hypo-
phosphatemia should include determinations  
of fasting serum phosphorus, serum calcium, 

alkaline phosphatase (bone specific), creatinine, 
intact parathyroid hormone, 25-hydroxyvitamin 
D, and calcitriol levels and a 24-hour urine  
collection for assessing phosphorus, creatinine, 
amino acids, and glucose levels. TIO is character-
ized by very low serum phosphorus (range  
0.7–2.4 mg/dL) and normal serum calcium and 
25-hydroxyvitamin D but low or normal calcitriol 
levels (Table 16). The presence of aminoaciduria 
and glucosuria reflect the proximal renal tubular 
defect caused by TIO, as in Fanconi’s syndrome.

The results of biochemical testing for TIO are 
indistinguishable from those for X-linked hypo-
phosphatemia and autosomal dominant hypo-
phosphatemic rickets, but the clinical context of 
the abnormalities will help differentiate between 
these three disease states (Table 17). Most nota-
bly, patients with TIO will not have a family his-
tory of hypophosphatemia or bone disorders.66 
X-linked hypophosphatemia can be evaluated 
with genetic testing to detect a mutation of  
the PHEX gene (phosphate-regulating gene with 
homologies to endopeptidases on the X chromo-
some). Autosomal dominant hypophosphatemic 
rickets is associated with a mutation of the FGF23 

gene. Resection of the tumor in TIO will reverse 
the biochemical abnormalities, which is the most 
definitive diagnostic criterion.

Radiographs of bones reveal osteopenia, 
pseudofractures, and coarsened trabeculae, and 
children will have wide epiphyseal plates. Bone 
scans yield findings typical of osteomalacia (eg, 
diffuse skeletal uptake, focal uptake at fracture 
sites) but are nonspecific for the cause.

Bone biopsies with tetracycline labeling can 
reveal a mineralization defect with increased  
mineralization lag time (reduced distance between 
tetracycline labels) and excessive unmineralized 
bone (osteoid).

Localization of the causative tumor may take 
years of surveillance and can exhaust biochemical 
and radiologic modalities. Besides computed 
tomographic, magnetic resonance, and positron 
emission tomographic scans, an indium 111  
pentetreotide (octreotide) scan may be helpful 
because some mesenchymal tumors express 
somatostatin receptors.77

Treatment
Therapy for TIO is first directed toward complete 
resection of the tumor; typically, that is curative. 
However, when complete resection of the caus-
ative tumor is unsuccessful or impossible, correc-
tion of the two major biochemical abnormalities 
(hypophosphatemia and calcitriol deficiency)  
will often lead to clinical improvement. The  
therapeutic goals are to improve the patient’s 
symptoms, maintain a low or normal fasting 
phosphorus level, normalize the alkaline phos-
phatase level, and avoid hypercalcemia and  
hypercalciuria.

Oral or intravenous phosphate supplemen-
tation combined with calcitriol therapy is usually 
effective. In general, oral phosphate therapy is 
well tolerated, although 5 to 10% of treated 
patients develop dose-related adverse gastrointes-
tinal side effects, with symptoms including 
nausea, vomiting, diarrhea, or abdominal pain. 

Table 14  Conditions to Rule Out as Causes of 
Hypophosphatemia

Decreased gastrointestinal absorption
 Inadequate dietary intake
 Antacids with aluminum or magnesium  
  (phosphate binders)
 Chronic diarrhea, steatorrhea, or 
  malabsorption
 Vitamin D deficiency
 Vomiting
Increased renal loss
 Primary hyperparathyroidism
 Vitamin D deficiency
 Fanconi’s syndrome
 Polyostotic fibrous dysplasia
 Neurofibromatosis
 Kidney transplant
 Recovery from hemolytic-uremic syndrome
 X-linked hypophosphatemic rickets
 Autosomal dominant hypophosphatemic 
  rickets
 Hereditary hypophosphatemic rickets with 
  hypercalciuria (autosomal recessive)
 Tumor-induced osteomalacia
 Osmotic diuresis
 Diuretics acting on proximal tubules
 Hyperaldosteronism or mineralocorticoid 
  administration or licorice ingestion
 Volume expansion
 SIADH
 Corticosteroid
 Aminophylline
 Cisplatin
Intracellular redistribution
 Insulin
 Respiratory alkalosis
 Hungry bone syndrome
 Recovery from hypothermia

SIADH = syndrome of inappropriate antidiuretic hormone.

Table 15  Conditions to Rule Out as Causes of 
Osteomalacia 

Abnormal vitamin D metabolism
Abnormal bone matrix
Enzyme deficiencies (hypophosphatasia)
Mineralization inhibitors (aluminum, fluoride, 
bisphosphonates)
Calcium or phosphorus deficiency
Renal phosphate wasting

Table 17  Comparison of Tumor-Induced Osteomalacia, X-Linked Hypophosphatemic Rickets, Autosomal 
Dominant Hypophosphatemic Rickets, and Hereditary Hypophosphatemic Rickets with Hypercalciuria 

Feature TIO XLH ADHR HHRH

Inheritance None (acquired) X-linked dominant Autosomal dominant Autosomal recessive

Tumor Yes No No No

Onset Variable After birth Variable Variable

Bone disease Fractures LE deformity LE deformity Variable
  Short stature Short stature 

Biochemical tests   
 Phosphorus Very low  Very low  Very low  Mildly low 
 Calcitriol Low–normal Low–normal Low–normal High
Urine calcium Normal Normal Normal High

Genetic mutation None PHEX FGF23 SLC34A3

ADHR = autosomal dominant hypophosphatemic rickets; HHRH = hereditary hypophosphatemic rickets  
with hypercalciuria; LE = lower extremity; TIO = tumor-induced osteomalacia; XLH = X-linked hypophosphatemic rickets.

Table 16  Biochemical Tests in Tumor-Induced 
Osteomalacia

Study Laboratory Value

Serum 
 Phosphorus Low
 Calcium Normal
 25-Hydroxyvitamin D Normal
 1,25-Dihydroxyvitamin Low or inappropri 
  D (calcitriol)  ately normal
 Intact parathyroid Normal–high
  hormone
 Alkaline phosphatase 
  (bone) High

Urine 
 Phosphorus High
 Glucose High
 Amino acids High
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Overreplacement of phosphate could lead to 
hypocalcemia from binding effects. Together, the 
hyperphosphatemia and hypocalcemia can lead 
to secondary hyperparathyroidism or parathyroid 
autonomy. Intravenous phosphate therapy has 
been given for extended periods when oral admin-
istration was not tolerated or there were concerns 
about metastatic calcification, hypocalcemia, car-
diac arrhythmia, or unmanageable electrolyte 
disturbances.78

Calcitriol administration can improve the 
biochemical abnormalities and bone lesions,  
but care must be taken to avoid hypercalcemia, 
nephrolithiasis, or nephrocalcinosis.79

The data on treatment of TIO with octreo-
tide, a somatostatin-receptor analogue, are lim-
ited and demonstrate mixed results.80 Currently, 
its use is not recommended unless all other  
treatment modalities have failed.

Ectopic gH-rH Syndrome

Acromegaly owing to elevated GH and  
IGF-1 production is rare (38–69 cases/million 
population), with an annual incidence of 2.8 to 4 
cases per million. Most cases are due to excessive 
GH secretion from a functional pituitary ade-
noma. GH-RH is normally produced by the 
hypothalamus to regulate pituitary GH produc-
tion. Ectopic GH-RH-secreting tumors account 
for 1% of cases of acromegaly, although only 
about 50 cases have been reported in the  
literature. The true prevalence and incidence  
are unknown.81 The infrequency of this paraneo-
plastic syndrome may be partly attributable to  
the misdiagnosis of pituitary GH adenoma  
since chronically elevated GH-RH will produce 
somatotropic hyperplasia.82

Tumors
Among the cases of ectopic GHRH syndrome 
reported, carcinoid tumors, primarily of the 
bronchial and intestinal regions, are the most 
common (about 60%). Pancreatic islet cell tumors 
are the next most common,81 but other neuroen-
docrine tumors and malignancies have also been 
associated with this syndrome (Table 18).

Pathophysiology
In 1982, there were reports of three different 
forms of GH-RH produced by pancreatic islet cell 

tumors: GH-RH(1-44)-NH2, GH-RH(1-40)-OH, 
and GH-RH(1-37)-NH2.83,84 However, the full 
biologic activity is seen with a fragment as short as 
GH-RH(1-29).82

Clinical Manifestations
The ectopic GH-RH syndrome occurs predomi-
nantly in female patients. Patients with lung 
tumors usually have a longer duration of symp-
toms of the syndrome before tumor diagnosis 
than do those with pancreatic endocrine tumors 
(10.6 vs 5.3 years). The signs and symptoms are 
similar to those of GH-producing pituitary ade-
nomas, although hyperprolactinemia is seen more 
frequently with ectopic GH-RH syndrome. In 
addition, these patients have symptoms directly 
caused by the underlying tumor (Table 19).82

Diagnosis
The initial evaluation for diagnosis of ectopic 
GHRH syndrome begins with checking the serum 
IGF-1 level. If IGF-1 is high, an oral glucose toler-
ance test (75 g) should be done to evaluate for 
physiologic suppression of GH levels. In normal 
subjects, the GH level (measured using sensitive 
immunoradiometric or immunochemilumines-
cence assays) will fall below 0.3 ng/mL within 2 
hours of the glucose challenge.85

Next, the source of the excessive GH should 
be evaluated using magnetic resonance imaging 
of the pituitary gland since most cases are due to 
a functional pituitary adenoma. If the pituitary 
gland appears diffusely enlarged or does not show 
a clear adenoma, the clinician should evaluate for 
a source of ectopic GH-RH secretion. Imaging of 
other areas of the body may be needed to search 
for an underlying tumor.82

Serum GH-RH is not a widely available test, 
but when measured by a reliable laboratory, the 
level of GH-RH has been 100 to 1,000 times the 
normal reference range in all reported cases.82

Treatment
If the primary tumor causing ectopic GH-RH 
syndrome is not amenable to or fails surgical 
resection or chemoradiotherapy, the GH hyper-
secretion and its effects can be treated with a 
somatostatin analogue, such as octreotide. 
Octreotide can decrease the pituitary’s secretion 
of GH, the size of the hyperplastic pituitary  
gland, and the growth of most neuroendocrine 
tumors.86,87 Continuous infusion of octreotide 
may have greater efficacy than intermittent injec-
tions. If the pituitary enlargement causes com-
pression on the optic chiasm or other serious 
effects, resection of the pituitary gland may be 
required; however, GH hypersecretion often  
persists because of residual pituitary tissue.  
Dopaminergic drugs are usually ineffective.

Human Chorionic gonadotropin  
Syndrome

Many common tumors produce human chori-
onic gonadotropin (hCG), which may or may not 
lead to clinical sequelae. Because the level of hCG 
is often associated with disease status, it can serve 
as a useful marker of the tumor’s response to 
treatment.

Tumors
Excessive production of hCG and gynecomastia 
are most commonly found in gestational tropho-
blastic tumors (eg, choriocarcinomas, hydatidi-
form moles), germ cell tumors of the testis or 
ovary (eg, seminomas, testicular embryonal  
carcinomas), and adenocarcinoma of the lung.88 
Fifteen percent of patients with lung cancer have 
detectable levels of b-hCG,89 and 6 to 13% of 
patients with carcinomas of lung, stomach, colon, 
and pancreas have excessive b-hCG levels.90 
Rarely, hCG is produced by hepatoblastomas in 
children and by pancreatic adenocarcinomas in 
adults.

Pathophysiology
Two different protein subunits encoded by sepa-
rate genes form hCG. The a subunit is homolo-
gous to that of all members of the pituitary 
glycoprotein hormone family (luteinizing hor-
mone, follicle-stimulating hormone, and thyroid-
stimulating hormone). The b subunit is unique to 
each of these hormones and confers biologic 
specificity. The homology of the a subunit in hCG 
with these hormones allows for cross-reactivity 
on their respective receptors, thus mediating the 
clinical manifestations of the syndrome.

Table 18  Tumors Causing Ectopic Growth  
Hormone–Releasing Hormone Syndrome

Carcinoid (bronchial, intestinal)—60%
Pancreatic islet cell tumor
Pheochromocytoma
Retroperitoneal paraganglioma
Lung adenocarcinoma 
Gastric adenocarcinoma

Table 19  Clinical Manifestations of Ectopic 
Growth Hormone–Releasing Hormone  
Syndrome

Macrognathia
Macroglossia
Acral swelling and overgrowth
Paresthesias of hands or feet
Coarsened facial features
Skin
 Thickened skin
 Skin tags
 Hyperhidrosis
 Increased hair growth or hirsutism
Impaired glucose tolerance or diabetes mellitus
Cardiovascular
 Hypertension
 Left ventricular hypertrophy
 Diastolic cardiomyopathy
Tumor related
 Cough
 Hemoptysis
 Recurrent pneumonia
 Abdominal mass
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Clinical Manifestations
The signs and symptoms of excessive gonadotro-
pin activity by hCG differ depending on the age 
and sex of the patient. In preadolescent children, 
precocious puberty with premature development 
of sexual characteristics, accelerated skeletal 
growth, and prostatic hyperplasia will be the pre-
dominant features. Premenopausal women may 
experience oligomenorrhea or menometrorrha-
gia, abdominal discomfort from development of 
ovarian cysts, and false-positive pregnancy tests.91 
Men can develop gynecomastia, which may be 
painful.92 Increased aromatase activity within a 
tumor (eg, hepatoma or sarcoma) may contribute 
to gynecomastia because the enzyme metabolizes 
androgen precursors (dehydroepiandrosterone 
or testosterone) into estradiol.4 Testicular atro-
phy can also be seen in men with excessive hCG 
syndrome.93

Hyperthyroidism, either overt (high free  
thyroxine level with symptoms) or subclinical 
(normal free thyroxine level), with suppressed 
thyroid-stimulating hormone levels may develop 
from an interaction of hCG with the thyroid-
stimulating hormone receptor, particularly when 
the level of b subunit is extremely high. A thyroid 
goiter can be noted on physical examination.

Diagnosis
A male patient with unexplained gynecomastia 
should undergo evaluation of serum b-hCG level 
by radioimmunoassay, a physical examination of 
the testes, and radiographic studies of the chest 
and mediastinum.

Treatment
Targeting therapy to the underlying tumor is the 
most effective therapy for clinical manifestations 
of excessive b-hCG production. Gynecomastia 
can regress with treatment of the causative tumor; 
its return can signify tumor recurrence.94  
Hyperthyroidism can be treated short term with 
thionamide therapy (ie, methimazole or propyl-
thiouracil) if chemotherapy or other strategies to 
treat the underlying malignancy are likely to be 
effective; otherwise, thyroidectomy or radioactive 
iodine may be required.

Miscellaneous Ectopic  
Paraneoplastic Syndromes

Ectopic Renin Production
Renin production other than by the juxtaglomer-
ular apparatus of the kidney is extremely rare. 
Production of renin by nonrenal tumors has  
been seen with lung cancer,95 pancreatic carci-
noma,96 liver hamartoma,97 leukemia,98 Hodgkin’s 
disease,99 ovarian carcinomas,100 and ileal car-
cinoma.101 Ectopic renin produces a clinical  
syndrome characterized by hypertension,  

hypokalemia, and metabolic alkalosis. These 
patients have evidence of hyperaldosteronism, 
but the renin activity levels are inappropriately 
elevated. The level of prorenin, the renin precur-
sor, is also increased. Therapy with spironolac-
tone, angiotensin-converting enzyme inhibitors, 
or angiotensin receptor antagonist inhibitors may 
lower the blood pressure and normalize electro-
lyte abnormalities in the patient whose tumor 
cannot be resected.

Ectopic Prolactin Production
Ectopic prolactin production is rare but has  
been found in gonadoblastoma,102 lymphoma,103 
leukemia,104 renal cell carcinoma,105 uterine cervi-
cal carcinoma,106 and colorectal cancer.107 The 
prolactin level may have prognostic value for 
colorectal cancer because it correlates with dis-
ease activity.107 The clinical syndrome includes 
galactorrhea and amenorrhea in women and 
hypogonadism in men. Dopamine agonists such 
as bromocriptine and cabergoline, which are 
effective for treatment of pituitary prolactinomas,  
are generally ineffective for treatment of ectopic  
prolactin production. Treatment of the primary 
tumor offers the best chance for reversal of  
hyperprolactinemia and its effects. 

Ectopic Calcitonin Production
Excessive calcitonin production other than by 
thyroid C cells has been seen in some malignan-
cies, such as lung carcinoma.108 However, no 
known clinical syndrome is associated with  
ectopic calcitonin secretion.109
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Neoplastic diseases of endocrine tissues can lead 
to the dysregulated secretion of hormones that 
are normally produced by the endocrine tissue 
and thus to clinical syndromes caused by an excess 
of the hormones. Severe dysregulation of hor-
mones may lead to abnormal bodily function or 
biochemistry, with significant morbidity or even 
mortality. In this chapter, we focus on the endo-
crine neoplastic syndromes owing to neoplastic 
diseases of endocrine tissues. 

Hyperparathyroidism

Parathyroid hormone (PTH) plays a major role in 
calcium homeostasis. Normally, secretion of PTH 
is regulated by negative feedback: when serum 
calcium levels rise, PTH production by the para-
thyroid cells decreases. In primary hyperparathy-
roidism, PTH secretion is dysregulated, leading to 
hypercalcemia. 

Most cases of primary hyperparathyroidism 
are caused by benign parathyroid adenomas. 
Parathyroid carcinoma is a rare cause of hyper-
parathyroidism, accounting for less than 1% of 
the cases (Figure 1A). The pathogenesis of  
parathyroid carcinoma is largely unknown, but 
mutations of the hyperparathyroidism type 2 
tumor suppressor gene, HRPT2, have been found 
in most parathyroid carcinomas.1

Parathyroidectomy with ipsilateral hemithy-
roidectomy and lymph node dissection may 
reduce the risk of local tumor recurrence,2 but en 
bloc resection at the time of initial surgery may 
offer the best chance of cure. Distinguishing 
between adenomas and carcinomas can be diffi-
cult, and in some patients, the appearance of 
metastatic disease is the first sign that the previ-
ously resected parathyroid tumor was malignant.3 
The time between the initial diagnosis and the 
discovery of metastatic disease varies widely and 
may be as long as 20 years.4 Resection of metasta-
ses should be attempted whenever possible 
because parathyroid carcinomas are usually slow-
growing and resection can effectively control of 
hyperparathyroidism. Surgery followed by exter-
nal beam radiation therapy may increase long-
term survival compared with surgery alone. The 

results of the limited experience with adjuvant 
chemotherapy suggest that its benefits are  
modest and short-lived.5 Some patients may  
have extended survival despite the presence of 
metastatic disease.5 

Patients with parathyroid carcinoma have 
severe hypercalcemia and extremely high PTH 
levels, but the basic strategy of clinical manage-
ment for hypercalcemia remains unchanged.  
Initial management should focus on the reversal 
of dehydration, which is common in hypercalce-
mic patients, by infusion of a normal saline solu-
tion at rates between 100 and 300 mL/h. Hydration 
will commonly lower the serum calcium con-
centration by 10% over 6 to 12 hours. Patients  
with severe hypercalcemia (defined as a serum 
calcium concentration >13 mg/dL [3.25 mmol/
L]), altered mental status, or evidence of renal  
dysfunction attributable to hypercalcemia should 
be treated with either intravenous pamidronate 
(60–90 mg over 4 hours), zoledronate (4 mg over 
30 minutes) (Figure 1B),6 glucocorticoids (40  
to 60 mg/d prednisone equivalent), or gallium 
nitrate (200 mg/m2/d, infused daily for 7 days).7,8 

Salmon calcitonin may lower the serum calcium 
concentration by 1 to 2 mg/dL early in the treat-
ment course but rarely has long-term effective-
ness. These drugs are often used in combination 
or sequentially in patients who do not respond 
well to only one treatment. 

A new class of drugs known as calcimimetics 
has been used effectively in some patients to  
control the symptoms of severe hypercalcemia  
in a palliative setting.1 Cinacalcet, a second- 
generation calcimimetic, is effective and well tol-
erated in the treatment of refractory hypercalcemia 
owing to parathyroid carcinoma.9 Patients with 
parathyroid cancer should start cinacalcet therapy 
at a dosage of 30 mg twice daily. The US Food and 
Drug Administration–approved labeling recom-
mends adjusting the cinacalcet dosage every 2 to 
4 weeks to bring the serum calcium concentration 
into the normal range, 8.4 to 10.6 mg/dL. A  
maximum dosage of 90 mg four times daily is  
recommended in the package insert, although 
that dosage may be insufficient to normalize the 
serum calcium level in patients with parathyroid 
cancer.

Figure 1  A, Fluorodeoxyglucose positron emission tomographic 
scan showing the uptake of tracer and the presence of a parathy-
roid carcinoma in the right lower neck (arrow). B, The response of 
the ionized calcium level to treatment with intravenous zoledro-
nate in a patient with parathyroid carcinoma.A

B
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Calcitonin Syndrome

Patients with advanced medullary thyroid carci-
noma have high levels of calcitonin, which causes 
calcitonin syndrome, characterized by diarrhea, 
flushing, and fatigue. Medullary thyroid carci-
noma originates from the C cells of the thyroid 
gland. Four-fifths of medullary thyroid carcino-
mas are sporadic, and the remaining familial 
forms are familial medullary thyroid cancer and 
multiple endocrine neoplasia (MEN) types IIA 
and IIB. The RET proto-oncogene is responsible 
for all known forms of heritable medullary  
thyroid carcinoma and may also be seen in some 
sporadic cases. This gene is located on the long 
arm of chromosome 10 and encodes a protein, 
tyrosine kinase. 

Calcitonin is used to detect and confirm 
medullary carcinoma of the thyroid and is a 
tumor marker that increases as the disease pro-
gresses. Pentagastrin and calcium infusions are 
used as provocative challenge tests for diagnosis 
of C-cell hyperplasia or malignancy, and in med-
ullary carcinoma of the thyroid gland, levels of 
calcitonin greater than 1,000 pg/mL are often 
seen. Although calcitonin inhibits osteoclastic 
activity and increases renal excretion of calcium, 
its overall effect is to compensate for hyper-
calcemia; elevated calcitonin does not cause  
hypocalcemia, and its absence does not cause 
hypercalcemia. No definitive imaging study has 
been established for medullary thyroid carci-
noma, but 131I-metaiodobenzylguanidine (MIBG) 
and 99Tc-octreotide scanning may be useful. 

The management of calcitonin syndrome 
includes reducing the tumor bulk when possible. 
Depending on the location of metastatic disease, 
surgical tumor bulk reduction, chemoemboliza-
tion, or other palliative approaches may be con-
sidered. In addition to symptomatic antidiarrheal 
treatments, in one study, the combination of  
lanreotide with interferon-a2b improved the 
symptoms in the majority of patients and 
decreased calcitonin by more than 50% in 40% of 
the patients.10

Hormonal Syndromes Associated 
with Neuroendocrine Tumors 

Each year, there are about 2,500 new cases in  
the United States of neuroendocrine or amine 
precursor uptake and decarboxylation tumors of 
the gastroenteropancreatic tract (also known as 
enterochromaffin tumors), of which roughly half 
(0.2 cases per 100,000 people) are associated with 
a clinical syndrome caused by ectopic hormone 
section. The most common kind of neuroendo-
crine tumors are carcinoid tumors, which secrete 
biogenic amines. Neuroendocrine tumors of the 
gastroenteropancreatic tract are classified accord-
ing to the major secreted hormone as gastrinoma, 

VIPoma, insulinoma, glucagonoma, somatostati-
noma, and others.11 Calcitonin-secreting neuro-
endocrine tumors are extremely rare, and they 
usually cosecrete vasoactive intestinal peptide 
(VIP), somatostatin, or pancreatic polypeptide. 
Neuroendocrine tumors vary in their clinical 
courses and in their clinical endocrine syndromes. 
For example, insulinomas cause hypoglycemia; 
gastrinomas cause Zollinger-Ellison syndrome; 
VIPomas cause watery diarrhea, hypokalemia, 
achlorhydria (WDHA) syndrome; and gluca-
gonomas cause glucagonoma syndrome. Among 
these tumors, gastrinoma is the most common 
malignant tumor and insulinoma is the most 
common benign tumor. 

Carcinoid Syndrome
Carcinoid syndrome is caused by the release of a 
number of bioactive substances, but detailed 
knowledge of the pharmacologic mechanisms is 
still lacking. The most typical clinical manifesta-
tions of carcinoid syndrome are cutaneous flush-
ing and diarrhea. Serotonin and biogenic amines 
cause the flushing, and motilin and substance P 
increase the motility of the small bowel and colon 
and cause the diarrhea. Other clinical manifesta-
tions of the syndrome include bronchoconstric-
tion, telangiectasia, and cardiac valvular lesions 
(carcinoid heart disease).

Carcinoid tumors are the most common 
neuroendocrine tumors (estimated 7 to 13 cases 
per 1 million people per year). Carcinoid tumors 
can be part of MEN type I. Carcinoid tumors 
occur most commonly in the gastrointestinal 
tract and the lung. Most patients with carcinoid 
tumors are asymptomatic; only about 10% mani-
fest carcinoid syndrome. Because the liver can 
metabolize and inactivate vasoactive amines  
efficiently, carcinoid syndrome rarely occurs in 
the absence of liver metastases or venous drainage 
from tumors entering directly into the systemic 
circulation (eg, pulmonary carcinoids or  
extensive bone metastases) instead of the portal 
circulation.

A biochemical tumor marker for carcinoid 
tumors is serum chromogranin A, and a specific 
marker for carcinoid syndrome is the increased 
urinary excretion of 5-hydroxyindoleacetic acid 
(5-HIAA, a liver metabolite of serotonin excreted 
by the kidneys). The specificity of urinary 5-HIAA 
in the diagnosis of carcinoid syndrome approaches 
100% after excluding the ingestion of certain 
foods and medications that are known to elevate 
5-HIAA levels (eg, avocados, bananas, kiwi fruit, 
pecans, plantains, pineapples, plums, walnuts, 
guaiafenesin, and acetaminophen). On the other 
hand, false-negative tests can result from inges-
tion of aspirin or levodopa, either of which can 
lower 5-HIAA levels. 

In some patients with carcinoid syndrome 
and normal urinary 5-HIAA, documenting ele-
vated plasma or platelet serotonin concentrations 

or plasma histamine and peptide hormone levels 
may establish the diagnosis. Imaging studies  
to localize carcinoid tumors include abdominal 
ultrasonography (US), computed tomography 
(CT), magnetic resonance imaging (MRI), 
abdominal angiography, indium 111In pentetreo-
tide scintigraphy, 123I- or 131I-MIBG scintigraphy, 
and carbon 11C serotonin positron emission 
tomography. Endoscopy, with or without endo-
scopic US, or videocapsule endoscopy may help 
localize carcinoid tumors in the intestinal tract.

Treatment

Surgical resection is the standard treatment 
modality for carcinoid tumors. If no metastatic 
disease is detectable and the primary carcinoid 
tumor is resectable, 5-year survival rates are 70 to 
90%. Therapies for carcinoid syndrome are aimed 
at reduction of tumor bulk and inhibition of  
hormone secretion. To reduce tumor bulk, sur-
gery, radiotherapy, hepatic artery embolization 
(chemo- or radiotherapy), alcohol sclerotherapy 
for liver metastases, radiofrequency ablation of 
liver metastases, cryosurgery for liver metastases, 
radioisotope-coupled somatostatin analogue 
(131I-MIBG) administration for targeted delivery 
of a treatment radiation dose to the tumor, and 
occasionally chemotherapy may be considered. 
Somatostatin analogues (eg, octreotide) are effec-
tive in inhibiting hormone secretion. Symptoms 
in patients with carcinoid syndrome can usually 
be palliated by subcutaneous injections of  
octreotide (50–200 µg) two to three times a  
day. Pegylated-octreotide depot formulations for 
intramuscular injection can be administered once 
a month with equivalent efficacy. Some patients 
benefit from the use of interferon-a. Anecdotal 
reports of biologic activity indicate that some 
patients may respond to combined octreotide 
and interferon-a treatment.12

Insulinoma-Induced Hypoglycemia
Found in only 1.5% of detailed autopsies, islet cell 
tumors are uncommon cancers (200–1,000 new 
cases per year in the United States). About 85% of 
patients with MEN type 1 have pancreatic islet 
cell tumors. Insulinoma is the most common islet 
cell tumor. Over 90% of insulinomas are benign 
and solitary, and about 10% are malignant, with 
metastasis to the lymph nodes or liver. Whereas 
benign insulinomas can be cured by surgical 
resection, metastatic malignant insulinoma is not 
curable, and the clinical course of malignant insu-
linoma is often indolent owing to the relatively 
slow growth rate of these cancers.13 

Diagnosis 

The dysregulated release of insulin that occurs in 
insulinoma leads to fasting hypoglycemia, pro-
ducing neuroglycopenic symptoms of confusion, 
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loss of consciousness, coma, or seizures. Hypo-
glycemia can also activate the sympathetic ner-
vous system to release catecholamines, producing 
tachycardia, tremulousness, and diaphoresis.13 

The following is the differential diagnosis  
of hypoglycemia in patients with cancer: liver  
failure, starvation, hypopituitarism, hypoadre-
nalism, sepsis, insulin overdose, sulfonylurea 
overdose, insulinoma, and non–islet cell tumor–
induced hypoglycemia. Diagnosis of insulinoma 
requires the presence of Whipple’s triad:  
symptoms of hypoglycemia, glucose level below 
50 mg/dL, and relief of symptoms after adminis-
tration of glucose. The glucagon stimulation test 
is a simple and fast evaluation that can clarify  
the etiology of hypoglycemia and guide effective 
long-term strategies for control of hypoglyce-
mia.14 The differential diagnosis of fasting hypo-
glycemia may include an insulinoma, a non–islet 
cell tumor secreting insulin-like hormone, exog-
enous insulin, or stimulated release of insulin by 
secretagogues. Measurements of C-peptide and 
insulin levels, sulfonylurea and meglitinide levels, 
and insulin-like growth factor 2 levels help deter-
mine the correct diagnosis. C-peptide and insulin 
levels will be higher than normal in cases of  
insulinoma or after administration of an insulin 
secretagogue, whereas in factitious hypoglycemia 
owing to exogenous insulin, insulin levels will be 
higher than normal, but C-peptide levels will be 
lower than normal because exogenous insulin 
contains no C-peptide. The different hormonal 
profiles in insulinoma-induced hypoglycemia 
and non–islet cell tumor–induced hypoglycemia 
are shown in Table 1.

Treatment

Surgical resection is the treatment of choice  
for insulinomas. In the absence of preoperative 
localization and intraoperative detection of an 
insulinoma, blind pancreatic resection is not rec-
ommended.15 Intraoperative US can be combined 
with other preoperative imaging modalities to 
improve tumor detection. Endoscopic US-guided 

ablation may be a minimally invasive alterna-
tive.16 Glucocorticoid therapy can increase insulin 
resistance, reduce glucose use, increase hepatic 
glucose production, and impair insulin secretion 
and is a valid option for the control of insulin-
oma-induced hypoglycemia.17 Other options for 
control of hypoglycemia include oral intake of 
carbohydrate, glucagon, or diazoxide and glucose 
infusion. The use of continuous infusion of glu-
cagons to treat tumor-induced hypoglycemia 
may lead to side effects that resemble the symp-
toms of glucagonoma.18 Octreotide or lanreotide 
has been tried in patients with insulin-producing 
islet cell tumors, generally without success. The 
lack of success may relate to the fact that the 
somatostatin analogues currently available are 
more effective for inhibiting glucagon than  
insulin secretion. 

Glucagonoma Syndrome
Glucagonoma syndrome consists of a venous 
thromboembolism, necrolytic migratory ery-
thema (Figure 2), and angular cheilitis. Gluca-
gon-induced hyperglycemia is transient because a 
glucagon-induced increase in glycogenolysis does 
not persist; during sustained hyperglucagonemia, 
gluconeogenesis increases progressively. The 
transient glycogenolytic response to sustained 
hyperglucagonemia is not the result of  
glycogen depletion but the result of induction of 
counterregulatory hormones, such as insulin. 

Glucagonoma has been reported in associa-
tion with MEN type 1. A fasting plasma glucagon 
level of more than 1,000 ng/L establishes the  

diagnosis. More modest elevations of plasma  
glucagon levels may occur in diabetic ketoacido-
sis, renal failure, hepatic failure, sepsis, prolonged 
fasting, and gluten-sensitive enteropathy. Hypo-
cholesterolemia and hypoaminoacidemia (ie, ala-
nine, glycine, and serine levels <25% of normal) 
are common. Glucagonoma may be distinguished 
from other hyperglucagonemic states by the  
failure of glucose to suppress serum glucagon 
levels and the failure of arginine to enhance serum 
glucagon levels. To localize glucagonomas, angi-
ography, CT, or MRI may be used. Glucagono-
mas are hypervascular and can be localized 
together with hepatic metastases by selective 
angiographic study of the celiac tripod. The CT 
and MRI studies of the pancreas may demonstrate 
the precise location of the tumor (in the tail of the 
pancreas in almost 90% of cases). Islet cell tumors 
have a marked increased signal intensity on T2-
weighted MRIs, and gadolinium enhancement in 
the non-necrotic areas of the tumor will allow dif-
ferentiation of islet cell tumors from pancreatic 
adenocarcinoma. Other imaging methods, such 
as MIBG scintigraphy, positron emission tomog-
raphy, or scintigraphic study with 111In octreotide 
or with 11C levodopa, may be used in the early 
localization of the tumor. 

Treatment

Octreotide causes symptom regression in some 
patients. Administering the long-acting soma-
tostatin analogue may be the first step of a multi-
modal therapeutic strategy, which almost always 
includes surgical resection of the primary tumor. 

Table 1  Hormone Profiles of Tumor-Induced 
Hypoglycemia

Hormone  Change Compared with
 Normal

 Non–Islet Cell Insulinoma

IGF-1 Equivocal Equivocal
IGF-2 Increased Equivocal
IGFBP-3 Decreased Equivocal
Insulin Decreased Increased
Glucose Decreased Decreased
Growth hormone Decreased Increased
b-Hydroxybutyrate Decreased Decreased

IGF = insulin-like growth factor; IGFBP = insulin-like 
growth factor binding protein.

Figure 2  Necrolytic migratory erythema. A, Left 
inner upper thigh. B, Right leg.

A

B
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Liver metastases may be treated by partial hepa-
tectomy, hepatic arterial chemoembolization, 
and streptozocin-based systemic chemotherapy 
(doxorubicin plus streptozocin or 5-fluorouracil 
plus streptozocin).19

WDHA Syndrome
VIPoma causes a clinical syndrome characterized 
by watery diarrhea, hypokalemia, and achlorhy-
dria. The diagnosis is based on clinical features 
and hormonal profiles demonstrating high serum 
VIP levels and the dominance of VIP over other 
pancreatic hormones. VIP levels at the time of 
diagnosis are more than three times the upper 
normal limit in the majority of cases. 

To localize the primary lesion, CT, MRI, 
endoscopic US, angiography, or octreotide scin-
tigraphy may be used. In about two-thirds of the 
cases of WDHA syndrome, the primary lesion is 
located in the pancreas, whereas in the rest of the 
cases, it is in the duodenum or retroperitoneum. 
Surgical resection is feasible in about two-thirds 
of the cases. For metastatic disease or poorly  
differentiated tumors, treatment with octreotide 
and chemotherapy should be offered. Reduction 
of tumor burden by surgery or chemoemboliza-
tion in combination with administration of 
octreotide or chemotherapy may prolong survival 
in patients with advanced disease.20 Because 
VIPomas usually have a slow rate of growth, 
unlike more aggressive malignancies, it is recom-
mended that patients with advanced and incur-
able VIPomas receive palliative treatment. These 
patients appear to survive longer when they are 
treated proactively with sequential multimodality  
treatments.21

Zollinger-Ellison Syndrome
Neuroendocrine tumors associated with 
Zollinger-Ellison syndrome often cause gastric 
hydrochloric acid hypersecretion and upper gas-
trointestinal ulcer disease, which is often severe. 
Gastrin levels >500 pg/mL in patients with basal 
acid hypersecretion are often indicative of gastri-
noma, but gastrin levels >500 pg/mL can also 
occur in patients with antral G-cell hyperplasia 
and hyperchlorhydria. Other conditions associ-
ated with moderately elevated gastrin levels 
include gastric ulcers, chronic renal failure, hyper-
parathyroidism, pyloric obstruction, carcinoma 
of the stomach, vagotomy without gastric resec-
tion, retained gastric antrum, and short bowel 
syndrome. If gastrinoma is likely but fasting  
gastrin levels are not diagnostic, the secretin test 
is the provocative test of choice. Intravenous 
secretin normally diminishes gastrin, but in  
gastrinomas, the gastrin level will be increased. 

Gastrinoma-associated gastric acid hyperse-
cretion is treated with antacids, proton pump 
inhibitors, and histamine receptor type 2 antago-
nists, and resectable gastrinoma is treated primar-
ily with surgery. Gastrinoma can be staged by 
TNM criteria into four stages with different sur-
vival curves, with tumor size and distant metasta-
ses being statistically significant predictors of 
survival.22 Patients with sporadic gastrinoma have 
a longer disease-free survival time than do patients 
with MEN type 1, although gross complete 
removal of the tumor improves survival in both 
types of patients.22 Other disease complications 
that may require surgical intervention include a 
perforated viscus, acute gastrointestinal hemor-
rhage secondary to refractory peptic ulcer disease, 
and gastric outlet obstruction. 

Somatostatinoma Syndrome
Somatostatinoma is a rare tumor (1 case per  
40 million people annually). Excess somatostatin 
causes a clinical syndrome of diabetes mellitus, 
steatorrhea, and cholelithiasis.23 Other complica-
tions, such as diabetic ketoacidosis24 and relaps-
ing cholangitis,25 have also been reported to be 
associated with somatostatinoma. Tumors of the 
pancreas and gastrointestinal tract that secrete 
excess somatostatin are classified as somatostati-
nomas, although 10% of such tumors also secrete 
other humoral factors, including glucagon,  
gastrin, VIP, insulin, calcitonin, and adrenocorti-
cotropic hormone.26–28 Somatostatinomas are 
typically large, solitary, malignant tumors arising 
from the head of the pancreas and are often meta-
static to the lymph nodes or liver at the time of 
diagnosis or surgery. They may be located in the 
pancreas (56%) or extrapancreatic sites (duode-
num, ampulla, jejunum, or cystic duct). Duode-
nal somatostatinomas are often asymptomatic or 
only local symptoms rather than the clinical  
syndrome of excess somatostatin production.29

Like other tumors of the gastroenteropancre-
atic tract, somatostatinomas should be managed 
by surgery whenever possible. Palliative  
treatments and chemotherapy for progressive  
metastatic disease have been discussed for neuro-
endocrine tumors collectively,30 but the literature 
on the management of specific types of advanced 
neuroendocrine tumors is lacking.
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The prevalence of diabetes mellitus has more than 
doubled in the United States since 1980; cur-
rently, an estimated 20.8 million people living in 
the United States have diabetes, and for every two 
persons with diagnosed diabetes, there is one to 
two with undiagnosed diabetes.1 Based on hos-
pital records, it is estimated that approximately 
20% of patients with various cancers are known 
to have diabetes.2 It is well known that hospital 
records underreport the prevalence of diabetes 
mellitus.3,4 

The prevalence of diabetes and cancer 
increases with age; there may be common risk 
factors for diabetes and some cancers; diabetes 
may predispose patients to certain cancers; and 
cancers and cancer therapies may worsen or  
precipitate diabetes. Cancer prognosis may be 
affected by glycemic status. Acute hyperglycemic 
complications of diabetes may interfere with 
timely cancer therapy, including surgery and che-
motherapy. In a person with uncontrolled dia-
betes, the risks of infections may be higher and 
wound healing impaired. Cancer patients with 
diabetes may be at a higher risk of developing  
certain complications of cancer chemotherapy.

Timely diagnosis of diabetes is a prerequisite 
for its optimal management. Fasting plasma glu-
cose is sufficient to screen for diabetes mellitus. A 
fasting plasma glucose g126 mg/dL following  
at least 8 hours (overnight) without caloric intake 
or a casual or nonfasting plasma glucose concen-
tration g200 mg/dL with symptoms of diabetes 
clinches the diagnosis of diabetes, if confirmed on 
another day by at least one of the two tests. Some 
of the classic symptoms of diabetes, such as  
unexplained weight loss, may be confounded by 
the presence of the cancer. 

Randomized controlled clinical trials in both 
type 1 and type 2 diabetes have conclusively dem-
onstrated that tight blood glucose control reduces 
the risk of long-term complications of diabetes.5–7 
Tight blood glucose control with intensive insulin 

therapy has also been shown to reduce morbidity 
and mortality among critically ill patients.8 In 
contrast to the large evidence base that guides 
optimal diabetes management, there is very little 
research into effective management approaches 
and associated outcomes for patients with both 
cancer and diabetes mellitus. In this chapter, we 
review (1) the pathophysiology of both diseases, 
highlighting common pathways; (2) the available 
evidence indicating that hyperglycemia affects 
some cancer and cancer treatment outcomes; (3) 
what is known about the effect of cancer therapy 
on diabetes; and (4) management of diabetes in  
a cancer patient, including nutrition therapy and 
the care of diabetics with advanced cancer.

Diabetes and Cancer Outcomes

There is increasing evidence that patients with 
diabetes or impaired glucose tolerance may be  
at an increased risk of cancer, cancer recurrence, 
cancer-related mortality, and all-cause mor-
tality.9–11 Specifically in large cohort studies,  
pancreatic, colon, breast, liver, and endometrial 
cancers have been shown to occur more fre-
quently in patients with a history of diabetes  
mellitus. For certain malignancies, the presence 
of diabetes and/or impaired glucose tolerance 
may also adversely affect the response to cancer 
treatment. Patients with stage II–III colon cancer 
treated with adjuvant chemotherapy had a lower 
5-year survival rate if they had diabetes.12  
Diabetes was found to be an independent risk 
factor for a shorter overall (19.8 vs 29.2 months) 
and disease-free survival (11.3 vs 17.2 months)  
in patients with resectable pancreatic cancer 
receiving adjuvant or neoadjuvant treatment,  
in addition to surgery.13 Patients with acute  
lymphocytic leukemia treated with hyper-CVAD 
(fractionated cyclophosphamide, vincristine, 
Adriamycin, and dexamethasone) (N=278) had 
a shorter median remission duration and (24 vs 
52 months) overall survival (29 vs 88 months) 
when they had diabetes or hyperglycemia.14 

Chemotherapy and radiotherapy may be 
more toxic in people with diabetes. It is believed 
that diabetes predisposes patients to neuropathy 
induced by chemotherapies.15 Likewise, late- 
radiation toxicities are higher in people with  
diabetes.16

There is a lack of randomized trials investi-
gating if optimal treatment of diabetes affects 
cancer outcomes. It is likely that the targets of 
therapy and optimal choice for diabetes treat-
ment may well be cancer type, site, and stage 
dependent, with a great deal of individualization 
when life expectancy is very short.

Insulin, which is typically elevated in the 
early stages of type 2 diabetes, is a potential  
growth factor for malignancies. Insulin reduces 
sex hormone–binding globulin levels, thereby 
increasing concentration of free estradiol, which 
may play a role in inducing neoplasia of the breast, 
endometrium, and ovary. Insulin cross-reacts 
with the insulin-like growth factor 1 (IGF-1) 
receptor; the latter activates intracellular tyrosine 
kinase activity, which stimulates cell growth. In 
cell culture, growth of virtually all cell lines is 
stimulated by insulin and IGF-1. Tumor cells may 
also lose their ability to down-regulate insulin-
binding sites and become more sensitive to the 
stimulatory effects of insulin.17 In vitro insulin 
may also inhibit the apoptotic effects of certain 
antineoplastic therapies, such as anti–epidermal 
growth factor receptor monoclonal antibody.18 
However, the concentration of insulin used in in 
vitro models is several orders of magnitude higher 
than the prevailing insulin concentrations in 
patients with diabetes. In vivo insulin has been 
shown to ameliorate enhanced tumor growth in a 
streptozocin-induced diabetic hamster model.19 
Therefore, whether insulin promotes cancer 
growth in vivo is still an open question.

Hyperglycemia may also directly affect  
tumor cell biology. Tumor cells tend to exhibit 
increased glycolytic metabolism.20 Glycolysis per 
se may promote carcinogenesis.21 Hyperglycemia 
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may also reduce the sensitivity of certain tumor 
cell lines to certain types of chemotherapy.

Wound Healing and Diabetes

Uncontrolled diabetes is associated with more 
frequent infections and a tendency toward more 
complicated infections.22 Poor control of diabetes 
is associated with impaired white blood cell func-
tion,23 and infection rates have been decreased 
with more aggressive control of blood glucose.24 
Significant hyperglycemia is associated with poor 
collagen content and wound healing.25

Pathophysiology of Diabetes in 
Cancer

Certain neoplasms may produce hormones  
with counterinsulin (eg, glucagon, adrenocorti-
cotropic hormone [ACTH], cortisol, catechol-
amine) or insulin-suppressant (somatostatin) 
actions. Diabetes may be one of the characteris-
tics of these syndromes.26–29 Acute diabetic com-
plications have been reported with several of  
these tumors (glucagonoma,30 ACTH-producing 
tumors,31 and pheochromocytoma).32 More com-
monly, on the other hand, malignancies not typi-
cally associated with secretion of the hormones 
mentioned above are associated with a new diag-
nosis of diabetes,33 best exemplified for pancreatic 
cancer.

Systemic Factors
Prevailing plasma glucose concentrations are a 
result of the balance of the amount of glucose 
entering the circulation and the amount leaving. 
Increased glucose entering, reduced leaving, or 
both can cause hyperglycemia. Cancers are asso-
ciated with increased glucose production and glu-
coneogenesis34,35 and decreased glucose uptake.36 
Cancers, cancer therapies, and concurrent  
infections are associated with elevated free fatty 
acids.37,38 Elevated free fatty acid concentration 
has been shown to be associated with reduced 
glucose use and increased glucose production, 
with increased gluconeogenesis.39–41 Many  
malignancies and several chemotherapies are 
associated with catabolic states and with elevated 
lactic acid concentrations.42,43 Elevated lactic  
acid concentrations, in turn, promote hepatic  
gluconeogenesis and ketogenesis.44

Cytokines and other substances released 
from the cancers45 can cause hyperglycemia by 
inducing insulin resistance. Certain infections 
may be associated with increased cancer and dia-
betes occurrence; for example, hepatitis C infec-
tion is associated with both (hepatocellular) 
cancer and diabetes mellitus.46 Plasma cortisol 
and glucagon concentrations in patients with 
malignant tumors are significantly increased 
when compared with patients with benign sur-
gical disorders,47,48 causing anorexia, enhanced 

tumor protein synthesis, stimulated tumor 
growth,49 and an increased rate of appearance  
of glucose in the blood.

Effects of Cancer Treatment on  
Diabetes Mellitus
As summarized in Table 1, several drugs used for 
cancer may have adverse effects on glycemic con-
trol. Glucocorticoids used as antitumor agents or 
for symptom relief and prevention of hypersensi-
tivity reactions worsen glycemic control in people 
with established diabetes and may precipitate dia-
betes, especially in people predisposed to type 2 
diabetes. In our experience, this is related to the 
dose and potency of the glucocorticoid. The 
mechanisms are multiple, including increased 
hepatic glucose output and decreased peripheral 
glucose use, in addition to reduced insulin  
secretion.50 Interferon-a2 is used to treat chronic 
myelogenous leukemia and melanoma; hypergly-
cemia is one of the main side effects of this drug. 
Some patients who develop interferon-alpha2 
induced hyperglycemia require insulin for 
therapy. Therefore it is believed that Interferon-
alpha 2  induced hyperglycemia may be immune 
mediated.51 l-Asparaginase is used to treat acute 
leukemia and lymphoma; it is thought to cause 
hyperglycemia through inhibition of insulin 
activity or receptor synthesis.51 Octreotide is a 
synthetic long-acting somatostatin analogue; it 
inhibits secretion of several hormones, including 
insulin,52 and can cause hyperglycemia. Tacro-
limus is an immunosuppressive drug used in  
both solid organ and stem cell transplantation. 
Hyperglycemia requiring insulin treatment has 
been observed in 5% of patients receiving it for 
graft-versus-host disease.53

Imatinib (Gleevec) binds to the BCR-ABL 
gene at the adenosine triphosphate binding  

site. This results in an inhibition of the activity  
of BCR-ABL gene and elimination of these  
BCR-ABL gene (Philadelphia chromosome) posi-
tive cells.54 Imatinib may decrease blood glucose  
in patients with known diabetes, sometimes in  
a dramatic fashion,55 by an as yet unknown  
mechanism.

Specific surgical procedures (pancreatectomy 
for pancreatic and gastrointestinal cancers) and 
radiotherapy to the abdominal region may also be 
associated with new-onset diabetes mellitus.56 

Lifestyle Changes and Diabetes
Cancer-related fatigue, weakness, decreased 
muscle strength, anxiety, depression, and changes 
in body image are associated with decreased phys-
ical activity and can reduce insulin sensitivity.57 
Cancer patients have been advised to rest by the 
family and physicians, despite the benefits of  
regular physical acivity.58 Prolonged decreased 
physical activity can cause disuse muscle atrophy 
and a further decline in activity. 

Cachexia
Malignancies are associated with varying degrees 
of cachexia, with pancreatic and gastric cancer 
causing it most often. Unlike weight loss induced 
by regular exercise and dietary intervention, 
cachexia-associated muscle wasting leads to 
muscle weakness and fatigue, resulting in 
decreased physical activity and reduced glucose 
use. Infections are also common in cachectic  
persons because of poor immune function,  
complicating the insulin resistance of cachexia.

Nutrition Supplements
Nutritional supplements, including tube feeding 
and intravenous parenteral nutrition, can increase 
plasma glucose concentrations, especially if the 

Table 1  Pharmacologic Agents in Oncology that May Affect Blood Glucose

Agent Current Uses Side Effect Possible Mechanisms

Glucocorticoids Chemotherapy for acute leukemia, Hyperglycemia Increased hepatic glucose
  lymphoma; symptomatic brain    production; decreased
  metastasis, nausea and vomiting,   peripheral glucose use; 
  pain; premedication for taxanes   decreased insulin
  and many other regimens   effectiveness
   Decreased insulin secretion
Interferon-a2 Metastatic melanoma Hyperglycemia Immune mediated
l-Asparaginase Acute leukemia Hyperglycemia Inhibition of insulin or 
    insulin receptor synthesis
Octreotide Carcinoid, pituitary tumors  Hyperglycemia Inhibition of insulin secretion
 (Sandostatin)  and VIP-secreting tumors
Tacrolimus  GVHD Hyperglycemia and Inhibition of insulin secretion,
 (Prograf)   new-onset   peripheral insulin resistance
   insulin-requiring
   DM
Imatinib CML; GIST Improvement of Unknown; possibly reduced
 (Gleevec)   hyperglycemia  insulin resistance

CML = chronic myelogenous leukemia; DM = diabetes mellitus; GIST = gastrointestinal stromal tumor; GVHD = graft-versus-
host disease; VIP = vasoactive intestinal peptide.
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amount of glucose delivered is more than the 
body’s ability to use it. Provision of extra insulin 
may not be able to compensate if overwhelming 
excess calories are provided to these patients with 
low muscle mass and diminished ability to use 
glucose.

Managing Diabetes in Patients with 
Cancer

Treating diabetes in a person with active cancer is 
often complicated by the very presence of cancer, 
cancer therapies, and treatment side effects, such 
as anorexia, nausea, and weight loss. Acute com-
plications of diabetes and urgency of treating 
severe hyperglycemia often delay the treatment  
of cancer. The presence of diabetes increases the 
stress of cancer and cancer management.

The goals of diabetes management have 
become more stringent, with rapidly accumu-
lating evidence of the benefits of tight glycemic 
control in preventing chronic complications from 
diabetes. However, in the presence of a severe ill-
ness, such as cancer, undergoing active therapy, 
the benefits of tight glycemic control are not clear. 
Extrapolating from the data, one could argue that 
glycemic control should be targeted to as close to 
normal as possible, without increasing hypogly-
cemic events or adding significant stress to the 
patient. Plasma glucose concentrations should  
be kept below 200 mg/dL (blood glucose below 
180 mg/dL) since concentrations higher than  
that increase the risks of infection, poor healing, 
and possibly the risks of acute hyperglycemic 
complications.

Diabetes Education
Diabetes mellitus should not be labeled as “hyper-
glycemia” unless the specific or another cause of 
hyperglycemia is not likely to recur. Even if hyper-
glycemia is apparently attributable to a specific 
medication or stress, patients and their physicians 
should realize that such situations can and pos-
sibly will arise again during the subsequent treat-
ment cycles. It is safer if a patient believes that she 
or he has “diabetes” and continues to monitor 
periodically and more frequently when ill. In this 
way, severe hyperglycemia is prevented by early 
recognition and intervention. Family and care-
givers should understand that adequate diabetes 
education and management facilitate timely eval-
uation and treatment of the cancer and reduce the 
risk of infection, poor wound healing, and 
unplanned hospitalizations and doctors’ visits. 
Skills learned during this time would be helpful 
for a healthy life after cancer.

It is ideal that patients and their family  
members acquire the skills of diabetes self- 
management. These include blood glucose moni-
toring, techniques of insulin injection, knowledge 
and skills of correcting the insulin dose for blood 

glucose, and self-adjustment of insulin doses 
based on a pattern emerging from a few days of 
monitoring. Hypoglycemia prevention and man-
agement plans (including glucagon injection 
technique if appropriate) and management plans 
for the days when sick, traveling, or fasting for 
tests should be in place for the patient. An identi-
fication card listing the current medicines and 
simple instructions for what to do when the 
patient is found with an altered mental status 
should be carried by patients taking agents that 
can cause hypoglycemia.

Nutrition
Medical nutrition therapy plays a central role in 
the treatment of diabetes mellitus. Medical nutri-
tion therapy involves a comprehensive nutrition 
assessment to evaluate current nutritional status. 
In addition to the diet history, the nutrition 
assessment should include the patient’s medical 
history, social history, physical data including 
height and weight, and laboratory data.59 

In a cancer patient, the nutrition assessment 
should also consider cancer treatment modalities 
(such as surgery, chemotherapy, and radiation) 
and management of their side effects. In general, 
the overall goal for a person with diabetes and 
cancer is to maintain optimal metabolic control 
and achieve a weight that is appropriate for  
the patient.59,60 Some patients with cancer and 
diabetes are overweight and are advised to lose 
weight, so caloric restriction may be appropriate 
for them. Others may be losing too much weight 
or losing weight too quickly, and in such  
situations, weight maintenance or improvement  
may be a nutritional management goal. There-
fore, these patients require oral nutritional  
supplements in addition to a healthy diet.

A registered dietitian plays an important role 
in making recommendations that are specific to 
the individual and should provide a strategy for 
achieving a healthy diet and lifestyle.60 The dieti-
tian should participate in monitoring patient 
progress in establishing a healthy diet, main-
taining a healthy weight, and achieving adequate 
glycemic control. If established goals have been 
met, then there may be no need for further 
change.

In general, carbohydrate and monoun-
saturated fat should provide 60 to 70% of esti-
mated energy requirements, protein should be 
approximately 15 to 20% of total caloric intake 
(1–1.5 g/kg body weight), and fat should be lim-
ited to less than 30% of total caloric intake, with 
less than 10% of total caloric intake from satu-
rated fat. Diets such as those that are “low sugar” 
or “sugar free” or have “no concentrated sweets” 
are not synonymous with medical nutrition 
therapy for diabetes and are not indicated for  
glycemic control. Sucrose does not increase  
glycemia to a greater extent than isocaloric 

amounts of starch. Therefore, sucrose and 
sucrose-containing foods do not need to be 
restricted by people with diabetes and should  
be eaten in the context of a healthy diet.60

If diabetes is being treated with sulfonylurea, 
other insulin secretagogues, or intermediate-
acting or mixed insulin, the timing of meal and 
distribution of carbohydrate intake through the 
day are important, with the aim of preventing 
both significant hyper- and hypoglycemias. 
Spacing of meals, increasing fiber intake, and not 
skipping meals are critical. When actively treated 
cancer patients have anorexia, nausea, dysphagia, 
or other complications preventing timely food 
intake, they are encouraged to consume culturally 
appropriate foods that can be easily swallowed, 
retained, and digested. In such a setting, oral 
nutritional supplements may be most convenient. 
Alternatively, they may also need a change in their 
pharmacologic treatment of diabetes to avoid 
hypoglycemia.

If a person with diabetes needs intensive 
insulin therapy, prandial (meal related) insulin 
may need to be titrated to the total carbohydrate 
intake in the meal rather than the source or the 
type of carbohydrate. Initially, it may be conve-
nient to teach the patient and the family to keep 
the carbohydrate content of each meal consistent, 
and this can be achieved by learning basic carbo-
hydrate counting and meal exchanges. In this 
way, insulin doses can be titrated quickly. If 
required, later they can learn and work with  
the carbohydrate to insulin ratio.

Use of nutritional support may necessitate 
changes in the therapeutic regimen for diabetes. 
For example, patients being tube-fed overnight 
may need “prandial” insulin before their tube 
feeds in the form of Neutral Protamine Hagedorn 
(NPH). An enteral or parenteral nutritional sup-
plement provides calories through an unphysi-
ologic route and pattern, without a concomitant 
increase in incretin hormones; therefore, inade-
quate insulin concentrations in relation to the 
carbohydrates are provided. This, along with 
insulin resistance and relative insulin deficiency 
induced by sickness, cancer, and cancer therapies, 
necessitates careful calorie assessment and judi-
cious provision of insulin. Broadly, wherever pos-
sible, regular food taken by mouth is better than 
enteral tube feeding, and the latter is better than 
parenteral nutrition. Parenteral nutrition should 
be restricted to situations with proven benefits or 
in a clinical trial setting. Parenteral feeding should 
be ramped down quickly whenever enteral or oral 
feeding can be resumed.

In-Patient Diabetes Management
Insulin is the mainstay of therapy in the hospital. 
Unpredictable oral intake makes use of insulin 
secretagogues best avoided in the inpatient  
setting (Table 2). Nausea from other medications 
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Table 2  Types of Oral Glucose-Lowering Medications

Class name Generic Name (Brand Primary Action Contraindications Adverse Effects Benefits Implications for 
 Names)     Actively Treated
       Cancer Patients

Biguanides Metformin (generic, Decreases hepatic Renal dysfunction Nausea, diarrhea, Modest weight May cause confusion: 
  Glucophage,   glucose production,  (high creatinine),  weight loss  loss  GI side effects and
  Glucophage XR)  reduces appetite,  cardiovascular shock,     weight loss can be
   improves glucose  acute myocardial    confused as the
   uptake by muscles  infarction, septicemia,     effect of cancer or
   and fat  congestive heart failure,    its therapy
    acute or chronic   Shown in correlative
    metabolic acidosis    and animal studies 
       to be associated 
       with possible 
       cancer prevention
      Often stopped for 
       ≈48 hours before 
       contrast  
       radiography

Thiazolidinediones Pioglitazone (Actos) Increases glucose uptake Heart failure (especially Water retention, Does not cause Weight gain—may
 Rosiglitazone (Avandia)  by muscle and fat and  NYHA grade III and IV)  anemia, weight  hypoglycemia  be desirable in
   reduces glucose   gain   some
   production by the    Heart failure and
   liver.     fluid retention 
       may be confused 
       as the effects of 
       cancer therapy
      Actively being 
       investigated for 
       anticancer 
       properties for 
       several cancers

a-glucosidase Acarbose Inhibits enzyme that Chronic intestinal Flatulence, abdominal Hypoglycemia  GI side effects and 
 inhibitors  (Precose/Glucobay)  facilitates the  disorders, severe renal  bloating, diarrhea  does not occur  weight loss
 Miglitol (Glyset)  breakdown of complex  impairment (creatinine   when used  confused with
   sugars to glucose in the  clearance <25 mL/min)   alone  cancer or therapy
   small intestine; causes    Treat hypoglycemia
   carbohydrate     with glucose, not
   malabsorption     sucrose or other 
       carbohydrates

Sulfonylureas and Glyburide (generic, Enhances insulin Most contraindicated in Hypoglycemia: Most accumulated May be difficult to
 other insulin  Glynase, DiaBeta,   secretion  significant renal and  repaglinide,   experience  use during cancer
 secretagogues  Micronase)   hepatic diseases  nateglinide, and   therapy: nausea
 Glipizide (generic,     glipizide least likely   and anorexia may
  Glucotrol, Glucotrol    to cause   cause erratic
  XL), glimepiride    hypoglycemia;   intake, and
  (Amaryl)    chlorpropamide,   predisposition to
 Nateglinide (Starlix)    glyburide most   hypoglycemia
 Repaglinide (Prandin)    likely  In vitro studies imply
    Hyponatremia:   anticancer action
     chlorpropamide,   of some
     glyburide   compounds and
       their derivatives

GI = gastrointestinal; NYHA = New York Heart Association.
Combination pills: metformin+glyburide (generic, Glucovance); metformin+rosiglitazone (Avandamet); metformin+glipizide (Metaglip).

and the risks of lactic acidosis in the inpatient  
setting with hypoxia, hypoperfusion, and  
renal insufficiency increase the risk of adverse 
events with metformin use (see Table  2). Oral 

medications take a long time to have a full effect, 
are titrated upward slowly, and have a slow onset 
of action, especially with thiazolidinediones 
(TZDs). Therefore, oral drugs are not the best 

option for most patients with hyperglycemia or 
diabetes during hospitalization.

There is increasing evidence that near- 
normoglycemia in the hospital has the potential 
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for improved mortality and morbidity and 
decreased health care costs. Insulin therapy itself 
may have direct beneficial effects independent of 
its effect on blood glucose.61 In December 2003, 
the American Association of Clinical Endocri-
nology together with the American Diabetes 
Association held a consensus conference on the 
management of the hyperglycemic patient in the 
hospital.62 Target blood glucose levels were deter-
mined from the available literature to be the fol-
lowing: on the inpatient wards, target plasma 
glucose levels are <110 mg/dL preprandially, 
with a maximum glucose of 180 mg/dL at any 
time. In the intensive care unit (ICU) setting, a 
goal of near-normoglycemia has been set to 80 to 
110 mg/dL. Recently, the American Diabetes 
Association, American College of Endocrinology, 
American Association of Clinical Endocrinolo-
gists, and other organizations came together and 
produced a document highlighting the impor-
tance of implementation of optimal diabetes 
management for inpatients.63

In general, hospitalized diabetic patients 
require both basal and prandial (mealtime or 
bolus) insulin coverage, just as in the outpatient 
setting. Sliding scale insulins are to be avoided 
and actually increase the risk of hypoglycemia 
and hyperglycemia compared with basal and 
prandial insulin.64–66

Insulin needs to be adjusted once or twice 
daily to account for the rapid changes that occur 
in the hospital. Nausea, vomiting, changes in oral 
intake, intermittent enteral tube feeding, intrave-
nous fluids, use of glucocorticoids, and parenteral 
nutrition all necessitate frequent reassessment of 
the doses. Illness-related insulin requirements  
are high at the onset of an illness and decrease as 
the illness improves (see Table 3 for the timing of 
insulin delivery).

In the mechanically ventilated surgical ICU 
patient, intensive glycemic control with a target 
glucose of 110 mg/dL with intravenous insulin 
has been shown to decrease mortality and mor-
bidity.8 Evidence strongly supports the use of 
intravenous insulin for patients in diabetic keto-
acidosis and hyperosmolar coma. In addition,  
we use intravenous insulin therapy during car-
diovascular surgery; after a stroke, myocardial 
infarction, or organ transplantation; and for 
many other patients who are difficult to control 
with other regimens. An appropriate transition 
protocol off the intravenous insulin drip to sub-
cutaneous insulin should be in place in the hos-
pital to avoid worsened hyperglycemia after the 
drip is turned off. Various insulin protocols have 
been published.67,68 Often endocrinologists, inten-
sivists, internists, and nutritionists need to work 
in close collaboration with the primary team for 
the management of the diabetic patient admitted 
to the hospital.

Outpatient Diabetes Management
Insulin

Insulin is indicated in all patients with uncon-
trolled diabetes for whom oral drugs are con-
traindicated (see Table  2). In addition, because  
of immediate onset of action, it is the most  
appropriate mode for quick control of severely 
uncontrolled diabetes, for example, glucose  
>350  mg/dL or >250  mg/dL with ketonuria. 
Treating outpatients with insulin using a “sliding 
scale” is also inappropriate. 

Most patients needing insulin will at least 
require basal insulin; this can be in the form of 
two doses of NPH or one to two doses of glargine 
or detemir insulin. Many others will require split-
ting the dose, especially if the requirements are 
higher than 30 U/d. Premixed insulins are handy 

for brief therapies, such as the postprandial hyper-
glycemia induced by glucocorticoids. Ideally, 
patients with poor beta cell reserve should be 
treated with a combination of basal long-acting 
insulin (detemir or glargine, to supply basal 
needs) with rapid-acting insulin boluses (aspart 
or lispro for prandial needs), a regimen called 
basal-bolus or MDI (multiple daily injection of 
insulin).

Adjustments of insulin doses are based on 
the expected physiologic action of the insulin  
and determination of the glucose pattern before 
changing the doses. By definition, the basal insulin 
dose is intended to keep glucose stable when  
no food, intravenous glucose, or other form of 
insulin is given. Too often long-acting insulin 
(detemir or glargine) is being used to control  
both basal and prandial glycemia. This can lead  
to serious hypoglycemia if scheduled nutrition is 
interrupted. 

Oral Antidiabetics

Sulfonylurea drugs are the least expensive but can 
precipitate hypoglycemia if food intake is erratic. 
Some, especially chlorpropamide and glyburide, 
can cause hyponatremia. These are used with cau-
tion in the elderly, those with liver and kidney 
diseases, and patients with erratic oral intake. 
Metformin is an underused drug but cannot be 
used in patients with liver, kidney, or heart failure. 
Metformin and drugs that prevent conversion  
of sucrose and starch to glucose (acarbose and 
miglitol) can cause gastrointestinal symptoms, 
which can be confused with complication of 
cancer or its therapies. Peroxisome Proliferator-
Activated Receptors-gamma (PPAR-c) receptor 
agonists (rosiglitazone and pioglitazone) can 
cause fluid retention and weight gain. All oral 
drugs are equally effective in bringing down 

Table 3  Insulin

Duration of Action Subcutaneous Insulin

 Rapid Short Intermediate Long

Common names Aspart (Novolog), lispro Regular (Novolin R, NPH (Novolin N, Glargine (Lantus),
  (Humalog), glulisine  Humulin R)  Humulin N)  detemir (Levemir)
  (Apidra)
Onset of insulin action 15 min 30 min to 1 h 2–4 h 2–4 h
Peak time of insulin action 1–2 h 2–3 h 4–10 h Peakless
Duration of insulin action  3–4 h 3–6 h 10–16 h 20–24 h
Recommended  Usually taken immediately  Usually taken 30–60 Taken once or twice Usually taken twice or 
 administration of insulin  before or after eating  min before eating  daily  once daily
Visual appearance Clear Clear Cloudy Clear
Implications for cancer Best insulin when intake is Only form approved for Most accumulated Glargine binds avidly to 
 patients  unreliable; can be given  IV use  experience  IGF-1 receptor.
  after meal, based on food     Implications not clear.
  (carbohydrate) intake.     Detemir more reliably 
  Safety in cancer patients     absorbed. Safety in 
  not studied.    cancer patients not 
     studied

IGF-1 = insulin-like growth factor 1; IV = intravenous; NPH = Neutral Protamine Hagedorn.
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hemoglobin A1c (HbA1c) on an average by 1 per-
centage point (except acarbose, miglitol, nateg-
linide, and repaglinide being slightly less effective, 
bringing down HbA1c by 0.5 percentage point).

For the management of diabetes in a patient 
with cancer, usually metformin is the first-line 
oral drug for obese individuals and glipizide for 
nonobese individuals. Often TZDs are started as 
the primary agent. Metformin can be combined 
with glipizide or TZDs if either of them is not 
effective alone. Often the most difficult problem 
is to make sure that the adverse symptoms from 
cancer or its therapies are not compounded by 
the medications. Constant surveillance of the 
contraindications is also required while using 
these drugs in a cancer patient.

Newer Diabetes Treatments

Inhaled insulin, glucagon-like peptide 1 analogue, 
and amylin analogue were recently added to the 
options for diabetes management (Table 4). As 
with the newer subcutaneous insulin analogues, 
there are no good studies investigating the safety 
and utility of these drugs in cancer patients.

Management of Glucocorticoid-Induced  
Diabetes

There are no large studies investigating the 
options for management of glucocorticoid-
induced diabetes. TZDs may be effective in pre-
venting and treating diabetes in such patients. 
However, if hyperglycemia is significant, insulin 
is invariably required. It is generally believed  
that larger doses of prandial than basal insulin  

are required for such patients, but not  
uncommonly, patients have very high fasting glu-
cose concentrations that will necessitate increasing 
basal insulin doses. Management requires self-
monitoring of blood glucose to identify the pat-
tern of hyperglycemia and assess the treatment 
regimen.

Management of Diabetes during Tube Feeding

If the G-tube feedings are being given by gravity 
three to four times a day, subcutaneous regular 
insulin before each tube feeding may be sufficient, 
in addition to a basal insulin. However, if tube 
feeding is being provided using a pump over a 
length of time, we give NPH insulin before each 
tube feeding. In addition, long-acting insulin  
may also be given, for the basal insulin needs, 
based on changes in blood glucose during the 
time there is no tube feeding and no NPH insulin. 
Administration of subcutaneous insulin should 
be tapered off before feeding finishes to avoid 
hypoglycemia.

Management of Diabetes during Parenteral 
Nutrition

Insulin is often added to the parenteral nutrition 
solution, providing usually 1 unit per 10 g of glu-
cose (range 0.5–2 U/g glucose) in the parenteral 
nutrition bag. This may not be sufficient to con-
trol glucose, and extra regular insulin is given 
intravenously or subcutaneously as needed. In 
patients with known diabetes and/or high insulin 
requirements, many people will provide a small 
dose of long-acting insulin subcutaneously. This 

prevents onset of hyperglycemia if and when  
the parenteral nutrition is interrupted. Whenever 
diabetes is difficult to control and/or requires 
high doses of insulin, the amount of total calorie 
intake should be reassessed. Beyond a certain 
limit, excess calories cannot be compensated by 
extra insulin. This limit is often reached quickly 
in an insulin-resistant sick person, especially  
on unphysiologic nutritional support. Reassess-
ment of nutritional support may require indirect 
calorimetric measurement of basal energy  
expenditure.

Management of Diabetes in a Person with a Very 
Short Life Expectancy

When life expectancy with terminal cancer is 
brief, diabetes management is not aimed at pre-
venting chronic complications. It has been sug-
gested that dietary restrictions should be relaxed 
and that blood glucose monitoring should be  
performed only if the patient is conscious and 
symptom control requires it.69,70 Insulin and other 
diabetes medications should be reduced with 
reducing appetite and intake and with the sole 
aim of controlling symptoms to make the person 
comfortable. Specialist input should be sought 
for pain control, comfort care, and family  
counseling.
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One of the unmistakable features of cancer is the 
cachexia and weight loss associated with both 
tumor presentation and treatment. However, the 
relation between cancer and energy balance is 
much more complex. Obesity appears to be a risk 
factor for the development of certain cancers;  
in particular, reproductive cancers. Conversely, 
the sequelae of therapy of certain cancers lead  
to long-term cachexia, while the sequelae of 
others lead to long-term obesity. This chapter  
will explore the biochemical relations between 
excessive energy storage and risk for cancer, and 
the mechanism and treatment of disorders of 
positive energy storage in the aftermath of cancer 
treatment.

Obesity as a Risk Factor for Cancer

Epidemiology
For a long time, obesity was considered to be a 
relatively harmless condition without serious  
side effects, and indeed a measure of prosperity  
in some cultures. Gradually over a period of years, 
it became generally recognized among scientists, 
and indeed the general public, that obesity was  
an important risk factor in cardiovascular disease, 
hypertension, lipid disorders, and Type 2 dia betes 
(collectively known as the Metabolic Syndrome),1,2 
although the endocrine role of fat had not yet 
been recognized.

Following the discovery of leptin as a specific 
cytokine released by adipocytes,3 a spate of other 
adipose tissue-derived cytokines (resistin, adipo-
nectin, ΤΝF-a, and acylation stimulating protein) 
were characterized, and fat was recognized as a 
true endocrine organ.4,5 In addition to being  
the source of adipocytokine synthesis and secre-
tion, fat serves as a major source of circulating 
estrogen derived by the aromatization of andro-
gens to estrogens,6 particularly in postmenopausal 
women. All of these fat-derived hormones and 
cytokines are known to have powerful effects on 
the immune system and bone, and presumably 
other organs as well.7,8

Despite all the intimations about the poten-
tial biologic role of fat, the concept that obesity 
was a risk factor for cancer was slow to be accepted 
by the scientific community, and even slower by 

the general public. More attention has been paid 
to specific macronutrients and to toxins ingested 
in the diet as potential carcinogens, rather than 
total body fat itself. However, the role of obesity 
as a primary risk factor for certain cancers is  
now clear. As an example, the role of obesity in 
promoting colon cancer in rats proved to be inde-
pendent of the type of diet on which the animals 
were maintained, with obese rats developing 
more colon cancer than thin rats.6 The site of the 
fat appears to be important, with visceral fat 
rather than subcutaneous fat being responsible 
for cancer risk.9–11

Although computerized tomography and 
magnetic resonance imaging (MRI) can distin-
guish between subcutaneous fat and visceral fat, 
both of these are too expensive and impractical 
for large-scale studies. Therefore, investigators 
have turned to the low-budget measurement of 
body mass index (BMI; weight (kg) ÷ height (m)2) 
to quantitate obesity in epidemiologic studies.12 
Although BMI is an accurate assessment of  
adiposity for most adults, it is not valid for well-
trained athletes with a large muscle mass, nor is it 
valid for the elderly where there is a shift in body 
composition. Lastly, BMI does not distinguish 
between subcutaneous and visceral fat. Some 
studies have suggested that the waist-hip ratio or 
the waist circumference is a better measure for 
the determination of cancer risk.13,14 This fits well 
with the putative primary role of visceral fat. 
Recent World Health Organization studies have 
also found that there are ethnic differences as  
to the BMI values that portend medical risk. For 
example, Chinese subjects are obese at lower 
levels of BMI than Caucasians,15 while African-
Americans at equal levels of BMI to Caucasians 
manifest a lower incidence of the Metabolic  
Syndrome.16

Examination of the literature reveals that 
there are two different comparisons that have 
been employed in estimating cancer risk, which 
in some cases lead to very different conclusions. 
One can compare degree of obesity against the 
risk of cancer incidence, or against the risk of 
cancer mortality. For example, in the case of  
prostate cancer, obesity shows no increased risk 
of cancer incidence and perhaps even a slight  

protective effect17,18; while obesity is a very signifi-
cant risk factor for advanced disease in prostate 
cancer.19 How much of this is biologic, as opposed 
to other factors (eg, socioeconomic status) has yet 
to be elucidated.

Although, in general, no association has been 
found between prior obesity and cancer risk, sev-
eral studies have reported that increased birth 
weight may be associated with increased risk for 
breast cancer and prostate cancer.20–23

Initially, a series of small studies showed that 
obesity conferred an increased risk for various 
cancers,24–28 but because the sample sizes were 
relatively small, the results were not convincing. 
Large-scale studies (Table 1) began in earnest 
with the work of Garfinkel on a cohort of 750,000 
persons followed for 12 years, which showed an 
increased risk of cancer in both men and women 
who were more than 40% overweight, although 
the relative risk was still lower than that of cardio-
vascular sequelae.29 A series of prospective studies 
on large populations, which were analyzed for all 
cancers in the United States, Canada, parts of 
Europe, and Japan,30–34 showed an overall increase 
in the incidence of most types of cancer in obese 
subjects (Table 2). Examination of studies focus-
ing on specific cancers also showed an increased 
risk in obese subjects, with a particularly high 
incidence for those with BMI levels greater than 
35 kg/m2 (Table 3).35–44 In general, the relative risk 
of obesity in cancer appears to be higher in women 
than in men. Again, it is not clear if biologic or 
sociologic determinants are responsible.

Support for this hypothesis of increased 
cancer risk with obesity is not universal. In a 
meta-analysis, McGee concluded that the 
increased cancer risk due to obesity was quite 
small and less than the risks for other obesity-
associated conditions.45 Although most studies 
report a positive relationship between obesity and 
colon cancer, there are occasional studies that fail 
to find an association.46 Somewhat surprisingly, 
Lukanova and colleagues found that the incidence 
of ovarian cancer is inversely related to obesity,47 
disagreeing with earlier reports of a positive  
correlation. The interpretation of many studies 
relating cancer incidence to obesity are often  
confusing in that they often fail to adjust for  
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multiple risk factors or for indirect associations. 
For example, examination of the role of obesity 
regarding the risk of lung cancer in the general 
population suggests that there is no association. 
But if one instead restricts the analysis to non-
smokers only, then there is a direct positive asso-
ciation.48 Presumably smoking tends to decrease 
food consumption, which limits weight gain and 
protects against obesity, while ex-smokers tend to 
gain weight immediately after stopping smoking. 
Similarly, the overall association between obesity 
and cervical cancer is inconclusive; however, if 
one controls for human papilloma virus (HPV) 
infection, a twofold increase is then noted.

Unlike the positive association between obe-
sity and endometrial and breast cancer, there are 
others like Giovanucci, who was concerned about 
the absence of mechanism and the failure to fulfill 
Koch’s postulate by showing that weight loss 
reduces cancer risk.49 This concern has recently 
been answered by an Iowa study showing that 
women who deliberately lost weight and kept it 
off for some years had a decreased incidence of 
cancer relative to those controls who did not lose 
weight.50 Women who did not lose weight deli-
berately (but, rather, for other reasons) showed 
no such benefit. The paucity of studies correlating 
weight loss with decreased cancer incidence 
reflects in large part the failure of most previously 
obese subjects to maintain the weight loss. The 
typical pattern is an inexorably slow regain of  
the weight lost, plus extra.51 For this reason, the 
cost of carrying out such a study in order to retain 
a sufficient number of reduced-weight subjects 
would be enormous.

Putative Mechanisms by Which Obesity 
Promotes Cancer
Oxidative Stress and Adipocytokine Production

In looking for a mechanism or mechanisms,  
one must keep in mind that fat is an important 
endocrine organ. As recently noted by a Japanese 
group,52 fat tissue is a major source of reactive 
oxygen species (ROS) in the body due to oxida-
tive stress in this tissue; indeed the obese exhibit 
significantly higher levels of 8-isoprostanes, a 
ROS-metabolite of arachidonic acid.53,54 Aside 
from the possibility of direct DNA damage due to 
ROS, the oxidative stress results in dysregulation 
of the synthesis and release of adipocytokines, 
decreasing the formation of protective factors  
like adiponectin, and increasing the formation of  
NADP oxidase levels and risk-promoting cyto-
kines like plasminogen activation inhibitor-1 
(PAI-1), tumor necrosis factor-a (TNF-a),  
vascular endothelial growth factor, hepatocyte 
growth factor, heparin-binding epidermal growth 
factor-like growth factor, and interleukin-6.55 
Many of these promote angiogenesis, which  
may explain increased invasiveness and poor 

Table 1  Overall Cancer Risk with Obesity

Authors Population Size Overall Cancer Risk

  Men Women

Calle et al.34  900,000 RR=1.52 RR=1/62
Garfinkel29  750,000 RR=1.33 RR=1.55
Pan et al.33 26,000 1.34
Wolk et al.30 28,000 25% excess 37% excess
Kuriyama et al.32 27,500 1.46 1.75
Saminic et al.193 4,500,000 1.42WH, 1.77 BL 
Okasha et al.194 8600 1.36* 1.80*
Inoue et al.195 88,900 1.33 

In all cases, BMI >35 vs. <35.
BL=African American; RR=relative risk; WH=white.
*Excluding deaths from lung cancer.

Table 2  Individual Relative Risks for Different Cancers Based on Obesity in Men

Author Prostate Colon Lymphoma Esophagus Stomach Liver Pancreas Kidney Leukemia

Calle et al.34 1.34 1.84 1.49 1.63 1.94 4.52 1.49 1.70 1.70
Porter and  Incid.77         
 Stanford196

Babagas et al.197         
Bianchini et al.31         
Pan et al.33 1.27 1.93 1.46    1.51 2.74 1.61
Moller et al.198 1.3      1.7  
Michaud et al.37       1.72  
Wolk et al.30   3.3      

Table 3  Incidence of Obesity in Cancer Survivors

Authors Patient Population (n) Percent Obese, Definition Risk Factors, Comments

Sainsbury et al.93  ALL  (86) Increased weight/height  Did not standardize for  
   within 1 year of therapy.  treatment, CrXRT, steroids.
Zee and Chen94 ALL (414) 30% with BMI > 80th  Correlated with CrXRT. No  
   percentile.  controls.
Schell et al.95 ALL (91) 38% obesity by adulthood. Correlated with CrXRT,  
    younger age at diagnosis.  
    No controls.
Odame et al.96 ALL (40) 57% for girls, BMI > 2 SD. Especially in females.  
    Age-matched controls.
Didi et al.91 ALL (114) 46% with BMI > 85th Especially in females, 
   percentile.  correlation with  
    chemotherapy, CrXRT 18 
    vs. 24 Gy no difference.  
    No controls.
Craig et al.97 ALL (298) 12% for girls, 10% for boys,  Severe obesity only in females.  
   BMI z-score > 2.  CrXRT 18-20 Gy worse  
    than 22-24 Gy. Used chemo  
    only as controls.
Nysom et al.99 ALL (95) Direct body fat (BF)  Correlated with CrXRT, GH 
   measurments. 26% had   deficiency. Used local 
   BF above 90th percentile.   controls.
Sklar et al.98 ALL (126) 40% with BMI > 85th  CrXRT 24 Gy worse than 18  
   percentile.  Gy. Used chemo only as  
    controls.
Stahnke et al.106 Craniopharyngioma (10) 80% obese at 1 year. No controls.
Sorva107 Craniopharyngioma (22) 27% obese preop, 67% obese 1  No controls. 
   year post-op.
Pinto et al.108 Craniopharyngioma (17) 30% with BMI > 2 SD preop,  Change in fasting insulin  
   77% 1 year post-op.  correlated with BMI  
    change. No controls.

Reproduced with permission from Lustig RH.110

ALL = acute lymphoblastic leukemia; CrXRT = cranial irradiation; BMI = body mass index; SD = standard deviation; Gy = Gray; 
GH = growth hormone.
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prognosis of cancer in the obese. Lastly, the adi-
pocytokine leptin appears to have an important 
relationship with cancer. As an example, in a  
case-control study, Stattin and colleagues found  
a threefold increase in cancer incidence with 
increasing concentrations of leptin,56 and Skibola 
and colleagues found a positive association 
between BMI, leptin receptor polymorphisms, 
and lymphoma.57 Leptin, similar to obesity in 
general, correlates with increased prostate  
cancer mortality.58 Again, while these circulating 
factors have not yet been directly implicated in 
carcinogenesis, they clearly have effects on immu-
nomodulatory system function, which may con-
tribute indirectly to cancer initiation or tumor 
promotion, and mortality.

Estrogen Synthesis and Metabolism

Breast, endometrial, and cervical cancer are 
examples of estrogen-dependent cancers, which 
increase their rate of growth in response to circu-
lating estrogen levels.59,60 Body fat, particularly 
postmenopausally, is a major source of estrogen 
derived by the aromatization of androstenedione 
to estrone (Figure 1).61 Thus in obese women, 
increased amounts of estrogen substrate are man-
ufactured, and the total estrogen burden is mark-
edly increased over the lifetime of the individual. 
Indeed, Key and colleagues62 suggested that the 
increased formation of estrone in adipose tissue is 
a significant factor in the increased rate of breast 
cancer observed in obese postmenopausal women. 
Once formed, estrogen can be metabolized either 
by hepatic 2-hydroxylation to the inactive 2-
hydroxy- or catechol estrogens; or by 16a- 
hydroxlation within the breast tissue itself to  
the reactive species 16a-hydroxyestrone, which 
circulates and is finally cleared by the liver and 
17b-oxidated to the final metabolite estriol, which 
is excreted in the urine. Obesity alters the meta-
bolism of estrogen by decreasing the formation  
of 2-hydroxyestrone and increasing the amount 
of circulating active estrogen. This has been  
demonstrated by Schneider and colleagues both 

in vitro63 and in vivo.64 Therefore, obese subjects 
have higher circulating levels of active estrogen  
in the forms of estradiol, estrone, and 16a-
hydroxyestrone, which theoretically promote 
tumor progression. In addition, in vitro studies 
by Bradlow and colleagues have shown that adi-
pocytes secrete a protein that inhibits 2-hydroxyl-
ation of estrogen in MCF-7 cells in culture.65 The 
level of active estrogens is further increased by a 
decrease in the synthesis in the liver of sex hor-
mone binding globulin (SHBG), which normally 
avidly binds sex hormones; thus potentiating 
levels of circulating free hormone in the obese, in 
order to promote increased cell proliferation.

The human papilloma virus (HPV), associ-
ated with most cervical cancers, is unusual in  
that the virus is estrogen-sensitive, with 16a-
hydroxyestrone promoting viral proliferation, 
while the alternative metabolite 2-hydroxyestrone 
inhibits exons E6 and E7 resulting in inhibition  
of the virus66 and causing remissions in children 
with laryngeal papillomatosis and cervical  
dysplasia.67,68

Hyperinsulinemia, Insulin-like Growth  
Factor-1, and Insulin-like Growth  
Factor–Binding Protein-1

Obesity is also associated with hyperinsulinemia, 
although there is still some controversy as to 
whether the obesity causes the hyperinsulinemia 
or vice versa.69,70 The hyperinsulinemia and insu-
lin resistance of obesity clearly plays a role in the 
promotion of the Metabolic Syndrome.71–74 In 
addition, the hyperinsulinemia of obesity may 
also indirectly play a role in tumor promotion. A 
putative role for hyperinsulinemia also comes 
from studies in Type 2 diabetes, which is associ-
ated with an increased incidence of colorectal 
cancer.75

The hormone insulin-like growth factor-1 
(IGF-1) has been implicated in numerous can-
cers, including colon, breast, and prostate cancer.76 
IGF-1 is a primary signal for mitogenesis, by 
directly binding to the IGF-1 receptor on the cell 

surface, and inducing cells to progress from  
the G1 to the S phase of the cell cycle. IGF-1 has 
been shown to be a proliferating agent and an 
inhibitor of apoptosis in tumor cells,77 while  
IGF-1 deficiency has been shown to reduce and 
delay tumorigenesis in knockout mice.78 States of 
increased IGF-1 synthesis, such as acromegaly, 
are known to predispose one to colorectal  
carcinoma.79 Insulin increases the availability of 
IGF-1 to induce mitogenesis by reducing hepatic  
production of IGF-binding protein-1 (IGFBP-1), 
the primary carrier protein of IGF-1 in the circu-
lation. Conversely, the tumor suppressor p53 
increases the level of another protein, IGFBP-3, in 
the circulation, effectively clearing free IGF-1.80 
As a result, in the obese hyperinsulinemic state, 
there is increased free IGF-1 at the target cell to 
stimulate cellular proliferation. It should be noted 
that there is no clear relationship between total 
circulating levels of IGF-1 and the degree of adi-
posity, which makes epidemiologic associations 
between obesity, IGF-1, and cancer difficult to 
interpret.

The role of IGF-1 in breast cancer is mixed 
since there are papers by the same authors report-
ing a positive relationship43,81 and the absence of a 
relationship.82 Stattin and colleagues found that 
higher IGF-1 levels increased prostate cancer 
mortality. Similar to the situation with estrogens, 
there is some confusion caused by the failure  
to always measure free IGF-1 rather than total 
IGF-1.41

Adipose Tissue as a Storehouse for Toxins

There are a variety of toxins [PCBs (polychlori-
nated biphenyls), Dioxins, PAHs (polycyclic aro-
matic hydrocarbon), etc] and estrogen modulators 
and synthetic estrogens [bisphenol A, nonylphe-
nol, DDT (Dichlorodiphenyltrichloroethane), 
o,p-DDE (ortho, para-Dichlorodiphenyldichlo-
roethylene), etc.] which are lipophilic and can 
accumulate in body fat for long periods of time. 
These compounds are released during weight 
loss83 and during lactation.84,85 These toxins and 
endocrine disruptors can be measured in moth-
er’s milk,86 where these compounds could be 
potentially harmful to the nursing infant, although 
there is no evidence that their concentrations 
reach harmful levels.

Attempts to estimate static prior concentra-
tions of these compounds from current levels  
in body fat have been unsuccessful. One problem 
is that many women engage in yo-yo dieting in 
which they lose body fat and subsequently regain 
it. In the course of this decrease in body fat,  
lipophilic compounds are flushed from the  
adipose tissue depot and cleared from the body. 
Following several such cycles the amounts of 
these compounds remaining in the body fat  
depot will be significantly reduced, blocking any 
attempts to use static measurements to estimate 
what was present back at the time when the 

FiguRe 1  Pathways of human estrogen metabolism in humans. Percentages refer to enzyme activity as  
measured by radiometric assay (efficacy of conversion of tritiated precursor to tritiated water).
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tumors were initiated. In addition, because of 
current legal restrictions on the use of many of 
these compounds, current exposure has greatly 
diminished, so any attempts to calculate differ-
ences between cancer patients and controls would 
be extremely difficult.

Presumably, the concentration of these com-
pounds in the lipid droplets of the adipocytes is in 
equilibrium with what is free in the rest of the cell 
and in the circulation. It is these latter two pools 
that would be the active sites for these com-
pounds. There have been no good studies on this 
equilibrium, or what concentrations would have 
to be achieved to reach toxic levels.

Summary

Obesity facilitates the production and availability 
of numerous mitogenic agents, (including estro-
gen and IGF-1), immune modulators (including 
leptin and IL-6), and angiogenic factors (includ-
ing vascular endothelial growth factor and hepa-
tocyte growth factor) to susceptible target cells 
throughout the body. These factors may be work-
ing at different levels of tumorigenesis in different 
tissues, thus a unifying hypothesis of obesity and 
cancer may not be forthcoming. Nonetheless, the 
epidemiologic and mechanistic data presented 
here implicate the process of obesity in an adjunct, 
if not a primary role, in carcinogenesis and  
mortality.

Obesity after Cancer Therapy

Epidemiology
Although cancer, its therapy, and its aftermath 
are routinely associated with cachexia, one unex-
pected outcome can be the development of obe-
sity with all of its pathophysiologic sequelae.87–89 
This phenomenon has been noted primarily in 
the Acute Lymphoblastic Leukemia (ALL) and 
brain tumor survivor populations. A report from 
the Childhood Cancer Survivors Study docu-
ments an increased risk for BMI less than 18 
(cachexia) in adult survivors of most childhood 
tumors, while the ALL survivor population dem-
onstrates the opposite.90 The incidence of obesity 
in adult survivors of ALL is 18.5% in females and 
16.5% in males; while the odds ratio for develop-
ing obesity is 1.5 in females and 1.2 in males.

Several reviews document an increased pre-
valence of obesity in survivors of childhood 
ALL.91–100 These evaluations have been retrospec-
tive, and suffer from several difficulties, including 
lack of control populations, variability of chemo-
therapeutic treatment, inclusion of patients who 
relapse, the use and dose of cranial irradiation, 
and the dose and type of long-term steroid use as 
a complicating variable. In addition, the literature 
questions the possible psychosocial etiologies of 
weight gain, particularly with respect to parental 
leniency and aggressivity regarding food  
availability and food choice in this vulnerable 

population (ie, since the presenting cachexia sig-
nified illness, the manifestation of increased 
caloric intake may be misconstrued by parents as 
a sign of health). Nonetheless, the majority of 
these studies document an abnormal increase in 
BMI long after tumor therapy has been discontin-
ued, suggesting dysregulation of energy balance.

Similarly, long-term survivors of brain 
tumors have also been shown to be at risk for the 
development of obesity. This phenomenon has 
been documented both in the pediatric90,101,102 and 
adult brain tumor populations.103 Again, these 
studies have been retrospective; and it is not 
entirely clear from these studies whether the obe-
sity is due to the tumor, the surgery, and/or the 
cranial irradiation that such patients inevitably 
receive.

Risk Factors for the Development of 
Obesity after Cancer Therapy
In the childhood ALL survivor population, the 
prevalence of adult obesity has been reported 
anywhere between 20 and 44%. Since these stud-
ies are retrospective, and it is difficult to compare 
specific treatment paradigms for risk, most of 
these analyses instead use multivariate linear 
regression analyses to extract specific risk factors 
for the development of obesity (see Table 3).  
In many of these studies, age at diagnosis, female 
gender, and the presence of cranial radiation have 
been found to be important risk factors for the 
development of obesity.

In the brain tumor population, the develop-
ment of obesity appears to be restricted to involve-
ment of the posterior fossa, and in particular, the 
hypothalamus. Since 50% of childhood tumors 
(while only 10 to 20% of adult brain tumors) 
involve the posterior fossa, the development of 
obesity after brain tumor therapy is most com-
monly manifest in the pediatric population.  
The phenomenon of obesity is most evident in 
children with craniopharyngioma (see Table 3). 
However, this is by no means exclusive to chil-
dren; about 10% of craniopharyngiomas occur in 
late adulthood,104 and a recent report demon-
strates increased weight gain and BMI after brain 
tumor therapy in adults as well.105

A multivariate linear regression analysis of 
the BMI curves of children with brain tumors 
who survived longer than 5 years post-therapy 
determined risk factors for the development of 
obesity.101 Five parameters were cited as being 
predictive. First, age at diagnosis and treatment 
was negatively correlated with risk for obesity;  
in other words, the younger at diagnosis, the more 
likely the subject would be obese as an adult. 
Second, those with tumors localized to the  
hypothalamus or thalamus, along with those 
originating in the temporal lobe (due to stereo-
scopic position of the hypothalamus during  
radiation for this area) gained weight much more 
rapidly than those with tumors in the rest of  

the posterior fossa or other hemispheric areas. 
Third, those with tumor histologies routinely 
localized to the diencephalon (ie, craniopharyn-
gioma, germinoma, optic glioma, prolactinoma, 
hypothalamic astrocytoma) also gained weight 
more rapidly.106–108 Fourth, those with quantita-
tive direct radiation exposure of the hypothala-
mus of greater than 51 gray gained weight twice  
as rapidly after the completion of tumor therapy, 
even after those with hypothalamic or thalamic 
lesions were removed from the analysis. Finally, 
those with some other form of permanent hypo-
thalamic endocrinopathy (ie, GH deficiency, 
hypothyroidism, precocious or delayed puberty, 
ACTH deficiency, diabetes insipidus) exhibited  
a rapidly escalating BMI curve. Thus, those  
risk factors linked to hypothalamic damage or 
dysfunction were ominous in terms of obesity.

Hypothalamic Obesity due to  
Central Nervous System insult

Clinical Presentation and  
Manifestations
Damage to the hypothalamus, either due to 
tumor, surgery, or radiation, appears to be the 
primary etiologic factor in weight gain in cancer 
survivors. This phenomenon is clearly established 
with the syndrome of “hypothalamic obe-
sity”.109,110 Originally described by Babinski and 
Frohlich, hypothalamic obesity is a testament  
to the primary role of the hypothalamus in the 
regulation of energy balance.111,112

The hypothalamus is the control center for 
several homeostatic hormonal systems, in which 
the pituitary is the primary effector. They include 
the GHRH (growth hormone releasing hor-
mone)/SRIF (somatostatin)-Growth Hormone-
IGF-1, TRH (thyrotropin releasing hormone)-TSH 
(thyroid stimulating hormone)-thyroid hor-
mone, GnRH (gonadotropin releasing hormone)-
gonadotropin-sex hormone, and CRF 
(corticotropin releasing factor)-ACTH  (adreno-
corticotropic hormone)-cortisol axes. In each 
case, the peripheral hormone product provides 
an afferent feedback signal, which binds to  
specific receptors within the ventromedial  
hypothalamus (VMH) to regulate efferent hypo-
thalamic hormonal output. In addition, a fifth 
system, the AVP(arginine vasopressin)-water  
balance axis, is also controlled by the supraoptic 
and paraventricular nuclei of the hypothalamus, 
and in which the posterior pituitary is the storage 
site for AVP secretory vesicles. Here, the afferent 
inputs are osmoreceptors for sodium and barore-
ceptors for blood pressure, rather than a specific 
hormonal substrate.

The last 10 years has witnessed the documen-
tation of yet another hypothalamic feedback 
system, in which the adipocyte hormone leptin, 
the b-cell hormone insulin, the gastric hormone 
ghrelin, and the intestinal hormone Peptide  
YY3–36,113–116 bind to specific receptors within the 
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VMH to form the afferent arm of an axis  
that regulates energy balance (Figure 2).117  
Indeed, genetic abnormalities in leptin or its 
hypothalamic receptor,118,119 or the hypothalamic 
melanocortin-4 receptor120 which processes this 
in for mation, have been shown to exhibit obese 
phenotypes, suggesting hypothalamic dysregula-
tion of energy balance signal transduction.  
However, the efferent arm of this axis is extremely 

complex, involving appetite/satiety, autonomic, 
hormonal, thermogenic, and motor effec-
tors.117,121,122 Presumably patients with hypotha-
lamic obesity exhibit abnormal signaling within 
both arms.

In humans, hypothalamic obesity is the  
manifestation of hypothalamic damage from 
tumor, surgery, and/or radiation, resulting in an 
intractable weight gain, which is not amenable to 

caloric restriction or exercise.123 Craniopharyngi-
oma accounts for half of the reported cases, with 
other posterior fossa tumors contributing smaller 
numbers. However, the syndrome has also been 
reported in cases of pseudotumor cerebri, trauma, 
and infiltrative or inflammatory diseases of the 
hypothalamus.124

Aside from the symptoms of tumor-induced 
increased intracranial pressure, patients with 
hypothalamic obesity classically exhibit signs of 
limbic system involvement, such as hypogona-
dism, somnolence, rage and hyperphagia125; how-
ever, such classic presentations are actually rare.109 
The majority of patients actually exhibit normal 
or only slightly increased daily caloric intake. 
Indeed, caloric restriction of either VMH-lesioned 
animals or humans with hypothalamic obesity 
rarely attenuates the weight gain, suggesting that 
energy expenditure is also affected.126

Examination of the German craniopharyn-
gioma database127 demonstrates that children 
with craniopharyngioma already manifest an 
increased BMI for age by the time of diagnosis, 
suggesting that the tumor itself alters energy  
balance. However, after surgery and/or radiation, 
they can accelerate their weight gain even  
more rapidly. Most of these patients have other 
cranial endocrinopathies,101 and require growth 
hormone, thyroxine, and hydrocortisone, sex  
hormone, and desmopressin replacement therapy 
due to GHRH/GH, TRH/TSH CRF/ACTH, 
GnRH/gonadotropin, and AVP (antidiuretic  
hormone) deficiencies, respectively. In some 
cases, lack of appreciation of the syndrome of 
hypothalamic obesity by physicians has led them 
to incorrectly deduce that the hydrocortisone 
dosage is contributing to the patient’s weight 
gain, leading to well-meaning but potentially 
dangerous reductions of hydrocortisone dosage 
below 10 mg/m2/d. This accentuates the symp-
toms of malaise and lethargy exhibited by these 
patients.

Patients with hypothalamic obesity may  
also suffer from sequelae normally associated 
with exogenous obesity. These patients have  
been shown to have an increased incidence of  
the Metabolic Syndrome88 and nonalcoholic  
fatty liver disease.89 Furthermore they appear to 
have an increased risk for angina pectoris and 
other cardiovascular disease.87,102 In addition to 
their obesity, the concomitant growth hormone 
deficiency that these patients manifest may also  
contribute to their adverse metabolic sequelae.128

Pathophysiologic Mechanisms
It is well known that bilateral electrolytic lesions 
or deafferentation of the VMH in rats leads to 
intractable weight gain,109,129–132 even upon food   
‘restriction.133 Originally, the obesity was felt to  
be due to damage to a “satiety” center, which  
promoted hyperphagia and increased energy  
storage.134 However, we now recognize that the 

FiguRe 2  The negative feedback pathway of energy balance. Afferent neural (eg, vagal) and hormonal (ghrelin, 
insulin, leptin, PYY3–36) signals are generated from the liver, gut, pancreas, and adipose. In addition, norepi-
nephrine from the locus coeruleus and serotonin (5-HT) from the median raphe are elaborated. These signals 
of satiety versus hunger, and thinness versus fatness are interpreted by the nucleus tractus solitarii (NTS) and 
the hypothalamic gated neural network in the ventromedial hypothalamus (VMH). The peptides a-melanocyte 
stimulating hormone (a-MSH) and cocaine-amphetamine regulated-transcript are anorexigenic, while the  
peptides neuropeptide Y and agouti-related protein are orexigenic. These signals are integrated in the paraven-
tricular nucleus (PVN) and lateral hypothalamus (LHA), through stimulation or inhibition of melanocortin recep-
tors 3 and 4. Efferent signals from these areas in turn stimulate either the sympathetic nervous system to 
expend energy by activating b3-adrenergic receptors and uncoupling proteins in the adipocyte, which releases 
energy the form of lipolysis, heat or physical activity; or stimulate the parasympathetic nervous system (efferent 
vagal) to increase insulin secretion, with resultant lipogenesis and energy storage. Reprinted with permission 
from Lustig RH, et al.199

HT = ; LC = ; DMV = ; Med. Raphe = ; PYY = ; NE = norephinephrine.
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weight gain in this syndrome is actually secondary 
to: (1) inability to transduce peripheral hormonal 
energy balance signals; (2) overactivation of the 
parasympathetic nervous system, which promotes  
an obligate insulin hypersecretion and energy 
storage; and (3) defective activation of the sympa-
thetic nervous system which retards lipolysis and 
energy expenditure.’

Defective Peripheral Hormonal Signal  
Transduction in the VMH

The negative feedback energy balance pathway 
(see Figure 2) is interesting in that the hormone 
insulin is a component of both the afferent  
and efferent limbs of the axis. In the afferent path-
way, insulin conveys information about nutrients 
and energy balance to the hypothalamus, which 
limits food intake.135 Insulin secreted by the  
pancreas in response to a meal provides blood-
borne afferent information on nutrient intake 
and absorption to the VMH. A subpopulation  
of VMH neurons possesses insulin receptors,136 
and there is coordinated transport of insulin 
across the blood-brain barrier.137 In experimental 
animals, acute and chronic ICV (intracerebro-
ventricular) insulin infusions decrease feeding 
behavior and induce satiety.138–140 The importance 
of central nervous system (CNS) insulin action 
was recently underscored by the construction of  
a brain/neuron-specific insulin receptor knock-
out (NIRKO) and an insulin receptor substrate  
2 knockout mouse, which cannot transduce the 
CNS insulin signal.141,142 They become hyperpha-
gic, obese, and infertile, with high peripheral 
insulin levels. These mice suggest that peripheral 
insulin mediates a signal within the VMH to help 
control energy balance and other hypothalamic 
functions.114,143

Normally, in the fed state, both insulin and 
leptin levels are increased, which increase the  
synthesis and processing of hypothalamic pro-
opiomelanocortin (POMC) to its component 
peptides, including a-melanocyte stimulating 
hormone (a-MSH), which along with its co- 
localized neuromodulator cocaine-amphetamine 
regulated transcript (CART), act at the lateral 
hypothalamic area (LHA) and paraventricular 
nucleus (PVN) to alter melanocortin-4 receptor 
(MC4R) occupancy, which decreases appetite  
and food intake.113,135,144,145 Insulin and leptin  
also directly inhibit the release of neuropeptide  
Y (NPY) and agouti-related protein (AgRP),  
further limiting feeding and providing for  
unantagonized MC4R (melanocortin-4 receptor)  
occupancy.146 Furthermore, PYY3–36 (peptide  
YY3–36) levels are elevated, and this hormone binds 
to the Y2 receptor in the VMH, activating c- 
aminobutyric acid (GABA), which inhibits the 
orexigenic signal transduction of neuropeptide 
Y.147 Conversely, in the fasting state, gastric  
secretion of ghrelin is increased,148,149 while leptin, 

insulin, and PYY3–36 levels are low, which leads  
to stimulation of hypothalamic NPY/AgRP and 
antagonism of a-MSH/CART. The resultant lack 
of anorexigenic pressure on the MC4R results in 
increased feeding behavior and energy efficiency 
(with reduced fat oxidation), in order to store 
energy substrate as fat. In the syndrome hypotha-
lamic obesity, hypothalamic damage prevents 
integration of these peripheral energy and adipo-
sity signals; thus, the VMH cannot transduce 
these signals into a state of energy sufficiency 
sense a subjective sense of satiety.132,150

Vagally-Mediated Insulin Hypersecretion and 
Increased Energy Storage

Normally, excess blood-borne energy substrates 
(glucose, fatty acids) which are not utilized imme-
diately by other tissues are stored in adipose tissue 
via the lipogenic effects of insulin. In the efferent 
pathway, insulin is responsible for shunting 
blood-borne nutrients into adipose for storage. 
The amplitude and duration of pancreatic insulin 
secretion, and the activity of the insulin molecule 
at the adipose insulin receptor, play integral  
roles in the genesis of lipogenesis and weight  

gain. Although there are numerous factors that 
promote lipolysis, the primary signal for lipogen-
esis is insulin.151 Within the adipocyte, insulin 
increases: (1) Glut4 expression; (2) acetyl-CoA 
carboxylase; (3) fatty acid synthase; and (4) lipo-
protein lipase.152 Thus, the net effect of insulin on 
the adipocyte is the rapid clearance and storage of 
circulating glucose and lipid.

The LHA and PVN send efferent projections 
residing in the medial longitudinal fasciculus to 
the dorsal motor nucleus of the vagus (DMV).153 
The DMV, in turn, sends efferent projections 
throughout the alimentary system, including the 
b-cells of the pancreas.154 This pathway is respon-
sible for the “cephalic” or preabsorptive phase of 
insulin secretion, which is glucose-independent 
and can be blocked by atropine.155 VMH lesions 
damage this pathway, leading to an increase in 
vagal firing rate.156 For example, rats with VMH 
lesions exhibit both increased insulin levels  
and food intake; however, this can be prevented 
by pancreatic vagotomy.129,157,158 Overactive  
vagal neurotransmission increases insulin  
secretion from b-cells through three distinct but 
overlapping mechanisms (Figure 3):159

FiguRe 3  Vagal augmentation of insulin hypersecretion. (1) M3 activation of a Na+ channel augments b-cell 
depolarization, which augments calcium influx. (2) M3 activation increases phospholipases A2, C, and D, which 
hydrolyze phosphatidylinositol (PIP2) to diacylglycerol (DAG) and inositol 1,4,5-triphosphate (IP3). DAG stimu-
lates of protein kinase C (PKC) which phosphorylates myristoylated alanine-rich C kinase substrate (MARCKS), 
which binds actin-calcium-calmodulin, and induces vesicular exocytosis. IP3 potentiates intracellular calcium 
release. (3) Release of glucagon-like peptide-1 (GLP-1) from intestinal L-cells. GLP-1 receptor activation induces 
adenyl cyclase, increasing cAMP, activating protein kinase A (PKA) potentiates intracellular calcium release. 
Reprinted with permission from Lustig RH.200

AC = adenyl cyclase; Ach = acetylcholine; ADP = adenosine diphosphate; ATP = adenosine triphosphate;  
Ca++ = ionized calcium; cAMP = cyclic adenosine monophosphate; DMV = dorsal motor nucleus of the vagus; 
GLP-1 = glucagon-like peptide-1; GLP-1R = glucagon-like peptide-1 receptor; Glu = glucose; K = potassium;  
L-cells = L-cells; M = muscarinic; Na = sodium; PLC = phospholipase C; PO = I don’t see a PO; SUR =  
sulfonylurea receptor; VCa = voltage-gated calcium channel. 
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Vagal firing increases acetylcholine availabil-
ity and binding to the M3 muscarinic receptor, 
which is coupled to a sodium channel within the 
pancreatic b-cell membrane.160 Under resting 
conditions, the ATP(adenosine triphosphate)-
dependent potassium channel within the b-cell 
membrane remains open, and leads to a negative 
b-cell resting membrane potential of approxi-
mately –70 millivolts (mV), with essentially no 
insulin release. In this state, activation of the 
sodium channel by acetylcholine only minimally 
increases b-cell resting membrane potential to  
–65  mV, and has relatively minimal effects on 
insulin secretion and peripheral insulin levels. 
This phenomenon is responsible for the vagally 
mediated “cephalic” or preabsorptive phase of 
insulin secretion, which is glucose-independent 
and can be blocked by atropine.155 As glucose 
enters the b-cell after ingestion of a meal, the 
enzyme glucokinase will phosphorylate glucose to 
form glucose-6-phosphate. This increases the 
generation of intracellular ATP, which induces 
closure of the b-cell’s ATP-dependent potassium 
channel. Upon channel closure, the b-cell experi-
ences an ATP-concentration–dependent b-cell 
depolarization,161,162 and the opening of a separate 
voltage-gated calcium channel within the mem-
brane. Intracellular calcium influx increases 
acutely, which results in rapid insulin vesicular 
exocytosis. Concomitant opening of the sodium 
channel by acetylcholine binding to the M3 recep-
tor augments the b-cell depolarization which, in 
turn, augments the intracellular calcium influx 
and results in insulin hypersecretion.129,130,163  
Conversely, knockout of the M3 receptor in mice 
reduces vagal-mediated insulin secretion, and 
results in a hypophagic and lean phenotype.164

Vagally mediated acetylcholine increases pho-
spholipases A2, C, and D within the b-cell, which 
hydrolyze intracellular phosphatidylinositol  
to diacylglycerol (DAG) and inositol 1,4,5- 
triphosphate (IP3).159 DAG is a potent stimulator 
of protein kinase C (PKC)165 which phosphory-
lates myristoylated alanine-rich protein kinase  
C substrate [MARCKS(myristoylated protein 
kinase C substrate)], which then binds actin and 
calcium-calmodulin, and induces insulin vesicu-
lar exocytosis.166 IP3 potentiates release of calcium 
within b-cells from intracellular stores, which 
also promotes insulin secretion.167

The vagus also stimulates the release of the 
peptide glucagon-like peptide-1 (GLP-1) from 
intestinal L-cells, which circulates and binds to  
a GLP-1 receptor within the b-cell membrane. 
Activation of this receptor induces a calcium-
calmodulin–sensitive adenyl cyclase, with con-
version of intracellular ATP to cAMP (cyclic 
adenosine monophosphate), which then activates 
protein kinase A (PKA). PKA causes both the 
release of intracellular calcium stores, and the 
phosphorylation of vesicular proteins, each  
contributing to an increase in insulin  
exocytosis.168,169

Decreased Sympathetic Responsiveness, Physical 
Activity, and Energy Expenditure

The adipocyte also responds to sympathetic ner-
vous system activation to promote lipolysis and 
thermogenesis.122 The most prominent and con-
cerning complaints in patients with hypothalamic 
obesity is persistent fatigue, lack of energy, and 
lack of physical activity. This generalized malaise 
is not due to hypopituitarism, as it persists  
even after full hormonal replacement. Harz and 
colleagues showed that the voluntary energy 
expenditure of patients with craniopharyngioma, 
as measured by accelerometry, was significantly 
decreased compared to BMI-matched obese, but 
otherwise healthy, controls.170 This decrease in 
energy expenditure may be mediated through 
defects in the regulation of the sympathetic  
nervous system. Two reports demonstrate an 
impaired ability of such patients to mount an  
epinephrine response to insulin-induced hypo-
glycemia,171,172 and document decreased 24-hour 
epinephrine excretion,172 although norepineph-
rine excretion was similar to controls. It is thought 
that this malaise and decrease in sympathetic tone 
may account for decreased rates of lipolysis 
through the adipocyte b3-adrenergic receptor,173 
which result in decreased resting and voluntary 
energy expenditure. Thus, the mechanisms of 
lipogenesis in this syndrome are due to auto-
nomic endocrinopathy; a combination of para-
sympathetic hypertransmission and sympathetic 
hypotransmission secondary to VMH damage.

Diagnosis
Patients with hypothalamic obesity gain weight 
despite attempts at diet and exercise. Indeed, Bray 
and colleagues showed that long-term caloric 
restriction was ineffective in modulating the 
weight gain in these patients,109,123 attesting to the 
“obligate” nature of the weight gain in these 
patients. He and Gallagher also noted insulin 
hypersecretion in subjects with hypothalamic 
obesity.123 Their results suggest that such patients 
exhibit a metabolic priority toward energy  
storage instead of expenditure.

Although some patients with hypothalamic 
obesity are already obese upon clinical presenta-
tion, most are normal weight-for-height. After 
surgery and/or radiation, their weight gain accel-
erates rapidly, usually at a rate of 1 kg/month or 
greater. Despite the high incidence of GH defi-
ciency, most of these patients continue to exhibit 
normal linear growth,174 probably due to insulin’s 
effects on the IGF-1 receptor.175 Most of these 
patients have other cranial endocrinopathies  
and require hormonal replacement. In some 
cases, lack of appreciation of the syndrome of 
hypothalamic obesity by physicians has led to the 
incorrect deduction that the hydrocortisone 
dosage was contributing to the patient’s weight 
gain, resulting in well-meaning, but potentially 

dangerous, reductions of hydrocortisone dosage 
below 10 mg/m2/d. This accentuates the symp-
toms of malaise and lethargy exhibited by these 
patients.

The insulin excursion to oral glucose toler-
ance testing (OGTT) defines the syndrome. Two 
prospective studies of children with hypothalamic 
obesity revealed only minimally elevated fasting 
insulin concentrations of 22.7 P1.3 µU/mL, as 
compared to 36.3 P5.7 µU/mL for an age- and 
BMI-matched group of subjects with obesity, 
insulin resistance, and acanthosis nigricans.176,177 
However, these patients demonstrated accentu-
ated early insulin responses to OGTT, which were 
elevated in comparison to their degree of obesity. 
Peak insulin levels were reached by 60 minutes, 
and were 281 P47 µU/mL, as compared to 
normal adolescents, whose peak insulin concen-
trations are routinely 100 to 150 µU/mL. The  
fall to baseline was reasonably rapid, suggesting 
that these patients did not exhibit defective  
insulin clearance, as is usually seen in insulin 
resistance. One report documents that the insulin 
hypersecretion in this disorder is primary, as  
controlling for the degree of insulin resistance  
did not reduce the statistical significance of the 
hypersecretion.178

Treatment
Numerous therapies have been attempted in the 
treatment of hypothalamic obesity. The apprecia-
tion of the role of dysfunctional vagal tone and 
insulin hypersecretion in the pathogenesis of 
hypothalamic obesity originally led to anecdotal 
case reports of successful treatment with pancre-
atic vagotomy.179 However, subsequent experi-
ence with the procedure was inconsistent, and  
it fell out of favor.180 Several trials of anorectic 
medication have been attempted,181,182 with  
temporizing, but not long-term, efficacy.

We have attempted to inhibit this insulin 
hypersecretion pharmacologically. Although 
diazoxide, an oral b-cell potassium channel 
opener, is routinely used to treat hypoglycemia 
due to hyperinsulinism,183 this drug suppresses 
insulin secretion globally, such that the possibility 
of hyperglycemia or frank diabetes exists.184,185 
Furthermore, we wished to antagonize insulin 
secretion at a point downstream of the sodium 
channel activity (Figure 3). The voltage-gated  
calcium channel is coupled to a somatostatin 
(SSTR5) receptor.186,187 Treatment with the soma-
tostatin agonist octreotide limits the opening of 
this channel and the amount of insulin released 
acutely for any specific amount of glucose.188,189  
In an open-labeled pilot trial,176 eight patients 
received subcutaneously administered octreotide 
for six months, at a dose of 5 µg/kg/d (in total, 
divided, tid), escalating in monthly 5 µg/kg/d  
increments to a maximum of 15 µg/kg/d (in total, 
divided, tid) by the third month. Insulin responses 
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to glucose were normalized over 6 months. Of the 
eight patients, three lost substantial weight, two 
lost moderate amounts of weight, and three stabi-
lized their weight. The degree of weight loss cor-
related both with changes in insulin response and 
with changes in leptin levels. The weight loss also 
appeared to correlate with decreases in appetite, 
and caloric intake in this cohort decreased by 
approximately 700 kilocalories per day. The lack 
of leptin negative feedback by the damaged VMH 
was not critical, as these patients responded with 
both weight loss, decreased caloric intake, and 
decreased leptin levels. In fact, an unexpected,  
but very welcome, side effect of the treatment was 
the resumption of normal physical activity by 
four patients, including vigorous exercise. A 
double-blind, placebo-controlled, six-month trial 
of octreotide in 18 subjects with hypothalamic 
obesity followed.177 Prior to treatment, annual-
ized weight gain in this population was 15.9 P2.9 
kg/yr. Although the weight loss in this trial was 
not as pronounced as in the pilot (probably due 
to a delay in achieving maximum dosage until the 
fifth month), octreotide was effective in stabiliz-
ing weight (+1.6P0.6 kg) and BMI (-0.1 P0.1 
kg/m2), as compared to placebo (change in weight 
+9.2 P1.5 kg, BMI +2.3 P0.5 kg/m2). Insulin 
secretion during the first 60 minutes was clearly 
suppressed by octreotide. Lastly, the Pediatric 
Cancer Quality of Life-32 (PCQL-32),190 a vali-
dated instrument to measure improvements in 
quality of life in children, demonstrated marked 
improvements in physical activity as compared 
with those treated with placebo, and the improve-
ment in quality of life correlated with the degree 
of insulin suppression. These findings suggested 
that insulin hypersecretion was responsible not 
only for weight gain in these patients, but for their 
lack of physical activity, which can be improved 
by normalizing their insulin response. Anecdot-
ally, patients noted normal hunger at the time of 
meals, but noted the lack of drive to continue to 
eat past their first serving, or for snacking between 
meals. They also noted more interest in their 
schoolwork and in their social contacts. Treat-
ment of those initially assigned to placebo in the 
second 6 months also resulted in stabilization of 
weight and improved quality of life. Studies of the 
long-acting somatostatin analog octreotide-LAR  
(octreotide long-acting release) are ongoing in 
this patient population.

Perhaps the best treatment for this syndrome 
is prevention. It is very clear that the hypothala-
mus represents the biologic seat of both food 
intake and energy balance in humans. Risk assess-
ment of hypothalamic damage can be undertaken 
based on MRI, portal radiation dosimetry, and 
endocrinologic testing. In this way, oncologists 
can assess the risk for future development of  
obesity in populations with CNS insult so that 
clear explanation to patients and families, close 
follow-up, and early preventive measures can  
be instituted. Finally, the sensitivity of the  

hypothalamus to both surgical trauma and/or 
external beam radiation cannot be underesti-
mated. Neurosurgeons and neuro-oncologists 
must incorporate these risk factors when making 
a therapeutic plan to limit long-term morbidity 
and mortality in such patients.191,192

Summary

The syndrome of hypothalamic obesity is the 
most obvious example of the organicity of obesity 
in a specific population. Prior to their cranial 
insult, these patients are completely normal, but 
afterward, they exhibit signs of hypothalamic dys-
function, including anterior pituitary endocri-
nopathy (hypopituitarism), posterior pituitary 
endocrinopathy (diabetes insipidus), and auto-
nomic endocrinopathy (hypothalamic obesity). 
From combined data in rat and human, the  
primary etiologies appear to be defective insulin 
and leptin signal transduction at the level of the 
hypothalamus, increased vagal modulation, and 
decreased sympathetic modulation, leading to 
insulin hypersecretion with increased lipogenesis 
and decreased lipolysis. Diagnosis rests on docu-
mentation of accentuated early responses to 
OGTT, and at least one potentially beneficial 
therapeutic strategy involves suppression of the 
early insulin response.
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Thyroid Disorders in Cancer Patients
Steven I. Sherman, MD

As observed by Osler, “the thyroid gland supplies 
some essential secretion of first importance,”1 
and knowledge of the normal and diseased func-
tions of the thyroid is essential in the care of the 
cancer patient. Disorders of the thyroid gland 
occur commonly in an oncology practice, with 
the potential for confounding diagnostic evalua-
tion of the malignant disease, for complicating 
antineoplastic treatments, and for increasing 
mortality in cancer patients.2 Similarly, abnor-
malities of the thyroid are common consequences 
of cancer or the treatment of cancer. These effects 
on the thyroid often develop years and decades 
after cure of the malignant disease, necessitating 
long-term follow-up and awareness of the risk for 
thyroid abnormalities by the treating oncologist 
and subsequent care providers.

Physiology of the  
Hypothalamic-Pituitary-Thyroid Axis

The primary role of the thyroid gland is to pro-
duce thyroxine (T4) and triiodothyronine (T3), 
hormones that influence a broad variety of meta-
bolic processes throughout the body. The synthe-
sis of T4 and T3 begins with the active transport of 
iodide into the cell via an intrinsic plasma mem-
brane sodium-iodide symporter.3 Following oxi-
dation by thyroid peroxidase, the iodide moiety is 
covalently attached to tyrosyl residues of thyro-
globulin, and the resulting iodotyrosines are cou-
pled and cleaved from thyroglobulin to form T4 
and T3, normally in a 10:1 ratio.4 This process 
results in the total daily output of 80 to 100 µg  
of T4. In contrast, only 20% of circulating T3 is 
produced by the thyroid, the remaining 80% 
deriving from the enzymatic outer-ring or 5p-
monodeiodination of T4 in extrathyroidal tissues 
such as the liver, kidney, brain, muscle, and skin.5 
Removal of the inner-ring 5-iodine of T4 forms 
the inactive metabolite reverse T3 (rT3). Similar  
to hepatic drug disposal mechanisms, other thy-
roid hormone inactivating pathways include 
glucuronidation, sulfation, deamination, and 
cleavage.6

In serum, at least 99.95% of T4 and 99.5% of 
T3 molecules are bound by the transport proteins 
thyroxine-binding globulin (TBG), transthyretin 
(thyroxine-binding prealbumin), and albumin.7 

Although TBG is present in lower concentration 
than either transthyretin or albumin, its greater 
affinity for thyroid hormones makes it the pre-
dominant serum carrier of T4 and T3. This large 
pool of protein-bound hormone provides a stable 
reservoir that maintains the supply of free, 
unbound hormone available for transport into 
the cells. Once within target cells, T4 is converted 
by the enzyme 5p-deiodinase to T3, which in the 
nucleus binds to a heterodimerized thyroid hor-
mone receptor, modulating transcription of thy-
roid hormone-responsive genes and producing 
the clinical effects recognized as the metabolic 
effects of thyroid hormones.

The primary regulatory influence on thyroid 
gland function is the circulating level of thyrotro-
pin (thyroid stimulating hormone [TSH]). Pro-
duced by thyrotroph cells of the anterior pituitary, 
TSH is a two-subunit glycoprotein, the specificity 
of which is conferred by its b-subunit; the a- 
subunit is structurally similar to that of follicle 
stimulating hormone, luteinizing hormone, and 
human chorionic gonadotropin. Negative feed-
back by T4 and T3 influences TSH synthesis and 
release, yielding a log-linear relationship between 
the serum concentrations of TSH and free T4.8,9 
The hypothalamic tripeptide thyrotropin- 
releasing hormone (TRH) stimulates TSH secre-
tion and modulates thyrotroph response to 
altered thyroid hormone levels. In conjunction 
with the suppressive effects of dopamine, cortico-
steroids, somatostatin, androgens, and endoge-
nous opioids, TRH may be responsible for 
establishing the set-point for the negative feed-
back loop that controls thyroid hormone levels. 
Hypothalamic production of TRH itself is regu-
lated by circulating thyroid hormones, as well as 
by multiple central nervous system factors.

TSH also functions as a trophic hormone for 
thyroid follicular cells. By binding to its cognate 
receptor on the plasma membrane, TSH triggers 
activation of multiple downstream signaling cas-
cades through G-protein–linked adenylyl cyclases, 
phospholipases, phosphatidylinositol-3-kinases, 
and small GTPases. Downstream effectors of the 
actions of TSH include mitogen-activated protein 
kinases (MAPKs), c-jun N-terminal kinases 
(JNKs), and extracellular signal-regulated kinases 
(ERKs), which subsequently regulate thyrocyte 
proliferation, differentiation, and apoptosis.10

Hypothyroidism

Hypothyroidism is the clinical state resulting 
from an insufficient amount of circulating thy-
roid hormone to support normal body functions. 
Gull first described the adult form of hypothy-
roidism, referring to it as “a cretinoid state super-
vening in adult life.”11 That hypothyroidism 
occurs more commonly in women or is increas-
ingly prevalent with advancing age did not escape 
Gull, or Vanderpump and Tunbridge . The preva-
lence of overt hypothyroidism, defined as the 
combination of clinical and biochemical findings 
of hypothyroidism, is approximately 1 to 2% in 
the general population and is about 10 times 
higher in women than in men.12 Subclinical hypo-
thyroidism, generally defined as a serum TSH 
between 5 and 20 mU/L in asymptomatic patients, 
occurs with a frequency of 2.5 to 10% but rises as 
high as 20% in women over age 70.13,14 

Clinical Manifestations
The clinical signs and symptoms of hypothyroid-
ism occur as a result of deficient thyroid hormone 
actions. Because chronic primary hypothyroid-
ism usually develops over a span of years, the 
clinical features may develop insidiously and not 
be readily noticed. In contrast, severe hypothy-
roidism occurring following thyroid resection, 
thyroiditis, or pituitary resection is usually associ-
ated with a more subacute onset of symptoms. 
Complicating the recognition of hypothyroidism 
is the non-specific nature of symptoms, likely to 
be even more confusing in cancer patients. Among 
patients in a general medical practice presenting 
with the most common symptoms of hypothy-
roidism (constipation, weight gain, menstrual 
irregularities, fatigue, depression, cold intoler-
ance, and galactorrhea), only 4% will actually be 
hypothyroid, and fewer than 2% will have a TSH 
level at least 5 mU/L more than normal.15 In stud-
ies of patients with either solid or hematologic 
malignancies, the high prevalence of fatigue cor-
relates poorly with biochemical evidence of hypo-
thyroidism.16,17 Even among long-term survivors 
of Hodgkin’s disease, of whom the majority 
develop hypothyroidism, there is little evidence of 
an association between fatigue and the diagnosis 
of untreated hypothyroidism.18,19 In contrast, 
symptoms and signs (including slow movements, 
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coarse skin, decreased sweating, hoarseness, par-
esthesia, cold intolerance, periorbital edema, and 
delayed deep tendon reflex relaxation) may be 
more specific but have not been evaluated for 
their diagnostic value in cancer patients.

Nonetheless, an appreciation of the clinical 
manifestations of hypothyroidism is necessary to 
provide a degree of clinical suspicion for the diag-
nosis. Several manifestations of particular note in 
patients with cancer are discussed below.

The Neuromuscular System

Myopathies associated with malignancies, such as 
polymyositis and myasthenia gravis, may also be 
seen more commonly in hypothyroidism. The 
association of myasthenia gravis and hypothy-
roidism, may be of particular relevance in evalu-
ating patients with thymoma.20,21 Increased serum 
levels of creatine kinase (CK) are frequently found 
in hypothyroidism, regardless of the presence of 
overt myopathy. Fractionation studies revealed a 
preponderance of the MM isotype.22 The elevated 
CK level is likely related to both a decrease in the 
enzyme clearance rate in hypothyroidism and 
sarcoplasmic damage. Aldolase, aspartate trans-
aminase, and lactate dehydrogenase levels are also 
elevated, but are less sensitive or specific indica-
tors of muscle dysfunction. Neuropathic symp-
toms such as paresthesia, painful dysesthesia, 
focal muscle weakness, and deafness can all result 
from compression of peripheral nerves. Central 
nervous system dysfunction in hypothyroidism 
can cause a wide variety of signs and symptoms 
that are also seen as a consequence of malignant 
disease and therapy. Typical encephalopathic 
findings in severe hypothyroidism include leth-
argy, depression, and impairment of memory 
without other evidence of intellectual deficits. 
Cerebellar ataxia can occur, characterized by  
gait disturbance, dysarthric speech, intention 
tremors, dysmetria and poor coordination.

The Cardiovascular System

Patients with thyroid hormone deficiency com-
monly present with inotropic and chronotropic 
cardiac abnormalities, including bradycardia and 
congestive failure. Reversible dilated cardiomy-
opathy can rarely be secondary to hypothyroid-
ism.23 Care must be exercised in the use of digitalis 
glycosides, as clearance is slowed and toxicity 
more likely. Pericardial effusion can contribute  
to enlargement of the cardiac silhouette in hypo-
thyroid patients, although the development is 
sufficiently slow that tamponade is rarely 
observed. Increased systemic vascular resistance 
is commonly seen, along with diastolic hyperten-
sion. The cardiovascular effects of hypothyroid-
ism can occur acutely, especially when thyroid 
cancer patients are withdrawn from their thyrox-
ine therapy in anticipation of radioactive iodine 
treatment.24

The Respiratory System

Both hypoxic and hypercapnic ventilatory drives 
are impaired, leading to alveolar hypoventila-
tion.25 Pleural effusions are occasionally found in 
hypothyroidism, although usually in association 
with pericardial and peritoneal effusions.26,27 As a 
result of increased capillary permeability, hypo-
thyroid pleural effusates have moderate protein 
elevation. The volume of effusion is generally 
small, and the patients asymptomatic.

The Gastrointestinal System

Constipation, obstipation, or even megacolon 
due to decreased gut motility may be the cardinal 
presenting feature of hypothyroidism, with 
increased sensitivity to the effects of opiate  
analgesics.28–30 Intestinal absorption is generally 
normal in hypothyroidism, although myxedema-
tous infiltration of intestinal mucosa can rarely 
cause malabsorption. Patients with autoimmune 
thyroiditis are at increased risk for the develop-
ment of pernicious anemia and achlorhydria due 
to atrophic gastritis. Aspartate transaminase levels 
may be increased due to impaired metabolic 
clearance of the muscle-derived enzyme.31 The 
yellowish appearance that may be noted in the 
skin of hypothyroid patients, due to hypercaro-
tenemia, should not be confused with jaundice; 
scleral and mucous membranes are generally 
anicteric.

The Integumentary System

The hypothyroid skin is generally pale with a tinge 
of yellowish discoloration, owing to the combined 
effects of elevated serum and tissue carotene  
levels (a consequence of the decrease in carotene 
metabolism), anemia, alopecia, and decreased 
cutaneous blood flow. It is also accompanied by 
non-pitting edema, secondary to increased accu-
mulation of mucopolysaccharides and fluids in 
the dermis. Typically, this swelling is most marked 
around the eyes and hands. The skin also feels dry 
and cool, related to the decrease in eccrine and 
apocrine secretion. Peripheral vasoconstriction 
contributes to the cool sensation of the skin.32

The Hematopoietic System

Mild anemia is a common feature in hypothy-
roidism, occurring in about 25% of untreated 
patients.33,34 Although decreased plasma volume 
may mitigate the reduction in total red cell  
mass, normochromic normocytic anemia is a 
consequence of decreased erythropoietin synthe-
sis.34 In general, red cell survival appears to be 
normal in hypothyroidism. Except for iron defi-
ciency due to hypothyroidism-induced hyper-
menorrhea, thyroid hormone deficiency rarely 
affects serum ferritin, iron, or total iron binding 
capacity.33 Macrocytic anemia can result from 

malabsorption of either folate or vitamin B12. As 
many as 10% of patients with hypothyroidism 
due to autoimmune thyroiditis have pernicious 
anemia.34,35 Hypothyroid dyslipidemia can lead to 
increased membrane lipid content, also causing 
macrocytosis.

White blood cell and platelet counts are 
usually normal in hypothyroidism, unless there is 
coexistent pernicious anemia or folate deficiency 
causing low cell counts. Despite reports of 
decreased platelet adhesiveness, few hypothyroid 
patients abnormal bleeding times.36 Similarly, 
decreased levels of factors VIII, IX, XI, and XII 
may be seen as a result of the general decrease in 
protein synthesis.36,37 Fibrinolytic activity is also 
decreased.37 However, clinically significant 
bleeding is infrequent.

Endocrine and Metabolic Systems

Hyperprolactinemia is common in primary hypo-
thyroidism, due to stimulation of the lactotroph 
by thyrotropin-releasing hormone, and occasion-
ally leading to galactorrhea. In severe cases of  
primary hypothyroidism, thyrotroph hyperplasia 
may occur, misidentified in sellar imaging as a 
mass lesion.

Despite delayed cortisol clearance in 
hypothyroidism, cortisol production rates and 
circadian rhythmicity remain essentially normal.38 
Direct stimulation of adrenal glands with 
adrenocorticotropic hormone (ACTH) frequently 
yields normal cortisol responses.39 However, 
cortisol response to insulin-induced hypoglycemia 
may be subnormal, indicating slightly impaired 
hypothalamic-pituitary control over cortisol 
production.40

Hypothyroidism can be a cause of euvolemic 
hyponatremia, even in patients otherwise at risk 
for the syndrome of inappropriate antidiuretic 
hormone. Free water clearance is often decreased, 
which can be demonstrated by delayed water 
excretion following an acute water loading test.41 
Urine osmolality is inappropriately elevated for 
the degree of plasma hypo-osmolality. Although 
increased antidiuretic hormone secretion has 
been reported, vasopressin response to a saline-
loading test is generally normal.42 Postoperative 
hyponatremia occurs more commonly in 
unsuspected hypothyroid patients.43

Hypothyroidism leads to decreased oxygen 
consumption and carbon dioxide production, 
yielding a decreased basal metabolic rate. Substrate 
catabolism is reduced, and weight gain can be 
secondary to increased fat stores as well as fluid 
retention.

Altered pharmacokinetics of many medi-
cations occurs in hypothyroidism, including 
impaired metabolic clearance due to decreased 
hepatic levels of P450 and P450-reductase.44 
Studies of primary hepatocytes demonstrate  
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that thyroid hormone negatively regulates the 
transcription of CYP3A4 and may increase 
expression of CYP1A2 , changes which, in theory, 
could affect metabolism of drugs such as paclitaxel, 
docetaxel, tamoxifen, flutamide, vincristine, 
vinblastine, doxorubicin, and etoposide.45,46 Of 
particular importance is delayed clearance of 
drugs with a narrow therapeutic range, such as 
digoxin, theophylline, and phenytoin. Because 
catabolism of vitamin K–dependent clotting 
factors is decreased, warfarin requirements may 
be paradoxically increased in hypothyroidism, 
and doses may need to be reduced following 
thyroid hormone replacement therapy.47 Although 
studies have not been published detailing the 
effect of hypothyroidism on the metabolism of 
specific chemotherapies in cancer patients, it is 
nonetheless reasonable to ensure that patients 
participating in pharmacokinetic studies of drugs 
metabolized by either CYP3A4 or CYP1A2 have 
hypothyroidism excluded or treated first.

Etiology and Pathophysiology
Primary hypothyroidism, due to direct impair-
ment of the gland’s capacity to produce thyroid 
hormone, constitutes the great majority of the 
cases. In iodine-replete regions, autoimmune 
thyroid diseases and thyroablative therapy cause 
the majority of cases of primary hypothyroidism. 
Although most patients with chronic hypothy-
roidism are treated with thyroid hormone replace-
ment therapy, regardless of the etiology, the  
cause of hypothyroidism should be determined in 
each patient. This is especially true in cases of  
secondary or tertiary hypothyroidism, in which 
concomitant hormonal insufficiencies may also 
require therapy. Reversible hypothyroidism may 
also occur due to transient thyroiditis, or drugs 
and food with antithyroid effects.

Autoimmune Thyroid Disease

Both humoral and cell-mediated immune mech-
anisms have been implicated in the pathogenesis 
of autoimmune thyroiditis, the primary cause  
of chronic primary hypothyroidism. Circulating 
antibodies to thyroid peroxidase (TPO) and thy-
roglobulin are present in up to 95% and 70%, 
respectively,48 of patients with chronic auto-
immune thyroiditis, but they are not likely to be 
pathogenetic despite the ability of anti-TPO anti-
bodies to fix complement.49 However, significant 
titers of these antibodies may identify euthyroid 
patients at risk of developing overt thyroid  
failure.50 Uncommonly, antibodies that interfere 
with binding of TSH to its receptor on the  
follicular cell can block physiologic thyroid  
stimulation.51

In contrast, cell-mediated immunity due  
to failure of T cell tolerance is the predominant 
mechanism leading to chronic autoimmune 

thyroiditis. Under stimulation from interferon-c-
containing T cells, thyrocytes in autoimmune 
thyroiditis express antigen-presenting MHC class 
II molecules that can then bind to T cell receptors 
to induce activation of CD4 T cells.52 The thyroid 
gland is infiltrated by lymphocytes characterized 
by Th1 differentiation. A variety of secreted 
cytokines directly affect thyroid follicular cells, 
including expression of Fas stimulated by 
interleukin-1 (IL-1); inhibition of the sodium-
iodine symporter by interferon-c, IL-1, and tumor 
necrosis factor; and expression of intercellular 
adhesion molecule-1 which can then trigger bind-
ing to lymphocyte function-associated antigen-1 
and increased T cell-mediated cytotoxicity.53,54 
The key role of the immune system in chronic 
thyroiditis is underscored by reports of passage of 
thyroid autoimmunity from donor to recipients 
of marrow and stem cell transplantation.55,56 Once 
initiated, the rate of decline of thyroid function in 
patients with chronic autoimmune thyroiditis is 
typically slow, with only about 5% of affected 
women developing overt hypothyroidism yearly.50 
Acute exposure to large amounts of stable iodine, 
such as following infusion of iodinated radio-
graphic contrast media containing 150 to 500 mg 
iodine per milliliter, can produce transient hypo-
thyroidism, especially in patients with euthyroid 
autoimmune thyroiditis.57,58

Transient hypothyroidism may occur as  
part of the course of silent thyroiditis, typically  
of autoimmune etiology, and granulomatous 
subacute thyroiditis.59 These disorders are 
characterized by subacute development of thyroid 
inflammation, typically without death of follicular 
cells. The initial inflammatory phase may produce 
thyrotoxicosis due to release of preformed thyroid 
hormone from disrupted follicles. Because the 
hyperthyroid phase is often clinically overlooked, 
patients frequently present during the hypothyroid 
phase that develops in 50 to 75% of patients, 
lasting up to several months. However, about 5% 
develop permanent hypothyroidism.

Both transient and chronic hypothyroidism 
occur frequently in patients treated with various 
cytokines for malignancy. An association between 
therapy with interferon-a (IFN-a) and thyroiditis 
was first recognized in patients treated for car-
cinoid tumors and breast cancer.60,61 Because of 
overlapping symptomatology between hypothy-
roidism and interferon toxicity, such as fatigue, 
hair loss, myalgia, and weight gain, the diagnosis 
of hypothyroidism is often overlooked. IFN-
induced thyroiditis can be autoimmune, similar 
to Hashimoto’s disease and silent thyroiditis, as 
well as non-autoimmune, subacute thyroiditis.62 
Although the frequency of IFN-induced thyroiditis 
is highest in patients treated for hepatitis C rather 
than cancer, risk factors for developing hypothy-
roidism include female gender, longer duration 
of IFN-a therapy, and older age. Preexisting  

auto immune thyroiditis, evidenced by the 
presence of anti-TPO antibodies before IFN 
therapy, increases the risk of thyroid dysfunction 
to 60% from 3 to 6%.63

Treatment with IL-2 is associated with a 
significant risk of hypothyroidism—up to 35% 
during therapy and 14% permanently.64,65 
Cumulative dose and duration of therapy with 
IL-2, along with female gender and preexisting 
autoimmune thyroid disease, increase the risk  
of subsequent thyroid dysfunction.66 In patients 
treated with both IL-2 and IFN-a, the risk  
of thyroid abnormalities, primarily transient 
biphasic thyroiditis, can approach 90%. Thy-
roiditis leading to hypothyroidism has also been 
described in a significant proportion of patients 
treated with low-dose IL-2 combined with peptide 
vaccines for advanced melanoma, along with a 
wide variety of other autoimmune phenomena.67 
Use of monoclonal antibodies directed against 
the immunomodulatory protein CTLA-4 has also 
been associated with developing autoimmune 
thyroiditis.68,69 Recently, transient fulminant thy-
roiditis leading to hypothyroidism was reported 
in patients with mycosis fungoides treated with 
denileukin diftitox, a novel fusion protein 
comprised of the cytotoxic diphtheria toxin and 
the ligand binding domain of IL-2.70

Postablative Hypothyroidism

Transient hypothyroidism can occur in patients 
who undergo surgical resection of a single thyroid 
lobe for nodular disease. Permanent hypothy-
roidism occurs in up to 25% of cases, especially  
if autoimmune thyroiditis is also present.71,72  
Following radioiodine therapy for Graves’ dis-
ease, most patients eventually develop permanent  
postablative hypothyroidism.

External beam radiotherapy for lymphoma 
or head and neck carcinomas are usually given  
in doses of more than 20 gray (Gy) (2,000 rad). 
Thyroidal exposure is sufficient to produce 
hypothyroidism even in patients treated with 
total body irradiation before marrow trans-
plantation, and the risk of eventual hypothyroidism 
increases with higher doses.73–75 The frequency  
of hypothyroidism may be as high as 65% if 
laryngectomy or partial thyroidectomy is also 
performed.76 As with other causes of postablative 
hypothyroidism, subclinical hypothyroidism may 
be present for many years before disease becomes 
symptomatic. In survivors of childhood Hodgkin’s 
disease treated with radiotherapy, the relative risk 
of developing hypothyroidism within 20 years 
was 17, compared with sibling controls.77  
In addition to external radiotherapy, internal 
radiation emitters, such as (131)I-MIBG used  
in treatment of neuroblastoma or pheochro-
mocytoma, can cause long-term hypothyroidism 
in a majority of patients, despite pretreatment 
prophylaxis with potassium iodide.78
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Central Hypothyroidism

Owing to the trophic and regulatory effects of 
TSH on the thyroid gland, disorders of TSH pro-
duction or function can cause hypothyroidism. 
However, even in the absence of TSH, a basal level 
of thyroid hormone synthesis persists. Therefore, 
circulating T4 and T3 levels are typically not as low 
in central hypothyroidism as they are in primary 
thyroidal failure.79

More common causes of central hypothy-
roidism are acquired destructive processes affect-
ing the pituitary gland. These generally produce 
multiple pituitary hormone deficiencies, although 
any combination is possible. Neoplastic diseases 
such as pituitary adenoma, craniopharyngioma 
and metastatic disease to the pituitary (eg, renal 
cell cancer, leukemia, and breast cancer) may 
cause acquired TSH deficiency. These mass lesions 
either destroy normal pituicytes or compress  
the pituitary stalk, thereby disrupting the portal 
supply of trophic factors from the hypothalamus. 
Patients with plurihormonal deficiency exhibit 
features of hypothyroidism as well as that of 
gonadotropin, ACTH and growth hormone  
deficiencies.

Disorders of hypothalamic function can 
affect the pituitary production of TSH by altered 
synthesis or release of trophic factors, particularly 
TRH. Neoplastic diseases such as germinomas, 
craniopharyngiomas or meningiomas often cause 
defective TRH secretion. Diabetes insipidus is a 
frequent feature due impairment of vasopressin 
production and release. Cranial or head and neck 
irradiation in cancer patients can also lead to 
hypothalamic hypothyroidism.80 Because dopam-
ine transport to the pituitary is frequently affected, 
mild hyperprolactinemia is commonly seen in 
these patients.

Reversible central hypothyroidism occurs as 
a dose-dependent complication of therapy with 
bexarotene, a retinoid X receptor (RXR)-selective 
drug used in the treatment of mycosis fungoides 
and cutaneous T cell lymphoma.81 Studies suggest 
that the mechanism of RXR-mediated hypo-
thyroidism is suppression of transcription of the 
TSH b subunit gene, independent of the role of 
thyroid hormone receptors, and reduction of 
TSH concentrations can be seen within hours  
of a single oral dose of the drug.81–83 Additional 
evidence suggests that the drug also accelerates 
thyroid hormone metabolic clearance, leading  
to markedly higher doses of thyroid hormone 
needed to treat the hypothyroid patient.84

Miscellaneous Etiologies of Hypothyroidism

Damage to the thyroid can occur as a result of 
diffuse infiltration of the gland. Amyloidosis  
of various etiologies, including secondary to 
multiple myeloma, often produces asymptomatic 
infil tration and goiter, with hypothyroidism seen 

in as many as 15% of patients.85 Gammopathy-
associated hypothyroidism can also be seen as  
a “minor” diagnostic criterion in the POEMS  
or Crow-Fukase syndrome, although cytokine-
induced autoimmunity has been postulated.86 
Thalidomide has also been implicated to cause 
mild to severe hypothyroidism in up to 20%  
of treated myeloma and renal cell carcinoma 
patients, of uncertain etiology.87,88 Aminogluteth-
imide has been associated with the development 
of hypothyroidism of uncertain etiology in  
pro state and breast cancer patients.89 Exacerbation 
of preexisting hypothyroidism and increasing 
levothyroxine dose requirements have been 
described in cancer patients treated with numer-
ous medications, including imatinib, bexarotene, 
estrogens, tamoxifen citrate, mitotane, fluorour-
acil, and methadone, likely due either to increased 
metabolic clearance of the hormone or altered 
serum transport proteins.84,90–92 Increased met-
abolism of T4 and “consumptive hypothy roidism” 
has been reported in patients with tumors that 
express high levels of the type III deiodinase, 
including massive hemangiomas, hemangiome-
pithelioma , and a malignant solitary fibrous 
tumor.93,94

Diagnosis
Clinical manifestations, hypothyroxinemia, and 
an elevated serum TSH establish the diagnosis  
of overt primary hypothyroidism, and therefore 
first-line laboratory testing for suspected hypo-
thyroidism should be measurement of the serum 
concentration of TSH, with abnormal results  
followed by measurement of free T4.95 Due to the 
greater sensitivity of TSH measurements, the 
presence of an elevated TSH with a free T4 level in 
the lower portion of the reference range would be 
consistent with subclinical primary hypothyroid-
ism. In rare patients with central hypothyroidism, 
the serum TSH will generally not be elevated, but 
the diagnosis would be suggested by an inappro-
priately low free T4. If pituitary or hypothalamic 
disease is suspected, other abnormalities of  
anterior pituitary function are often found (eg, 
inappropriately normal gonadotropin levels in a 
postmenopausal woman). Radiologic imaging of 
the sella is also often indicated. Additional tests 
can occasionally be helpful in establishing the 
diagnosis and cause of hypothyroidism. The diag-
nosis of autoimmune thyroiditis, either chronic 
or transient, is confirmed by the presence of 
serum anti-TPO antibodies.

Hypothyroxinemia and hypotriiodothyro-
ninemia are common findings in patients with 
nonthyroidal illness.8,96 In addition to deficiency 
of albumin and transthyretin, other proposed 
mechanisms include inhibition of hormone bind-
ing to TBG, perhaps due to free fatty acids released 
from damaged tissues or cytokines such as  
tumor necrosis factor.97 Numerous medications 

interfere with thyroid hormone binding to serum  
proteins, including diphenylhydantoin, furose-
mide, heparin, sertraline, and certain anti- 
inflammatory agents.98 L-asparaginase causes 
frank reduction in TBG concentrations. Inhibi-
tion of 5p-monodeiodinase activity in extrathyroi-
dal tissues, probably related to increased levels of 
interleukin-6 and TNF-a, reduces production of 
T3, reduces clearance of rT3, and accelerates clear-
ance of T4 through non-deiodinative mechanisms, 
thus contributing to reduced levels of T4 and T3 
but increased rT3.6 Medications such as glucocor-
ticoids, amiodarone, oral radiocontrast agents, 
gold, and high dose propranolol and propylthio-
uracil (PTU) also inhibit T4 deiodination to T3; 
however, clinical signs of hypothyroidism are 
unlikely to develop. Pituitary TSH production is 
suppressed by endogenous and/or exogenous 
glucocorticoids, dopamine, somatostatin, and 
endorphins, and may also be mediated by reduced 
hypothalamic TRH secretion.99 Alteration of TSH 
sialylation and bioactivity may occur in critical 
illness as well.100 Mild illness is typically accompa-
nied by reductions in T4 to T3 conversion, result-
ing in a low T3 state; similar changes have been 
reported after intravenous chemotherapy admin-
istration.101 With increasing severity of nonthy-
roidal illness, all of the proposed mechanisms 
presumably result in a low T4, low T3 state. These 
laboratory abnormalities reverse with recovery 
from the nonthyroidal illness or discontinuation 
of the interfering medication.

The sequence of thyroid hormone changes in 
nonthyroidal illness has been studied in consider-
able detail in patients undergoing bone marrow 
transplantation. During the first several weeks 
following transplant, T4, T3, and TSH levels all 
markedly decline, inversely proportional to rises 
in serum levels of IL-6 and TNF-a.102–104 In one 
study, one-year mortality due to transplant com-
plications was sixfold higher in patients whose 
serum total T4 levels fell below 4 mcg/dL, consis-
tent with the proposition that the severity of 
hypothyroxinemia correlates with the severity of 
the underlying nonthyroidal illness as suggested 
in studies of critically ill patients.102

Although most of the effects of nonthyroidal 
illness may represent energy-conserving adaptive 
mechanisms, the traditional view of these patients 
as being “euthyroid” is not universally held.105,106 
However, no survival benefit from thyroid hor-
mone supplementation has ever been demon-
strated in clinical trials in severely or critically ill 
patients, and increased catabolism and protein 
wasting have been reported. In this context, it is 
important to emphasize that diagnosis of nonthy-
roidal illness is a clinical diagnosis that does not 
require laboratory testing, such as measurement 
of rT3 levels, for identification; the challenge, 
instead, is to determine whether there is any 
reason to suspect a preexisting thyroid disease 



230 Chapter 26

underlying the changes that are superimposed by 
nonthyroidal illness. Therefore, judicious therapy 
is suggested only in patients with evidence of  
elevated TSH levels despite acute illness.106

Treatment
The goal of therapy for overt hypothyroidism 

is to make the patient clinically and biochemically 
euthyroid, which is usually associated with nor-
malization of the serum TSH level. The treatment 
of choice to accomplish this is oral synthetic  
levothyroxine sodium, which is available in 12  
individual dose strengths. For individuals under  
age 60 with overt and symptomatic disease, full  
hormone replacement requires an average of  
1.7 mcg/kg daily, although there is considerable 
variation around this mean. Owing to the long 
half-life of the hormone and the gradual rise in 
serum concentration over several weeks after ini-
tiating daily oral treatment, most of these patients 
can be started directly on this full replacement 
dose without toxicity. However, in older patients 
and those with known or suspected cardiovascu-
lar disease, even this gradual rise is too rapid, 
inducing anginal symptoms or palpitations in a 
small proportion. Thyroid hormone does improve 
the efficiency of myocardial contractility and is a 
potent vasodilator, and thus an equivalent pro-
portion of patients may instead experience an 
improvement in their angina.

Whether patients with subclinical or mild 
hypothyroidism absolutely require supplemental 
doses of levothyroxine to normalize their labora-
tory tests remains controversial. However, pati-
ents with active autoimmune disease or who have 
radiation-induced hypothyroidism are very likely 
to progress to overt disease, thereby justifying 
earlier intervention to prevent development of 
symptomatic hypothyroidism. Low doses of  
hormone, 50 to 100 mcg daily, are usually  
sufficient to normalize the TSH.

When levothyroxine sodium is administered 
daily by mouth, decreasing serum TSH concen-
trations plateau within 4 to 6 weeks, and mea-
surement of the TSH level should await this new 
equilibrium. Patients with persistently elevated 
serum TSH levels generally require an increased 
dose of levothyroxine, whereas those patients 
with a low serum TSH concentration usually 
require a decrease in dose. Serum T4 and T3 levels 
are usually normal during therapy, although mild 
hyperthyroxinemia can occur in as many as 20% 
of patients who are otherwise euthyroid. Once a 
hypothyroid patient becomes euthyroid, follow-
up evaluation should be performed after several 
months, given the gradual increase of T4 clearance 
that occurs in these patients. Subsequent evalua-
tions generally are required only annually. To 
monitor therapy in patients with secondary or 
tertiary hypothyroidism, the patient’s clinical 
status and serum free T4 levels should be assessed. 

The goal of therapy should be attainment of a 
clinically euthyroid state, with normal or high-
normal free T4 levels since the serum TSH con-
centration is not a reliable indicator of thyroid 
hormone status in this setting.107

In cancer patients, the routine approach to 
oral hormone replacement therapy is occasion-
ally inadequate. As described previously, several 
medications appear to increase metabolic clear-
ance of levothyroxine, therefore leading to 
increased dose requirements. Patients who require 
enteral administration through a feeding jejunos-
tomy may also require considerable increase in 
their hormone dose, a problem that is apparently 
avoided by administration of the drug into the 
stomach first.108 High thyroid hormone dose 
requirements can sometimes be a clue to the pres-
ence of a broader malabsorption condition, such 
as short bowel syndrome or Whipple’s disease.109

Patients receiving therapy with T3- 
containing preparations, which are shorter acting 
than levothyroxine alone, may be more difficult 
to monitor. Individuals who take desiccated thy-
roid or other formulations containing triiodothy-
ronine are likely to have variable T3 levels during 
the day. Most recent placebo-controlled studies 
have demonstrated that there is no significant 
measurable benefit accrued to patients when 
treated with combination formulations of  
varying ratios of T4 and T3, compared with T4 
alone.110

Thyrotoxicosis
Thyrotoxicosis refers to the clinical state of 
increased metabolism due to increased serum 
concentrations of T4 and/or T3. Whereas hyper-
thyroidism defines the forms of thyrotoxicosis 
secondary to increased synthesis of thyroid hor-
mones, other etiologies can include thyroiditis 
and excessive ingestion of thyroid hormone. The 
prevalence of thyrotoxicosis, including both mild 
and overt disease, is only about 1% in the United 
States, but is generally more common in women 
than men.14 Thyrotoxicosis as a consequence of 
cancer or its treatment is also considerably less 
frequent than similarly caused hypothyroidism.

Clinical Manifestations
Thyrotoxicosis is generally more likely to be more 
symptomatic, even in its mild forms, than hypo-
thyroidism. A common constitutional symptom 
is fatigue, often misconstrued to indicate hypo-
thyroidism. Weight loss is generally secondary  
to increased metabolic rate, despite increased 
appetite and food intake, but occasionally weight 
gain can be seen as well. Organ system-specific 
manifestations are addressed below.

The Neuromuscular System

Multiple neuromuscular abnormalities result 
from thyrotoxicosis. A majority of patients  

experience proximal muscle weakness and tremor, 
often a presenting symptom of the patient’s  
thyroid disease. Less common manifestations 
include bulbar weakness and fasciculations that 
can be mistaken for amyotrophic lateral sclerosis. 
Increased protein catabolism is a key contribu-
tory factor, along with depletion of glycogen  
and ATP.111 A common autoimmune pathophys-
iology links thyrotoxic Graves’ disease and myas-
thenia gravis, and 5 to 10% of patients with 
myasthenia have coexistent Graves’ disease; 
thymic hyperplasia, however, is a common find-
ing in thyrotoxic patients even in the absence of 
myasthenia.112,113 Recurrent episodes of severe 
muscle weakness associated with marked hypo-
kalemia characterizes thyrotoxic periodic paraly-
sis, but unlike familial periodic paralysis, the 
relation between potassium channel function and 
thyrotoxicosis is unknown.114,115 Neuropsychia  tric 
consequences of thyrotoxicosis are common, 
including anxiety, irritability, emotional lability 
and difficulty concentrating.

The Cardiovascular System

A complex web of direct and indirect effects con-
verge on the cardiovascular system, leading to a 
broad variety of symptoms and abnormalities, 
including palpitations, tachycardia, and increased 
“cardiac awareness.”116 Increased metabolism 
leading to increased oxygen demand contributes 
to tachycardia, along with direct stimulation of 
the sinus node pacemaker.117 Perhaps secondary 
to increased nitric oxide production by vascular 
endothelial cells, systemic vascular resistance can 
decrease by as much as 70% in thyrotoxicosis, 
causing decreased diastolic blood pressure,  
activation of the renin/angiotensin/aldosterone 
system, sodium retention, and eventual increased 
preload. Combined with enhanced calcium 
release and reuptake by myocardial sarcoplasmic 
reticulum, these peripheral hemodynamic effects 
lead to increased myocardial contractility and 
output; however, heart failure has been reported 
in patients who experience a disproportionate 
rise in systemic vascular resistance associated with 
exercise.118 Beyond sinus tachycardia, atrial fibril-
lation occurs three times as frequently in older 
patients with suppressed TSH levels compared 
with euthyroid controls, with less frequent spon-
taneous cardioversion and possibly a higher rate 
of thromboembolic complications.119,120

The Respiratory System

Patients with thyrotoxicosis demonstrate various 
respiratory abnormalities, many arising due to 
increased metabolic demand for oxygen. Oxygen 
consumption and carbon dioxide production  
are invariably increased, leading to tachypnea  
and increased minute ventilation. Although 
airway resistance is typically normal, chronic  
thyrotoxicosis can lead to respiratory myopathy 
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and possibly alterations in lung compliance.121  
In contrast with hypothyroidism, ventilatory 
responses to hypercapnia and hypoxia may be 
enhanced.122 Patients with concurrent lung  
disease are therefore more likely not to be able to 
meet their demand for increased gas exchange 
and become symptomatic.

Substernal goiter can lead to upper airway 
compression, which in the thyrotoxic patient can 
exacerbate the respiratory consequences. About 
15% of patients with substernal goiter have symp-
toms to suggest upper airway obstruction, includ-
ing exertional dyspnea. On pulmonary function 
testing, flow volume loops tend to be flattened.  
If the obstruction is extrathoracic, the changes 
occur primarily on inspiratory airflow, whereas 
intrathoracic obstruction causes expiratory  
flattening.

The Gastrointestinal System

The common manifestations of thyrotoxicosis in 
the gastrointestinal tract include increased gut 
motility, rapid transit, and hyper-defecation. 
Despite increased esophageal peristalsis, dyspha-
gia can occasionally result from pharyngeal and 
esophageal myopathy.123 Due to overlapping 
autoimmune conditions, antiparietal cell anti-
bodies, vitamin B12 malabsorption, and perni-
cious anemia are considerably more common. 
Cases of extreme fat malabsorption have also 
been described, but whether due simply to 
increased motility or due to thyroid hormone 
effects on small bowel lining function is contro-
versial.124 Hepatic function is frequently altered in 
thyrotoxicosis, with increased hepatic oxygen 
consumption. However, arterial blood flow to the 
liver is generally not increased, and therefore cen-
trizonal necrosis has been reported in severe cases. 
Splenomegaly, previously a common finding in 
thyrotoxic patients, is now rarely seen.125

The Integumentary System

Direct skin effects of thyroid hormones are expe-
rienced by both the epidermis and dermis as well 
as cutaneous appendages. The skin is generally 
thin but without atrophy, perhaps secondary  
to inhibition of dermal fibroblasts.126 Thyroid 
hormone also affects the transcription of numer-
ous genes involved in keratin synthesis. Although 
it has been reported that surgical wound healing 
might be delayed in hypothyroidism, thyrotoxi-
cosis does not appear to accelerate healing.127,128 
Hair and nail changes include increased hair 
growth rate, leading to fine and soft hair, and  
soft nails with distal onycholysis. Increased trans-
cutaneous heat loss and erythema of face and 
palms accompanies peripheral vasodilatation. 
Due to exaggerated adrenergic responsiveness, 
hyperhidrosis is commonly experienced.

A characteristic autoimmune dermopathy 
can be seen in thyrotoxicosis due to Graves’  

disease. Skin thickening because of glycosamino-
glycan deposition can vary from a localized “peau 
d’orange” appearance to a rare generalized infil-
tration.129 Typically, the affected skin is raised, 
waxy, slightly hyperpigmented, and rarely pru-
ritic. Thyroid acropachy is characterized by club-
bing, soft tissue swelling of hands and feet, and 
periosteal new bone formation. Both dermopathy 
and acropachy are also seen more commonly  
in patients with severe orbital complications of 
Graves’ disease. Other autoimmune cutaneous 
phenomena are more common as well, including 
alopecia, bullous disorders, and urticaria.

The Hematopoietic System

Erythropoiesis is stimulated in thyrotoxic patients, 
with increased levels of erythropoietin likely  
due to alterations in tissue oxygen demand.130 In 
bone marrow, erythroid hyperplasia can be seen, 
provided no nutritional deficiencies coexist.131 
However, increased plasma volume can result  
in normochromic, normocytic anemia in up to  
25% of thyrotoxic patients.132 Ferritin levels are 
generally increased, due to direct stimulation of 
ferritin synthesis by thyroid hormones.133 Mild 
granulocytopenia and lymphocytosis can occur, 
of uncertain etiology. Both granulocytopenia and 
thrombocytopenia can be related to autoimmune 
destruction, but increased reticuloendothelial 
consumption has also been reported. The clear-
ance of various clotting factors is increased, but 
clinical measures of coagulation tend to be 
normal. However, thyrotoxic patients are more 
sensitive to the anticoagulant effects of warfarin 
owing to increased clotting factor clearance and 
possible decreased plasma protein binding.134

Endocrine and Metabolic Systems

Thyrotoxicosis leads to increased transcription 
and secretion of growth hormone and prolactin, 
but clinical consequences are uncommon.135,136 
Metabolic clearance of cortisol is augmented, 
causing increased production of ACTH and  
consequently cortisol itself.

As thyrotoxicosis stimulates osteoblast and 
osteoclast activity, bone turnover is accelerated, 
leading to increased calcium efflux from the bone, 
hypercalciuria, and often hypercalcemia with 
parathyroid hormone suppression.137 Hypomag-
nesemia occurs secondary to increased renal 
magnesium wasting, which also contributes to 
parathyroid suppression, and can exacerbate 
hypomagnesemia from platinum chemother-
apy.138 Other less frequent abnormalities of rele-
vance in cancer patients include hyperuricemia, 
hypophosphatemia, and hypokalemia.139

Little is known about the impact of  
thyrotoxicosis on the pharmacokinetics of drugs 
used in the treatment of cancer. However, hepatic 
microsomal enzyme activity is likely to be 
enhanced in thyrotoxic patients, as suggested  

by the reduction in the serum half-life and  
area under the concentration-time curve of  
antipyrine.140

Etiology and Pathophysiology
The causes of thyrotoxicosis include increased 
thyroid hormone production (hyperthyroidism), 
accelerated release of previously synthesized  
hormone, and excessive exogenous hormone 
administration. Hyperthyroidism can result  
from excessive stimulation of follicular cells 
through their TSH receptors to produce hor-
mone, or TSH-independent autonomously 
hyperfunctioning neoplasms.

Graves’ Disease and TSH Receptor-Mediated 
Hyperthyroidism

The most common etiology of hyperthyroidism is 
Graves’ disease, an autoimmune condition in 
which immunoglobulins interact with and stimu-
late the TSH receptor. As postulated for autoim-
mune thyroiditis leading to hypothyroidism, class 
II-expressing thyroid follicular cells in Graves’ 
disease likely acquire the capacity to present auto-
antigens to intrathyroidal CD4-expressing lym-
phocytes. In animal models, immunization with 
human TSH receptor, in the presence of class II 
antigens, can induce the production of immuno-
globulins directed against the TSH receptor, often 
capable of stimulating receptor function and 
downstream signaling.141,142 Modest associations 
exist between HLA alleles -DR3, -DR4, and -DR5 

and Graves’ disease, but a stronger association 
has been recently identified with polymorphisms 
of CTLA-4 in a variety of populations.143,144

Similar to autoimmune thyroiditis, patients 
exposed to a variety of treatments for cancer have 
increased risk for developing Graves’ disease, 
especially IFN-a and IL-2.62,65,66 However, Graves’ 
disease has been reported as a potential adverse 
event of treatment with IL-4, GM-CSF, and 
possibly denileukin diftitox.70,145,146 Hyperthy-
roidism clinically consistent with Graves’ disease 
was reported to be eightfold more common in 
survivors of childhood Hodgkin’s disease treated 
with irradiation than in their siblings.77 However, 
other malignancies treated with irradiation are 
not associated with such a degree of risk for 
Graves’ disease, suggesting to some that an  
underlying immune dysregulation may be 
responsible.147

A distinguishing feature of Graves’ disease is 
that the ophthalmopathy coexists in about one-
third of patients. Likely due to an autoantigen or 
epitope that is shared between thyroid follicular 
cells and orbital tissues, Graves’ ophthalmopathy 
is characterized by a broad variety of clinical 
abnormalities, ranging from minimal exoph-
thalmos, lid retraction, and retrobulbar discomfort 
to restrictive strabismus, corneal damage,  
and sight loss. An increased frequency of 
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phthalmopathy has been reported in Hodgkin’s 
disease survivors who develop Graves’ disease.148 
Rarely, lymphoma, myeloma, and other malig-
nancies have been reported to present with similar 
findings of ophthalmopathy, and therefore, the 
clinician should carefully evaluate the patient 
with orbital complaints for a variety of etiologies.

Although not autoimmune, other etiologies 
can be responsible for hyperthyroidism mediated 
through the TSH receptor but would not produce 
ophthalmopathy. About 1 to 2% of pituitary 
adenomas secrete bioactive TSH, often producing 
severe hyperthyroidism. Most will present with a 
large pituitary mass, and often, findings include 
visual field deficits and headache .

Although capable of interacting with the 
TSH receptor, the thyroid stimulating activity of 
one unit of hCG is equivalent to only 1x10-9 
units of TSH. Nonetheless, hydatidiform moles, 
choriocarcinomas, and other germ cell tumors 
can often secrete sufficiently large amounts of 
hCG to produce hyperthyroidism that generally 
improves with aggressive treatment of the 
underlying neoplasm.149,150

Toxic Nodular Disease

Solitary and multiple adenomas of the thyroid 
can develop with autonomous, TSH-independent 
thyroid hormone production. Most such neo-
plasms can be found to harbor constitutively acti-
vating mutations of the TSH receptor or the a 
subunit of the receptor-coupled stimulatory  
guanine nucleotide-binding protein that signals 
through cyclic adenosine monophosphate , but 
other downstream mutations are likely to be 
identified as well.151 Neoplastic autonomy is more 
common in areas of relative iodine deficiency, 
with evidence suggesting a progression from 
hyperplasia to frank neoplastic hyperthyroidism 
following acquisition of constitutive, growth-
stimulating mutations.152 Rarely, malignant fol-
licular tumors can also produce sufficient amounts 
of hormone to yield hyperthyroidism, but these 
typically are associated with a large metastatic 
burden.153

Transient Thyroiditis

Destructive inflammation of the thyroid can 
cause either thyrotoxicosis or hypothyroidism (as 
described previously), and commonly both can 
occur sequentially. During the thyrotoxic phase, 
rapid tissue injury leads to disruption of follicular 
structure and proteolysis of thyroglobulin, result-
ing in elevated levels of free T4 and T3. Mild symp-
toms typical of thyrotoxicosis can be seen, 
including fatigue, nervousness, and tachycardia. 
Thyrotoxicosis can last up to three months but is 
typically shorter.

Evidence for an autoimmune basis for silent 
thyroiditis includes (1) increased frequency of 

personal or family history of autoimmunity; (2) 
increased frequency of HLA-DR3 and –DR5 hap-
lotypes; and (3) presence of intrathyroidal T cells 
similar in phenotype to chronic autoimmune 
thyroiditis. Initiating factors include treatment 
with amiodarone (type I thyrotoxicosis), lithium, 
IL-2, IFN-a, granulocyte colony-stimulating 
factor, and leuprolide acetate, and the disease has 
been associated with thymomas.154–157

Subacute thyroiditis, in contrast, is not a  
primary autoimmune disease, although thyroid 
autoimmunity may appear due to sensitization to 
thyroid antigens during inflammation. Instead, 
subacute thyroiditis typically occurs following an 
upper respiratory infection with adenovirus, cox-
sackievirus, Epstein-Barr virus, and influenza 
virus.156 It has also been reported in patients 
treated with interferon and ribavirin therapy for 
hepatitis C. Genetic susceptibility is associated 
with HLA-Bw35 antigen. Acute suppurative thy-
roiditis is a rare cause of thyrotoxicosis and has 
usually been reported from bacterial or opportu-
nistic infections, particularly in immunosup-
pressed hosts. Radiation injury to the thyroid can 
trigger release of thyroglobulin and transient thy-
roiditis, lasting for up to 3 months after thyroid 
exposure to at least 40 Gy.158 A non-autoimmune 
destructive thyroiditis is also associated with  
amiodarone therapy (type II thyrotoxicosis).

Diagnosis
Clinical manifestations, elevated serum thyroid 
hormone concentrations, and a subnormal serum 
TSH level typically establish the diagnosis of thy-
rotoxicosis. In hyperthyroidism, the ratio of 
serum T3:T4 levels tends to be increased, reflecting 
relatively greater production of T3 in these states; 
conversely, in transient thyroiditis, release of pre-
viously formed hormone is typically associated 
with lower T3:T4 ratios. Patients with T3 toxicosis 
due to mild or recurrent Graves’ disease or hyper-
functioning adenomas can present with normal 
or occasionally low serum free T4, and the diagno-
sis of hyperthyroidism may be missed by not 
measuring T3 levels in patients with suspected 
thyrotoxicosis as well.

Measurement of free T4 levels is critical to 
distinguish the patient with true thyrotoxic  
hyperthyroxinemia from euthyroid hyperthyrox-
inemia owing to increased hormone binding to 
serum proteins. Most commercially available, 
free T4 assays can account for the common  
hormone-binding abnormalities, such as those 
due to excess levels of TBG in patients with hyper-
estrogenemia or being treated with tamoxifen, 
raloxifene, or methadone. But, paraneoplastic 
production of transthyretin in pancreatic and 
hepatic neoplasms leading to increased serum 
hormone binding may not be readily identified, 
and documentation of a normal TSH is often  
necessary to distinguish from thyrotoxicosis.159,160 

Unfortunately, most commercially available free 
T3 assays are unreliable, and total T3 levels must 
suffice instead.

Additional tests are occasionally useful in 
establishing the diagnosis and etiology of thyro-
toxicosis. In a patient with a tender goiter and 
hyperthyroidism of short duration, an elevated 
erythrocyte sedimentation rate is characteristic of 
subacute thyroiditis. An elevated radioiodine 
uptake is typically found in Graves’ disease and 
hyperfunctioning nodular disease, but is not seen 
in subacute or silent thyroiditis. Similarly, the 
serum thyroglobulin and radioiodine uptake are 
typically low in factitious and iatrogenic thyro-
toxicosis. Testing for TPO antibodies or thyroid 
stimulating immunoglobulins may assist in the 
discrimination between Graves’ disease and toxic 
multinodular goiter. Radiologic imaging of  
the sella and a serum a-subunit level would be 
indicated in the evaluation of the patient with 
TSH-mediated hyperthyroidism.

Treatment
Treatment of hyperthyroidism relies upon use of 
therapies directed toward (1) reduction in pro-
duction of thyroid hormones, and (2) ameliora-
tion of the symptoms of thyroid hormone excess. 
Whereas the latter approach is also of value in the 
symptomatic patient with destructive thyroiditis, 
treatment to reduce hormone production is only 
of value in hyperthyroidism.

Antithyroid drugs have been a mainstay of 
treatment of hyperthyroidism for six decades. 
Thionamides, including propylthiouracil (PTU) 
and methimazole available in the United States 
and carbimazole elsewhere, work by a variety of 
intrathyroidal mechanisms, including inhibition 
of iodine oxidation, organification, iodotyrosine 
coupling, and possibly thyroglobulin synthesis 
and function. Outside the follicular cell, PTU at 
high doses inhibits the type 1 deiodinase, thus 
blocking T4 to T3 conversion. Immunosuppres-
sive actions have been attributed to thionamides 
as well that could be of benefit in treatment of 
Graves’ disease, but it remains unclear whether 
clinically achieved concentrations produce these 
effects. Because methimazole is more potent,  
has a longer half-life, and has better patient com-
pliance with once-daily dosing, methimazole 
therapy is more effective at reducing serum T4 
and T3 levels.161 Daily starting doses of methima-
zole range from 10 to 40 mg, higher doses being 
required for patients with more severe hyper-
thyroxinemia; the typical initial dose of PTU  
is 100 mg three times daily.162 With gradual  
normalization of thyroid hormone levels,  
doses can typically be reduced by about half.  
Toxicities commonly include urticarial rash, 
arthralgias, mild granulocytopenia, and fever. 
More serious and less common side effects include 
an autoimmune agranulocytosis (in 0.2 to 0.5% 
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of treated patients), aplastic anemia, fulminant  
hepatitis, and vasculitis. Because the typical pre-
sentation of thionamide-induced agranulocytosis 
is a gram-positive pharyngitis, patients are 
instructed to discontinue their medication and 
contact their physician when developing fever 
and a sore throat. Antibiotics and, when neces-
sary, G-CSF therapy allow for rapid recovery from 
this consequence.

Definitive therapy of hyperthyroidism usu-
ally requires either radioiodine ablation or surgi-
cal resection of the overactive gland. Treatment 
with 131-I delivering 50 to 150 Gy to the thyroid 
gland induces acute and chronic radiation necro-
sis, eventually leading to hypothyroidism in most 
patients with Graves’ disease. Long-term safety of 
this treatment is excellent, with only case reports 
linking radioiodine treatment of Graves’ disease 
with increased risk of secondary malignancies. 
Thus, except in children for whom long-term 
follow-up data are more sparse, radioiodine ther-
apy is the most commonly applied definitive 
treatment for hyperthyroid Graves’ disease. In 
contrast, recent data suggest an increased risk for 
developing thyroid carcinoma in patients with 
toxic nodular disease treated with 131-I, likely 
due to sublethal and mutagenic radiation doses 
absorbed by the paranodular thyroid cells.163  
Thyroidectomy remains an excellent treatment 
option for hyperthyroidism, particularly for those 
patients with severe Graves’ ophthalmopathy 
(which can acutely worsen following radioiodine 
administration), for younger patients with toxic 
nodular goiters, and for patients with large 
obstructing goiters.

Symptoms of thyrotoxicosis are generally 
ameliorated with therapy with b-adrenergic 
receptor blockers. In the patient who cannot tol-
erate this treatment, calcium channel antagonists 
can also be of benefit. In anticipation of surgery 
for the hyperthyroid patient, combined adminis-
tration of b-adrenergic receptor blockers and  
thionamides are generally necessary to lower hor-
mone levels toward normal and reduce the risk 
for decompensated thyrotoxicosis or thyroid 
storm; addition of large doses of inorganic, stable 
iodine for no more than 10 to 14 days can also 
accelerate presurgical preparation.

Because normalization of the serum TSH 
concentration may lag behind thyroid hormone 
levels by several months, initial therapy should be 
directed to reducing thyroid hormone levels. 
Once the TSH level is detectable, it is again a sen-
sitive indicator of thyroid hormone status. Given 
the increased T3:T4 ratio typical of increased  
glandular synthesis of hormone, the T4 level  
may become normal or even low while the T3  
level remains elevated, producing persistent T3-
toxicosis. In addition, an elevated T3 level may be 
the earliest sign of recurrent hyperthyroidism. 
Thus, both the T3 and free T4 levels should be 

monitored during treatment of hyperthyroidism. 
In patients with TSH-mediated hyperthyroidism, 
clinical assessment and thyroid hormone levels 
are the only measures of use, as the serum TSH 
level does not reflect thyroid hormone status.

Thyroid Neoplasia

Clinical Manifestations
Thyroid nodules are approximately four times 
more common in women than in men. These 
nodules increase in frequency throughout life, 
reaching a prevalence of about 5% in the US pop-
ulation aged 50 years and older. Nodules are even 
more prevalent when the thyroid gland is exam-
ined at autopsy or surgery, or when using ultraso-
nography; as many as 67% of thyroids so studied 
have nodules, which are almost always benign.164 
New nodules develop at a rate of about 0.1% per 
year, beginning in early life, but they develop at  
a much higher rate (about 2% per year) after 
exposure to head and neck irradiation.

About 5% of all incident nodules prove to be 
malignant, mostly being primary carcinomas of 
the thyroid gland (papillary, follicular, medullary, 
and anaplastic). Like thyroid nodules, thyroid 
neoplasia occurs two to three times more often in 
women than in men. With the incidence increasing 
by 4% per year, thyroid cancer is currently the 
seventh most common malignancy diagnosed in 
women.165 Among persons aged 15 to 24 years, 
thyroid cancer accounts for 7.5% to 10% of all 
diagnosed malignancies. The disease is also 
diagnosed more often in white Americans than in 
African Americans. Although thyroid carcinoma 
can occur at any age, the peak incidence was 
around age 50 to 54 in women and 65 to 69 in 
men for the period 1996 to 2000.

Nonthyroidal malignancies can occasionally 
metastasize to the thyroid gland, and are often 
detected many years after the initial disease 
diagnosis. The most common primary sites for 
metastatic disease to the thyroid include kidney, 
breast, colon, lung, esophagus, and uterus.166,167 
Metastatic melanoma may be disproportionately 
more commonly found at autopsy and less 
commonly seen clinically. Conversely, metastatic 
thyroid carcinoma is occasionally identified in 
patients undergoing treatment for other head and 
neck malignancies; in these patients, the thyroid 
cancer is rarely clinically significant or a cause of 
subsequent morbidity or mortality.168

With increasingly sensitive radiologic and 
scinitigraphic technologies used to follow patients 
with cancer, new clinical syndromes are identified 
due to incidental discovery of unanticipated 
abnormalities. Thus, ultrasound reports of the 
neck commonly comment on incidental thyroid 
nodules being detected. Recently, the incidental 
“PEToma” has been described as focal uptake of 

18-F-deoxyglucose in the thyroid in patients 
undergoing positron emission tomography 
(PET). Between 1 and 4% of patients undergoing 
FDG-PET or FDG-PET-computed tomography 
(CT) studies for evaluation of malignancy have 
been reported to have such incidental thyroid 
findings.169–171 Of those patients subsequently 
evaluated cytologically, 30 to 40% were found to 
have malignant disease, perhaps best predicted by 
low attenuation characteristics on the accompany-
ing CT images and minimal degrees of FDG 
uptake.169

Etiology
The only well-established risk factor for papillary 
thyroid cancer is radia tion exposure, especially 
during infancy.172 Exter nal radiation, delivered 
therapeutically decades ago for benign condi-
tions, such as thymic and tonsillar enlargement, 
and currently for malig nant diseases, such as 
Hodgkin’s lymphoma and before bone marrow 
transplantation, is associated with an excess rela-
tive risk for thyroid malignancy of 3 to 9 per Gy. 
The risk of radiation-induced thyroid carcinoma 
is greater in females, certain Jewish populations, 
and patients with a family history of thyroid 
carcinoma. Exposure to inter nal sources of radia-
tion after the Chernobyl nuclear accident led to a 
three- to 75-fold increase in the incidence of pap-
illary carcinoma, the highest risks seen in younger 
children.173 Although nuclear weapon testing and 
other sources of radiation fallout have affected 
large areas of the United States, follow-up studies 
have yet to identify definite evidence of increased 
rates of thyroid cancer.174,175

Differentiated (papillary or follicular) carci-
noma is a component of several inherited  
syndromes, including familial adenomatous pol-
yposis, Gardner’s syndrome, Cowden disease, 
Turcot’s syndrome, and Carney’s complex. Famil-
ial non-medullary carcinoma, described in fami-
lies with at least two first-degree relatives with the 
disease, has been reported in 5% of all papillary 
carcinoma patients, and may portend a more-
aggressive disease course. Medullary carcinoma 
can occur in a variety of familial syndromes, 
including multiple endocrine neoplasia (MEN) 
types IIa and IIb and isolated familial medullary 
thyroid carcinoma. Patients with MEN syndromes 
may often be identified on the basis of the non-
thyroidal tumors, parathyroid adenomas and 
pheochromocytomas, but increasingly, these 
patients are identified by prospective familial 
screening programs.

Diagnosis
The primary method for evaluating a thyroid 
nodule is fine needle aspiration, often guided  
by ultrasonography.176 Ultrasonographic criteria 
that increase the likelihood of malignancy include 
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the presence of microcalcifications, hypoecho-
genicity, and increased intranodular vascular-
ity.177 In the setting of an unsuppressed serum 
TSH concentration, thyroid ultrasonography fol-
lowed by cytologic examina tion of a fine-needle 
aspirate (FNA) of solitary nod ules at least 1 cm in 
size is the most appropriate diagnostic procedure; 
in the setting of multiple nodules, those with sus-
picious ultrasonographic appearances should be 
preferentially aspirated.178 Papillary, medullary, 
and anaplastic carcinomas can be readily diag-
nosed on the basis of cytologic criteria. However, 
the dis tinction between follicular carcinoma and 
benign follicular adenoma requires histologic 
demonstration of either invasion through the 
tumor capsule or vascular invasion. Hence, fol-
licular adenomas and carcinomas are grouped 
together cytologically as indeterminate or suspi-
cious follicular neoplasms. Up to 25% of aspira-
tions are inadequate or nondiagnostic, largely 
because of aspiration of cystic, hemorrhagic, or 
hypocellular colloid nodules.179 The false-positive 
and false-negative rates for nodules characterized 
as “malignant” and “benign,” respectively, are 
less than 5%.180 For suspicious follicular lesions, 
the overall rate of carcinoma is approximately 
20%, with higher rates associated with larger 
nodule size, older age, and male gender.181–183 
Intraopera tive frozen section evaluation adds 
little to the evaluation of follicular neoplasms, but 
may occasionally be helpful to confirm the diag-
nosis of cytologically suspected papillary carci-
noma.184,185 For nodules in which fine-needle 
aspiration yields inad equate diagnostic material, 
repeat aspiration, particularly with ultrasonogra-
phy guidance, can augment the accuracy of the 
procedure.186

By radionuclide scanning, malignant thyroid 
lesions are usually hypofunctioning or “cold,” but 
this finding is both nonspecific and nondiag-
nostic. In contrast, a “hot” hyperfunctioning 
nodule causing thyrotoxicosis is highly likely to 
be a benign follicular adenoma. Thus, only 
patients with a suppressed TSH should undergo 
radioiodine scanning to determine the function 
of significant nodules, and FNA only performed 
for nonfunctioning lesions. Other imaging proce-
dures, such as CT, magnetic resonance imaging 
(MRI), and PET have no role in the routine  
diagnostic evaluation of thyroid nodules.

Treatment
Patients with benign thyroid nodules rarely 
require therapy for an asymptomatic neoplasm. 
In iodine-sufficient populations, there is little evi-
dence of significant clinical benefit from use of 
thyroid hormone suppression therapy for euthy-
roid benign nodular disease.176,187 As discussed for 
the management of thyrotoxicosis, surgical resec-
tion is often the preferred approach to treatment 
of the toxic follicular adenoma. The management 

of patients with thyroid carcinoma is the subject 
for other treatises.176,188,189

As for patients with isolated metastatic dis-
ease to the thyroid gland, long-term benefit can 
result from thyroidectomy.190 However, in the 
setting of disseminated metastases, appropriate 
diagnosis of an intrathyroidal metastasis can 
permit avoidance of unnecessary thyroidectomy 
and instead lead to consideration of systemic 
interventions.166,167
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Cancer and its treatment can lead to endocrine 
dysfunction and to clinical and laboratory  
abnormalities that obscure or mimic endocrine 
diseases. The pituitary is the “master” gland in the 
body; among the various endocrine axes regu-
lated by the hypothalamic-pituitary system, the 
hypothalamic-pituitary-adrenal axis is one of  
the vital hormonal systems, severe dysfunction of 
which can lead to death. In this chapter, we focus 
on the impact of cancer and cancer treatments on 
the hypothalamus, pituitary gland, and adrenal 
glands.

Hypothalamic-Pituitary Dysfunction

Radiotherapy is a common cause of hypothalamic 
and pituitary dysfunction in cancer patients.  
In contrast, there is no strong direct evidence  
to implicate chemotherapy as a cause of per-
manent hypothalamic or pituitary dysfunction.  
(Glucocorticoid-induced hypoadrenalism and 
targretin-induced central hypothyroidism are 
reversible after cessation of the drugs.) Metastasis 
to the hypothalamic region or the pituitary gland 
is uncommon,1 and clinical manifestations of 
endocrine dysfunction owing to metastatic dis-
ease in this region are even rarer. However, benign 
tumors, such as pituitary tumors and craniopha-
ryngiomas, frequently affect this anatomic region 
and cause endocrine dysfunction.

Radiation-induced anterior pituitary hor-
mone deficiencies are irreversible and progres-
sive. Although the hypothalamus is the the 
regional structure most affected by radiation 
damage, hypothalamic damage can lead to pitu-
itary atrophy over time owing to the lack of hypo-
thalamic trophic factors. The pituitary gland may 
also be directly damaged by radiation. The sever-
ity, frequency, and timing of onset of hypotha-
lamic and pituitary hormone deficiencies correlate 
with the total dose and fraction size of radiation 
in the hypothalamic-pituitary area and previous 
pituitary compromise by tumor and/or surgery 
and correlate inversely with the age of the patient 
at the time of radiotherapy.

The development of radiation-induced 
hypothalamic dysfunction is usually insidious; 
hormone deficiencies can manifest clinically years 
after radiation exposure. There is considerable 
variation in the sequence and frequency of  
hormonal dysfunctions among the several axes of 
hypothalamic-pituitary function. The somato-
tropic axis appears to be the most sensitive  
to radiation. Growth hormone (GH) deficiency  
typically occurs in isolation following exposure  
of the hypothalamic-pituitary area to less than  
30  Gy of radiation; with higher levels of radiation 
exposure (30–50  Gy), the frequency of GH defi-
ciency substantially increases to as high as 50 to 
100%. The thyrotropic axis appears to be the least 
sensitive to radiation (Figure 1).2–5 Abnormalities 
in gonadotropin secretion are dose dependent: 
precocious puberty owing to dysregulation of 
gonadotropin secretion can occur after radiation 
doses less than 30  Gy in girls and after doses of  
30 to 50  Gy in boys and girls. Gonadotropin  
deficiency occurs infrequently and is usually  
a long-term complication following a radiation 
dose of 30 Gy or more. Much higher incidences  
of gonadotropin, adrenocorticotropic hormone 
(ACTH or corticotropin), and thyroid- 
stimulating hormone (TSH or thyrotropin) defi-
ciencies (30–60% after 10 years) occur after  
the more intensive irradiation typically used for 
nasopharyngeal carcinomas and tumors of the 
skull base (>70  Gy) and for pituitary tumors  
(30–50  Gy). In a recent study, 41% of adult 
patients treated with cranial irradiation for  
primary nonpituitary brain tumors had hypopi-
tuitarism, which was time and dose dependent.6

The diagnosis of hypothalamic-pituitary 
dysfunction requires vigilance by the physician 
because most of the presenting symptoms are 
nonspecific and can easily be attributed to  
other causes. For example, fatigue and weakness,  
sym ptoms of pituitary dysfunction, are common 
among cancer patients. Regular screening exami-
nations and testing are required to ensure timely 
diagnosis and early hormone replacement  

therapy to prevent short stature and ill health in 
children cured of cancer and to prevent ill health, 
sexual dysfunction, and osteoporosis and improve 
the quality of life in adults. An initial diagnostic 
evaluation for hypothalamic and pituitary dys-
function may include serum GH and insulin-like 
growth factor 1 (IGF-1) measurements and eval-
uation for gonadal failure. Signs of overt hypopi-
tuitarism include hypoglycemia, hypotension, 
and hypothermia.

In children and teenagers, evaluation of 
sexual development is a useful diagnostic tool. 
The investigation should include staging of sexual 
development according to the Tanner staging cri-
teria, examination of pubic and axillary hair, and 
review of menstrual history in girls and penile or 
testicular size in boys. In children who have had 
cranial irradiation, height and growth velocity 
should be measured at 6-month intervals. In  
children treated with spinal or craniospinal irra-
diation, local rather than general growth abnor-
malities may be present and, if so, require further 
specific evaluation. Foot size is a reliable indicator 
of growth that can be measured on a routine clinic 
visit.7 A child whose growth rate is not within  
the limits of a normal growth curve should be 
evaluated for GH deficiency, hypothyroidism, 
and adrenal insufficiency. If the initial evaluation 
of GH, IGF-1, TSH, and free thyroxine levels  
and radiographic bone age reveals abnormalities, 
then detailed dynamic testing to evaluate secre-
tion of GH, ACTH, and gonadotropin-releasing  
hormone should be performed (Table 1).

In adults who have received cranial or head 
and neck irradiation, detection of hypothalamic-
pituitary abnormalities is more challenging. One 
strategy to detect hypothalamic-pituitary abnor-
malities in adults consists of routine screening  
for abnormal GH and IGF-1 levels and gonadal  
failure, the most sensitive indicators of radiation-
induced hypothalamic-pituitary damage. It is 
recommended that measurements of IGF-1 and 
testosterone levels in men and documentation  
of menstrual history in women be performed 
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after the lungs, liver, and bones.12 Autopsy studies 
have documented that 9 to 27% of patients who 
died of malignant diseases had adrenal metastasis, 
with bilateral involvement in half to two-thirds  
of affected patients. Ninety percent of adrenal 
metastases are carcinomas, and 60% of these are 
adenocarcinomas.12 The primary tumors that 
most commonly metastasize to the adrenal glands 
are, in order of decreasing frequency, cancers of 
the lungs, stomach, esophagus, and liver or bile 
duct.13 Many adrenal metastases are discovered 
shortly (about 7 months) after the diagnosis of 
the primary cancer.

The presence of adrenal metastasis may have 
important implications for diagnostic and thera-
peutic planning. When patients with cancer have 
an adrenal mass but no evidence of metastasis 
elsewhere, it is vital to determine whether the 
mass is a metastatic deposit or a separate, unre-
lated adrenal lesion. Recent advances in imaging 
techniques have allowed the identification of 
adrenal lesions as part of the tumor staging evalu-
ation. The location of the adrenal glands in the 
perinephric fat allows the detection of almost all 
normal glands and contour-deforming masses as 
small as 5  mm. Computed tomography (CT) is 
sensitive and specific in the detection of adrenal 
masses. CT characteristics that suggest adrenal 
metastasis rather than primary adrenal disease 
include heterogeneity, contrast enhancement, 
bilaterality, and size greater than 3  cm.

Without other evidence of metastatic disease, 
whether an adrenal mass is actually a metastatic 
tumor is critical information in determining  
the appropriate cancer therapy. Evaluation of a 
patient who is suspected of having an adrenal 
metastasis should include a history and physical 
examination to elicit evidence of adrenal insuffi-
ciency, Cushing’s syndrome, mineralocorticoid 
excess, or pheochromocytoma. Biochemical 
assessment should include a short ACTH stimu-
lation test to rule out adrenal insufficiency. A  
24-hour urine collection should be obtained to 
measure urinary free cortisol, aldosterone, cate-
cholamines, and metanephrines. Pheochromocy-
toma must be excluded, especially if the patient 
has hypertension or an operative procedure of 
any type is contemplated. It has been reported 
that half of patients who had a clinically unsus-
pected pheochromocytoma and underwent a 
non–adrenal gland–related surgical procedure 
had clinical deterioration or even died immedi-
ately following surgery.14

If the biochemical assessment for pheochro-
mocytoma is negative, CT-guided fine-needle 
aspiration should be considered. This procedure 
has a sensitivity of 85% in detecting malignant 
diseases in the adrenal glands.15 Magnetic reso-
nance imaging (MRI) also may be helpful in the 
diagnosis of adrenal lesions. Functional scintigra-
phy using 6-[131I]iodomethyl-19-nor-cholesterol 
(NP-59) may be used in conjunction with CT and 

Figure  1  Probability of normal pituitary hormone secretion over time after exposure of the hypothalamic- 
pituitary area to radiation. Data from four studies are plotted. In the study by Pai and colleagues (closed circles), 
patients received 55.8 to 79 Gy to the base of the skull.3 In the study by Shalet and colleagues (solid squares), 
patients with pituitary tumors received 37.5 to 42.5 Gy.32 In the study by Lam and colleagues (open triangles), 
patients with nasopharyngeal carcinoma received 39.8 to 61.7 Gy.2 In the study by Samaan and colleagues 
(open diamonds), patients with head and neck tumors received 11 to 75 Gy.4 ACTH = adrenocorticotropic  
hormone; GH = growth hormone; LH/FSH = luteinizing hormone/follicle-stimulating hormone; TSH =  
thyroid-stimulating hormone.

annually for the first 5 years and then at 5-year  
intervals for the next 10 years. Any abnormalities 
noted should be pursued with further dynamic 
testing to evaluate all of the axes of hypothalamic-
pituitary function (see Table 1). 

Once specific hormonal deficiencies are  
diagnosed, hormone replacement therapy is quite 
straightforward, except for GH. GH therapy in 
cancer patients is an extremely controversial issue 
because of the association between GH and 
cancer. Experimental data have shown that GH 
and IGF-1 promote cancer cell survival and pro-
liferation, and epidemiologic studies of patients 
with acromegaly indicate an increased risk of 
colorectal cancer. Although IGF-1 replacement to 
levels within the normal range is expected to have 
the same risk as the general population, GH  
therapy may result in a small increase in cancer 
risk compared with untreated patients with GH 
deficiency. The risk of tumor progression needs 
to be weighed against the known morbidity of 
GH deficiency and potential benefits in terms of 
improvement in quality of life.8

Pituitary apoplexy is a potentially life- 
threatening medical emergency with acute symp-
toms of headache, nausea, vomiting, visual field 
changes, ptosis, and diplopia owing to acute pitu-
itary hemorrhage. In addition to the mass effect 
and resulting neurologic symptoms and sequelae, 

pituitary apoplexy can lead to adrenocortical 
insufficiency. A wide variety of conditions related 
to cancer and its treatment can trigger pituitary 
apoplexy, such as pituitary irradiation, general 
anesthesia, pituitary stimulatory tests, and medi-
cations such as bromocriptine and cabergoline, 
used in the treatment of prolactinoma. In men 
with locally advanced prostate cancer who are 
prescribed leuprolide, the initial stimulatory 
effects of this gonadotropin-releasing hormone 
analogue may induce pituitary apoplexy if an 
unrecognized or asymptomatic gonadotroph 
adenoma is present.9 Tumors in the sphenoid 
sinus with extension into the sella turcica can 
cause symptoms similar to those of pituitary  
apoplexy.10 Patients with pituitary apoplexy  
with acute neuro-ophthalmologic signs may need  
neurosurgical intervention, and those patients 
who do not have neuro-ophthalmologic signs or 
progressive clinical signs can be managed conser-
vatively in the acute stage with monitoring for 
subsequent development of hypopituitarism.11

Adrenal Diseases

Adrenal Metastasis
Hematogenous metastasis to the adrenal glands is 
common, with the adrenal glands being the fourth 
most frequent site of hematogenous metastasis 
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Table 1  Dynamic Testing of Hypothalamic-Pituitary Function

Test Method Interpretation

Insulin tolerance test Position patient recumbent for 30 min prior to rapid IV  Peak cortisol >20 µg/dL suggests that the
  injection of regular insulin, 0.10 U/kg. Collect samples at   hypothalamic-pituitary-adrenal axis is intact. GH and ACTH
  baseline, 30, 60, and 90 min for glucose, GH, ACTH, and   levels 3–5 times higher than baseline reflect normal pituitary
  cortisol. Monitor blood glucose levels at bedside. Adequate   secretion of GH and ACTH, respectively.
  pituitary stimulation is evident when the patient becomes 
  symptomatic (sweating or tremor) and/or when the glucose 
  level drops below 45 mg/dL within 30 min. May give additional
  insulin at 30 min if these criteria are not met. In this case,
  collect an additional (120 min) sample.

GH-RH + arginine test33 Give GH-RH, 1.0 µg/kg IV bolus, and arginine hydrochloride,  The lower the peak GH responses to this test, the more severe is

  0.5 g/kg IV, over 30 min. Collect samples for GH at baseline   the degree of hypopituitarism33

  and 30, 60, 90, and 120 min.

GH-RH stimulation Give GH-RH, 1.0 µg/kg IV bolus. Collect samples for GH at  GH levels 5–10 times higher than baseline indicate normal
  baseline and 30, 60, 90, and 120 min.  pituitary GH secretion

Arginine stimulation  Give arginine hydrochloride, 0.5 g/kg IV over 30 min. Exercise  Peak GH >7 ng/mL or increase of more than 5 ng/mL above
  (10–15 min) may be added to potentiate the response.   baseline indicates normal GH secretion
  Collect samples for GH at baseline and 30, 60, 90, and 120 min.

Metyrapone stimulation At 11 pm, patient takes metyrapone (30 mg/kg, maximum 3 g)  11-Deoxycortisol >7 µg/dL indicates normal function of the
 test, overnight orally with a snack to prevent gastric irritation. At 8 am next day,   hypothalamic-pituitary-adrenal axis
 collect blood sample for cortisol and 11-deoxycortisol.

GH suppression test Should be performed after an overnight fast with the patient  Suppression of GH to <5 ng/mL indicates the absence of
  maintained at bedrest. The patient should drink a solution of  acromegaly
  100 g of glucose. Collect samples for GH at baseline and 90 and 
  120 min.

Gn-RH stimulation test Give Gn-RH, 100 µg IV. Collect samples for serum LH at baseline  LH level 2–5 times higher than baseline indicates normal
  and 40 min.  responses of the gonadotropic axis

High-dose dexamethasone Collect samples for serum cortisol at 9 am. Give dexamethasone  Patients with functional adrenal adenomas show no suppression
 test, 48 h  (2.0 mg; 50 µg/kg in children) immediately afterward and again   of cortisol levels in the 48 h sample relative to the initial
  every 6 h for 8 doses. Collect second sample for serum cortisol   (baseline) sample. Seventy-eight percent of patients with a
  at 9 am, 6 h after the last dexamethasone dose.  pituitary source of excess ACTH show >50% suppression of
   plasma cortisol, whereas only 11% of patients with an ectopic 
   source of excess ACTH have >50% suppression.

Low-dose dexamethasone 
 test, overnight Based on the principle that the sensitivity of the pituitary is greatest  Cortisol level <1.8 µg/dL essentially excludes Cushing’s
  at night. Give dexamethasone orally (1.0 mg; 20 µg/kg in   syndrome
  children) between 11 pm and midnight. Collect sample for 
  serum cortisol at 8–9 am the next morning.

ACTH stimulation test, 48 h Beginning at 9 am, obtain 24 h urine for 17-OHCS and creatinine  >18 µg/dL or 2–5 times over basal values higher than baseline
  for baseline. The next day beginning at 9 am, give 250 µg   indicates adequate response of the adrenal glands to ACTH
  cosyntropin in 250 mL normal saline IV every 8 h for 48 h. 
 Alternatively, 40 IU of depot formulation of purified bovine ACTH 
  in gelatin can be injected IM every 12 h for 48 h. Repeat 24 h 
  urine collections.

ACTH stimulation test, 1 h Draw blood for baseline cortisol with or without aldosterone.  Cortisol >18 µg/dL indicates adequate adrenal gland function,
  Inject 250 µg cosyntropin IM or IV (if IV, dilute cosyntropin   and central adrenal insufficiency is unlikely
  in 2–5 mL of sterile saline and inject over 2 min). Draw blood 
  for cortisol (with or without aldosterone) at 30 and 60 min.

ACTH = adrenocorticotropic hormone; GH = growth hormone; GH-RH = growth hormone–releasing hormone; Gn-RH = gonadotropin-releasing hormone; IM = intramuscularly; IV = intravenously; 
LH = luteinizing hormone; 17-OHCS = 17-hydroxycorticosteroids.

MRI to aid in the diagnosis of a unilateral adrenal 
mass greater than 2 cm.16 [18F]Fluorodeoxyglucose 
positron emission tomography can accurately 
characterize adrenal lesions and is informative in 
about half of cancer patients with inconclusive 
adrenal lesions on CT. Image-guided fine-needle 
aspiration biopsy in conjunction with MRI (as 
the sole imaging modality) is cost-effective in the 
management of patients with an adrenal lesion 

and may be the strategy of choice to distinguish 
between benign and malignant nonfunctioning 
adrenal masses larger than 2  cm in diameter.17

Adrenal metastasis in the absence of extra-
adrenal metastases is rare, and the use of surgery, 
especially laparoscopic adrenalectomy, is contro-
versial in the management of adrenal metastasis. 
Although laparoscopic adrenalectomy for adrenal 
metastasis is feasible, similar to the case of  

primary adrenal malignancy, the procedure 
should be performed with special care to avoid 
the dissemination of tumor cells in the surgical 
cavity. When laparoscopic surgery is performed 
for adrenal tumors larger than 6 cm or for  
tumors that are considered potentially malignant  
after preoperative imaging or endocrine studies,  
the operation should be performed only by a 
highly skilled laparoscopic surgeon, who should  
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immediately switch to open surgery if the laparo-
scopic surgery becomes difficult.18 In a retrospec-
tive study, laparoscopic adrenalectomy achieved 
an acceptable 5-year overall survival rate, compa-
rable to that with open surgery.19

Adrenal Hemorrhage
Spontaneous massive retroperitoneal hemor-
rhage from an adrenal gland is rare,20 although 
the risk factors of coagulopathy and thrombocy-
topenia are frequently present in cancer patients. 
Hemodynamically unstable patients who experi-
ence an adrenal hemorrhage may require transfu-
sions and hemodynamic support in the intensive 
care unit, embolization if deemed feasible, or 
urgent surgical exploration. In patients with 
active bleeding, angiography with arterial embo-
lization is a valuable therapeutic option to achieve 
hemostasis and allow for further evaluation of the 
adrenal tumor to plan the subsequent surgical 
resection. Emergency surgical removal of a malig-
nant adrenal tumor within a large retroperitoneal 
hematoma should be avoided because optimal 
oncologic resection may not be possible under 
emergency situations.

Adrenal Insufficiency
Despite the relatively high prevalence of adrenal 
infiltration by many common cancers, clinically 
evident adrenal hypofunction occurs infrequently 
in cancer patients, except when both adrenal 
glands are affected by metastatic disease.21 It is 
estimated that more than 80% of adrenal tissue 
must be destroyed before corticosteroid produc-
tion, under both basal and stress conditions,  
is impaired.22 Only about 1% of patients with  
adrenal metastases have adrenal insufficiency.13

The clinical manifestations of adrenal insuf-
ficiency are nonspecific and overlap with other 
common findings in cancer patients. For exam-
ple, the cachexia and weakness that often occur 
gradually in patients with adrenal insufficiency 
can mimic the general wasting seen in patients 
with extensive metastatic disease; and electrolyte 
abnormalities can easily be explained by poor 
intake, malnutrition, the side effects of chemo-
therapeutic agents, or paraneoplastic syndromes. 
Therefore, a high index of suspicion is required to 
detect adrenal insufficiency.

Adrenal insufficiency will develop in 20 to 
30% of patients with bilateral adrenal metasta-
sis.21 Measurements of plasma ACTH and serum 
cortisol in simultaneous samples can be useful in 
the differential diagnosis of a variety of adrenal 
disorders (Table  2). Patients with suspected  
adrenal insufficiency should all be evaluated by  
an ACTH stimulation test and should receive glu-
cocorticoid and mineralocorticoid replacement 
therapy when adrenal insufficiency is suspected 
and until normal adrenal function is documented. 

Patients who are stable should receive 20  mg  
of hydrocortisone in the morning and 10  mg in 
the early afternoon. In the event of circulatory 
instability, sepsis, emergency surgery, or other 
major complications, stress dosages of a paren-
teral glucocorticoid should be given (eg, 100  mg 
of hydrocortisone succinate intravenously every  
8 hours).

Other causes of primary adrenal insufficiency 
in cancer patients include autoimmune adrenal-
itis, adrenal hemorrhage, and granulomatous dis-
eases. In immunocompromised cancer patients, 
particularly patients with leukemia or lymphoma 
and patients who have undergone bone marrow 
transplantation, infection of the adrenal glands 
by cytomegalovirus, mycobacteria, or fungi may 
lead to adrenal insufficiency.

Adrenal insufficiency also may be drug-
induced. Etomidate,21 a common intravenous 
anesthetic, and ketoconazole, an antifungal drug, 
both inhibit the production of cytochrome P-
450–dependent enzymes in the glucocorticoid 
synthesis pathway, leading to low levels of gluco-
corticoids. Aminoglutethimide and metyrapone 
are drugs that inhibit enzymes in steroidogenesis, 
and both may cause adrenal insufficiency when 
used in the treatment of prostate, breast, and 
adrenocortical cancers. Mitotane, structurally 
related to the insecticide dichlorodiphenyltri-
chloroethane (DDT), has selective toxicity for 
normal and neoplastic adrenocortical cells. Adre-
nal insufficiency is common after mitotane is 
administered in the doses necessary to treat adre-
nocortical cancer; glucocorticoid replacement 
therapy is mandatory in such patients.23 Increased 
protein binding may lead to an increased daily 
requirement of glucocorticoid dosages during 
replacement therapy. Suramin, recently proposed 
as an anticancer agent based on its activity against 
the tumor growth factors, also may cause adrenal 
insufficiency.

Secondary adrenal insufficiency owing to 
metastasis to the pituitary or hypothalamus may 
also occur. The most common cause of secondary 
adrenal hypofunction, however, is exogenous 
glucocorticoid therapy that suppresses the  
hypothalamic-pituitary adrenal axis. A prolonged 
course of therapy may lead to hypothalamic- 
pituitary suppression lasting for many months. 

Short periods of steroid therapy (ie, 1–4 weeks) in 
patients with leukemia and lymphoma suppress 
adrenal function for 2 to 4 days beyond the end of 
therapy in most patients but for longer in some 
patients. In patients who have received glucocor-
ticoids for more than 2 weeks, a tapering period 
of 10 to 14 days should be considered. This is 
especially true for patients who receive chemo-
therapy regimens that include high-dose gluco-
corticoids, such as regimens for acute leukemia 
and lymphoma. Using low-dose (1 µg) cosyntro-
pin stimulation tests, high-dose glucocorticoid 
therapy can cause adrenal suppression lasting 
more than 1 week in children with acute lympho-
blastic leukemia, even after tapering the dose.24 
Researchers have reported that adrenocortical 
insufficiency occurs and may persist for several 
months in children with acute lymphoblastic  
leukemia after treatment with high doses of  
prednisolone or dexamethasone.25 Furthermore, 
glucocorticoid replacement during stress episodes 
is indicated within 1 to 2 months after discontin-
uation of a short course of high-dose glucocorti-
coid therapy and thereafter based on selective 
testing of adrenal function in accordance with 
symptoms. In addition, patients who have been 
treated within the past year with prolonged glu-
cocorticoid therapy should receive stress dosages 
of glucocorticoid if acute medical or surgical 
complications occur (eg, neutropenic fever with 
hypotension, acute typhlitis).

Megestrol acetate, a progesterone analogue 
used as a palliative therapy for breast and endo-
metrial cancers and as an appetite stimulant for 
cancer-related cachexia, has weak glucocorticoid 
activity that can also lead to secondary adrenal 
suppression.26–29 Megestrol (800 mg for 12 weeks) 
can decrease TSH, luteinizing hormone,  
ACTH, and cortisol and increase prolactin and 
estradiol.30

Another cause of secondary adrenal insuffi-
ciency is irradiation of the hypothalamic- 
pituitary region. ACTH deficiency and secondary 
adrenal insufficiency occur in 19 to 42% of 
patients who receive this therapy2,3,4,32 (see Figure 
1). In a retrospective review of 310 childhood 
cancer survivors referred for evaluation of slow 
growth, fatigue, or abnormal pubertal timing, 
ACTH deficiency was diagnosed by low response 

Table 2  Typical Adrenocorticotropic Hormone and Cortisol Levels in Various Clinical States

Disease ACTH Level Plasma Cortisol Level

Cushing’s syndrome Elevated to high-normal Elevated
Ectopic ACTH syndrome Markedly elevated Elevated
Adrenal carcinoma or adenoma Low to undetectable Elevated
Addison’s disease Consistently elevated Decreased
Nelson’s disease Consistently elevated Decreased
Adrenogenital syndrome Elevated Decreased

ACTH = adrenocorticotropic hormone.
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to metyrapone and/or low-dose ACTH testing in 
18%.31

Several diagnostic approaches have been 
used to evaluate secondary adrenal insufficiency, 
including basal 8 am serum cortisol measure-
ments and dynamic tests with 1 µg of cosyntropin 
(synthetic ACTH(1−24)), insulin-induced hypogly-
cemia, or metyrapone (see Table 1). Pituitary  
and adrenal complications of cancer and its  
treatment usually have non-specific signs and 
symptoms, making it challenging for the clini-
cians to diagnose. Once diagnosed, the manage-
ment of these complications are relatively straight 
forward.
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Hypogonadism, regardless of its etiology, results 
in decreased sex hormone production from the 
gonad. There is a well-known association between 
increasing age and incidence of hypogonadism in 
men. In a longitudinal study of 890 men from 
ages 22 to 91, followed over a 40-year period, the 
incidence of hypogonadism diagnosed by free  
testosterone index was 9%, 34%, 68%, and  
91% at for men in their 50s, 60s, 70s, and 80s, 
respectively.1 With subgroup analysis of chronic  
illnesses within this population, only cancer was 
associated with a greater decrease in testosterone 
levels than the decline occurring with aging alone. 
In a retrospective analysis, hypogonadism was 
found to be present in 50 to 59% of 122 men with 
malignant lung cancer compared to 10% of 106 
normal men.2 Patients with cancer have a variety 
of etiologies that may lead to the development of 
hypogonadism, including cancer cachexia. In this 
chapter, we will discuss various etiologies, clinical 
manifestations, and diagnosis and treatment of 
men with cancer who develop hypogonadism. 
Since cancer cachexia itself is a known cause of 
hypogonadism, and hypogonadism itself may be 
responsible for wasting, this entity is discussed in 
even greater detail.

Normal Physiology of the  
Hypothalamic-Pituitary-Gonadal Axis

Gonadotropin-releasing hormone (GnRH) is  
sec reted from the arcuate nucleus of the hypo-
thalamus in a pulsatile fashion and targets the 
gonadotrophs in the anterior pituitary via the 
portal venous system. When stimulated by GnRH, 
the gonadotrophs synthesize and secrete lutein-
izing hormone (LH) and follicle-stimulating  
hormone (FSH). In males, LH acts on the Leydig 
cells in the testes to produce testosterone. FSH 
targets the Sertoli cells (which results in the  
production of inhibin) and seminiferous tubules 
to stimulate spermatogenesis.3 Both testosterone 

and inhibin cause negative inhibition of LH and 
FSH, respectively.

Total testosterone levels in postpubertal 
males range between 300 to 1,000 ng/dL. Although 
there is some debate on the definition of the 
normal range, total testosterone levels below  
300 ng/dL in conjunction with symptoms of low 
androgen levels constitutes male hypogonadism. 
Signs and symptoms of hypogonadism in adult 
males include reductions in libido, erectile func-
tion, body hair, testicular size, muscle mass, bone 
density, prostate size, energy level and a sense  
of well-being. Women will commonly present  
with irregular menses, amenorrhea, infertility, 
vasomotor instability, decreased libido and 
reduced bone density.

Differential Diagnosis of  
Hypogonadism in Cancer Patients

The classical approach to hypogonadism is to 
classify it into primary, secondary, and tertiary 
disease based on the site of defect along the  
hypothalamic-pituitary-gonadal axis attributing 
for decreased sex hormone levels (Table 28-1).

Primary Hypogonadism
In primary hypogonadism, the defect is located in 
the testis or ovaries, resulting in the classically 
laboratory finding of low serum testosterone and 
elevated gonadotropins. Examples of primary 
hypogonadism include Klinefelter’s syndrome, 
anorchism, gonadal dysgenesis, aplastic Leydig 
cells, testicular trauma, and orchitis. Primary 
hypogonadism also occurs in patients with  
testicular, ovarian or hematologic malignancies 
treated by cytotoxic chemotherapy and radiation. 
The most gonadotoxic chemotherapeutic drugs 
are alkylating agents, such as cyclophosphamide, 
chlorambucil, mustine, melphalan, busulfan,  
carmustine and lomustine. Other agents (eg, cytar-
abine, vinblastine, cisplatin, and procarbazine) 

Table 1  Causes of Hypogonadism

Primary Hypogonadism

Klinefelter’s syndrome
Noonan’s syndrome
Anorchism
Gonadal dysgenesis
Aplastic Leydig cells
Testicular trauma
Orchiectomy
Cytotoxic chemotherapy (Cyclophosphamide, 
 chlorambucil, melphalan)
Testicular/Pelvic irradiation
Chronic Illnesses (Renal failure, Cirrhosis, 
 COPD, AIDS)
Infiltrative diseases (sarcoidosis, 
 hemochromatosis)

Secondary Hypogonadism

Prolactinoma
Pituitary macroadenomas
Pituitary apoplexy
Post-surgical pituitary damage
Infiltrative diseases (sarcoidosis, 
 hemochromatosis)
Cerebral trauma
Cranial irradiation
Medications (glucocorticoids, GnRH agonists)

Tertiary Hypogonadism

Kallmann’s syndrome
Prader-Labhart-Willi syndrome
Laurence-Moon-Bardet-Biedl syndrome
Infiltrative diseases (sarcoidosis, 
 hemochromatosis)
Trauma
Anorexia/weight loss
Critical Illness
Vascular Insufficiency
Cranial irradiation
Post-surgical hypothalamic damage
Medications (Opioids, GnRH analogs)

AIDS=acquired immunodeficiency syndrome; 
COPD=chronic obstructive pulmonary disease; 
GnRH=gonadotropin-releasing hormone.
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are also known to cause gonadal dysfunction. 
These drugs predominantly affect germinal  
epithelium and spermatogenesis more than 
Leydig cells. Patients with lymphoma treated with 
chemotherapy tend to develop azoospermia,  
high FSH and LH, and normal or low-normal  
testosterone levels. Use of cyclophosphamide 
along with procarbazine results in permanent 
azoospermia as well as Leydig cell damage. Radia-
tion to the testis or surrounding tissues also results 
in damage to sensitive germinal epithelium.  
Transient azoospermia and oligospermia may 
result from doses as low as 0.1 gray (Gy).4 Leydig 
cell damage is more commonly seen at high-dose 
treatments of 20 to 30 Gy.

In addition to chemotherapy and radiother-
apy, malignancy itself, by a poorly understood 
mechanism, may result in primary hypogonad-
ism. Patients with bronchial carcinoma were 
found to have lower testosterone—but elevated 
LH—levels compared to healthy controls.5 Fur-
thermore, testosterone levels were significantly 
lower in patients with metastases. Elevated  
levels of circulating cytokines may be responsible  
for the impaired production/secretion of  
testosterone.

Secondary Hypogonadism
In secondary hypogonadism, there is inadequate 
or lack of secretion of LH/FSH from the anterior 
pituitary. Causes of secondary hypogonadism 
include medications (glucocorticoids), tumor 
infiltration of the pituitary, trauma, radiation, 
pituitary macroadenomas, pituitary apoplexy, 
infiltrating diseases (sarcoidosis, hemochromato-
sis) or hyperprolactinemia (of any etiology).3 The 
induction of secondary hypogonadism, with  
leuprolide, goserelin, or abarelix, is used thera-
peutically in patients with prostate cancer. The 
first two are GnRH analogs that cause an initial 
surge in gonadotropins and testosterone after 
binding to the GnRH receptors on the anterior 
pituitary. However, over time, they result in  
a decrease in secretion of gonadotropins via 
invagination of the GnRH receptors. Abarelix is a 
GnRH antagonist that immediately suppresses 
gonadotropin and testosterone levels.

Tertiary Hypogonadism
Low-level, or absence of, GnRH secretion from 
the hypothalamus results in tertiary hypogonad-
ism. In cancer patients, this can result from  
cranial irradiation, trauma, tumor, infiltration, 
anorexia, drugs, infection, vascular insufficiency, 
and extreme stress (see Table 28-1). As noted 
above, patients with intracranial neoplasms may 
develop tertiary hypogonadism if they undergo 
cranial irradiation or resection that may result in 
damage to the hypothalamus. Medications can 
also result in tertiary hypogonadism. Cancer 
patients on chronic high-dose opioids may be at 

increased risk for central hypogonadism. Both 
intrathecal and oral opioids have led to central 
hypogonadism with low LH and testosterone 
levels, likely by inhibiting GnRH secretion via 
opioid receptors located in the hypothalamus. 
Another possibility is opioid-induced hyperpro-
lactinemia that, in turn, causes suppression of 
GnRH synthesis. However, this hyperprolac-
tinemia is transient.6 Cancer patients in general 
may also develop tertiary hypogonadism in the 
setting of critical illness. A transient hypogonadal 
state has been noted in critically ill patients 
(patients with sepsis or burns) and patients 
undergoing surgery. More importantly, weight 
loss can result in a hypothalamically mediated 
GnRH suppression, likely due to increased  
production of cytokines or CRH, both of which 
can suppress GnRH.7 The amount of weight 
required to result in hypothalamic deficiencies is 
unclear, but is likely due to reductions in body fat. 
Cancer cachexia is mentioned here as a cause of 
hypogonadism but, in turn, can be a result of the 
low testosterone as well.

Consequences and Clinical  
Manifestations of Hypogonadism

If hypogonadism is left untreated, the sequelae of 
androgen and estrogen insufficiency can cause 
significant morbidity and mortality. The most 
significant effects of untreated hypogonadism 
include cachexia, anemia, osteoporosis, and 
depression. It is crucial to make the diagnosis, 
since the clinical effects of low testosterone or 
estrogen may not be appreciated and simply 
attributed to the malignancy itself.

Cachexia
Although cachexia is not a common occurrence 
in conventional hypogonadism, it can contribute 
to cancer cachexia, similar to the well-described 
acquired immunodeficiency syndrome (AIDS) 
wasting syndrome. Weight loss in cancer patients 
is associated with increased morbidity and  
mortality. The weight loss in this population is 
multifactorial due to decreased caloric intake 
from anorexia, mechanical obstruction of the  
alimentary tract, and nausea as a result of  
chemotherapy. Moreover, there are a variety of 
disturbances in glucose, lipid, and muscle meta-
bolism that occur in and contribute to cachexia  
in cancer patients. Significant muscle wasting, 
weight loss, and nutritional deficiencies are  
associated with poor outcomes. In the Eastern 
Cooperative Oncology Group study, patients 
with more wasting and weight loss had a poor 
prognostic response to chemotherapy, decreased 
performance status, and decreased survival.8  
With loss of muscle mass and strength, patients 
become more debilitated and ultimately lose 

independence and become bed-bound. This 
increases the risk of complications such as  
bedsores, deep venous thrombosis formation  
and even pulmonary embolism. Decreased mobil-
ity itself also perpetuates the cycle of muscle  
wasting.

Mechanism of Cachexia

Changes in Fuel Metabolism   In cancer 
cachexia, there are specific alterations in the 
metabolism of glucose, lipids and protein. Cancer 
patients have a state of glucose intolerance  
which results in increased serum glucose levels. 
The consequence of this hyperglycemic state  
is decreased glucose storage and oxidation. The 
increased hepatic gluconeogenesis utilizes peri-
pheral lean tissue mass, contributing to muscle  
wasting.9 Peripheral muscle wasting is not only 
due to increased peripheral muscle catabolism, 
but also decreased muscle protein synthesis. 
Increased serum levels of glycerol and free fatty 
acids are seen in cancer patients and suggest 
increased lipolysis. These provide substrate  
for gluconeogenesis and possibly for tumor 
growth.10

Role of Cytokines   Researchers have  
investigated the role of various cytokines in con-
tributing to cancer cachexia and anorexia. Tumor 
necrosis factor-a (TNF-a) and interleukin-1 (IL-
1) have been found to act directly on the brain to 
cause anorexia. However, there is no convincing 
evidence that either one is responsible for the 
cachectic. IL-6 has been shown to directly cause 
muscle protein catabolism in vitro and has also 
been found at increased levels in both animal and 
humans with cancer cachexia.11

Role of Catabolic Factors   Increased cata-
bolic factors may contribute to weight loss.  
Skeletal muscle catabolism in cancer cachexia 
may be mediated through proteolysis-inducing 
factor (PIF). Elevated levels of this factor have 
been isolated in both animals and humans  
with cancer and wasting. In vivo studies show  
that PIF may cause protein degradation by stimu-
lating ubiquitin-proteosome pathway in skeletal 
muscle. Lipolysis may be induced from a lipid-
mobilizing factor (LMF) that has been identified 
in animal and human models of cancer cachexia. 
This factor targets adipocytes and stimulates 
lipolysis via cyclic adenosine monophosphate. 
LMF has been isolated in cachexia-inducing 
murine tumor (MAC16) and has also been found 
in the urine of cachectic patients with pancreatic 
carcinoma.11

Hormonal Factors   Hormonal changes also 
contribute to cachexia. Muscle breakdown in 
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cancer cachexia results from decreased anabolism 
and increased catabolism. Factors that play a role 
in decreased anabolism include decreased  
insulin-like growth factor (IGF) or resistance to 
IGF-1, decreased androgenic steroids, and 
decreased growth hormone. Increased catabolism 
in cancer cachexia may also be mediated by an 
increase in serum glucagon and cortisol levels. In 
a study from the Netherlands, 10 newly-diag-
nosed, untreated lung cancer patients with >10% 
decrease in body weight were compared to those 
patients losing <10% of body weight.12 There 
was a statistically significant decrease in testoster-
one, IGF-1 and albumin levels in patients with 
>10% weight loss. This does not, however, 
explain causality, since weight loss can cause 
depression in hormones, or the hormonal  
deficiency can decrease anabolism.

Treatment of Cachexia

Prior efforts in treating cancer cachexia due to 
anorexia have focused on agents that increase 
weight and appetite. Corticosteroids, progesta-
tional agents and cannabinoids have all been used 
in the past to meet these goals. However, cortico-
steroids are catabolic and use of corticosteroids  
or progestational agents result in weight gain  
primarily by increasing fat mass. Based on the 
understanding of mechanisms driving cancer 
cachexia, studies have used anti-inflammatory 
agents such as omega-3 fatty acids, cyclooxygen-
ase-2 inhibitors, nonsteroidal anti-inflammatory 
drugs, anticytokine antibodies and thalidomide 
to treat cachexia.13 Supplementing anabolic  
hormones in cachectic patients has also been 
studied. Unfortunately, in cancer patients, growth 
hormone and IGF-1 are contraindicated since 
they promote tumor growth.14 In contrast,  
anabolic-androgenic steroids have been used to 
help build lean body mass (LBM) in cachectic 
patients with human immunodeficiency virus 
(HIV), renal disease, and, more recently, cancer 
patients.15

Testosterone and anabolic steroids improve 
muscle mass in cachectic patients by countering 
abnormalities in the endocrine system, in fuel 
metabolism, and in cytokine concentration. Tes-
tosterone is a lipophilic molecule that traverses 
cell membranes via diffusion and binds to a  
steroid hormone receptor within the cell. This 
complex acts as a transcription factor to up- 
regulate or inhibit transcription of DNA within 
the cell.16 Studies have shown that testosterone 
increases skeletal muscle protein synthesis by  
up-regulating androgen receptors in muscle 
cells.17,18 Further anabolic effects of testosterone 
may be due to its effects on growth hormone and 
IGF-1. Both growth hormone (GH) and IGF-1 
increase skeletal muscle protein synthesis. Andro-
gen administration increases pituitary release  
of GH, skeletal muscle IGF-1 production, and 

hepatic synthesis of IGF-1.19,20 With the exception 
of possibly stimulating the growth of prostate 
cancer, there are no data to implicate testosterone 
in the induction or spread of cancer. Testosterone 
also counters catabolic effects of glucocorticoids 
on a molecular level through competitive inhibi-
tion of the intracellular glucocorticoid receptor 
and by impeding various hormone response  
elements in the glucocorticoid signaling path-
way.21 Finally, as noted above, TNF-a and IL-1 
have been implicated in cancer anorexia, and IL-6 
has been shown to correlate with protein catabo-
lism and cachexia. Testosterone has been found 
to decrease production of these cytokines in vitro 
and in vivo.22,23 Therefore, based on these studies, 
it may be reasonable to treat cancer cachexia and 
anorexia with testosterone.

The use of anabolic-androgenic agents was 
first adopted by the athletic community for build-
ing muscle mass. This prompted studies on the 
action of testosterone on muscle. Testosterone 
supplementation in hypogonadal men was shown 
to improve muscle mass.24 Further studies have 
found that testosterone replacement in men with 
HIV and hypogonadal elderly men also results  
in increased muscle mass and strength.25–27 Given 
the correlation between hypogonadism and more 
profound cachexia in cancer patients, it seems 
intuitive to supplement these patients with testos-
terone.12 Unfortunately, the use of androgen 
replacement in cancer cachexia has not been 
extensively studied. A study in mice with poorly 
differentiated sarcoma was performed to study 
both tumor growth and cachexia with and  
without administration of intraperitoneal nan-
drolone.28 This study showed increased weight in 
the mice treated with nandrolone; however, the 
weight gain was felt to be due primarily to water 
because there was no significant increase in  
protein mass. Furthermore, muscle enzyme activ-
ity measured in muscle biopsies appeared equal  
in both groups. There was no change in tumor 
weight, size, or overall mortality between the  
two groups. A 4-week, randomized, placebo- 
controlled trial of weekly nandrolone 200 mg 
intramuscularly (IM) versus placebo in 37 patients 
with unresectable non-small cell lung cancer on 
chemotherapy showed decreased weight loss and 
improved survival in the nandrolone group.29 
However, the difference in weight loss between 
the two groups was not statistically significant. 
Oxandrolone has also been studied in cancer 
cachexia. Boughton reported on 131 patients with 
various cancers treated with oxandrolone 20 mg 
daily over a 4-month period.30 By the end of  
the study, 80% of the patients gained weight or 
maintained the same body weight. There was an 
average 4-pound increase in LBM. Furthermore, 
there was an improvement in physical function. 

Further large-scale studies of cancer cachexia 
need to be performed with use of testosterone and 

other anabolic agents measuring functional status, 
mortality, muscle mass, strength, testosterone, 
GH, IGF-1, cortisol, and cytokine levels to aid in 
the understanding and treatment of cancer 
cachexia.

Anemia
Anemia is commonly encountered in cancer 
patients. A retrospective study found that patients 
with lymphoma had the highest incidence of 
anemia on presentation (82%), followed by those 
with colon cancer (71%), lung cancer (70%), 
ovarian cancer (68%), and breast cancer (44%).31 
While anemia in cancer patients can be a result  
of nutritional deficiencies, blood loss, immune-
mediated hemolysis or myelofibrosis, many 
cancer patients develop an anemia that resembles 
an anemia of chronic disease. Furthermore, 
anemia in cancer patients may be due to a relative 
deficiency of erythropoietin as well as suppres-
sion of CFU-E formation by inflammatory  
cytokines.32 Hypogonadism in cancer patients 
may also contribute to anemia. Studies in eunuch-
oid men have demonstrated erythrocytopenia 
and anemia, which improve with administration 
of androgens. Similarly, men with prostate cancer 
who have undergone castration are anemic  
compared to eugonadal men.33 Furthermore, 
treatment of 68 women with advanced breast 
cancer with androgens has shown an improve-
ment in hemoglobin and hematocrit.34

Prior to the discovery of recombinant human 
erythropoietin, anemia of chronic disease, espe-
cially in patients with chronic renal disease, were 
treated primarily with blood transfusions, nutri-
tional supplements and androgen therapy. There 
are few trials showing improvement in hemoglo-
bin with the use of testosterone enanthate in 
patients with chronic renal insufficiency.35,36

Many studies have also been performed using 
alkylated androgens to treat anemia in this  
population. Seventeen patients in one double-
blind crossover study were noted to have a mean 
rise in hematocrit from 23 to 27% while on the 
anabolic steroid nandrolone, with no improve-
ments seen on placebo.37 Another double-blinded, 
placebo-controlled study yielded similar results.38 
With the introduction of recombinant human 
erythropoietin, androgen use in anemia of chronic 
disease lost popularity. However, recently, a  
randomized prospective study was conducted 
comparing recombinant human erythropoietin 
with nandrolone in patients on peritoneal dialy-
sis. Both resulted in a statistically significant rise 
in hematocrit of approximately 8%. The added 
benefits of nandrolone were increases in weight, 
body mass index, triceps skinfold, mid-arm  
circumference, mid-arm muscle circumference, 
total protein, albumin, prealbumin, and transfer-
rin.39 The mechanism by which nandrolone raises 
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red cell mass is not completely known. Hypo-
theses include increasing the responsiveness of  
erythroid progenitors to erythropoietin, aiding  
in red blood cell survival, or possibly affecting 
erythropoietic precursors directly in their  
maturation process.40

At this time, only recombinant human eryth-
ropoietin and epoetin alfa can be recommended 
to treat cancer-related anemia. However, if a  
man is found to be hypogonadal, testosterone 
replacement therapy can provide an added  
benefit of producing an erythropoietic effect, 
while being more economical.41

Reduced Bone Density
Osteoporosis predisposes to increased risk of 
fracture; hypogonadism is a known risk factor for 
osteopenia and osteoporosis. Androgen receptors 
are found on epiphyseal chondrocytes, stromal 
cells, osteoblasts, and osteoclasts. Thus, decreased 
bone mineral density could result directly from 
the absence of testosterone or indirectly via a  
deficiency in testosterone’s aromatization to stra-
diol. In addition, androgens also work indirectly 
again by stimulating the growth hormone/IGF-I 
axis.42

Most of the cancer literature has focused  
on men rendered hypogonadal by medical or  
surgical castration for the treatment for prostate 
cancer. Androgen deprivation therapy (ADT) is 
usually employed in men with metastatic or 
recurrent prostate cancer. In one study, men lost 
an average of 2.4% and 10% of bone mineral  
density after one and two years following surgical 
castration, respectively. Those who had medical 
castration lost an average 3.4% and 6.5% of bone 
mineral density after one and two years, respec-
tively, following initiation of therapy.43 Similarly, 
men treated with orchiectomy have a twofold risk 
of fractures compared with controls.44 Not only 
do men on ADT suffer from decreased bone  
mineral density, but they are also at greater risk 
for increased morbidity from fractures. Several 
other studies on ADT in men with prostate cancer 
have reported similar findings.45,46

Further evidence supporting the relation 
between hypogonadism and osteoporosis exists 
in studies of hypogonadal men who have improve-
ments in bone mineral density with testosterone 
repletion. Spinal bone mineral density was  
measured in 36 hypogonadal men and 44  
eugonadal men at baseline. The hypogonadal 
men then received testosterone supplementation 
at 100 mg/wk and had bone mineral density  
measurements taken up to 18 weeks out. Hypo-
gonadal men had a significantly lower bone  
mineral density than eugonadal men. Further-
more, there was a statistically significant increase 
in spinal bone mineral density among the  
hypogonadal patients receiving testosterone  
supplementation. In this situation, markers of 
bone formation increase, and markers of bone 

resorption decrease.47 Similar findings were 
reported with transdermal testosterone  
preparations.48,49

There have been no studies evaluating the 
benefits of testosterone replacement in male 
cancer patients. One could assume that the effects 
would be similar to those in men without cancers. 
Thus, men who are at increased risk of developing 
osteoporosis (eg, from glucocorticoid treatment, 
immobility, nutritional deficiency, and hypogo-
nadism) should undergo a DEXA scan. Supple-
mentation with calcium and vitamin D should  
be recommended for most patients, assuming  
no contraindications (eg, hyperparathyroidism). 
Testosterone replacement should be offered to 
men with osteopenia and hypogonadism. Bisphos-
phonates should be considered for subjects  
diagnosed with osteoporosis.

Depression
Depression in cancer patients is often unrecog-
nized and untreated. This may be in part due to 
difficulty in diagnosing major depression with 
coexisting somatic symptoms. However, in  
epidemiologic studies, major depression has been 
found in approximately 25% of cancer patients. If 
depression in this population is left untreated, it 
can predispose the patient to decreased quality  
of life, increased pain, non-compliance with  
treatment, a depressed immune system, lower life 
expectancy and even suicide.50,51 In cases where 
hypogonadism exists in the cancer patient, a low 
testosterone level may contribute to depression.

Hypogonadal men have a significantly incr-
eased rate of depression (21.7%) versus eugo-
nadal men (7.1%).52 Men with prostate cancer 
who are rendered hypogonadal with ADT show 
higher depressive and anxiety scores.53 Similar 
associations between low testosterone levels and 
depression have been seen in non-cancer patients. 
For example, hypogonadal men with HIV show 
improvement in depression scores on testoster-
one replacement.54

There have been limited studies to investi-
gate the effects of hypogonadism and androgen 
replacement at the cellular level in the brain. 
When male rats are castrated, 5HT2AR sites in the 
frontal, cingulated, piriform cortex, olfactory 
tubercle and nucleus accumbens were signifi-
cantly decreased compared to normal male rats. 
The brains of castrated rats supplemented with 
testosterone proprionate were also studied and 
found to have increased 5HT2AR sites in the 
regions mentioned above that were comparable 
to or greater than those in normal male rats.55  
In humans, increased blood perfusion has been 
documented on single photon emission com-
puted tomography images in the midbrain,  
superior frontal gyrus, and cingulate gyrus in 
hypogonadal older men receiving testosterone 
replacement. While this study did not use formal 
mood or psychiatric assessment to correlate the 

findings with testosterone replacement, the 
authors did note an increased sense of well-being 
and social interactions based on questionnaire 
data.56 Testosterone may be affecting mood by 
modulating serotonin activity in these areas of the 
brain.

Although there have been no studies evaluat-
ing hormone replacement in cancer patients, 
there may be some improvement in mood. This 
symptom should be distinguished from clinical 
depression, in which antidepressants would be 
needed. Depression and the resulting effect  
on decreased quality of life need to be treated 
appropriately.

Cognitive Dysfunction
Hormones have been known to influence 
memory. Castrated male rats show decreased  
performance in visuospatial tasks.57 Since there is 
also growing concern that hypogonadal elderly 
males may be more prone to developing cognitive 
difficulties and dementia, more clinical studies 
have been targeted at this group. However, it 
would be important to also be aware of potential 
cognitive impairments that may also develop in 
cancer patients as a result of coexisting hypogo-
nadism. Of particular concern in this patient 
population is the potential to have impaired deci-
sion-making skills and decreased activating brain 
function, which may impact on quality of life and 
medical decision-making.

Studies on cognition in hypogonadal males 
have focused on elderly men and men undergo-
ing androgen suppression therapy for prostate 
cancer. Because most studies examining cogni-
tion were designed from previous studies noting 
a cognitive difference in men and women (with 
men having better visuospatial ability and women 
scoring better on tests of verbal fluency), there 
was an underlying hypothesis in these studies that 
hypogonadal men would experience reduced 
visuospatial ability compared to eugonadal men 
or men receiving testosterone supplementation. 
The studies primarily used a block design test to 
evaluate visuospatial organization. To test verbal 
measures, the vocabulary subsets of the Wechsler 
Adult Intelligence Scale were often used. Several 
studies incorporated the Mini-mental Status 
Exam (MMSE) or Cambridge Examination for 
Mental Disorders of the Elderly (CAMCOG) to 
test changes in general cognitive function.

Two large cohort studies were performed  
in elderly men to examine whether varying levels 
of testosterone would correlate with cognitive 
functioning. In one cohort of 547 men aged 59  
to 89 years, there was a positive correlation of 
long-term memory, mental control, and verbal 
memory with age- and education-adjusted testos-
terone levels.58 Another longitudinal cohort of 
407 men aged 50 to 91 years showed that high 
levels of free testosterone were associated with a 
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decreased rate of visual memory. The data in this 
cohort was also analyzed to compare hypogo-
nadal men with eugonadal men. When controlled 
for age, the hypogonadal men had lower cognitive 
scores on tests of visual memory, verbal memory, 
and visuospatial skills.59 Both of these studies 
imply that higher levels of testosterone in elderly 
men are associated with less cognitive decline, 
and the latter study suggests that lower testoster-
one levels correlate with some degree of decreased 
cognitive skills.

Two studies evaluating cognitive function in 
men prior to, during, and after treatment with 
flutamide and leuprolide had varied results. One 
found no significant change in any tests of  
cognitive function, but did note improvement  
in CAMCOG and one of the verbal tests with  
cessation of anti-androgen treatment.53 The other 
study also did not find a significant change in  
the tests during the treatment phase, but noted 
improvement of verbal memory and decline  
in spatial rotation once the treatment was 
stopped.60

There are also studies testing cognitive func-
tion in hypogonadal men before and during  
treatment with testosterone replacement and 
comparing them with eugonadal men with and 
without testosterone supplementation. One study 
found that all groups of men had improvements 
in cognitive tests on verbal ability, visuospatial 
ability, and perceptual speed. Hypogonadal men 
were found to have significantly lower cognitive 
skills in verbal ability, compared to the eugonadal 
men at baseline, which improved with testoster-
one replacement.61 Another similar study found 
no significant change in performance on tests of 
auditory verbal learning, perceptual motor speed, 
manual dexterity, and verbal intellectual func-
tioning in all groups. There was a small improve-
ment in word fluency and decrease in visuospatial 
skills among eugonadal men treated with testos-
terone. Hypogonadal men were also noted to 
have lower verbal intellectual functioning and 
perceptual motor speed at baseline compared to 
eugonadal men.62

Overall, the studies on cognition in various 
groups of hypogonadal men, with and without 
testosterone supplementation, are inconsistent. 
Some studies, which appear to show improved 
cognitive functioning on testosterone replace-
ment, may actually be reflecting improved scores 
from retesting with the same test. Nevertheless, 
the studies seem to suggest that hypogonadal men 
score lower on various aspects of cognitive testing 
in comparison with eugonadal men. This needs to 
be investigated in a cancer population. At this 
point, there is not enough evidence to define the 
type of cognitive dysfunction in hypogonadal 
cancer patients or support the use of testosterone 
supplementation in improving any cognitive  
dysfunction.

Sexual Dysfunction
Hypogonadism results in erectile dysfunction and 
a decrease in libido and can be treated well with 
replacement therapy. In a study of 32 hypogo-
nadal men, sexual dysfunction was evaluated at 
baseline and during testosterone replacement. 
Men experienced significant improvement in 
their libido and potency on testosterone replace-
ment compared to baseline.63 Another study used 
more objective measures to evaluate erectile  
dysfunction due to low testosterone levels. In this 
study, 15 hypogonadal men had erectile function 
evaluated with penile color duplex ultrasound, 
nocturnal penile tumescence, and visually  
stimulated erection evaluation before and after 
testosterone supplementation. Hypogonadal men 
had a significantly decreased number of noctur-
nal erections, lower cavernous arterial inflow and 
resistive index by duplex Doppler, and impaired 
visually stimulated and pharmacologically stimu-
lated erections compared with healthy controls. 
After 6 months of a testosterone 5 mg patch daily, 
there were significant improvements in all of 
these measures.64

The data in young, hypogonadal men may 
not be applicable to older men or men with 
chronic diseases, such as cancer. In the latter  
situation, vascular insufficiency, depression, or 
non-specific fatigue may explain a large propor-
tion of the sexual dysfunction. Therefore, testos-
terone therapy may not completely alleviate  
the problem, but rather it may be used in combi-
nation with PDE-5 inhibitors.

Laboratory Diagnosis of Male  
Hypogonadism

Currently, there are no guidelines for screening 
and diagnosing hypogonadism in cancer patients. 
A morning serum testosterone level (to take into 
account the circadian rhythm of the androgen) 
should be obtained in all men with cancer who 
have any of the signs and symptoms mentioned 
above (ie, weight loss, anemia, osteoporosis, 
depression, fatigue or sexual dysfunction). If total 
testosterone is between 200 and 400 ng/dL, a 
measure of free testosterone should be done  
(bioavailable or free testosterone level by free 
dialysis method), since many of these patients  
are malnourished and may have reduced sex  
hormone binding globulin (SHBG) synthesis.65 
The free testosterone value can be measured by 
free dialysis method or calculated from serum 
total testosterone and SHBG levels.

Once hypogonadism is confirmed, LH, FSH, 
and prolactin levels should be checked to distin-
guish between primary and secondary mecha-
nisms. Pituitary magnetic resonance imaging 
(MRI) should be performed in those subjects 
without a known etiology for central hypogonad-
ism such as irradiation, (especially with serum 
total testosterone levels <150 ng/dL) to rule out 

a mass lesion. However, it is important to be  
cognizant of the fact that, even if the patient  
has primary hypogonadism, the gonadotropins 
levels may not be appropriately elevated in these 
patients since increased corticotrophin-releasing 
hormone may suppress GnRH secretion during 
illness.7 Patients with history of cranial irradia-
tion, surgical resection of pituitary tumors, treat-
ment with high-dose glucocorticoids, or GnRH 
analogues will likely have secondary hypogonad-
ism and low gonadotropin levels. In such  
patients with known etiology of secondary  
hypogonadism, there is no need for MRI.

Treatment Options for Hypogonadal 
Men with Cancer

Testosterone replacement therapy is absolutely 
contraindicated in patients with prostate or  
breast cancer since there is a risk of growth/ 
recurrence of the cancer. Various modalities of 
testosterone replacement therapy are currently 
available (Table 28-2).

Esterified forms of testosterone have been 
used the longest and are associated with a longer 
half-life. Testosterone enanthate, testosterone 
cypionate and testosterone propionate are all 
derived from esterification of the 17b hydroxyl 
group of testosterone. Testosterone enanthate is 
the most commonly used of the three prepara-
tions, given as 200 mg IM every 2 weeks. The 
maximum concentration is reached in approxi-
mately 10 hours, and the half-life is 4 to 5 days.66 
There are multiple studies showing the use of  
testosterone enanthate in treating anemia in 
patients with chronic renal insufficiency35,36 and 
for treating osteoporosis, depression, and erectile 
dysfunction in hypogonadal men.47,66,67 Testoster-
one enanthate has also been shown to increase 
muscle mass in elderly men, hypogonadal AIDS 
patients, and chronic obstructive pulmonary  
disease patients.25,26,68

There are very few studies specifically evalu-
ating cancer patients. In hypogonadal elderly 
males and in men rendered hypogonadal after 
high-dose chemotherapy for hematologic malig-
nancies, testosterone cypionate has been shown 
to improve libido and erectile performance.69,70 
Men with HIV and hypogonadal symptoms were 
found to have improved libido, energy, mood, 
and muscle mass on testosterone cypionate.71

Testosterone scrotal patches were developed 
and had to be worn over 24 hours delivering 
approximately 4 to 6 mg/d with peak levels 
obtained after 2 to 4 hours.72 Scrotal patches  
are no longer available in the United States. 
Androderm is another transdermal testosterone 
preparation that is applied to non-scrotal skin. 
Typically, 5-mg patches are applied on non- 
scrotal skin over 24 hours with peak concentra-
tions at 8 hours.73 It has been shown to maintain 
mood and sexual function in hypogonadal men 
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while delivering testosterone levels that are within 
the physiologic range. However, there is a fairly 
high incidence of skin irritation (33%).74 Trans-
dermal testosterone gel (Androgel and Testim) 
have recently become available. It is applied in 5 
to 10 mg doses daily. In hypogonadal males, this 
form of testosterone replacement has been shown 
to improve sexual function, mood, bone mineral 
density, and hematocrit. It has also been shown  
to increase lean body mass, but did not result  
in statistically significant increase in muscle 
strength.75

The newest form of testosterone delivery has 
been developed in a buccal mucoadhesive testos-
terone preparation. A 30-mg twice daily buccal 
administration dose of testosterone was studied 
and shown to elevate testosterone levels into  
the normal range. It did not cause significant 
polycythemia or prostate enlargement. The pri-
mary side effect of this preparation is buccal 
mucosa irritation.76

Oral free testosterone should not be used 
owing to insufficient serum levels from hepatic 
inactivation and side effects of hepatotoxicity.

Alkylated androgens have also been studied 
for treatment of many clinical symptoms of hypo-
gonadism. These androgens were formulated by 
the addition of an alkyl group to the 17a position 
of testosterone. Examples of the alkylated andro-
gens include methyltestosterone, fluoxymester-
one, oxymetholone, oxandrolone, ethylestrenol, 
stanozolol, methandrostenolone, norethandro-
lone, and danazol. Nandrolone has been found to 
increase muscle mass and muscle strength in HIV 
patients and patients on chronic glucocorticoid 
therapy.77,78 It has also been shown to be compa-
rable to recombinant human erythropoietin in 
peritoneal dialysis and hemodialysis patients.40,79 
The data on its use for osteoporosis is conflicting. 
When studied in men on chronic steroids, there 
seems to be no change in bone mineral density78; 
however, multiple studies in post-menopausal 

women suggest that nandrolone increases bone 
mineral density.80–82 While there is evidence in the 
use of nandrolone for increasing muscle mass, 
hematocrit, and bone mineral density, there are 
no direct studies on its use for improving mood, 
sexual dysfunction, or cognition. Oxandrolone 
has been studied for improving muscle mass in 
cancer patients, pediatric burn patients, HIV 
patients, and elderly men.30,83–85 While there is 
convincing evidence for the use of oxandrolone 
to increase muscle mass and treat cachexia, it  
is associated with liver function abnormalities.  
At this point, there would be no indication to 
used alkylated products for treatment of male 
hypogonadism.

Summary/Recommendations

Hypogonadism may be under-recognized and 
under-diagnosed in cancer patients. Cancer 
patients who are most predisposed to hypogo-
nadism include those who have testicular cancers 
or hematologic malignancies treated with gon-
adotoxic chemotherapeutic agents and those 
undergoing cranial irradiation. Patients who are 
critically ill and treated with opioids also develop 
hypogonadism. However, since malignancies in 
general may predispose patients to lower testos-
terone levels via Leydig cell dysfunction and 
reduced gonadotropins secretion, any cancer 
patient who present with symptoms of hypogo-
nadism, including cachexia, anemia, decreased 
bone mineral density, depression, sexual dysfunc-
tion and cognitive dysfunction, should be screened 
for hypogonadism.

There are different types of androgens and 
delivery modalities to use for replacement  
therapy. Currently, there is good evidence for the 
use of testosterone supplementation to improve 
sexual function, mood, bone mineral density, 
hematocrit, and lean body mass in hypogonad-
ism. Testosterone preparations with shorter  

half-lives (gel and patches) may mimic phy-
siologic levels more accurately than esterified  
testosterone preparations with longer half-lives. 
Alkylated androgens such as oxandrolone and 
nandrolone have been shown to be good agents  
in treating anemia and cancer cachexia; due to 
potential hepatotoxicity, negative effect on plasma 
lipids, and a lack of benefit in terms of sexual 
function, however, we recommend testosterone 
replacement in this patient population as the 
first-line therapy. While data from these studies 
can likely be extrapolated and applied to hypogo-
nadal patients with cancer, there is great need  
for larger scale studies on the effects of androgen 
and testosterone preparations on muscle mass, 
mortality, anemia, bone mineral density, quality 
of life, mood, cognitive function, and sexual func-
tion to be performed directly in cancer patients 
with hypogonadism.
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Gastroesophageal Issues
Alexander A. Dekovich, MD

Primary and metastatic tumors of the aero- 
digestive tract themselves and the modalities of 
surgery or radiation used to treat these cancers 
can result in mechanical obstructions that require 
treatment or palliation to restore function. 
Because eating is a social event, the loss of the 
ability to ingest a meal in the usual manner leads 
to a great decrease in the quality of life, even if 
alternative means for maintenance of hydration 
and nutrition such as hyperalimentation or 
enteral tube feeding can be provided. The goal of 
intervention is to restore this function to as close 
to the original physiology as possible for as long 
as possible and, therefore, to allow for a better 
quality of life. Palliation of obstruction of the  
gastrointestinal and biliary tract has improved 
considerably over the past 25 years by the intro-
duction of percutaneous endoscopic gastrostomy 
(PEG) for enteral feeding, thermal and chemical 
tumor ablative procedures, and the evolution of 
stents for the biliary tract, esophagus, duodenum 
and colon.

Esophageal Obstruction

Esophageal obstruction results most often from 
primary cancer of the esophagus, although cancer 
in the mediastinum can often lead to esophageal 
obstruction due to extrinsic compression. Obs tru-
ction due to strictures resulting from primary 
treatment (surgery or radiation) and tumor 
recurrence is also frequently encountered.

Squamous cell carcinoma and adenocar-
cinoma together comprise 90% of esophageal  
cancers. Rarely, other cancers (including meta-
static malignant melanoma, metastatic breast 
cancer, leiomyosarcoma, lymphoma, and other 
more rare tumors) may develop in the esophagu s.1 
Worldwide, squamous cell carcinoma of the 
esophagus is still the predominant cancer. In the 
United States, adenocarcinoma of the esophagus 
and gastric cardia has rapidly increased in inci-
dence during the latter part of the twentieth  
century, primarily in the white male population. 
This is thought to be, in part, due to a number of 
factors, among them the aging of the population 
coupled with a change in diet (leading to an 
increase in obesity and gastroesophageal reflux) 
and the general decrease in cigarette smoking that 
contributes both to the decline of squamous cell 

colleagues,8 the combination of chemotherapy 
and radiation therapy alleviated dysphagia in 58% 
of their patients and was more effective than radi-
ation alone, but life-threatening complications 
occurred in 20% of the patients, and serious  
complications occurred in 44%. In a retrospective 
study of 57 patients with T3 or T4 squamous cell 
cancer of the esophagus, Kaneko and colleagues 
reported that 90% of their patients had grade 3 or 
4 dysphagia prior to chemoradiotherapy but  
following definitive chemoradiotherapy, 70% of 
these patients downgraded their dysphagia scores 
to 0 or 1.9

Dilatation
Dilatation of a benign stricture of the esophagus 
encountered in the post-esophagectomy patient 
can be accomplished with balloons or bougies, 
usually with good overall results and low compli-
cation rates.10–12 Although dilatation of radiation-
induced strictures of the esophagus can generally 
be accomplished with adequate palliation in the 
majority of patients, it is more difficult to per-
form and may be associated with more complica-
tions.13 The esophageal lumen needs to be dilated 
to a diameter greater than 13  mm for solid food 
dysphagia to be partially relieved, and preferably 
to a 16 to 17  mm diameter for solid food dyspha-
gia to be adequately palliated. The frequency of 
dilatation depends on the recurrence of dyspha-
gia. Early dilatation, shortly after recurrence  
of symptoms, is preferable to late dilatation after 
near obstruction of the esophageal lumen has 
recurred.

Dilatation of the esophageal lumen obstructed 
with tumor can also be accomplished with  
balloons or bougies and has been shown to be safe 
for procedure related needs.14,15 However, patients 
treated with dilatation primarily for malignant 
obstruction have a higher incidence of perfora-
tion (5% to 10%), and the perforations tend to  
be more severe. The resulting palliation from 
dilatation is usually very short-lived.16–18 In a  
small series of 20 patients with obstruction due  
to esophagogastric junction cancer, Ko and col-
leagues showed that balloon dilatation of the 
stricture followed immediately by chemotherapy 
and/or radiation therapy was effective in impro v-
ing dysphagia in 15 of the 20 patients (75%) 
reported, and 7 of the 15 responders (35% of the 

cancer of the esophagus and to the increase in 
adenocarcinoma.2,3 Adenocarcinoma now com-
prises at least 50% of all esophageal cancers4  
diagnosed in the United States and is usually 
found in the mid to distal esophagus and rarely 
involves the more proximal esophagus. Although 
the overall 5-year survival rate for esophageal 
cancer is low, 15.8% for the period 1995 to 2000,5 
it has improved from the 4% overall survival  
rate reported for the period 1950 to 1954. More  
favorable 5-year survival is dependent on discov-
ery and treatment of the esophageal cancer at an  
earlier stage. Patients with metastatic disease at 
diagnosis and treated with palliative chemother-
apy or irradiation have a median survival of less 
than one year.6

Dysphagia to a normal solid food diet is  
generally not present until the esophageal lumen 
has been reduced to less than or equal to 13  mm 
in diameter. Some dietary adjustment is necessary 
when the lumen is reduced to approximately  
18  mm—a reduction to 70% of the normal lumen 
diameter.7 This accommodation by the esopha-
gus to the growing tumor coupled with delay in 
seeking medical evaluation that is prompted by 
improvement of symptoms with modification of 
diet and denial leads to progression and spread  
of the disease, so that, unfortunately, more than 
50% of patients with esophageal cancer, at pre-
sentation are unresectable.6 Palliation becomes 
the primary goal in these patients as amelioration 
or relief of anorexia, dysphagia, nausea, vomiting, 
and pain adds greatly to the quality of remaining 
life.4 Although the anorexia and pain are more 
difficult to treat successfully, there are multiple 
modalities and combinations of modalities  
available for the palliation of dysphagia.

Chemo-Radiation
Although both adenocarcinomas and squamous 
cell carcinomas are responsive to chemotherapy 
and external beam radiation therapy, palliation 
occurs in only about 40 to 60% of cases, is short-
lived, and may take 2 to 8 weeks for dysphagia to 
improve. It appears that chemotherapy is as effec-
tive as radiation for palliation of dysphagia.6 The 
combination of chemotherapy and radiotherapy 
is associated with significant morbidity. In a study 
of 121 patients reported by Herskovic and  



250 Chapter 29

total group) did not require any further inter-
vention.19 Although esophageal luminal dilata-
tion can be accomplished in patients with 
obstruction due to a malignant tumor, on aver-
age, the palliation is short-lived (sometimes for 
only a few days), and with continued attempts at 
dilatation, the procedure becomes more difficult 
and more likely to result in serious complication. 
Fortunately, other modes for the palliation of 
dysphagia exist.

Thermal and Other Ablative  
Techniques
Other palliative modalities for the restoration of a 
tumor obstructed esophageal lumen are thermal 
tumor ablation techniques utilizing the laser or 
argon plasma coagulator, injection of absolute 
alcohol into the tumor substance, and photody-
namic therapy. Experience in the application and 
availability of these modalities is variable. When 
properly applied, all these modalities can palliate 
dysphagia but have not been consistently associ-
ated with prolonged survival. These modalities 
can be used in various combinations depending 
on the nature of the particular clinical problem at 
hand. Ultimately deployment of a self-expanding 
metal stent can be considered.

Laser
Tumor ablation using the neodymium:yttrium-
aluminum-garnet (Nd:YAG) laser is not widely 
available, probably due to the cost of the appara-
tus, maintenance requirements of the equipment 
and fibers, need for a dedicated operating room, 
laser precautions, and time needed for therapy. 
The introduction of self-expandable metal stents 
(SEMS) has led to the supplanting of laser as  
well as other ablative modalities for the treatment 
of malignant luminal obstruction.20 Three to five 
treatment sessions using the laser are needed  
initially to achieve palliation, and the interval 
between interventions is usually short—on the 
order of 3 to 4 weeks.21 The application of the 
high power laser is usually done retrograde using 
the non-contact method after pre-dilation of the 
lumen, when necessary, in order to lessen the  
possibility of perforation. But sometimes the pre-
dilation itself can cause perforation.21 Wu and 
colleagues reported similar good results with the 
use of the low-power contact laser passed in the 
antegrade manner.22 Complication rates increase 
and laser ablation becomes more difficult23 with 
increasing frequency of application, serious  
complications ranging from 4 to 9%.24–26

Use of the Nd:YAG laser can be limited by 
the location and growth characteristics of the 
tumor and the need for accurate aiming of the 
laser beam, which can be obscured by the smoke 
generated during application. Laser therapy is 
best applied to exophytic mid-esophageal tumors 
where the lumens are not too long or tortuous.27 

It cannot be used for the treatment of flat tumors 
invading the wall of the esophagus or for the relief 
of obstruction due to extrinsic compression.

Alexander and colleagues reported a series of 
29 patients with locally advanced esophageal 
cancer who underwent laser debulking of their 
tumors with good results in the relief of dysphagia 
and, when coupled with aggressive multimodality 
therapy, an improved survival when compared  
to historical controls.28 Although placement of an 
esophageal stent is associated with fewer inter-
ventions and a more immediate relief of dyspha-
gia, the overall costs of the two procedures are not 
markedly different, and laser therapy may have a 
survival advantage and may be associated with 
fewer significant complications.29,30

Argon Plasma Coagulation
Argon Plasma Coagulation (APC) is a non- 
contact diathermy-based technique that uses an 
electrosurgery frequency current to ionize a cloud 
of argon gas in order to propagate a spark to the 
nearest tissue contact, inducing electrocoa-
gulation necrosis. The tissue injury occurring as  
a consequence of APC is seldom deep enough  
to cause perforation, penetrating the tissues less 
than 2.5  mm.31,32 APC is useful to control tumor 
bleeding, to recanalize tumor obstructed stents, 
and to control small or non-circumferential  
cancers of the esophagus. Although some have 
reported very good palliation with effectiveness 
and complications comparable to Nd:YAG laser,33 
APC is unlikely to restore adequate luminal 
patency to the esophagus obstructed by large 
tumors.34

Absolute Ethanol Injection
The injection of absolute ethanol into an exo-
phytic tumor of the esophagus in order to induce 
chemical tumor necrosis is less widely practiced 
than other ablative procedures. It has been shown 
to be effective in palliating dysphagia35,36 and has 
been found to be equivalent to Nd:YAG laser 
therapy.37 Ethanol injection is inexpensive and 
the expertise for delivery is more readily available. 
However, diffusion of the ethanol into the tissues 
of the esophageal wall is difficult to control,  
leading to worries about perforation. Significantly 
more post-procedure pain requiring narcotic 
analgesia occurs in patients treated with ethanol 
injection as compared to laser therapy.37

Photodynamic Therapy
Photodynamic therapy for tumor ablation utilizes 
a photosensitizing agent—porfimer sodium 
(Photofrin II), injected intravenously 40 to 50 
hours before the endoscopically guided place-
ment of a diffusing tip fiber to deliver non- 
thermal 630  nm (red) light from a tunable dye 
laser. The Photofrin accumulates in the substance 
of the tumor in greater proportion than in normal 

tissue—at least in a 2:1 ratio. When cancer cells 
containing the Photofrin II are exposed to the  
630  nm (red) light, a cytotoxic superoxide is 
formed causing oxidation of cellular components 
such as tumor cell nuclei and mitochondria lead-
ing to cell death.38,39 Because the patient is likely to 
remain photosensitive for at least 4 to 6 weeks, the 
patient must be warned to avoid bright direct and 
indirect light, whether indoors or out, and to wear 
protective clothing when venturing out of doors. 
Conventional sunscreens that block ultraviolet 
rays do not protect patients who have been 
injected with porfimer sodium because activation 
of the drug is by visible light. Severe erythema and 
edema of the skin can occur upon light exposure 
outdoors, even on cloudy days. Once the patient 
has been injected with a photosensitizer, there is 
no antidote.

Very good palliation of dysphagia was 
reported by Litle and colleagues in a series of 215 
patients.40 She found that the ideal patient for 
photodynamic therapy was one with an obstruc-
ting esophageal cancer. She noted effective  
palliation in 85% of treatment courses with a 2% 
incidence of perforation, 2% incidence of stric-
ture and 1.8% procedure-related mortality with a 
mean dysphagia-free interval of 66 days. As with 
all palliative modalities, the longer the patient 
survives, the greater the chances that the pallia-
tion becomes less effective due to significant  
complications. Careful evaluation and recom-
mendation for the application of specific pallia-
tive measures is very important in the satisfactory 
management of these unfortunate patients.  
Frequent trips to the hospital to undergo poten-
tially dangerous procedures are a true burden to 
patients with a limited time to live.

Self-expandable Metal Stents
Ultimately, a stent can be placed to palliate esoph-
ageal luminal obstruction when other modalities 
have failed or the circumstances, such as stage of 
the disease and life expectancy, dictate that stent 
placement is the most likely modality to effec-
tively and quickly palliate dysphagia. Palliation of 
dysphagia with patients able to tolerate at least 
liquids or a soft diet occurs almost immediately or 
within 24 to 48 hours after successful deployment 
of an esophageal stent.41 Stent placement can be 
accomplished in an outpatient setting.

Over the years, stents have evolved from the 
rigid plastic type that necessitated dilation of  
the lumen to a diameter greater than 16  mm to 
the modern self-expandable metal stents which 
most often do not require dilation of the lumen  
at all, or only minimally. They are much easier to 
place and are associated with fewer immediate 
complications—particularly perforation. Other 
advantages of metal stents over plastic stents are 
the greater internal diameter, once deployed, and 
the ability to span more complicated stenoses due 
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to their more flexible nature and thinner delivery 
systems.42 For all these reasons, plastic stents  
have been supplanted by the self-expandable 
metal stents. Although the initial cost of self- 
expandable metal stents is higher than the cost  
of the plastic stents, the lower serious and life-
threatening complication rate, fewer endoscopic 
re-interventions, and less need for hospitalization 
makes them a safe and cost-effective alternative to 
plastic esophageal stents.42 Some manipulation  
of the self-expandable stent can be accomplished 
immediately after deployment (some stents are 
better than others in this regard). For all intents 
and purposes, however, once the stent is deployed, 
it cannot be removed. Therefore, careful evalua-
tion and pre-procedure planning are necessary to 
ensure the intended palliation post-procedure 
with the least possibility of complication.

The most common indications for stenting 
the esophagus are dysphagia for liquids and saliva, 
treatment of tracheoesophageal fistula and, occa-
sionally, control of tumor bleeding.41 Probably, 
the successful treatment of a tracheoesophageal 
fistula, either with primary esophageal stenting or 
in conjunction with endotracheal or endobron-
chial stenting, may be the only instance in which 
esophageal stents can be said to not only improve 
the quality of life but to actually prolong it.43,44

The average survival of patients after  
esophageal stent placement, whether using the 
old plastic stents or the newer self-expandable 
metal stents, ranges from three to six months.7,45,46 
As with other palliative treatments, tumors in the 
mid-esophagus are more amenable to stenting 
with fewer resultant problems.44 Stenting tumors 
of the distal esophagus can result in severe gastro-
esophageal reflux, which for the most part, can be 
treated by anti-reflux measures and proton pump 
inhibitors. A stent with a sleeve at the distal end 
has been designed in an effort to lessen gastro-
esophageal reflux. This type of stent may present 
additional deployment problems and does not 
seem greatly effective in eliminating reflux.47 
Stenting tumors of the proximal esophagus, if  
too close to the cricopharyngeus, can result in 
intractable pain, tracheal compression, proximal  
migration and foreign body sensation although 
some have reported satisfactory results even when 
the stent bridges the cricopharyngeus. But more  
usually, stents can be deployed through lesions 
close to the cricopharyngeus safely with low rates 
of difficulty if close attention to detail is paid  
in the selection of the stent and preventing  
the stent from migrating proximal to the  
cricopharyngeus.48

Stent deployment in the esophagus com-
monly results in chest pain most likely due to the 
expansion of the stent. This pain usually responds 
to narcotic analgesics and usually improves after 
several days.49 If a bulky tumor is located in the 
proximal esophagus, one must always anticipate 

that expansion of the stent may lead to compres-
sion of the tracheal lumen leading to respiratory 
embarrassment. Patients with an esophageal 
tumor proximal to the level of the left main stem 
bronchus should have bronchoscopy to deter-
mine tracheal compromise prior to esophageal 
stent deployment7 and, choosing a stent of a lesser 
diameter for placement, when available, would be 
prudent in this situation. A barium esophago-
gram prior to any interventional palliative proce-
dure for dysphagia is recommended, not only for 
planning purposes prior to the procedure but for 
follow-up as well.7

Most stents deployed in the esophagus today 
are of the covered variety, with short segments of 
the proximal and distal ends left uncovered to 
help control the tendency for these covered stents 
to migrate. The coated portion of the stent is 
designed to impede ingrowth of the tumor into 
the mesh of the stent and thereby delay occlusion 
of the stent lumen. Stenosis of the lumen due to 
proximal and distal tumor ingrowth and over-
growth into the uncovered portion of the stent 
occurs over time, as well as luminal stenosis or 
occlusion consequent to exuberant growth of 
granulation tissue in response to the irritation 
caused by the uncovered portions of the stent. 
These problems are such that treatment with 
laser, argon plasma coagulation, débridement 
with a snare, endoscopic adjustment of position, 
or telescoping placement of another stent may be 
necessary to relieve renewed dysphagia.50

Palliation of dysphagia due to compression 
of the esophagus by an extrinsic tumor or  
metastatic deposit can be accomplished by SEMS 
and cannot easily be accomplished by any other 
means. The palliation of dysphagia is not as good 
in this situation as it is in those patients with an 
intrinsic esophageal lesion.51

The ideal stent has not been created, but  
a new generation of plastic stent has become 
available lately in the United States. It is a self-
expandable plastic stent (the Polyflex stent) which 
is made of a polyester mesh covered with a sili-
cone membrane. The inside of the stent is smooth 
and the outside is slightly textured. The proximal 
portion of the stent is slightly flared, whereas the 
middle and distal portions are not.52 The major 
advantage of this stent is that it can be removed 
even several months after deployment, but the 
major disadvantage is that the esophageal lumen 
must be dilated to at least 1 mm larger than the 
application device, which is 12 or 14  mm in  
diameter, depending on the size of the stent itself, 
in order for the delivery system to pass through 
the tumor lumen and allow stent deployment.53 
Because the delivery system is thicker than the 
delivery systems of the self-expandable metal 
stents, it is, therefore, stiffer and more difficult to 
pass and position. Because of this stiffer delivery 
system and need to dilate the esophageal stricture 

prior to deployment, there is a higher failure rate 
on initial deployment of the Polyflex stent.52 
Unlike the metal stents, the Polyflex stent must be 
loaded into the delivery system just prior to inser-
tion, which sometimes may result in the flared 
end being improperly oriented in the delivery 
system and which would not be apparent until 
deployment.

The Polyflex stent has been used in the 
esophagus in all situations that metal stents have 
been used54; but, because it induces only minimal 
tissue reaction and granulation tissue formation, 
it does not become incorporated into the sub-
stance of the esophagus, and therefore, has a role 
in the management of benign but recalcitrant 
strictures of the esophagus.55 The stent can be 
used as a scaffold for the remodeling of the stric-
ture, and subsequently, it can be removed, result-
ing (it is to be hoped) in dysphagia-free swallowing. 
The Polyflex stent is cheaper than its metal  
counterparts in Europe but comparable in price 
to metal stents in the United States.

Gastric Outlet Obstruction

Severe nausea, regurgitation, vomiting, bloating, 
abdominal pain, and distention associated with a 
succussion splash leading to severe esophagitis, 
malnutrition and dehydration, and electrolyte 
imbalance are the common signs and symptoms 
of gastric outlet obstruction. These all lead to 
debilitation and a markedly decreased quality of 
life. Prior to the advent of H2 blockers, compli-
cated peptic ulcer disease was the most common 
cause for gastric outlet obstruction. Today, how-
ever, malignancy is the primary cause of gastric 
outlet obstruction and is encountered in more 
than 50% of cases.56,57 Cancers of the pancreas, 
duodenum, ampulla, stomach, and biliary tree, as 
well as metastatic disease from other organ sites, 
can all lead to gastric outlet obstruction. Locally 
advanced pancreatic cancer, however, is the  
most common cause of malignant gastric outlet 
obstruction. In approximately 90% of patients 
with malignant gastric outlet obstruction the 
pylorus and the first and second part of the duo-
denum are the most common sites of obstruction. 
The distal portion of the duodenum is infre-
quently involved.58,59 Ten to 20% of patients with 
pancreatic carcinoma develop gastric outlet 
obstruction late in the course of their disease.60

Although nausea, vomiting and weight loss 
are common presenting features of patients  
with pancreatic cancer, mechanical gastric outlet 
obstruction due to tumor ingrowth is present in 
only 5% of these patients.61 True gastric outlet 
obstruction is due to invasion by tumor into  
the pylorus or duodenum, leading to stenotic 
mechanical obstruction. One must demonstrate 
this obstruction to be indeed mechanical by vari-
ous diagnostic modalities such as endoscopy, 
upper gastrointestinal barium contrast study, or 
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abdominal CT because up to 60% of patients with 
pancreatic cancer have slowed gastric emptying 
without evidence of gastroduodenal tumor  
invasion.62 Pancreatic carcinoma has been shown 
to induce changes in the gastric myoelectric activ-
ity, usually bradygastria, leading to symptomatic 
decrease in the emptying of solids and liquids 
without actual mechanical obstruction.63

Consequent to gastric outlet obstruction, 
malnutrition, weight loss, dehydration, and elec-
trolyte abnormalities develop, leading to poor 
performance status and a decreased quality of  
life. Malignant gastric outlet obstruction is often  
considered a pre-terminal event.64

By the time that mechanical gastric outlet 
obstruction occurs, treatment options for control 
of the primary cancer have usually been exhausted. 
The primary goal of palliative treatment should 
be to relieve symptoms by means that have mini-
mal morbidity so as to improve or maintain the 
quality of the short remaining life.65 In patients 
with good performance status, surgical bypass  
of biliary and duodenal obstruction and splanch-
nicectomy for the control of pain has been  
advocated.66 However, in patients with advanced 
disease, associated malnutrition, limited life  
span, and poor tolerance for surgery, the choices 
remaining for palliation of these patients are  
limited.

Laparotomy/Laparoscopic Surgery
Laparotomy to relieve mechanical gastric outlet 
obstruction has been the most common treat-
ment modality employed in the past.66 However, 
it has been reported that the greater the need for 
gastrojejunostomy palliation of pancreatic cancer, 
the less likely is a favorable outcome.67,68 For those 
patients who are taken to surgery with curative 
resection in mind but who are found to be unre-
sectable because of locally advanced disease 
(major blood vessel involvement), palliation by 
gastrojejunostomy is advocated if there is not 
widespread metastatic disease. Prognosis is more 
favorable in those patients with locally advanced 
disease than in those with more widely metastatic 
disease, and thus, the likelihood for late gastric 
outlet obstruction is greater.69

Today, in the era of minimally invasive pro-
cedures, palliation of the obstructed duodenum 
can be accomplished not only by laparotomy but 
also by laparoscopic surgery, and more recently, 
by a novel application of self-expandable metal 
stents. Espat and colleagues reported that, if stag-
ing laparoscopy revealed advanced or metastatic 
pancreatic cancer, then routine prophylactic  
biliary and duodenal bypass procedures were not 
necessary in 152 of 155 patients studied,70 that 
surgical biliary bypass should only be advocated 
in those patients in whom endoscopic biliary 
stenting has failed, and that gastroenterostomy 
should be reserved to those patients with  

confirmed gastric outlet obstruction. However,  
Lillemoe and colleagues reported that, in their 
prospective randomized trial, prophylactic gas-
trojejunostomy significantly decreased the inci-
dence of late gastric outlet obstruction—0% in 
the prophylactic group versus 19% in those not  
so treated.71 Shyr and colleagues concurred in  
advocating prophylactic gastrojejunostomy in 
addition to biliary bypass in patients with unre-
sectable periampullary carcinoma because of the 
high incidence of late gastric outlet obstruction in 
those patients not initially treated by gastrojeju-
nostomy.72 Palliation of biliary and gastric outlet 
obstruction can be accomplished by laparoscopic 
construction of a cholecystojejunostomy (if the 
cystic duct enters the common bile duct at a point 
distant from the tumor) and gastroenterostomy. 
In a small series reported by Nagy and colleagues 
of 10 patients with gastric outlet obstruction  
(9 due to malignancy), there were no operative 
deaths, and the most significant postoperative 
complication was delayed gastric emptying with 
mean time to regain gut function of 10 days.73 
Twenty percent of Nagy’s laparoscopic surgeries 
had to be converted to the open procedure. In 
another small study, Alam and colleagues reported 
that there were no perioperative complications in 
8 patients with malignancy-induced gastric outlet 
obstruction treated with laparoscopic gastrojeju-
nostomy.74 The median time to solid food intake 
was 4 days, and the median postoperative stay  
was 7 days. Choi also reported better tolerance  
for laparoscopic gastrojejunostomy versus open  
gastrojejunostomy with fewer postoperative com-
plications and better postoperative hormonal and 
immune function, which may be responsible for 
the more rapid recovery and decreased pain in  
the laparoscopic group.75

Self-expandable Metal Stents
In the quest for a less invasive means to palliate 
malignant gastric outlet obstruction, the use of 
SEMS is evolving into the preferred method for 
palliation in all but perhaps the most medically  
fit patients for whom surgical palliation may still 
hold some advantage.76,77 Before deciding to place 
a SEMS to relieve gastroduodenal obstruction, 
adequate assessment of the site and length of 
stricture and assessment of the bowel distal to the 
obstruction must be made in order to increase 
confidence that placement of the stent will result 
in the desired palliation.78 Simultaneous pallia-
tion of malignant biliary and duodenal obstruc-
tion with SEMS can be accomplished in the 
outpatient setting with a very high success rate, 
low morbidity, and no procedure-associated 
mortality, although endoscopic access to the 
papilla after stent deployment can be very diffi-
cult.79 SEMS have been placed by radiologists80 
utilizing only fluoroscopic techniques and by  
gastroenterologists utilizing both endoscopic and 

fluoroscopic methods.59,79 It is intuitive that uti-
lizing both endoscopic and fluoroscopic methods 
leads to a better success rate in more difficult cir-
cumstances, especially in the patient with a dilated 
stomach due to prolonged obstruction. Palliation 
is almost immediate, and the patient is able to  
at least take liquids shortly after the deployment 
of the stent77 or, at most, within 4 days after stent 
placement.81 This immediate relief of gastric 
outlet obstruction and resumption of oral intake, 
ranging from liquids to soft and pureed food to a 
regular diet, results in an improved sense of well 
being and an improved quality of remaining life. 
In a review of 32 studies relating to the use of 
SEMS in malignant gastric outlet obstruction, 
which was conducted by Dormann and col-
leagues, pooled results were calculated involving 
606 patients.81 Ninety-four percent of these 
patients were unable to take nourishment orally. 
Stent deployment and placement was successful 
in 97%. Of the group in which technical success 
was achieved, 89% achieved clinical success—
defined as resolution of symptoms of gastric 
outlet obstruction and ability to take in an oral 
diet—representing 87% of the total group in 
which stent placement was attempted. There were 
no procedure-related deaths. Severe complica-
tions (bleeding and perforation) were seen in only 
1.2%, and stent migration in an additional 5%. 
Stent obstruction occurred in 18% mainly due to 
tumor ingrowth. The mean survival period was 
12.1 weeks. Fiori and colleagues reported a ran-
domized prospective trial of surgical gastroenter-
ostomy versus endoscopic stenting and found no 
statistical difference between the two procedures 
at 3 months but noted that endoscopic stenting 
was significantly more effective with respect to 
operative time, restoration of oral intake and 
length of hospital stay.82 Based on these findings, 
it appears that duodenal stenting for relief of 
obstruction is a safe, effective, and maybe the  
preferred, treatment.

Although no specific study has been done  
to determine cost-effectiveness per se, several 
studies suggest that the deployment of SEMS is 
cost-effective when compared to surgical inter-
vention. SEMS are expensive, but the deployment 
can be made on an outpatient basis without  
the additional expenses of the operating room 
and postoperative hospitalization.66 Yim and col-
leagues reported that the median survival time for 
patients with pancreatic cancer who underwent 
stenting of gastric outlet obstruction, compared 
with those who underwent surgical gastrojeju-
nostomy, was 94 and 92 days, respectively; charges 
were $9,921 and $28,173, and the duration of 
hospitalization was 4 and 14 days, respectively.83 
The use of SEMS in the setting of malignant  
gastroduodenal obstruction is proving to be a 
cost- and clinically effective palliative treatment 
for these unfortunate patients.
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The two most significant problems, stent 
migration and tumor and/or granulation tissue 
ingrowth with re-obstruction of the gastric outlet, 
have been addressed, but a perfect solution has 
not emerged. As in the case of esophageal tumors, 
the placement of covered duodenal stents has 
been proposed. Good technical and clinical  
success rates with a low incidence of stent migra-
tion and stent-related biliary outflow obstruction 
at the papilla have been reported.84–86 Jung and 
colleagues reported favorable results in decreas-
ing the migration rate of covered duodenal stents 
and improving resistance to tumor ingrowth of 
uncovered stents by coaxial placement of a cov-
ered stent inside a previously deployed uncovered 
stent.87

Venting Gastrostomy
In patients with gastric outlet obstruction due  
to malignancy in whom all other modalities of 
palliative treatment have failed, a percutaneous 
palliative venting gastrostomy should be offered 
because nausea and vomiting may be effectively 
palliated in a high percentage of patients and may 
even restore some level of oral intake.88 If feasible, 
the addition of a feeding jejunostomy may also be 
considered.

Gastroesophageal Reflux after 
Esophagectomy

Transhiatal esophagectomy (the Ivor-Lewis oper-
ation) is often employed as a curative procedure 
in the treatment of cancer of the distal esophagus. 
It is a major operation that is associated with sig-
nificant morbidity, among which are dysphagia, 
early satiety, stricture and inflammation at the 
anastomosis, regurgitation, heartburn and emo-
tional problems that impact quality of life. 
Although more than one-half of the patients 
studied by de Boer and colleagues still experi-
enced some of these symptoms,89 the overall con-
clusion was that the quality of life of long-term 
survivors (minimum follow-up of 2 years) was 
comparable with reference values for the same 
age group, and in some parameters (ie, emotional 
well-being) was even better than the reference 
group. It is interesting to note that in a study of 
quality of life in patients with various gastrointes-
tinal conditions, patients with functional disor-
ders displayed more emotional distress than did 
patients with organic disease.90

A high incidence of gastroesophageal reflux 
has been reported in patients treated for head and 
neck cancers91,92 and in patients after esophagec-
tomy for cancers of the esophagus.93 Reflux after 
esophagectomy occurs because the normal anti-
reflux mechanisms of the intact esophagus and 
lower esophageal sphincter, and the normal hiatal 
anatomy that contributes to normal lower esoph-
ageal sphincter function, have been disrupted by 
the resection. After resection and anastomosis,  

a large portion of the stomach is in the thorax, 
where negative pressure predominates, and this 
(combined with the positive pressure of the 
abdominal cavity) leads to free reflux of gastric 
and duodenal contents across the anastomosis 
into the esophageal remnant. This, coupled with 
impaired gastric motility and the return of acid 
secretion by the gastric conduit, leads to heart-
burn, regurgitation, night-time aspiration, dys-
phagia, esophagitis, sleep disturbance and general 
decrease in the quality of life.93

For most patients, gastric emptying is delayed 
in the supine position and improved in the upright 
position for 3–12 months after esophagogas-
trectomy, but some 4 to 6% of patients have  
long-lasting chronic gastroparesis after esopha-
gectomy.94 The denervated stomach, whether 
used in whole or fashioned into a tube as an 
esophageal substitute, progressively recovers 
more and more motor activity, even displaying a 
real phase 3 motor pattern in patients followed 
for more than 3 years post-operation.95 Motor 
recovery is much better when the stomach is  
main tained as a whole, rather than when a con-
duit is fashioned from the greater curvature.96

The colon, small bowel, and stomach have all 
been used as substitutes for the resected esopha-
gus.97 The creation of a gastric tube is favored 
because of the simplicity of the operation and the 
lower postoperative morbidity and mortality.98 
Because vagotomy is an inevitable consequence of 
esophagectomy there is loss or disruption of the 
normal physiology of the stomach, such as accom-
modation to meals, tonic motility, and neuro-
humoral enterogastric feedback leading to delayed 
gastric emptying of solids but more rapid  
emptying of semisolids and liquids.99 The delay  
in gastric emptying contributes to reflux, among 
other symptoms.100 This dysfunction of gastric 
emptying coupled with reflux of duodenal  
contents into the stomach can lead to pathologic 
exposure of the gastric and remnant esophageal 
mucosa to bile acids in the early post-vagotomy 
period,101 perhaps leading to more severe esopha-
gitis and its consequences, such as stricture and 
Barrett’s epithelium.102 Acid reflux is more likely 
to be symptomatic than bile reflux, but erosive 
esophagitis can occur in isolated bile reflux.103 
The study by Logeman and colleagues concludes 
that, by constructing a narrow gastric tube as  
an esophageal substitute, a small distal gastric  
remnant is created with low compliance leading 
to an increased pressure gradient between the 
stomach and the duodenum, therefore favoring 
gastric emptying in the face of pyloroplasty or 
pyloromyotomy.100 In a study, reported by Finley 
and colleagues, of 249 cases of esophagectomy 
performed for the treatment of malignancy, the 
rate of gastric emptying was not dependent on 
whether or not a gastric drainage procedure was 
employed,104 but it seemed that the construction 

of a narrow gastric tube fixed in the posterior 
mediastinum as a substitute for the esophagus 
was associated with less delay in gastric emptying. 
As regards food intake and functional dysphagia 
following esophagectomy and reconstruction, 
fixing the esophageal substitute in the posterior 
mediastinum appears to be more physiologic and 
associated with fewer symptoms than fixing the 
gastric tube in the retrosternal space.105 The gas-
tric tube is not inert but produces phasic contrac-
tions on distention in response to feeding, and in 
time, after the operation, there is at least partial 
recovery of gastric tone.100 A study reported by 
Walsh and colleagues in which the whole stomach 
was used as the conduit after esophagectomy, 
demonstrated that the stomach functions as a 
dynamic conduit, and that erythromycin, which 
appears to primarily directly effect motilin recep-
tors but which may also effect cholinergic trans-
mission, induces peristaltic activity in the vagally 
denervated stomach to a greater extent than in 
normal controls.99

Treatment
Treatment of gastroesophageal reflux following 
Ivor-Lewis esophagogastrectomy must take into 
consideration the alteration of normal esopha-
gogastroduodenal physiology and the abolition of 
natural anti-reflux mechanisms. As has already 
been discussed, delayed gastric emptying plays  
an important role in the perpetuation of symp-
tomatic reflux. Therefore alteration of the diet  
is important, particularly eating smaller, more  
frequent meals that are low in fat, maintaining a 
standing posture after meals, and avoiding large 
meals approaching bedtime. Elevation of the head 
of the bed on 4-inch to 6-inch blocks is advised. 
The use of proton pump inhibitors is always help-
ful as acid secretion by the intrathoracic stomach 
after truncal vagotomy and esophagectomy may 
be unchanged,106 and erythromycin as a promo-
tility agent, particularly in the early postoperative 
period, should be considered.107 Several anti-
reflux surgical procedures93 have been described, 
such as the intercostal pedicle esophagogastro-
pexy108; all have proved complex to create and 
have not met wide acceptance.

Tube Gastrostomy

Frequently, a patient with cancer (particularly 
cancer of the upper aero-digestive tract) will need 
enteral nutrition because of dysphagia due to 
tumor involvement of the pharynx or esophagus. 
Sometimes access to the gastrointestinal tract will 
be obtained in anticipation of complications due 
to chemotherapy and/or radiotherapy leading to 
severe oro-pharyngeal-esophageal mucositis pre-
cluding the ability to swallow. It has been shown 
that early nutritional intervention through PEG 
tube insertion and maintenance of nutrition and 
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hydration in patients with head and neck and 
esophageal cancer leads to better tolerance of 
treatment, completion of treatment at recom-
mended doses, and avoidance of hospitalization. 
PEG placement in these circumstances has been 
associated with a low morbidity and mortality. 
Rarely, metastasis of the primary tumor to the 
PEG site has been reported. PEG placement does 
not preclude the stomach from being used to con-
struct a conduit as an esophageal replacement 
during resection of distal esophageal cancers, as 
some thoracic surgeons have feared.109–111 In this 
last regard, however, it is best to ascertain the 
surgeon’s preferences.

In cancer patients, nutritional deficiencies 
can be restored and the quality of life can be 
maintained or improved by appropriate place-
ment of a PEG tube.112 Although nasoenteric 
tubes and other methods have been used to pro-
vide enteral nutrition and hydration in times past 
and at present,113 PEG tubes are preferred because 
they are socially and cosmetically better tolerated, 
better anchored and more comfortable for the 
patient, and easier for caregivers to manage. A 
PEG tube can be safely placed in the outpatient 
setting and full strength iso-osmolar formula 
feedings can be safely started as little as 3 hours 
after tube placement.114,115 Because PEG tubes are 
more easily managed by caregivers, more feeding 
formula can be infused in a shorter period of time 
resulting in better nutrition and hydration for 
most patients and better productivity for nursing 
home personnel. Therefore, most nursing homes 
demand that patients needing feeding assistance 
have PEG tubes in place before admission to their 
facilities.

In contradistinction to nasoenteric tubes,  
a PEG tube in non-acutely ill patients is better  
tolerated over a longer period of time and is asso-
ciated with improved survival, less aspiration, 
and is less likely to be pulled out. Achievement of 
overall nutritional status was similar in patients 
with a PEG tube as in patients with a nasogastric 
tube.116,117 PEG tubes need to be exchanged only 
occasionally and, usually, this exchange can be 
accomplished easily at the bedside. A variety of 
modifications of the replacement PEG tube have 
been developed. A modified replacement tube 
can be used for the exchange and will provide  
a more comfortable gastrostomy with less  
patient and caregiver anxiety about accidental 
dislodgement.118

Whether in the cancer or non-cancer patient, 
one should consider the placement of a  
nasogastric-enteric feeding tube if the anticipated 
need for tube feedings will be 30 days or less. For 
long-term tube feeding (greater than 30 days), it 
has been shown that a PEG tube is better tolerated 
and results in a better quality of life for patients 
and caregivers alike.116

Whenever a decision regarding artificial 
enteral nutrition is made, ethical considerations 

enter into the picture. The anticipated benefits 
must outweigh the potential harm due to possible 
complications. Decision regarding the placement 
of a PEG tube is often made difficult by emotions 
and misconceptions surrounding the benefits and 
risks of the procedure and the uncertainty, in 
some cases, that the intervention will bring mate-
rial long-term benefit. The decisions about offer-
ing or withdrawing artificial nutritional support 
should be considered in the same ethical light as 
any other medical treatment.119 Even now, more 
than 25 years since the introduction of the PEG 
into clinical practice, physicians are struggling 
with understanding the proper role of PEG and 
long-term enteral nutrition in the management 
of patients at the end of life. Because a procedure 
is readily available and relatively easily performed 
by experienced operators, it does not mean that it 
should be employed in all circumstances without 
regard to ethical standards.

Percutaneous Endoscopic Gastrostomy
The first PEG was performed on a 4  ½-month  
old infant in June 1979. Gauderer and Ponsky 
first reported this technique, including an  
additional 11 pediatric patients, in 1980.120 The 
germinal ideas, however, and the experimental 
demonstration for feasibility of percutaneous 
gastrostomy placement were reported in 1967 by 
both Jascalevich and Edlich and colleagues.121,122 
Since the introduction of PEG into clinical  
practice, it has become the procedure of choice to 
obtain enteral access in patients who for a variety 
of reasons have impaired swallowing but other-
wise have a functioning upper gastrointestinal 
tract. It has virtually replaced open surgical  
gastrostomy because of lower morbidity and 
mortality rates, ease and speed of placement, 
avoidance of general anesthesia and lower cost.113 
Open gastrostomy is useful, however, when 
placed as an adjunct to an abdominal operation 
being done for some other reason.

In the setting of cancer management, PEG is 
most commonly placed in patients with oropha-
ryngeal and esophageal malignancy before, during 
or after treatment with chemo-radiation or sur-
gery.123 Several techniques have been developed 
ranging from the original Ponsky-Gauderer ‘pull’ 
method,120 the over the guide wire ‘push’ Sachs-
Vine method,124 the ‘introducer-push’ or Russell 
method,125 and the fluoroscopic-assisted Seld-
inger technique.126 Gastrostomy tubes can be 
placed by the interventional radiologist,126 by the 
surgeon using either the open or laparoscopic 
technique,127 or by the gastroenterologist.128

Patients needing a PEG should be carefully 
screened and a primary determination made as to 
whether the patient’s condition is such that a life 
expectancy of at least 30 days is likely. When  
compared to a similar nursing home population, 
factors that adversely affect the 30- and 60-day 

mortality rates after PEG placement in hospital-
ized patients are a serum albumin < 3, chronic 
obstructive pulmonary disease, and diabetes  
mellitus.129 The reported procedure-associated 
mortality and major complication rates are low, 
with minor complication rates around 13%.  
Early mortality (< 30 days) has ranged from 8 to 
22%,130–132 30-day mortality is improved con-
siderably if the PEG tube is not placed during 
hospitalization for an acute illness. Patients who 
had PEG tube insertion 30 days after discharge 
achieved a 40% lower 30-day mortality rate  
than patients who had PEG tubes placed while 
hospitalized.133

Complications can be modified or averted  
by paying meticulous attention to details before  
and after PEG placement, such as using pre- 
procedure antibiotics,134 being aware of the con-
traindications to PEG tube placement, carefully 
selecting patients who are more likely to benefit 
from PEG placement,135 and ascertaining that, 
post-procedure, the external bumper does not 
exert undue pressure on the gastric or abdominal 
wall.136 If improvement in the patient’s condition 
and nutritional state cannot be reasonably 
expected, then placement of a PEG tube should be 
avoided.119

The decision to place a PEG tube prior to 
therapy for head and neck cancer can be difficult. 
The consistency of the diet consumed by the 
patient prior to institution of treatment may be a 
guide. The less like a normal diet that a patient 
consumes, the more likely a PEG will be needed.137 
PEG tube placement can be safely accomplished 
with greater than a 90% success rate in head  
and neck cancer patients with a low complication 
rate, several days or weeks before the anticipated 
treatment, at the time of other associated  
operative interventions, or in the postoperative 
period.123,138–140

The “pull” percutaneous gastrostomy tech-
nique as described by Ponsky and Gauderer  
is most commonly employed because of its  
simplicity and relative ease of placement.120,141  
An unsedated transnasal approach to PEG  
tube placement using an ultrathin endoscope  
has recently been reported and may be useful in 
patients with nearly obstructing lesions of the 
pharynx and in patients with trismus.142

There may be advantages to placing a PEG 
tube using the Russell “push” technique,125 rela-
tive to the incidence of rare PEG-site metastasis,124 
stomal infections, and other minor complications 
associated with the procedure.143,144 The Russell 
procedure has not been widely practiced by gas-
troenterologists. The introduction and placement 
of the gastrostomy tube is more complicated and 
time-consuming, and the feeding tube is of a 
lesser diameter than can be placed by the pull 
technique. It is also associated with a greater inci-
dence of major complications.145 In patients with 
advanced head and neck cancer who are elderly 
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and have comorbid medical conditions, it is pru-
dent to plan placement of the PEG at the time of 
anticipated resection.146

Although the placement of PEG tubes  
for enteral feeding has been proven safe, with a 
low incidence of minor and major complications, 
there has been concern about the occurrence of 
metastatic tumor implantation in the PEG stoma 
site. There have been approximately 30 patients 
reported with metastatic tumor implantation at 
the PEG tube site since 1989.147 The incidence of 
this complication is unknown but it has been 
variably estimated at less than 1% to as high  
as 3%. The exact mechanism for this complica-
tion is unknown, and various theories have been 
advanced. The mechanisms that have been pro-
posed include the direct contamination with 
malignant cells of the PEG tube as it traverses the 
tumor in the “pull technique” and the hematog-
enous and lymphatic spread of circulating tumor 
cells to predisposed tissues, such as the fresh PEG 
tube stoma. The majority of patients reported  
had squamous cell cancer of the head and neck 
although esophageal tumors have also been 
reported to metastasize to the PEG stoma as well. 
The discovery of the metastatic deposit has 
occurred on average 7 to 9 months after PEG 
placement. The most common signs and symp-
toms in patients with this complication include 
stomal leakage, stomal induration, exuberant  
and friable soft tissue growth and abdominal wall 
pain. The continued presence of the PEG tube 
was not necessary for this complication to occur. 
Some of the PEG tubes had been removed several 
months prior to the discovery of PEG site metas-
tases. The PEG tubes continued to function in the 
face of metastatic disease to the stoma. The major-
ity of reports have been in patients with aggres-
sive, advanced cancers (stage III and IV) who also 
had evidence of other distant metastasis. It appears 
that, since 1989, all the cases reported have been 
in patients who have had the PEG placed by the 
“pull technique.”148–150 This may be due to the fact 
that the “pull technique” is by far the most popu-
lar technique employed and not due to some 
inherent but undefined problem with the tech-
nique. Some authors have proposed that alterna-
tive methods be employed in the placement of 
PEG in these patients.147

Other Uses
Sometimes percutaneous endoscopic gastros-
tomy is employed not for establishment of nutri-
tion but for palliation of intractable nausea and 
vomiting due to intestinal obstruction caused by 
inoperable intraluminal tumor or abdominal  
carcinomatosis. Intractable nausea and vomiting 
can be palliated in the majority of these patients,  
obviating admission to the hospital. Some may 
return to a clear liquid diet which can boost  
the quality of life. If feasible, the combination of 

venting gastrostomy and feeding jejunostomy 
may be considered.88,151,152
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Hepatobiliary and Pancreatic Disorders
John T. Mullen, MD

Eddie K. Abdalla, MD

For long-term cancer survivors, and especially for 
cancer patients receiving treatment, disorders of 
the liver, biliary tree, and pancreas are common. 
The goal of this chapter is to provide a framework 
for diagnosis and treatment of disorders of these 
organ systems in the context of the patient’s treat-
ment and cancer-related prognosis. Because of 
space constraints, this chapter will not discuss 
every hepatobiliary or pancreatic disorder that 
clinicians may confront.

For many of the disorders described herein, 
invasive or interventional tests are needed for the 
diagnostic work-up, requiring the expertise of 
radiologists, gastroenterologists, and surgeons. 
The referring oncologist provides a critical per-
spective on the underlying cancer and the patient’s 
prognosis, and the work-up is modified on the 
basis of this background information. Every 
interventional test carries risks and must be 
applied judiciously—complications of the diag-
nostic work-up can have catastrophic conse-
quences for patients and families if the individual 
patient circumstances are not taken into account. 
Thus, when interventions such as endoscopy or 
biopsy are suggested below, they are to be consid-
ered only when the clinical scenario is critically 
appraised in light of the underlying cancer diag-
nosis and prognosis by the consulting oncologist 
in concert with interventional radiologists,  
gastroenterologists, and surgeons. This chapter 
will address the most common hepatobiliary and 
pancreatic disorders seen in cancer patients: jaun-
dice, hepatic toxic reactions due to anticancer 
therapies, cholecystitis, cholangitis, ascites, pan-
creatitis, and exocrine and endocrine pancreatic 
insufficiency.

Hepatobiliary Disorders

Jaundice
Jaundice, or icterus (yellow pigmentation of  
the skin and sclerae) is due to accumulation of 
bilirubin in the tissues. Causes of increased serum 
bilirubin levels include increased degradation of 
heme and impaired hepatic metabolism or excre-
tion of bilirubin. The liver plays a central role  
in the metabolism of bilirubin. Hepatocytes take 
up unconjugated bilirubin, which is bound to 

albumin, conjugate the bilirubin to glucuronic 
acid, and then excrete the conjugated bilirubin 
into bile. This last step, bilirubin excretion, is  
the rate-limiting step and the step most likely  
to be impaired when hepatocytes are injured. 
After excretion into bile, conjugated bilirubin  
is transported through the bile ducts and into  
the duodenum to emulsify fatty foodstuffs and 
facilitate absorption; unabsorbed conjugated  
bilirubin is either excreted unchanged in the stool 
or metabolized by ileal and colonic bacteria to 
urobilinogen, which is absorbed by the intestinal 
mucosa to be either re-excreted into bile or  
filtered by the kidneys and excreted in the urine.

Causes of Jaundice

The first step in the evaluation of a patient with 
jaundice is to establish whether the jaundice is 
due to unconjugated or conjugated hyperbiliru-
binemia (Figure 1). Jaundice associated with 
unconjugated hyperbilirubinemia is most com-
monly seen in the setting of increased erythrocyte 
destruction, as occurs with intravascular hemo-
lysis, massive transfusion, or resorption of a large 
hematoma. Less commonly, unconjugated hyper-
bilirubinemia is caused by decreased hepatic 
glucuronosyltransferase activity, such as occurs in 
end-stage hepatic failure or sepsis.

Jaundice associated predominantly with  
conjugated hyperbilirubinemia is generally caused 
by one of three groups of disorders: hepatocel-
lular disease, intrahepatic biliary obstruction 
(cholestasis), or extrahepatic biliary obstruction. 
Hepatocellular diseases that can cause jaundice 
include viral hepatitis (see Chapter 17, “Viral 
Infections”), drug-induced (especially chemo-
therapy-induced) hepatocellular disease, and  
cirrhosis. Intrahepatic cholestasis can be caused 
by long-term administration of total parenteral 
nutrition, can occur after surgery, or can be 
caused by sepsis or drugs (eg, chemotherapy). 
Extrahepatic biliary obstruction can be classified 
as either benign or malignant. Benign causes 
include infections, gallstones, and strictures. 
Malignant causes include periampullary cancers, 
cholangiocarcinomas, lymphomas, and cancers 
metastatic to the portal lymph nodes.

In patients with jaundice due predominantly 
to conjugated hyperbilirubinemia, levels of the 
other liver enzymes, including the transaminases 
and alkaline phosphatase, may suggest either a 
hepatocellular disorder (transaminase elevation 
predominant) or biliary obstruction (alkaline 
phosphatase elevation predominant). If liver 
enzyme levels suggest a hepatocellular disorder, 
serologic tests for hepatitis infection should be 
performed, and then a liver biopsy should be  
performed as needed to obtain diagnostic infor-
mation and for treatment planning. If biliary 
obstruction is suspected, abdominal ultrasono-
graphy should be performed. The remainder of 
this section will be devoted to the diagnosis and 
treatment of obstructive jaundice in the cancer 
patient.

Diagnosis and Treatment of Patients with 
Obstructive Jaundice

In patients with suspected biliary obstruction, 
abdominal ultrasonography should be the initial 
radiologic imaging study (Figure 2).1 Abdominal 
ultrasonography is noninvasive, inexpensive,  
and accurate, and the equipment required is  
portable. The study first and foremost provides 
information about the caliber of the biliary ducts, 
confirming the presence or absence of intra- and 
extrahepatic biliary ductal dilatation. With rare 
exceptions, ductal dilatation is present in all cases 
of obstructive jaundice. Abdominal ultrasonog-
raphy has a sensitivity of greater than 95% in 
detecting gallstones, which may be the source of 
ductal obstruction.2 However, abdominal ultra-
sonography may have a sensitivity lower than 
50% in detecting common bile duct stones.1

In the event of normal findings on ab dominal 
ultrasonography, abdominal computed tomogra-
phy (CT) is often helpful to evaluate the entire 
hepatobiliary tract. Cholangiography should be 
delayed until after CT unless cholangitis neces-
sitates immediate intervention, because the  
endoscopic manipulation of the biliary tree can 
significantly reduce the sensitivity of CT to detect 
biliary and pancreatic pathology. Endoscopy 
facilitates biopsy of lesions that can be identified; 
when no lesions are found, a liver biopsy should 
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be considered to define the cause of the obstruc-
tive jaundice (see Figure 2) if the results of such a 
biopsy would guide treatment.

If ultrasonography documents intra- and/or 
extrahepatic biliary ductal dilatation and gall-
stones in a candidate for surgery, consultations 
with a gastroenterologist and surgeon can help  
to determine the options for percutaneous,  
endoscopic, and surgical intervention.

If the patient has the cardinal manifestations 
of cholangitis—fever, right upper quadrant pain, 
and jaundice—or severe pancreatitis, endoscopic 
retrograde cholangiopancreatography (ERCP) 
should be urgently performed after fluid  
resuscitation and administration of intravenous 
antibiotics to cover gram-negative organisms  
and anaerobes. If common bile duct stones are 
found, the calculi should be cleared, and a  
sphincterotomy should be performed. The patient 
can then undergo semi-elective cholecystectomy 
after resolution of the inflammatory process,  
usually during the same hospitalization. If a  
biliary stricture is found, brushings should be 
obtained for cytologic evaluation, if indicated, 
and a plastic stent should be placed. If a  
skilled endoscopist is available, endoscopic  Figure 1  Flow diagram illustrating the causes of jaundice.

Figure 2  Algorithm for the diagnosis and management of biliary obstruction.
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ultrasonography (EUS) can be performed to 
examine the head of the pancreas and bile duct 
wall for possible lesions. If lesions are detected, a 
needle biopsy is performed. Most patients with 
intra- or extrahepatic biliary stricture should be 
promptly referred to a specialized center experi-
enced in the care of these patients after stent 
placement. A pathologic diagnosis is unnecessary, 
and repeated attempts to obtain sufficient tissue 
for diagnosis only result in delay of definitive 
treatment.

If the patient does not have cholangitis or 
severe pancreatitis, ERCP should not be the first 
course of action. Supportive measures should be 
instituted, and the patient should be observed. If 
the serum bilirubin level is elevated or cholangitis 
develops, ERCP should be considered; otherwise, 
if the patient is deemed to be a candidate for sur-
gery, a cholecystectomy is appropriate. Indeed, 
several randomized trials have demonstrated 
improved outcomes with a surgical approach 
(cholecystectomy with or without common bile 
duct exploration) as the first intervention in 
uncomplicated choledocholithiasis.3,4 This selec-
tive approach to the use of ERCP is cost-effective 
and spares the majority of patients without 
impacted or persistent common bile duct stones 
the risks of ERCP, including pancreatitis and 
duodenal perforation.5 For patients who are not 
candidates for surgery and who have no evidence 
of cholecystitis, a low-fat diet and expectant man-
agement should be considered. In gravely ill 
patients with cholecystitis, a percutaneous chole-
cystostomy tube should be placed under ultra-
sound guidance, and the patient should be given 
supportive care and intravenous antibiotics. After 
recovery from systemic disease, cholecystectomy 
is indicated.

If abdominal ultrasonography shows dilated 
intra- and/or extrahepatic ducts in the absence of 
gallstones, especially if the patient has a bilirubin 
level greater than 10 mg/dL or symptoms sugges-
tive of malignancy (ie, painless jaundice and 
weight loss), an abdominal CT scan should be 
obtained. CT enables the identification of mass 
lesions or adenopathy in the liver, porta hepatis, 
or pancreas and is more sensitive and specific 
than ultrasonography in diagnosing the etiology 
of extrahepatic biliary obstruction.1 For patients 
whose underlying cancer diagnosis is not associ-
ated with a poor long-term prognosis, work-up 
for treatment of a periampullary neoplasm can be 
considered. If the underlying cancer diagnosis 
portends a low likelihood of long-term survival, 
the extensive work-up required for a potentially 
resectable periampullary neoplasm is not neces-
sarily sensible, and management with plastic or 
metallic stents can be considered.

A hypodense lesion in the head of the pan-
creas on CT is suggestive of typical pancreatic 
ductal adenocarcinoma. If no lesion is seen on 
CT, ampullary and distal common bile duct 
lesions must be considered. If the patient would 

be a candidate for aggressive therapy, either the 
patient should be immediately referred to a center 
that specializes in the management of pancreatic 
cancer or the patient can be referred for ERCP 
with plastic stent placement by a gastroenterolo-
gist skilled in this procedure. Decision-making 
regarding appropriate stent placement requires 
consideration of several factors. If palliation of 
biliary stenosis is appropriate in light of the 
patient’s overall clinical condition, stent selection 
must take into account future treatment plans 
and prognosis. Metallic stents have greater long-
term patency than plastic stents but may interfere 
with future surgical interventions. In other  
words, even the decision regarding stent type 
requires careful consideration of the underlying 
disease process, prognosis, and potential future 
therapies.

Enlarged portal nodes related to lymphoma 
or metastatic disease can cause extrahepatic bili-
ary obstruction. These nodes can be biopsied 
under CT guidance or at the time of ERCP or 
endoscopic ultrasonography. Treatment gener-
ally entails chemotherapy and/or radiation  
therapy, with or without biliary decompression. 
The preferred mode of biliary decompression is 
endoscopic, but when this route fails, transhe-
patic biliary drainage can be considered. Tube-
free palliation can be achieved by internalizing 
external (transhepatic) stents at a second setting 
either by skilled interventional radiologists or by 
the endoscopist in concert with the radiologist. 
Such high level management of biliary obstruc-
tion requires close review of overall treatment 
plans, biliary anatomy and prognosis.

Hepatic Toxic Reactions Due to  
Anticancer Therapies
Hepatic toxic reactions are relatively common  
in patients receiving anticancer therapy. Toxic 
reactions range from mild, transient abnormali-
ties on liver function tests with standard-dose  
chemotherapy to full-blown hepatic failure due 
to graft versus host disease (GVHD) or sinusoidal 
obstruction syndrome (SOS) after hematopoietic 
stem cell transplantation. Moreover, fulminant 
hepatic failure may be the presenting clinical  
feature in patients with Hodgkin’s6,7 or non-
Hodgkin’s lymphoma7,8 and may develop from  
an exacerbation of underlying chronic hepatitis  
B virus (HBV) infection in patients on  
immunosuppressive cytotoxic therapy.9,10 This 
section describes hepatic toxic reactions related  
to chemotherapy, bone marrow transplantation 
(BMT), and radiation therapy.

Chemotherapy-Induced Hepatic Toxic  
Reactions

The diagnosis of chemotherapy-induced hepatic 
toxic reactions is difficult as there are no bio-
chemical or histologic features unique to this 

diagnosis. Diagnosis is further complicated by the 
fact that cancer patients often have other sources 
of liver disease related or unrelated to their cancer 
diagnosis (Table 1). A high index of suspicion is 
important. Clues to the proper diagnosis include 
the temporal relationship between the toxic  
reaction and drug administration and the response 
to drug cessation and rechallenge.

Chemotherapeutic agents commonly cause 
transient elevations in the values measured on 
liver function tests, particularly in aminotransfer-
ase values. Under most circumstances, the hepa-
totoxicity of standard-dose chemotherapy is not 
clinically significant. However, when hepatotox-
icity is clinically evident, the responsible drug 
needs to be promptly identified and discontin-
ued. If liver injury is a known dose-dependent 
adverse effect of a given drug, then that drug can 
be re-administered at a reduced dosage. Of course, 
the risk of adverse effects with re-administration 
of the drug needs to be weighed against the drug’s 
effectiveness as an anticancer agent.

The list of chemotherapeutic agents reported 
to be hepatotoxic is extensive (Table 2). Some of 
the more common hepatotoxic agents are the 
alkylating agents cyclophosphamide (especially 
when given at a high dose and in conjunction 
with other agents),11,12 busulfan,13 and melpha-
lan14; the antimetabolites methotrexate15 and 6-
mercaptopurine16,17; the hormones tamoxifen18,19 

and flutamide20,21; the cytokines interleukin-12 
and interferon-alpha-2b22; and the monoclonal 
antibody gemtuzumab.23

Acute awareness of the potentially lethal 
complication of chemotherapy in hepatitis B  
carriers cannot be ignored. Viremia, acute fulmi-
nant hepatic failure, and death have been reported 
in patients receiving chemotherapy for solid 
tumors9 as well as for hematologic malignancies, 

Table 1  Causes of Hepatic Toxic Reactions in 
Cancer Patients

Chemotherapy
Alkylating agents
Antimetabolites
Hormones
Others

Hematopoietic stem cell transplantation
Sinusoidal obstruction syndrome
Graft vs. host disease
Induction chemotherapy
Immunosuppressive medications

Radiation
Radiation-induced liver disease
Radiation-induced biliary stenosis

Other
Sepsis
Parenteral nutrition
Infection (especially viral and fungal)
Parenchymal replacement by tumor
Budd-Chiari syndrome
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and who are carriers of hepatitis B.10 Viremia  
and subsequent lethal consequences can be com-
pletely obviated by prophylaxis with lamivudine, 
a highly effective nucleoside analogue against 
HBV, in all seropositive cancer patients receiving 
antineoplastic therapy.10,24

Hepatic Toxic Reactions Related to Hepatic 
Artery Infusional Chemotherapy

Infusion of chemotherapy directly into the hepatic 
artery was proposed in the 1960s25,26 and has  
been promoted as a means to treat the liver with 
high-dose chemotherapy with minimal systemic 
toxicity.27-31 Unfortunately, such regional therapy, 
particularly for colorectal liver metastases, has 
not improved survival but has generated a range 
of hepatic toxic reactions, from mild biochemical 
test abnormalities to lethal hepatic failure.32 

The most common hepatic toxic reaction 
associated with hepatic artery infusional (HAI) 
chemotherapy is liver function test abnormalities, 
including a doubling of serum alkaline phospha-
tase levels in 29% of patients, a tripling of amino-
transferase levels in 65%, and an increase in total 

bilirubin levels to more than 3.0 mg/dL in nearly 
20% of treated patients.31,32 These liver function 
test abnormalities usually return to normal when 
the chemotherapy dose is lowered or when  
chemotherapy is discontinued. A less common 
but more significant, irreversible complication  
of HAI chemotherapy is biliary sclerosis, which 
may be mitigated by concurrent infusion of dexa-
methasone with chemotherapy.33 Cholangiogra-
phy should be performed in those patients  
who become jaundiced during the course of HAI 
chemotherapy. If there is a dominant biliary  
stricture, palliation can be achieved by placement 
of a biliary stent. Permanent biliary sclerosis with 
multiple strictures (9 to 17% of patients)34,35 and 
death from fulminant hepatic failure (1%)32,36 
persist as dreaded complications of hepatic artery 
chemotherapy regardless of the infused chemo-
therapeutic agent. Other important hepatobiliary 
complications of HAI chemotherapy include 
hepatic artery thrombosis (6%),32 which can be 
lethal or cause slow, progressive (untreatable) 
liver failure; catheter thrombosis (5%)32; catheter 
displacement (7%)32; and chemical cholecystitis, 
which occurs almost universally with HAI che-
motherapy such that prophylactic cholecystec-
tomy is now routinely performed at the time of 
infusion pump placement.37,38

Hepatic Toxic Reactions Related to Bone 
Marrow Transplantation

Hepatic toxic reactions occur in up to 70% of 
patients who undergo bone marrow transplanta-
tion (BMT); SOS and GVHD are the reactions 
associated with the highest morbidity and  
mortality.

SOS, formerly known as veno-occlusive  
disease, is a clinical syndrome characterized by 
jaundice, painful hepatomegaly, and fluid reten-
tion. The first signs of SOS are fluid retention and 
weight gain, which develop in the first 20 days 
after the pre-transplant chemotherapy regimen. 
Painful hepatomegaly and alterations in liver 
function tests occur later in the course of the dis-
ease. SOS is due to the synergistic toxicity of the 
high-dose chemotherapy and total-body irradia-
tion that comprise the preparative regimen 
administered prior to BMT. The incidence of SOS 
is dependent on patient-related factors and the 
chemotherapy regimen, and ranges from less than 
5% to as high as 70%.39 The mortality rate from 
SOS varies from 20 to 50%.39 Conditions that 
mimic SOS (including acute GVHD, sepsis with 
cholestasis, and heart failure) must be ruled out 
to establish the diagnosis. When the diagnosis is 
unclear, particularly in cases in which GVHD 
needs to be excluded, a liver biopsy should be  
performed. Percutaneous transjugular biopsy is 
preferred because procedure-related risks are 
extremely low, and this approach allows measure-
ment of the hepatic venous pressure gradient, 

which if greater than 10 mm Hg has a specificity 
of 90% in diagnosing SOS.40 Histologic findings 
on liver biopsy in patients with SOS include sinu-
soidal congestion and fibrosis and hepatocyte 
necrosis.

The pathogenesis of SOS is not well under-
stood but may be related to a disruption of the 
hepatic sinusoidal microcirculation. Treatment is 
largely supportive, including careful management 
of the patient’s volume status. Mild to moderate 
SOS can typically be managed with diuretics, and 
complete recovery is the norm. Unfortunately, 
the majority of patients with severe SOS develop 
multisystem organ failure with hepatorenal  
syndrome, and the outcome is usually fatal.

The liver is the most common organ affected 
by GVHD after BMT; nearly 70% of patients  
with chronic GVHD exhibit hepatic involvement 
despite appropriate immunosuppression.41 
Hepatic GVHD typically develops 2 weeks after 
BMT and is characterized by a progressive rise  
in the values measured on liver function tests. 
Patients often have concomitant GVHD involv-
ing the intestine and skin, and the presence of 
these in conjunction with altered liver function 
tests should raise suspicion of hepatic GVHD. 
When the diagnosis is in doubt, a liver biopsy  
is diagnostic. The cornerstone of treatment is  
steroids; however, the majority of patients with 
acute GVHD of the liver go on to develop chronic 
GVHD.42

Radiation-Induced Liver Disease

Radiation-induced liver disease, or radiation  
hepatitis, is a dose-limiting complication of liver 
irradiation. The clinical syndrome consists of 
tender hepatomegaly without jaundice; ascites; 
and abnormal liver function tests, particularly an 
elevated serum alkaline phosphatase level. The 
syndrome is not unlike SOS seen in patients after 
BMT. In fact, the pathogenesis of radiation-
induced liver disease is similar to that of SOS—
radiation-induced liver disease is a veno-occlusive 
disease characterized histologically by marked 
venous congestion of the central portion of the 
hepatic lobule and sparing of the larger veins. The 
syndrome typically develops 2 weeks to 3 months 
after hepatic irradiation. The liver tolerates  
radiation poorly; radiation-induced liver disease 
is seen in 5 to 10% of patients treated with 30 to 
35 gray of conventional radiation to the whole 
liver.43 For this reason, radiation therapy has tra-
ditionally played a limited role in the treatment of 
hepatic malignancies.44 Newer techniques of 
three-dimensional conformal radiation therapy 
enable the delivery of much higher doses of radia-
tion to the affected liver while sparing an adequate 
volume of normal liver, thus substantially reduc-
ing the risk of radiation-induced liver disease. For 
patients who develop this disease, treatment is 
largely supportive and similar to that described 

Table 2  Chemotherapeutic Agents Known to Be 
Hepatotoxic

Drug Type of Liver Injury

Cyclophosphamide11,12 SOS in high-dose  
  conditioning  
  regimens
Busulfan13 Cholestasis
Melphalan14 SOS in high-dose  
  conditioning  
  regimens
Methotrexate15 Steatohepatitis,  
  fibrosis, cirrhosis
6-mercaptopurine16,17 Cholestasis
Cytarabine81 Cholestatic jaundice,  
  hepatic failure
Dacarbazine82 SOS
Etoposide11,12 SOS and hepatic  
  failure
Gemcitabine83 Severe cholestatic  
  hepatitis, hepatic  
  failure
Flutamide20,21 Severe cholestatic  
  hepatitis, hepatic  
  necrosis
Tamoxifen18,19,84 Steatosis, cirrhosis,  
  hepatocellular  
  cancer
Interferon alpha-2b22,85 Steatohepatitis
Interleukin-1222 Steatohepatitis
L-asparaginase86 Steatosis, hepatocyte  
  necrosis, fulminant  
  hepatic failure
Paclitaxel87,88 Hepatic failure
Oxaliplatin89 SOS
Gemtuzumab23 SOS and hepatic  
  failure

@TF=SOS = sinusoidal obstruction syndrome.
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for SOS. In severe cases, liver failure and death 
can ensue.45

Acute Cholecystitis
Symptoms and Diagnosis 

Acute cholecystitis is a clinical diagnosis made 
upon analysis of the patient history and physical 
examination. Patients with acute cholecystitis 
typically present with a history of constant, dull 
right upper quadrant pain and tenderness that is 
localized and reproducible with palpation below 
the right subcostal margin. Treatment based 
solely on radiographic findings is problematic 
because gallstones and slight gallbladder wall 
thickening are commonly seen on imaging  
studies, even in asymptomatic individuals. A 
careful patient history and physical examination 
are thus critically important for the proper  
management of any patient with suspected  
gallbladder pathology.

Even in cancer patients receiving therapy, the 
vast majority of cases of acute cholecystitis (90 to 
95%) result from gallstones. Stones obstruct the 
cystic duct, causing gallbladder distention, edema, 
and inflammation, with eventual progression to 
venous obstruction and necrosis of the gallblad-
der wall. In the majority of cases, however, the 
stone will dislodge from the cystic duct, and the 
inflammation will resolve spontaneously (biliary 
colic).

Acute cholecystitis may also occur in the 
absence of stones, in which case it is called  
acalculous cholecystitis. The cause of this type of 
cholecystitis is most likely ischemia and biliary 
stasis, which results in exposure of the gallbladder 
mucosa to stagnant bile. It is possible that gall-
bladder sludge resulting from biliary stasis serves 
to obstruct the cystic duct much as the stone does 
in the calculous variant. Acalculous cholecystitis 
is most commonly seen in patients who are 
severely ill, such as those with sepsis, with multi-
system organ failure, or receiving prolonged  
parenteral nutrition.

Finally, cholecystitis can be the presenting 
diagnosis in patients with metastatic46,47 and 
relapsing cancers48 that infiltrate the gallbladder 
wall, and it can be caused by cancer therapies such 
as HAI chemotherapy, radiofrequency ablation49 
and percutaneous ethanol injection of liver 
tumors,50 and preparative chemotherapeutic  
regimens for BMT.51 

Onset of pain after a meal is a virtually uni-
versal symptom in patients with acute cholecysti-
tis. Nausea and vomiting can occur, and often the 
symptoms subside after vomiting. If symptoms 
do subside, the diagnosis is not cholecystitis but 
rather biliary colic, which is managed nonemer-
gently. If pain progresses and persists, sometimes 
with radiation to the right scapula or shoulder, 
acute cholecystitis should be considered. Acute 
cholecystitis may be associated with fever and 

anorexia, even in immunosuppressed patients. 
Jaundice is not a typical sign of acute cholecystitis 
unless complicated by common bile duct stones, 
although elevation in the bilirubin level to 2.0 to 
2.5 mg/dL may occur in patients with uncompli-
cated acute cholecystitis. A bilirubin level higher 
than 3 mg/dL suggests common bile duct stones, 
while an elevated serum amylase level suggests 
pancreatitis. Pain radiating to the left side or  
to the back is more common with common bile  
duct stones than with cholecystitis alone. Mild 
leukocytosis (typically a leukocyte count of 12,000 
to 15,000/mL) or a normal white blood cell  
count may be found, and mild liver function test 
abnormalities can occur. Some mild abdominal 
distention is common, and right subcostal ten-
derness to deep palpation is nearly universal. 
Occasionally, the gallbladder can be palpated.

Abdominal ultrasonography is the most sen-
sitive (sensitivity ≈ 90%) and specific (specificity 
≈ 80%) test to confirm cholecystitis when this 
diagnosis is suspected on the basis of clinical  
findings.52 Typical findings on ultrasonography  
in patients with acute cholecystitis include gall-
stones, gallbladder wall thickening, pericholecys-
tic fluid, and a ultrasonographic Murphy’s sign. 
The gallbladder is dilated, not decompressed. 
Abdominal CT is much less sensitive and specific 
than ultrasonography and is usually not helpful  
in the clinical management of suspected acute 
cholecystitis. Functional nuclear studies such as  
a hepatobiliary technetium 99m-iminodiacetic 
acid scan can be helpful in rare circumstances, 
but if they are used without regard to clinical 
symptoms, they are generally not helpful in 
patient care.

Treatment

The initial management of acute cholecystitis 
(Figure 3) of any cause includes bowel rest,  
intravenous hydration, and intravenous broad-
spectrum antibiotics tailored to the flora of  
the gastrointestinal tract. Definitive treatment is 
cholecystectomy, preferably performed by the 
laparoscopic approach.

The timing of cholecystectomy is largely 
based on the overall medical condition of the 
patient. For patients who are medically fit,  
cholecystectomy should be performed at onset of 
pain or, in severe cases, after symptoms regress 
and the clinical situation permits surgery— 
usually during the same hospitalization. For 
patients receiving chemotherapy or other immu-
nosuppressive medications and for medically 
unfit patients, the acute attack is managed with 
supportive care as outlined in the preceding  
paragraph and with interval cholecystectomy as 
appropriate. Surgery should be delayed until the 
white blood cell count rebounds after chemother-
apy (until the absolute neutrophil count exceeds 
1000/mL and is rising).

Typically, acute calculous cholecystitis 
resolves with the aforementioned regimen of 
bowel rest, intravenous hydration, and intrave-
nous broad-spectrum antibiotics; cholecystec-
tomy is performed once therapy is completed and 
the bone marrow and immune system have recov-
ered. If the patient fails to improve or deteriorates 
on this regimen, a percutaneous cholecystostomy 
tube can be placed under ultrasound guidance, 
even at the bedside if the patient is too ill to be 
transported to the radiology suite.53 The cholecys-
tostomy tube effectively drains the gallbladder 
and leads to clinical improvement in the majority 
of patients. Failure to see clinical improvement 
suggests a gangrenous gallbladder; in such cases, 
laparotomy with cholecystectomy may be neces-
sary to avoid gallbladder perforation.

The treatment of acute acalculous cholecy-
stitis is also tailored to the patient’s medical  
condition (see Figure 3). Definitive treatment is 
cholecystectomy, but most patients with acalcu-
lous cholecystitis are too ill for an operation, so 
percutaneous cholecystostomy is the treatment of 
choice in most cases. The tube is left in place for 
at least 4 to 6 weeks to permit a mature fistula 
tract to form. A cholangiogram is obtained via the 
tube after this waiting period, and if it shows 
drainage into the biliary tree and duodenum, the 
tube is clamped and subsequently removed if the 
patient tolerates clamping. Elective cholecystec-
tomy should be performed in medically fit patients 
with a reasonable prognosis (expected survival of 
more than 12 months) with respect to their cancer 
diagnosis.

Cholangitis
Cholangitis is a septic process of the biliary tree 
due to biliary tract obstruction and consequent 
overgrowth of bacteria that colonize the bile from 
duodenal reflux or from the systemic circulation. 
In the general population, cholangitis is most 
commonly due to common bile duct stones and 
benign strictures; in cancer patients, malignant 
biliary strictures and obstructed indwelling bili-
ary stents are the most frequent causes. Patients 
typically present with fever and jaundice; abdom-
inal pain, the symptom completing Charcot’s 
triad, occurs in only about 20% of patients. 
Abdominal ultrasonography is the study of choice 
to document biliary ductal dilatation and gall-
stones. In patients known to have a biliary stric-
ture or an indwelling biliary stent, one can proceed 
directly to ERCP, as it is both diagnostic and  
therapeutic.

The initial management of cholangitis 
includes aggressive fluid resuscitation and broad-
spectrum intravenous antibiotics tailored to the 
likely gram-negative and anaerobic biliary patho-
gens. Definitive management requires adequate 
biliary drainage, and endoscopic drainage has 
been shown to be superior to emergent surgical 
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drainage in terms of morbidity and mortality.54 If 
common bile duct stones are present, they are 
cleared and a sphincterotomy is performed.  
Strictures are biopsied with brushings if a tissue 
diagnosis has not been established, and a stent is 
placed. Obstructed biliary stents are simply 
exchanged or removed. If endoscopic drainage  
is not available or technically feasible, the inter-
ventional radiologist can place a percutaneous 
transhepatic biliary drain. After the acute episode 
of cholangitis has resolved, efforts can be made  
to treat the underlying problem (eg, surgical 
resection of a biliary stricture).

Ascites
Ascites in cancer patients is most commonly a 
finding of end-stage disease secondary to perito-
neal carcinomatosis. In this condition, metastatic 
tumor cells lining the peritoneum exude protein-
aceous fluid. This form of ascites, referred to as 
malignant ascites, is seen most commonly in 
patients with breast, colon, gastric, and pancre-
atic cancers. Patients with ovarian and appendi-
ceal malignancies often present with ascites as the 
first symptom of their disease. Ascites can also be 
caused by replacement of the liver parenchyma or 
compression of the portal vein by massive liver 
metastases, resulting in portal hypertension. 
Extrahepatic portal, superior mesenteric, and 
splenic vein obstruction can occur with pancre-
atic tumors, leading to portal hypertension and 
ascites. Of course, benign forms of ascites are seen 
in cancer patients as well, the most common of 

which is ascites due to portal hypertension in 
patients with cirrhosis or, rarely, after treatment 
for portal vein obstruction.

The diagnosis of ascites is suggested by the 
characteristic symptoms of weight gain and 
increased abdominal girth and is confirmed by 
abdominal ultrasonography or CT. Paracentesis 
is used to obtain ascitic fluid for a cell count, albu-
min level measurement, gram stain and culture, 
and cytologic analysis as indicated. If the ascitic 
fluid appears milky, chyliform ascites is suggested, 
and triglyceride levels should be measured as  
well. Serum albumin should be measured at the 
same time to establish the serum-ascites albumin 
gradient (SAAG), which directly correlates with 
the portal pressure. The gradient is calculated by 
subtracting the albumin level of the ascites fluid 
from the albumin level of the serum. A SAAG 
g1.1 gm/dL (high SAAG) is diagnostic of portal 
hypertension; the most common causes include 
cirrhosis, Budd-Chiari syndrome, and cardiac 
ascites. A SAAG <1.1 gm/dL (low SAAG) indi-
cates a high concentration of protein in the ascitic 
fluid, as in peritoneal carcinomatosis.

The treatment of high-SAAG ascites includes 
diuretics and salt restriction; symptomatic 
patients with ascites refractory to diuretics may 
benefit from large-volume paracentesis. The 
treatment of low-SAAG ascites centers on  
treatment of the underlying cause. Peritoneal car-
cinomatosis secondary to the most common 
malignancies (ie, those of the breast, colon,  
pancreas, and lung) portends a dismal prognosis, 

and so treatment is essentially palliative. Patients 
with carcinomatosis due to ovarian and appendi-
ceal cancers may be candidates for aggressive sur-
gical debulking and intraperitoneal chemotherapy  
and enjoy long-term survival. Peritoneo-venous 
shunting is contraindicated in virtually all cases  
of malignant ascites because the shunt would  
lead to continuous circulation of cancer cells  
from the peritoneum throughout the vascular 
system.

Pancreatic Disorders

Acute Pancreatitis
Acute pancreatitis is a complex disorder of the 
exocrine pancreas characterized by acinar cell 
injury and local and systemic inflammatory 
responses. In the vast majority of patients, acute 
pancreatitis is mild and self-limited, character-
ized by gland edema and perhaps a small peripan-
creatic fluid collection or phlegmon. This is 
referred to as simple, uncomplicated acute  
pancreatitis. In approximately 10% of patients, 
however, the disease is far more virulent and life-
threatening and leads to complications, including 
pseudocysts, abscesses, ascites, and pancreatic 
necrosis. These patients may suffer significant 
physiologic derangements secondary to the  
in flam matory response, leading to sepsis, multi-
system organ failure, and death.

The diagnosis of acute pancreatitis must  
be considered in patients with abdominal pain, 
especially pain in the epigastrium radiating to the 
back and associated with nausea and vomiting. 
The diagnosis is usually confirmed by elevated 
serum amylase and lipase values; occasionally 
only hyperamylasuria is found. Abdominal ultra-
sonography is the only radiologic imaging study 
necessary in the initial evaluation of a patient with 
mild acute pancreatitis. This study confirms or 
excludes gallstones or a retained common bile 
duct stone after previous cholecystectomy as the 
cause of the pancreatitis; abdominal ultrasono-
graphy is not obtained to study the pancreas, 
which is typically obscured by overlying bowel 
gas. The role of abdominal CT in the diagnosis 
and management of acute uncomplicated  
pancreatitis is limited (details below).

Even in patients receiving cancer treatment, 
the most common causes of acute pancreatitis—
namely gallstones and alcohol abuse—must  
be ruled out prior to considering the diagnosis  
of drug-related (chemotherapy-related) pancre-
atitis. Abdominal ultrasonography can establish 
gallstones as the cause, and the patient history can 
establish alcohol abuse as a potential etiology. 
Acute pancreatitis also has innumerable other 
causes which will not be listed here. Rather, we 
will focus on the causes pertinent to the cancer 
patient (Table 3).

Acute, uncomplicated pancreatitis has been 
reported to occur as a complication of a number 

Figure 3  Algorithm for the diagnosis and management of acute cholecystitis.
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of different chemotherapeutic agents, including 
ifosfamide,55,56 vinblastine,57 L-asparaginase,58  
cisplatin,59 capecitabine,60 and paclitaxel (Table 
4).61 Attempts to administer the same chemother-
apeutic agent(s) at a later time, even at a reduced 
dose, may result in a new episode of pancreatitis, 
necessitating a different antineoplastic regimen.55 
In addition, acute pancreatitis has been reported 
in 28% of BMT recipients at autopsy, although 
many of these cases were subclinical.62 Although 
GVHD has been identified as a risk factor for the 
development of pancreatitis in BMT recipients, 
these patients also have a high incidence of other 
risk factors, including cytotoxic chemotherapy  
as part of the preparative regimen, prolonged 
treatment of GVHD with steroids and cyclospo-
rine, and biliary sludge secondary to biliary stasis 
after BMT.62

In cancer patients, acute pancreatitis may 
result from ductal obstruction secondary to  

metastatic disease that has spread to regional 
lymph nodes or to the pancreas itself. Such metas-
tases have been described in patients with breast, 
renal, lung, and prostate cancer.63-65 In addition, 
pancreatitis can be the presenting manifestation 
of lymphoma66,67 or arise secondary to diffuse 
pancreatic invasion of adult T-cell leukemia 
cells.68 Acute pancreatitis has also been reported 
as a complication in patients receiving HAI che-
motherapy69 and intraperitoneal chemotherapy 
at the time of cytoreductive surgery for peritoneal 
malignancies.70

The cornerstone of treatment is supportive 
care, including bowel rest and intravenous  
hydration. Although antibiotics have not been 
shown to prevent infectious complications in 
immunocompetent patients with mild pancreati-
tis,71 immunocompromised patients undergoing 
chemotherapy (especially patients who are neu-
tropenic) should be treated with broad-spectrum 
antibiotics.72 Antibiotics are also indicated in 
patients with complicated pancreatitis. If there is 
no clinical improvement after several days of sup-
portive care or if there is clinical deterioration at 
any point during treatment, a contrast-enhanced 
abdominal CT scan should be obtained to rule 
out complicated pancreatitis. CT is not required 
in cases of uncomplicated pancreatitis because it 
does not predict the course of the disease; rather, 
CT is used selectively to guide the treatment of 
patients whose episode of pancreatitis is severe or 
complicated (below) or whose symptoms persist 
after several days of conservative treatment.

Complications of acute pancreatitis include 
pseudocyst, abscess, pancreatic ascites and/or 
effusion, fistula, and necrosis. These conditions 
may carry a much worse prognosis than simple, 
uncomplicated pancreatitis, so treatment should 
be tailored to each patient on the basis of the stage 
of disease and the cancer-related prognosis. 
Appropriate management of these problems 
requires close interaction between referring 
oncologists, gastroenterologists, interventional 
radiologists, and, occasionally, surgeons.

For cancer patients with gallstone pancreati-
tis, treatment is based on the severity of the pan-
creatitis and the health status of the patient with 
respect to the cancer diagnosis. Mild gallstone 
pancreatitis is generally a self-limited disease, and 
patients should be treated with supportive care as 
outlined above. With clinical improvement, a 
low-fat diet is instituted, and elective laparoscopic 
cholecystectomy is planned for when cell counts 
recover after chemotherapy. ERCP is not indi-
cated for the routine treatment of mild gallstone 
pancreatitis and, in fact, is associated with 
increased costs and length of hospital stay in this 
setting.73

Severe gallstone pancreatitis can be life-
threatening and demands skilled surgical and 
critical care. For patients who fail to improve  

with supportive measures over the first 24 hours 
or who have evidence of acute cholangitis, urgent 
ERCP is indicated to clear the biliary tree of  
all calculi and to perform a sphincterotomy. 
Aggressive supportive measures are instituted, 
including adequate fluid resuscitation to replace 
the at times massive third-space losses due to the 
retroperitoneal inflammation. Broad-spectrum 
antibiotics are instituted in most patients, partic-
ularly those immunocompromised because of 
chemotherapy. If clinical improvement is not 
seen fairly soon after successful ERCP and sphinc-
terotomy, a contrast-enhanced CT scan of the 
abdomen should be obtained to rule out compli-
cations of pancreatitis, especially necrosis. Once 
the patient has completely recovered from severe 
pancreatitis, elective cholecystectomy should be 
performed. The timing of surgery depends on the 
status of the patient’s cancer treatment and  
prognosis, but it is recommended that cholecys-
tectomy be performed during the same hospital-
ization. Too long a delay may result in recurrent 
bouts of gallstone pancreatitis. For patients with  
a cancer-related predicted survival of only weeks 
or months, particularly patients with intra-
abdominal carcinomatosis/sarcomatosis and 
ascites, cholecystectomy is not indicated.

Pancreatic Exocrine Insufficiency
Exocrine insufficiency of the pancreas refers to 
impaired secretion of pancreatic enzymes via the 
pancreatic duct and consequent malabsorption of 
nutrients by the small intestine. This disorder 
manifests clinically as steatorrhea, increased stool 
frequency, crampy gas pains with meals, and 
weight loss. Pancreatic exocrine insufficiency is 
more common in diabetic patients, particularly 
those who are obese,74 but the reason for the 
increased incidence in this population has yet to 
be elucidated. New-onset diabetes mellitus, espe-
cially in male smokers over the age of 70, should 
prompt consideration of pancreatic cancer. The 
mechanism by which pancreatic cancer can cause 
such findings is believed to be ductal obstruction 
by the pancreatic mass with distal gland atrophy. 
If data from the history and physical examination 
support a diagnosis of pancreatic cancer, a diag-
nostic work-up, including contrast-enhanced CT 
of the abdomen before endoscopy, should be 
considered.

There are no specific reports of pancreatic 
exocrine dysfunction secondary to chemothera-
peutic agents. However, in patients who undergo 
hematopoietic stem cell transplantation, pancre-
atic exocrine insufficiency related to the prepara-
tive regimen can develop at any time after 
transplantation, though typically the condition 
develops within the first few years.75 In addition, 
pancreatic exocrine insufficiency has been 
described in patients who develop either acute or 
chronic GVHD after allogeneic BMT.76 Finally, 

Table 3  Causes of Acute Pancreatitis in Cancer 
Patients

Gallstones
Alcohol Abuse
Chemotherapy
Systemic
Intraperitoneal
Hepatic artery infusional

Hematopoietic stem cell transplantation
Induction chemotherapy
Graft vs. host disease
Immunosuppressive medications
Biliary sludge

Metastasis
To the pancreas
To regional lymph nodes

Ampullary neoplasm
Pancreatic
 Ductal adenocarcinoma
 Cystic neoplasm
 Neuroendocrine tumor
 Lymphoma
Distal bile duct adenocarcinoma
Ampullary carcinoma

Duodenal carcinoma

Table 4  Chemotherapeutic Agents Known to 
Cause Pancreatitis

As Single Agents As Combination Therapy

Azathioprine90,91 Methotrexate92

6-mercaptopurine93 Cyclophosphamide94

L-asparaginase58 Mitomycin-C95

Ifosfamide55,56 Vinblastine96,97

Prednisone98 5-fluorouracil92

Cytarabine99 Vincristine92

Capecitabine60 Cisplatin95,100

Paclitaxel61 Bleomycin101

 Thalidomide102
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short-term exocrine insufficiency is common 
after a pancreaticoduodenectomy or other major 
pancreatectomy, and long-term insufficiency may 
be present in as many as 40% of these patients.77 
In our patients who have undergone pancreatec-
tomy, we routinely provide enzyme supplemen-
tation and follow patients closely in the clinic for 
signs and symptoms of persistent malabsorption.

The diagnosis of pancreatic exocrine insuffi-
ciency is typically made on clinical grounds, with 
the classic symptoms described above, and treat-
ment can be initiated on this basis. A response to 
therapy can be regarded as confirmation of the 
diagnosis, although biochemical tests, including 
serum pancreatic enzyme and pancreatic elastase 
II levels, and fecal fat measurements, can be  
performed when the diagnosis is in doubt.

Treatment consists of three equally impor-
tant measures: (1) dietary manipulation to achieve 
a reduction in fat intake to 25 to 30% of normal; 
(2) pancreatic enzyme supplementation, with 
supplements taken throughout the meal and in 
sufficient quantity to eliminate steatorrhea; and 
(3) adequate acid suppression with a proton-
pump inhibitor or H2-receptor antagonist to raise 
the intestinal pH to permit effective pancreatic 
enzyme activity and thus fat absorption.78

Pancreatic Endocrine Insufficiency
As mentioned above, in patients who develop 
new-onset diabetes mellitus, especially in associa-
tion with pancreatic exocrine insufficiency, one 
must consider a diagnosis of pancreatic cancer. In 
fact, diabetes mellitus has been implicated as a 
predisposing factor in the development of pan-
creatic cancer.79,80 In addition, diabetes mellitus 
develops during the course of chemotherapy in  
a significant percentage of patients—particularly 
those receiving corticosteroids in combination 
therapy regimens for the prevention of transplant 
rejection, for GVHD, and for the prevention of 
nausea and vomiting. (Please see Chapter 24, 
“Management of Diabetes Mellitus,” for further 
detail about the management of diabetes mellitus 
in cancer patients.)

Summary

Disorders of the liver, biliary tree, and pancreas 
are common in cancer patients at presentation, 
during anticancer therapy, and long after curative 
treatment. Although cancer patients can develop 
biliary and pancreatic disorders unique to their 
cancer diagnosis and treatment, the most common 
causes of these disorders in cancer patients are the 
causes in non-cancer patients. However, perspec-
tive on the prognosis of the underlying cancer 
diagnosis guides not only treatment but also clin-
ical decision-making regarding the ap pro priate 
use of interventional diagnostic modalities. Just 
as for decision-making regarding cancer therapy, 

diagnostic and therapeutic decision-making for 
non-oncologic issues in complex cancer patients 
is optimal when oncologists and other specialists 
work together in a multidisciplinary setting.
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Disorders of the Digestive Tract and 
Nutrition: Intestinal Issues

John R. Stroehlein, MD

Gastrointestinal difficulties occur in most cancer 
patients. These problems are responsible for 
impairing quality of life and interfering with 
therapy. This chapter addresses important  
gastrointestinal issues in the cancer patient and 
focuses on evaluation and management of these 
problems.

Short Bowel Syndrome

One of the most severe and potentially cata-
strophic forms of malabsorption results from 
shortening of the absorptive surface of the small 
bowel owing to resection or bypass, which may be 
necessary in the management of intra-abdominal 
malignancies. In this context, intravenous and 
enteral nutritional support, diet modification 
with supplementation, and pharmacotherapy  
are critical to lessen the multiple consequences of 
short bowel syndrome (SBS). The provision of 
medications can also be a challenge for the clini-
cian. Whenever possible, oral administration 
should be provided, recognizing that absorption 
needs to be monitored and that problems with 
absorption have been described.1 Knowing the 
site of absorption and intraluminal requirements 
for absorption of specific medications is clinically 
very useful in planning the use of orally adminis-
tered medications in the SBS patient. Fortunately, 
many, if not most, medications are absorbed from 
the proximal jejunum, which is often preserved  
in the SBS.2

Although SBS occurs when less than 200 cm 
of the small bowel remains, the severity of symp-
toms and the type of complications related to SBS 
are dependent on the extent and anatomic seg-
ment of small bowel resected or bypassed. The 
most critical portions of the small bowel to pre-
serve include the terminal ileum and ileocecal 
valve, duodenum, and proximal jejunum. As a 
result of specialized functions, loss of the duo-
denum and/or ileum impairs critical components 
of absorption much more than other portions of 
the small bowel. Preservation of the colon also 
helps limit the severity of diarrhea and allows the 
colon to serve as a digestive organ for short-chain 

fatty acids (SCFAs) in patients with SBS.3 If the 
colon is preserved, carbohydrate malabsorption 
is of limited significance because up to 80% of 
calories can be absorbed as SCFAs after bacterial 
conversion from carbohydrates in the colon.4 

An acute phase, an adaptive phase, and a 
maintenance phase of management have been 
described for patients with SBS.5 During the acute 
phase, intravenous fluids and total parenteral 
nutrition (TPN) are required; however, oral or 
enteral intake of gradually increasing quantity, 
administered in small feedings or by continuous 
infusion, can usually be started on the fourth or 
fifth postoperative day and advanced to small  
frequent feedings of a high-fat, carbohydrate-
supplemented diet to which a small amount of 
medium-chain triglycerides can be added.5

It has been known for many years that adap-
tation of the remaining small bowel resulting 
from hyperplasia and lengthening of the villi can 
help compensate for an otherwise decreased 
absorptive surface.6–8 Adaptive processes mainly 
involve increasing the number of cells and cell 
surface since enterocytes do not improve their 
individual absorptive function, except for facili-
tated absorption of sodium and calcium.9,10 It has 
been proposed that the release of glucagon-like 
peptides, peptide YY, and/or neurotensin from 
the ileum in response to luminal nutrients repre-
sents some of the trophic effects on the remaining 
small intestine.11,12 The global clinical relevance  
of these observations is uncertain, as is the role of 
glutamine, which is a major source of energy for 
the enterocyte. Randomized studies have failed  
to demonstrate a positive adaptive effect of glu-
tamine and a negative clinical effect when admini-
stered with growth hormone.13,14 Although  
the basis of the hyperplastic adaptive response  
is incompletely understood, a trophic adaptive 
response is clearly linked to luminal contact with 
nutrients.15,16 

Given that most patients with SBS will mal-
absorb approximately 30% of ingested nutrients, 
to achieve target absorption of 30 to 40 kcal/kg/d 
(ideal body weight), about 45 to 60 kcal/kg/d will 
need to be ingested.5 Even if inadequate for energy 

needs, oral or enteral feedings should be started as 
soon as possible to take advantage of adaptive 
changes. The value of modified enteral formula-
tions designed to promote immunomodulation 
and decrease the propensity for bacterial translo-
cation (considered to be an important source on 
sepsis in the critically ill patient) remains contro-
versial.17 Recent studies have demonstrated, for 
the first time, that high-fat enteral nutritional 
infusion increases plasma triacylglycerol and apo-
lipoprotein B levels and decreases endotoxemia 
and bacterial translocation after hemorrhagic 
shock in the rat.18

Besides the development of nutritional  
deficiencies, patients with SBS frequently experi-
ence severe watery diarrhea and electrolyte losses, 
which can be modulated in several ways. These 
include treatment with histamine2 (H2) or proton 
pump inhibitors, considered to have an effect 
similar to that of intravenous cimetidine, which 
was initially shown to significantly reduce  
diarrhea.19 Although individuals with less than 
100 cm of jejunum secrete more sodium and 
water than consumed orally, the use of glucose-
polymer–based oral rehydration solutions 
(ORSs), which are commercially available or can 
be easily modified with additional sodium  
to achieve optimal concentration of at least  
70 mmol/L, can substantially increase absorption 
of fluid and electrolytes if the proximal jejunum 
has been preserved.2 To take advantage of this 
process, patients with SBS should not rely on 
water for thirst but be provided with an ORS, 
which can provide considerable benefit, which 
has been too frequently overlooked.20 

Other practical aspects of dietary and phar-
macotherapy of diarrhea in SBS include the use of 
antidiarrheal medications to decrease the volume 
and frequency of evacuation and urgency.21,22 
Octreotide is known to decrease intestinal secre-
tions, prolong transit time, and improve quality 
of life in some patients with SBS; however, treat-
ment is expensive and results in pancreatic insuf-
ficiency and increased incidence of gallstones.23,24 
In animal models, octreotide has been reported  
to impair postresection intestinal adaptation. 
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Effective pharmacotherapy also includes (1) treat-
ment of bacterial overgrowth to lessen the adverse 
effect of intraluminal bacteria on bile acid con-
centration in the small bowel and competitors for 
nutrients; (2) use of pancreatic enzyme supple-
ments to compensate for impaired synchrony of 
digestion; (3) calcium supplementation to com-
pensate for malabsorption and decrease hyperox-
aluria and nephrolithiasis; (4) supplementation 
with fat-soluble vitamins and trace minerals;  
and (5) correcting magnesium deficiency, which 
usually needs to be accomplished parenterally; 
however, magnesium gluconate added to a  
rice-based commercial oral rehydration formula 
has been shown to enhance magnesium absorp-
tion equivalent to bolus dosages.25 Iron supple-
mentation is usually needed in the setting of 
duodenal and/or gastric resection. Tables 1 and  
2 summarize macro- and micronutrient recom-
mendations, and Table 3 summarizes the  
pharmacotherapy for SBS. 

Optimal administration of enteral nutrients 
may require continuous infusion via a nasoen-
teric tube, which can be placed by the patient  
for overnight infusion of nutrients, or via  

gastrostomy or enterostomy. Although contin-
uous infusion of nutrients may lessen the symp-
toms of diarrhea, it is considered routine if using 
gastrostomy to initiate feedings with 100 cc full-
strength bolus feeding followed by 50 cc water 
flush and advanced by 50 cc every 4 hours if there 
is no significant gastric residual.26 After maximum 
volume is reached, the interval can be reduced  
to every 2 hours over a 12-hour interval. Tube 
feedings can be further fortified by the addition  
of safflower oil or polycose or switching to a 
higher–caloric density product.

When initiating intravenous nutritional sup-
port (TPN), 25 to 30 kcal/kg ideal body weight 
using standard formulas is recommended for 
normally nourished patients. Although most 
patients initially require TPN, many are able to  
be weaned and eventually rely exclusively on oral 
intake following adaptation. If maintenance TPN 
is required, it is important, for clinical reasons 
and factors related to reimbursement, to consider 
if (1) the condition is expected to persist for at 
least 90 days, (2) objective evidence supports  
the presence of gut dysfunction, and (3) attempts 
were made to improve nutritional status by 
enteral feedings, diet modification, and/or drug 
therapy, which are described above. Most patients 
who have at least 80 cm of remaining small  
bowel, including the ileocecal valve, and who  
have not had colonic resection can, after 6 to 12 
months of adaptation, be maintained on oral 
nutrition alone. When maintenance intravenous 
nutritional support is necessary, enteral nutrition 

Table 1  Diet and Supplement Therapy of Short Bowel Syndrome

Intervention Basis Comments

Medium-chain triglycerides Micellar solubilization not required May cause nausea
 (if colon is present) Can be absorbed from the colon  vomiting or ketosis
 Provide additional source of energy  in high dosages
Carbohydrate (complex) Usually well tolerated and Proximal jejunum where
 (30–35 kcal/kg/d)  may be converted to  disaccharidases located
 SCFAs and absorbed  usually preserved in SBS
  from the colon if present 
Hig Fat diet Increases available energy Acceptable to have
 (20–30% calories)   steatorrhea increased
Protein (intact) Provides adequate nitrogen Nitrogen absorption is
 (1–1.5 g/kg/d)   least affected macronutrient
   by decreased absorptive 
   surface
Soluble fiber Conversion to Associated gaseousness
 (oats, psyllium,  SCFA energy  and malodor of SCFA
 barley, some fruits  source if colon is intact
 and vegetables)
Calcium As calcium supplement As calcium carbonate
 (800–1,200 mg/d) Reduces oxalate absorption Increased fat and ileal
 Compensates for intraluminal  excreta described
  binding by fatty acids
Selenium Compensates for increased loss in Serum levels are reliable 
 (60–100 µg daily)  in SBS
Zinc sulfate Deficiencies reported to cause Use parenteral if needed 
 (220–400 mg/d  growth abnormalities, delayed wound Blood levels helpful but
 for deficiencies)  healing, and immune dysfunction  may be unreliable
Low-oxalate diet Helps prevent nephrolithiasis Completely avoid draft beer,
 (40–50 mg/d)   juice with berries, cocoa, tea,
   lemonade or limeade, and 
   tomato juice

Adapted from Buchman AL et al.2

SBS = short bowel syndrome; SCFA = short-chain fatty acid.

Table 2  Vitamin Therapy for Short Bowel Syndrome*

Intervention Basis Comments

Vitamin B12 Essential vitamin Requires parenteral or 
 (1,000 µg/mo)   intranasal route if ileal
   or gastric resection
Vitamin D Interruption of enterohepatic Greater importance with
 (1,600 U/d)  circulation contributes to  ileal resection
  deficiencies 
Vitamin K Prevents deficiency if Uncommon in absence
 (10 mg/wk)  colon not preserved or  of jaundice and if colon
  antibiotic therapy needed   is intact
Vitamin E Deficiencies can cause Serum levels unreliable
 (30 IU/d)  hemolysis and neuromuscular  unless calculated as ratio
  disorders  to total serum lipid
Vitamin A Prevents ocular complications Use lower dose in presence
 (10,000–50,000 U/d)  including visual loss and corneal  of liver disease 
  ulceration
Vitamin C As precautionary measure Deficiencies uncommon
 (200–500 mg/d)
Folic acid Prevents anemia More likely if proximal
 (1 mg/d)   jejunum resected
Other water-soluble As precaution to prevent Deficiencies uncommon
 vitamins  deficiencies  Thiamine and biotin deficiency
 (minimum daily MDR)   described

Adapted from Buchman AL et al.2
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should be concurrently provided to take advan-
tage of the remaining small bowel and adaptive 
processes and to avoid cholestatic liver disease, 
which may be associated with chronic TPN. Tran-
sition from continuous to cycled TPN must be 
gradual to accommodate pancreatic insulin secre-
tion in response to concentrated glucose load. 
Infusion of total TPN volume should be com-
pressed by increments of 2 to 4 hours daily along 
with a 30- to 60-minute taper at the beginning 
and end of the infusion cycle until the total infu-
sion period is 10 hours, which will be tolerated by 
most individuals in the absence of cardiac or renal 
disease.2

A variety of surgical procedures designed  
to slow intestinal transit have been selectively  
performed, with very little success.2 Small bowel 
transplantation, which is rarely applicable to 
cancer patients, is usually performed in conjunc-
tion with liver transplantation and should be 
highly selective since it is associated with a 45% 
5-year survival rate when performed alone and 
only 37% when performed as combined liver and 
small bowel transplantation.2 The use of tissue-
engineered small intestine (TESI) is an intriguing 
new development that has now been tested in a 
rat animal model. The making of TESI by the 
transplantation of organoid units derived from 
neonatal tissue containing a mesenchymal core 
surrounded by polarized intestinal epithelium  
on a biodegradable polymer scaffold was first 
reported in 1997.27 Following improvement of  
the protocol to yield more organoid units in 

shorter time, these investigators have provided 
the first report of a tissue-engineered vital organ 
functioning as salvage therapy in a replacement 
model.28 The results included the observation that 
the TESI contained intact epithelial, muscular, 
vascular, and neural components and that having 
an attached segment of TESI reduced the overall 
period of weight loss from 14.6 to 7.7 days, main-
tained and regained higher percentages of weight 
than did animals who have massive small bowel 
resection alone, prolonged transit time, improved 
vitamin B12 absorption, and resulted in higher 
deoxyribonucleic acid (DNA) content of the 
native intestine.28 The applicability of this to 
higher-order animals obviously remains uncer-
tain but holds promise as a means to replace small 
intestine function without the morbidity and 
complications of other replacement techniques.

Malabsorption

Malabsorption of nutrients, which may be lim-
ited to a single constituent, implies an interrup-
tion of normal digestion and/or absorption. This 
may be the result of (1) a defective intraluminal 
phase of digestion owing to pancreatic exocrine 
insufficiency, impaired solubilization of fat caused 
by inadequate intraluminal bile acid concentra-
tion, or inaccessibility of nutrients for uptake  
and absorption illustrated by pernicious anemia; 
(2) defective intestinal or mucosal processing 
resulting from brush border enzyme deficiencies, 
loss of mucosal surface, or impaired absorption 

by epithelial cells, as in the case of sprue; or (3) 
defective transport, which can occur with lym-
phatic obstruction. Many of these processes are 
interrelated as exemplified by decreased exocrine 
secretion resulting from decreased hormonal 
release in the presence of intestinal mucosal dis-
ease or the effect of bacterial overgrowth, which 
can decrease intraluminal bile acid concentration 
below a critical level needed for micellar solubili-
zation of fats and also compete for nutrients, such 
as vitamin B12.

Although the symptoms or signs of malab-
sorption often include diarrhea, weight loss, or 
the presence of bulky, foul-smelling stools, these 
more classic features are not essential for the  
diagnosis of malabsorption, which, as indicated, 
may be limited to a specific nutrient(s). As a gen-
eral rule, when nutrient deficiencies, such as defi-
ciency related to folate, iron, vitamin K, carotene, 
or vitamin D, are present, the pathophysiology 
usually involves the small bowel, whereas malab-
sorption owing to pancreatic exocrine insuffi-
ciency is more often characterized by greater 
amounts of steatorrhea without coexisting nutri-
tional deficiency(s). The approach to malabsorp-
tion is highly dependent on the clinical setting, 
which often determines the presence of specific 
deficiencies. It is likewise clinically relevant that 
vitamin and macronutrient deficiencies take time 
to develop and acute or transient malabsorption 
is of limited clinical significance. It is likewise 
impossible in this section to cover all aspects of 
malabsorption. Therefore, those aspects consid-
ered to be more common in cancer patients are 
addressed.

One of the most predictable forms of mal-
digestion or malabsorption in cancer patients is 
the presence of pancreatic exocrine insufficiency 
in patients with cancer of the pancreas or fol-
lowing pancreaticoduodenectomy. The impact  
of impeded flow of pancreatic juice owing to 
mechanical obstruction is greatest when the head 
of the pancreas is involved. Weight loss in these 
patients can be temporarily prevented with 
enzyme supplements.29 During long-term follow-
up after pancreaticoduodenectomy, a predictable 
set of micronutrient deficiencies, including vita-
mins A, D, and E, selenium, zinc, and iron, have 
been reported and observed to be compounded 
by insufficient dietary intake.30 The implications 
are obvious and include aggressive enzyme 
replacement, diet modification, and vitamin  
supplementation, with enzyme replacement being 
the most important.

Lactase deficiency and lactose intolerance  
are clinically benign but very common forms  
of malabsorption. Although often genetically 
determined, lactase deficiency determined by 
breath hydrogen has been reported in app rox-
imately 30% of individuals undergoing  
chemotherapy.31–33 The development of lactose 

Table 3  Pharmacotherapy of Short Bowel Syndrome

Intervention Basis Comments

Loperamide Slow intestinal transit No systemic side effects 
 (4–16 mg/d)
Codeine Slow intestinal transit May have systemic effect
 (30 mg bid)  Response less predictable
Pancreatic enzymes Ensure adequate intraluminal Almost always useful
 (25,000–40,000 U/meal)  enzyme concentrations  because of asynchrony
H2 or PPI Reduces gastric hypersecretion Initiate in acute phase
 (equivalent to ranitidine   using parenteral or
 300 mg bid or omeprazole   sublingual formulation;
 40 mg/d)   continue at least 6 mo
Cholestyramine Decreases bile acid–induced May worsen steatorrhea
 (4–16 g/d)  diarrhea  Not advised if extended
   ileal resection
   May impair vitamin absorption
Antibiotics (oral for 7 d) Treat bacterial overgrowth Overgrowth predictable with 
 (doxycycline 100 mg bid,   ileocecal resection 
 metronidazole 250 mg tid,  Retreatment usually needed
 or cefalosporin 250 mg qid   every 6 wk
Octreotide Decreases secretions and Expensive and concurrently
(75 µg SC tid or  prolongs intestinal transit  decreases pancreatic 
 25 mg depo monthly)   secretions, may impair
   intestinal adaptation, and
   increases risk of cholelithiasis

bid = twice daily; H2 = histamine2; PPI = proton pump inhibitor; qid = four times daily; tid = three times daily;  
SC = subcutaneously.
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intolerance is not invariable, and lactose restric-
tion is recommended only for symptomatic 
patients. A controversial aspect of lactose malab-
sorption involves the reported increased fre-
quency of lactose malabsorption and possible 
galactose cytotoxicity in the pathogenesis of 
ovarian cancer.34 The role of radiation in the 
development of lactose intolerance is debatable 
and likely related to the amount of bowel irradi-
ated.35,36 Iron deficiency occurs frequently after 
subtotal or extended gastric resection.37 In this 
setting, atrophic gastritis and Helicobacter pylori 
involving the gastric stump seem to play an 
important role in the development of iron defi-
ciency.37 Iron deficiency is now also recognized  
as one of the most common manifestations of 
celiac disease (CD) in adults.38

Atrophic gastritis is also associated with 
vitamin B12 malabsorption and is reported to be 
associated with a higher risk of noncardia gastric 
neoplasia in cohort studies; however, data are 
lacking regarding the value of surveillance endos-
copy in this setting.39 A study of 152 residents of 
Rochester, Minnesota, with well-documented 
pernicious anemia during a 30-year interval were 
followed for more than 1,550 person-years, and 
only one gastric carcinoma was observed com-
pared with an identical expected incidence.40 
Recent observation resulting from an average  
7.1-year follow-up of 21,265 patients hospitalized 
between 1965 and 1999 unexpectedly revealed 
that the incidence of squamous cell carcinoma of 
the esophagus is increased threefold in the setting 
of pernicious anemia.41 Although parenteral  
or intranasal administration of vitamin B12 is 
required for patients with pernicious anemia, 
those with food-cobalamin malabsorption may 
be effectively treated with crystalline cyanocobal-
amin 250 to 1,000 µg/d during clinical studies  
of 1-month duration.42 In addition to more com-
monly recognized atrophic gastritis, ileal resec-
tion, and ileal disease, vitamin B12 malabsorption 
may occur as a sequela to pelvic irradiation. 
During prospective study, it has been observed 
that vitamin B12, bile acids, and fat are malab-
sorbed as a consequence of radiation therapy.43 
Implications for therapy include administration 
of vitamin B12 and treatment with cholestyramine 
to control bile acid catharsis provided that there 
are no signs of intestinal obstruction.

Vitamin K deficiency is rare since it is derived 
from plant sources and gut microflora. Defici-
encies can occur in patients on TPN without sup-
plementation, on long-term antibiotics, and when 
fat is malabsorbed. This may result in clotting  
disorders and disordered bone mineralization 
wherein vitamin K is a cofactor.44 The prevalence 
of vitamin K deficiency with elevated prothrombin 
time and coagulation disorders in subclinical  
CD is reported to be less than 1% and does  
not independently require screening for CD.45 

Vitamin D deficiency has historically been con-
sidered to be a condition of the elderly and related 
to a combination of decreased intake, diminished 
absorption, and reduced exposure to sunlight; 
however, a study of 290 hospitalized patients 
found that 57% were vitamin D deficient and that 
37% ingested amounts exceeding the recom-
mended dietary allowance.46 One condition to 
always consider in this setting is CD since 28% of 
newly diagnosed celiac patients have osteoporosis 
and may present with osteoporosis in the absence 
of other symptoms.47 CD was once considered 
rare, but following the development of reliable 
serologic tests, it is now recognized to affect 1 in 
120 to 300 in North American.48 CD has great rel-
evance to cancer medicine since it is a common 
cause of malabsorption that may be unmasked by 
cancer surgery or other insults to the small bowel 
and carries an increased risk of gastrointestinal 
cancer and lymphoma. Given that most adults 
with CD do not present with diarrhea, nutritional 
deficiencies should be considered a manifestation  
of CD. Immunoglobulin (Ig)A anti–endomysial 
antibody (EMA) carries a very high sensitivity 
and specificity for CD, with a reported sensitivity 
of 85 to 98% and a specificity of 97 to 100%.38 
Originally recognized to react with the endo-
mysial lining of microfibrils using monkey esoph-
agus or cultured human umbilical vein cells, it  
is now recognized that tissue transglutaminase 
(tTG) is the antigen to which EMA reacts. Anti-
tTG has become the serologic test of choice since 
it is less expensive, easier to perform, and more 
sensitive.49 It is relevant that IgG tTG appears  
to be almost as sensitive and specific as IgA tTG 
and can be used in IgA deficiency, which is not 
uncommon in sprue. Tests for antigliadin anti-
bodies are not preferred since they are less specific 
and only moderately sensitive.38

Nausea and Vomiting

The management of nausea and vomiting in the 
cancer patient has been revolutionized by  
the development of antagonists to a 5- 
hydroxytryptamine (HT) neuronal mediator, 5-
HT3, and an antagonist to a neurokinin (NK), 
NK-1 receptor. Following our understanding of 
the pivotal role of 5-HT in the gut and NK recep-
tors in the central nervous system and their rela-
tionship to nausea and vomiting, the development 
of these antagonists has markedly reduced the 
incidence of chemotherapy-induced nausea and 
vomiting (CINV) and radiation-induced nausea 
and vomiting (RINV).

The gut is the only organ that can display 
reflexes and integrative neuronal activity when 
isolated from the central nervous system, and it is 
now known that peristaltic and secretory reflexes 
are initiated by afferent neurons stimulated by  
5-HT. Blocking the 5-HT3 receptors can attenuate 

nausea and vomiting. 5-HT3 not only mediates 
peristaltic and secretory reflexes, it also mediates 
signaling to the central nervous system, seroto-
nergic transmission within the enteric nervous 
system, and activation of myenteric intrinsic 
pathways.50 Meanwhile, blocking NK-1 receptors 
in the brain blocks the effect of this NK on sub-
stance P, the natural ligand in the central nervous 
system. This, in turn, helps control the develop-
ment of CINV and augments the acute- and 
delayed-phase antiemetic effect of 5-HT3 receptor 
antagonists.51 Prior to the introduction of these 
newer agents, corticosteroids, adrenocorticop-
tropic hormone, and metoclopramide were the 
primary mainstays to prevent or control CINV. 
As with all antiemetics, including the 5-HT3 and 
NK-1 antagonists, they are more effective if given 
prophylactically, and it appears that a single dose 
given before chemotherapy is as effective as other 
dose schedules. Oral and intravenous formula-
tions are equally effective, and one need give only 
the lowest dose needed to achieve a symptomatic 
effect. Five different 5-HT3 receptor antagonists 
have now been developed and are often used in 
combination with steroids and NK-1 receptor 
antagonists in the control of CINV or the side 
effects of radiation therapy. CINV and RINV are 
covered in an earlier chapter and have been  
the subject of review articles and/or consensus 
reports.50–56

In addition to CINV, other causes of nausea 
and vomiting unique to cancer patients include 
the effects of graft-versus-host disease (GVHD) 
and abnormal motility that may result from a 
variety of retroperitoneal tumors that adversely 
affect gastric emptying without obstruction. 
Nausea and vomiting are a common occurrence 
when bone marrow transplantation is compli-
cated by GVHD.57 Involvement of the upper gas-
trointestinal tract with GVHD is being recognized 
more often since it was initially described in 
1983.58 It is characteristic for nausea and vomiting 
owing to GVHD (discussed in a separate chapter) 
to be associated with delayed gastric emptying 
and to respond to immunosuppressive therapy. 
When symptoms do not resolve, the probability 
of a coexisting infectious process such as cyto-
megalovirus or herpes simplex type 1 is more 
likely.57

The paraneoplastic syndrome of intestinal 
pseudo-obstruction has been associated with sev-
eral types of malignancies, including small cell 
lung cancer, carcinoid, neuroblastoma, pancre-
atic adenocarcinoma, and retroperitoneal leio-
myosarcoma.59–62 Indeed, any process that causes 
myenteric ganglionitis may result in dysmotility 
and nausea and vomiting.63 Although these  
conditions are rare, they are nonetheless impor-
tant and should be considered when the cause of 
nausea and vomiting remains indeterminate. 
Gastroparesis with nausea and vomiting may also 
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be iatrogenic from celiac block.64 Paraneoplastic 
syndromes and dysmotility following celiac block 
may respond to prokinetic medications, the effect 
of celiac block usually improves with time, and 
delayed emptying from nonobstructing retroper-
itoneal tumors can be palliated with prokinetic 
medications.65 

In addition to the CINV and nausea and 
vomiting associated with GVHD or radiation 
therapy, or as a paraneoplastic syndrome, which 
are all unique to cancer patients, nausea and vom-
iting have many other causes in the cancer patient 
that may or may not be related to cancer. These 
include but are not limited to the side effects of 
nonchemotherapy medications, gastroduodenal 
or other forms of intestinal obstruction, gastro-
intestinal motility disorders, gastric ulceration, 
dumping syndrome, pancreatitis, hepatitis, renal 
failure, and neurologic disorders. It is unrealistic 
to cover all of these topics; however, some salient 
points help to clinically determine the cause of 
nausea and vomiting. For example, when nausea 
and vomiting are caused by obstruction, vomiting 
is usually delayed following a meal, worsens 
during the course of the day, may contain food 
retained from a much earlier meal, usually 
worsens over time, and is typically associated with 
early satiety. With current imaging and endos-
copy, it is easy to identify the presence of an 
obstruction. Management is understandably 
determined by the cause and extent of obstruc-
tion plus the patient’s general condition. Whereas 
benign obstructive process are usually managed 
surgically, the use of endoscopically placed stents, 
described in a separate chapter, offers effective 
palliative management of obstruction owing to 
malignancy.

Treatment of motility disorders is, on the 
other hand, nonsurgical. These occur in the form 
of poorly understood gastroparesis, which may 
occur as a result of diabetes, as post-vagotomy 
syndrome, and as other causes of enteric neurop-
athy, including paraneoplastic syndrome and the 
result of retroperitoneal tumors, described above. 
Whether idiopathic or caused by diabetes, gastro-
paresis is a challenge to manage and is further 
complicated by the fact that modifiers of symp-
tomatology and the severity of symptoms may 
not correlate with apparent pathophysiology. 
Furthermore, some diabetics have episodes of 
nausea and vomiting, whereas others may have 
delayed emptying with minimal symptoms  
and some experience more severe persistent 
symptoms.

There is poor correlation between improve-
ment in the rate of gastric emptying and symptom 
relief.66 In this context, other causes of vomiting 
need to be considered before embracing a diag-
nosis of gastroparesis. Uncertainties notwith-
standing, when nausea and vomiting occur in the 
diabetic patient and are without another cause, it 

is quite reasonable to empirically initiate treat-
ment with a prokinetic medication such as meto-
clopramide, erythromycin, or cisapride (the latter 
is available under special limited conditions from 
the manufacturer).67 There is a dose-response 
relationship with the use of prokinetics; however, 
the incidence of side effects is likewise dose related 
and limits dosage escalation. The limited efficacy 
of these medications has prompted some investi-
gators to take advantage of the role of pyloro-
spasm, observed in association with diabetic 
gastroparesis, by using botulinum toxin injection 
of the pylorus, which has met with limited success 
in small open-label studies.68 Attempts to address 
the putative pathophysiology are difficult, as is 
correlating symptoms with our very incomplete 
understanding of pathophysiology of gastric 
motility disorders. This is exemplified by the 
observation that sildenafil, known to induce 
pyloric relaxation, a major determinant of gastric 
emptying, did not improve gastric emptying in a 
study of 12 patients with end-stage renal disease.69 
Failure of medical therapy may lead to consider-
ation of surgery, which is likewise poorly defined, 
reported as retrospective reviews or uncontrolled 
series, and should be approached with caution.70

Nausea and vomiting may be encountered as 
part of a dumping syndrome that results from 
osmotic fluid shifts, release of vasoactive neu-
rotransmitters, and reactive hypoglycemia in the 
cancer and noncancer patient following gastric 
surgery. Up to 10% of patients have clinically sig-
nificant symptoms, and up to 2% experience 
debility.71 Measures to help achieve relief of symp-
toms should include minimizing ingestion of 
simple carbohydrates, excluding liquids with 
meals, and providing compounds such as pectin 
or guar to increase intraluminal viscosity and/or 
to give an a-glucosidase inhibitor, acarbose, to 
blunt the rapid absorption of glucose.72 Pharma-
cotherapy for dumping has otherwise focused  
on the use of octreotide in an attempt to delay 
transit and decrease release of vasoactive media-
tors. Seven randomized controlled trials involving 
63 patients with severe dumping alleviated symp-
toms with statistical significance.73 For patients 
with dumping that does not respond to standard 
measures without pharmacotherapy, octreotide 
in a dosage of 50 to 100 µg subcutaneously or as  
a monthly depo intramuscular injection of 25 mg 
should be considered.

Constipation

Constipation, generally defined as decreased fre-
quency of evacuation, abnormally hard stools, or 
the need to strain to complete bowel evacuation, 
is a very common problem that occurs in one-
quarter to half of patients age 65 years and older.74 
It is even more common in the cancer patient 
population and may result from prolonged 

colonic transit, an abnormally firm consistency  
of stool, or an obstructive process. Although  
often multifactorial, determining the factors con-
tributing to constipation is pivotal to selecting 
appropriate therapy. To prevent unnecessary  
suffering, a proactive approach is desirable in  
the management and prevention of constipation. 
The potential for proactive intervention has  
been demonstrated in hospitalized immobile  
vascular surgery patients in whom a protocol of 
dietary fiber, increased fluid, and hygiene mea-
sure over a 3-year period reduced the incidence  
of constipation from 59 to 9% and eliminated 
impaction.75 

The clinical history is most important  
particularly as it pertains to (1) understanding  
the precise nature of the complaint, which may 
indicate an anorectal cause; (2) a history of  
constipation, which may indicate problems with 
gastrointestinal motility with colonic inertia or a 
history of laxative dependence; (3) the pattern  
of onset; (4) progression versus fluctuation of 
symptoms; (5) a history of neuromuscular  
and/or rheumatologic disorders; (6) relationship 
to medications, including over-the-counter and 
herbal medications; (7) the probability of an 
obstructive process; and (8) the presence of coex-
isting alarm symptoms, such as bleeding. Although 
the cause of constipation is often multifactorial, 
constipation most commonly occurs as a side 
effect of medications. This is not surprising  
when one considers the fact that 40% of patients 
reporting constipation defined by Rome II cri-
teria were using medications known to cause  
constipation.76 Of 392 patients in long-term care 
facilities, with a diagnosis of constipation and/or 
routine laxative use, over 72% had received at 
least one medication known to cause consti-
pation.77 The importance of constipation as an 
adverse drug reaction in a cancer patient popula-
tion is underscored by the observation that con-
stipation was the most common adverse drug 
reaction in a prospective study of 171 hospitalized 
oncology patients.78 A list of medications  
commonly associated with constipation is sum-
marized in Table 4. Although delayed transit  
secondary to medications is the most common 

Table 4  Medication-Induced Constipation

Anticholinergics
Anticonvulsants
Antidiarrheal agents
Antihistamines
Calcium supplements
Calcium channel blockers
Cholestyramine
Diuretics
Iron supplements
Nonsteroidal anti-inflammatory drugs
Opioid analgesics
Tricyclic antidepressants
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cause of constipation, it is likewise important to 
be reasonably confident that metabolic or endo-
crinologic causes of delayed transit or an obstruc-
tive process are not responsible for constipation. 
Laboratory tests, including complete blood count, 
serum electrolytes, calcium and phosphorus,  
thyroid-stimulating hormone, glucose, and cre-
atinine, help exclude the former, whereas imaging 
studies (which should include decubitus views 
when doing a plain abdominal series, thus using 
air in the colon as a contrast medium) and/or 
endoscopy helpo exclude the latter. Provided  
that obstruction and reversible metabolic causes 
are excluded, empiric therapy can be pursued 
(Table 5 and Figure 1).

Medical management of constipation con-
sists of increased water intake, fiber supplementa-
tion, stool softeners, osmotic products, stimulant 
laxatives, prostaglandin analogues or colchicine, 
enemas, and 5-HT4 receptor agonists given alone 
or in combination. Medical therapy for constipa-
tion needs to be individualized and should be ini-
tiated early or prophylactically to prevent, as well 
as control, constipation. This is particularly rele-
vant in that constipation has been observed to 
produce what has been described as a “complete 
person-experience” that particularly affects the 

cancer patient receiving palliative therapy by 
causing discomfort, mental preoccupation, a 
reminder of death, and social isolation.79 Consti-
pation, without the complications related thereto, 
is of limited direct clinical importance; however, 
the recognition that constipation causes signifi-
cant impairment of quality of life has led to the 
recognition that constipation is clinically a serious 
condition for the majority of people afflicted.80 

Cancer patients are often limited in their 
ability to pursue lifestyle changes that are consid-
ered to lessen constipation and that include 
increased physical activity, improved fiber intact 
or eating a breakfast meal on a regular basis, and 
sitting on the commode for several minutes after 
breakfast to take advantage of the gastrocolic 
reflex. Although these limitations may prevail, it 
is important to recognize that the effective man-
agement of constipation simply includes recog-
nizing the merits of adequate water consumption. 
This is intuitive; however, studies have demon-
strated that water supplementation enhances the 
effect of a high-fiber diet and laxative consump-
tion in individuals with functional constipation.81 
This applies to all causes of constipation. Con-
currently, minimizing caffeinated beverages is 
recommended to minimize their diuretic effect.

Because the patient population under dis-
cussion is often elderly and for other reasons  
may also not be able to consume adequate fiber  
as dietary fiber, supplements in the form of  
methylcellulose, psyllium, or polycarbophil are 

often needed. Although fiber supplements may 
intensify symptoms of bloating and discomfort  
if constipation is more severe, they are useful as 
proactive intervention for less severe cases or pre-
vention of constipation. Their slow onset of action 
and limited effect in more severe cases limit their 
use as single agents. Nonetheless, their efficacy in 
less severe cases of constipation or the prevention 
of constipation is well documented.82–85 

The most commonly prescribed products to 
offset constipation are stool softeners.86 Although 
frequently prescribed, their empiric use has been 
questioned.87 Their efficacy, or lack thereof, may 
be, in part, related to the product used in that 
dioctyl calcium sulfosuccinate has been reported 
to increase the number of spontaneous bowel 
movements by 62%, whereas an increase of only 
30% was observed with dioctyl sodium sulfosuc-
cinate given once or twice daily in a homogeneous 
group of institutionalized patients.88 Acute treat-
ment with stimulant laxatives can be useful; how-
ever, long-term use is associated with a diminished 
colonic motor response to such agents.89 These 
agents are therefore not preferable for long-term 
treatment; however, their use two to three times a 
week is not considered harmful.89

Since the introduction of polyethylene glycol 
(PEG) 3500, it has become a preferred osmotic 
laxative. Studies have demonstrated its effective-
ness compared with placebo and with no clini-
cally significant changes in blood chemistry, 
complete blood count, or urinalysis observed in a 

Table 5  Management of Constipation:  
Therapeutic Alternatives 

Fiber and bulk laxative
 Dietary fiber 20 g daily
 Methylcellulose 1 tsp or 2 caplets with 
  6 oz water bid
 Polycarbophil 1 to 2 tablets bid

Stool softeners
 Docusate 100–200 mg daily to 
  bid
 Mineral oil 15–45 mL daily

Osmotic products
 Lactulose 15–30 mL daily to bid
 Sorbitol 15–30 mL daily to bid
 Polyethylene glycol 8–32 oz daily with 
  water
 Glycerin suppository 1 daily

Stimulant laxative
 Bisacodyl suppository 10–20 mg daily every 
  2–3 d
 Senna or cascara 2–4 tablets daily to bid

Promotility agents
 Tegaserod 2–6 mg bid
 Misoprostol 200 µg daily; increase 
  to qid
 Colchicine 0.6 mg tid

Magnesium products
 Magnesium citrate 200 mL daily
 Magnesium hydroxide 2 g daily

bid = twice daily; qid = four times daily; tid = three times 
daily.

Figure 1  PEG = polyethylene glycol.
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dosage of 17 g daily.90,91 Like other osmotic prod-
ucts, PEG has no adverse effect on nerve and 
muscle cells in the colon and is better tolerated 
than poorly absorbed carbohydrates, such as lact-
ulose or sorbitol, which cause more flatulence 
and abdominal distention.92 If the desired effect is 
not achieved with 17 g PEG suspended in 6 oz 
water daily, the dosage can be safely increased to 
twice daily. Lactulose is preferable when using  
an osmotic product in the setting of hepatic 
encephalopathy. Sorbitol is a cost-effective alter-
native to lactulose in the treatment of chronic 
constipation.93

A novel approach in the treatment of consti-
pation involves the use of misoprostol, a prosta-
glandin E1 analogue, which is known to stimulate 
intestinal transit in healthy individuals and 
patients with chronic constipation. Although 
misoprostol is subject to causing cramping as a 
side effect and is not acceptable in young women 
who wish to become pregnant, it has a very high 
margin of safety and no significant drug-drug 
interactions. An initial short-term double-blind 
crossover study of nine patients with severe con-
stipation and a subsequent long-term open-label 
trial of misoprostol in the treatment of chronic 
refractory constipation have demonstrated effi-
cacy in the management of chronic refractory 
constipation.94,95 To obviate cramping, starting at 
a dose of 200 µg every other day and gradually 
increasing, as tolerated, to three or four times 
daily has been advocated.89 Colchicine is another 
drug known to stimulate motility in animal model 
studies and cause diarrhea as a side effect that has 
been used in a dosage of 0.6 mg orally three times 
daily for the treatment of chronic constipation.96,97 
There are no long-term studies of colchicine for 
chronic constipation, and its use is limited by  
side effects, including increased abdominal pain, 
during therapy.97

Although primarily investigated in the set-
ting of constipation associated with an irritable 
bowel syndrome, tegaserod has been studied in 
two double-blind randomized placebo-controlled 
trials involving over 2,000 patients.98,99 Response, 
defined by complete spontaneous evacuation, 
was significantly greater in patients treated with 
either tegaserod 2 (41%) or 6 (43%) mg twice 
daily compared with placebo (25%) in one study 
and significant improvement in subject global 
symptom assessment in the other randomized 
trial.98,99 The effect of tegaserod is observed within 
the first week of treatment and is maintained over 
12 weeks without significant side effects and the 
return of symptoms without rebound effect after 
withdrawal. 

Enemas (tap water, oil retention, saline, soap 
suds, milk, and molasses) are often used for the 
acute management of constipation; however, they 
are not recommended in the treatment of chronic 
constipation. They must furthermore be used 

with caution since mucosal injury, bowel pene-
tration, proctocolitis, and life-threatening meta-
bolic complications can occur, particularly in 
patients with renal insufficiency and in the pedi-
atric population.100,101 Although adverse outcomes 
have been described much more often with prep-
arations other than milk and molasses, even this 
preparation has been reported to result in severe 
complications.102

Acute colonic pseudo-obstruction often 
prompts emergency consultation and globally 
falls into the category of constipation. Unlike 
constipation, which is clinically defined as 
described above, pseudo-obstruction or Ogilvie’s 
syndrome is determined by acute onset of colonic 
dilatation without obstruction, as documented 
on radiographs. Characteristically the result of  
a wide variety of associated medical or surgical 
conditions in hospitalized patients, the diagnosis 
is of concern because of the risk of perforation, 
which has been reported in 3% of cases when the 
cecal diameter reaches 12 cm.103 Although most 
cases respond to conservative management, the 
risk of ischemia with increasing distention has 
prompted the use of colonoscopy for decompres-
sion in selected cases or more often medical inter-
vention with 2 mg neostigmine given intravenously 
over 3 to 5 minutes with continuous cardiac 
monitoring and immediate availability of atro-
pine to treat drug-induced bradycardia. This 
pharmacologic approach is predicated on the 
premise of ineffectual colonic motility caused  
by excessive sympathetic stimulation.

When neoplastic obstruction is the cause of 
constipation, an alternative to surgery, discussed 
in more detail in a following chapter, includes 
endoluminal stenting, which offers effective palli-
ation for malignant obstruction. Stenting may 
also allow time to improve a patient’s condition 
and permit definitive surgery or minimize the 
need for staged procedures. Although reported 
studies are retrospective, they are consistent in 
the observations that stenting offers a shorter 
hospital stay and effective palliation but does not 
otherwise prolong survival.104,105 Although the 
overall technical success rate is reported to be 
93%, with relief of obstruction in 80 to 92% cases, 
not all cases are suitable for stenting. Limitations 
include a tortuous delivery pathway and require 
advancing a guidewire across the obstruction.106 
The presence of a 3 cm segment of uncovered 
wire at the ends of the stent to enhance stabiliza-
tion and minimize migration limits the use of 
stents for distal rectal obstruction. Restenosis 
owing to tumor ingrowth has been reduced by  
the use of covered stents; however, this remains a 
significant problem. To minimize intraluminal 
obstruction from fecal residue, a low-residue diet 
and use of stool softeners or osmotic laxative  
are routinely required. Endoscopic laser therapy 
can be useful in acutely relieving an obstruction 

and/or controlling bleeding from colorectal 
cancer.107 Argon plasma coagulation and photo-
dynamic therapy provide other endoscopic alter-
natives.108 Unfortunately, ablation therapy is 
limited to the exophytic component of disease, 
whereas the process of obstruction, in the course 
of disease progression, usually becomes intra-
mural or the result of extraluminal compression 
and limits the long-term efficacy of therapy using 
ablation techniques.

Diarrhea

Diarrhea is the result of excess water in stool and 
is defined as increased frequency or stools of loose 
consistency. The conditions that lead to diarrhea 
are so broad that recommending restricted inves-
tigative pathways and management is unrealistic; 
however, this does not preclude the fact that the 
probable pathophysiology is dependent on the 
pattern of diarrhea and the clinical setting in 
which it occurs. Considerations include but are 
not limited to an acute versus a chronic history  
of diarrhea, coexisting gastrointestinal disease, 
concurrent or recent drug therapy, immunodefi-
ciency, the persistence of diarrhea when fasting, 
recent surgery or altered anatomy, a history of 
bone marrow transplantation, previous radiation 
therapy, malignancies known to cause secretory 
diarrhea, a history of diabetes, and the presence of 
systemic symptoms. A complete differential diag-
nosis of diarrhea is beyond the scope of this sec-
tion; however, salient points relevant to the cancer 
patient will be considered and are summarized in 
Tables 5 and 6. 

In the care of the cancer patient, it is readily 
recognized that many chemotherapeutic agents 
and abdominal or pelvic radiation frequently 
cause diarrhea, which is more likely when chemo-
therapy and radiation are combined.109 If diar-
rhea, in this setting, is mild to moderate, as defined 
by the absence of systemic symptoms, severe 
cramping, neutropenia, or nausea / vomiting, 
management consists of intravenous or oral rehy-
dration (including repletion of electrolytes) and 
loperamide 4 mg orally followed by 2 mg every  
4 hours after every loose bowel movement (not  
to exceed 16 mg daily).109 Revised guidelines for 
more severe diarrhea induced by chemotherapy 
or radiation recommend the use of octreotide 100 
to 150 µg subcutaneously three times daily or 25 
to 50 µg intravenously/hour, which has proven 
more effective than conventional antidiarrheal 
treatment in prospective studies.109–112 The pres-
ence of severe diarrhea as defined above warrants 
withholding chemotherapy until the diarrhea has 
subsided for 24 hours. Octreotide, deodorized 
tincture of opium, paregoric, codeine, diphe-
noxylate with atropine, and loperamide also  
represent second-tier alternatives for persistent 
mild to moderate diarrhea. Sucralfate, a widely  
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investigated agent used in an effort to prevent 
diarrhea, has not been shown to be effective in 
preventing diarrhea caused by chemotherapy or 
radiation.109 Olsalazine, an anti-inflammatory 
medication used in the treatment of inflamma-
tory bowel disease, is contraindicated during 
radiation therapy since it has been shown to 
increase diarrhea.110 Chemotherapy- or radiation-
induced diarrhea is usually self-limited; however, 
prolonged duration of radiation may cause per-
sistent diarrhea and require the use of mainte-
nance loperamide in a dosage up to 2 mg every 2 
to 4 hours or the other second-tier medications 
described above. If diarrhea becomes chronic in 
the setting of pelvic radiation, bile acid malab-
sorption is a recognized pathophysiologic mecha-
nism that has been reported in the majority of 
patients who experience chronic diarrhea after 
radiotherapy for gynecologic cancer, with bacte-
rial overgrowth also reported in 45%.113 Treat-
ment with oral antibiotics and/or bile acid binding 
resins is reported to decrease the frequency of 
chronic diarrhea caused by radiation therapy.

In the management of all causes of diarrhea, 
it is important to remember that any agent that 
enhances fluid absorption in the intestine, regard-
less of the applicable mechanism, is potentially 
useful in counteracting diarrhea. The addition of 
glucose to ORSs can not only contribute signifi-
cantly to the management of infectious diarrhea 
and SBS, as described in an earlier section of this 
chapter, it can also facilitate supportive care and 
rehydration in other cancer treatment–related 
diarrhea. Although the addition of glucose or free 
amino acids to ORSs does not necessarily inhibit 
a pathologic secretory process, they can facilitate 
the absorption of ingested electrolytes and water 
that otherwise would not be absorbed.114 In the 
absence of secondary abnormalities that require 
diet modification, there is no need for specific 
dietary restrictions in the management of  
diarrhea.

If diarrhea is not directly the result of chemo-
therapy or radiation and particularly if it occurs 
in a hospital setting, Clostridium difficile diarrhea 
(CDAD) should be considered since this has 
become the most common cause of infectious 
diarrhea in hospitalized patients.115 Although 
commonly associated with the use of broad- 
spectrum antibiotic therapy, the risk factors for 
CDAD or colitis also include bowel surgery, an 
immunocompromised state, and any process that 
suppresses the normal flora, including antifungal 
and chemotherapeutic agents. It has been docu-
mented that chemotherapy is a risk factor for the 
development of CDAD and augments the proba-
bility that antibiotic therapy will cause CDAD.116 
The diagnosis of CDAD consequently should  
be suspected when a patient without a primary 
gastrointestinal disease process develops diarrhea 
following treatment that can affect the normal 

microflora. The confirmation of diagnosis is 
dependent on detection of C. difficile toxin in the 
stool or the presence of pseudomembranous 
colitis on endoscopy. It is important for clinicians 
to recognize the sensitivity and specificity of avail-
able tests and to know the limits of the tests that 
are used by a specific laboratory. Organism iden-
tification by culture or antigen is nonspecific since 
toxigenic and nontoxigenic strains are identified 
by these methods. Toxin A, an enterotoxin, and 
toxin B, a cytotoxin, may, however, be detected 
by tests using either latex agglutination, which 
actually detects glutamate dehydrogenase enzyme 
produced by C. difficile, enzyme immunoassays 
(EIAs) for toxins A and/or B, or tissue culture 
tests for toxin B. Latex agglutination and EIA  
are rapid and relatively inexpensive; however,  
the former is nonspecific and some of the EIA 
methods have limited sensitivity. Six commer-
cially available rapid tests for direct detection of 
C. difficile and its toxins in fecal samples have 
been compared with fibroblast cytotoxicity 
assay.117 

Mild cases of CDAD may resolve by discon-
tinuing antibiotics, thus allowing reestablishment 
of colonic microflora, which is known to inhibit 
the growth of C. difficile. Metronidazole (250 mg 
four times daily to 500 mg three times daily for 10 
to 14 days), given orally or intravenously, appears 
to be as effective as vancomycin (125 mg orally 
four times daily for 10 to 14 days) for mild to 
moderate cases.118,119 Although debatable as first-
line therapy, vancomycin given orally or by enema 
is the preferred treatment for more severe cases. 
The standard dose of vancomycin is 125 mg orally 
four times daily and appears to be comparable in 
efficacy to 500 mg orally four times daily.119 Baci-
tracin given orally is a therapeutic alternative, and 
cholestyramine is a useful adjunct that may be 
used alone for mild cases.115,119,121 The majority  
of patients with diarrhea or colitis caused by C. 
difficile respond to initial therapy; however, up  
to 20% experience relapse when treatment is  
discontinued and require repeat or prolonged 
therapy.122,123 Since environmental contamination 
by C. difficile is common and may be carried by 
health care personnel, this illustrates yet another 
importance on hand washing to reduce the spread 
of nosocomial infection and is pivotal for optimal 
care of all cancer patients. Noninfectious nosoco-
mial causes of diarrhea more commonly include 
the direct effect of medications or the ingestion  
of dietary products or medications that contain 
sorbitol or mannitol. 

Other infectious causes of diarrhea cannot  
be discounted in the cancer patient but are more 
likely to occur in the setting of neutropenia, 
immunodeficiency related to human immunode-
ficiency virus (HIV), or bone marrow trans-
plantation.124,125 Although non–C. difficile 
infection is more common in association with 

immunodeficiency, CDAD has been reported in 
7% of all cycles of myelosuppressive chemo-
therapy on a retrospective review of almost 900 
courses of treatment.126 Diarrhea in the setting of 
neutropenia warrants broad-spectrum antibiotic 
therapy that includes metronidazole. Neither 
fecal leukocytes nor occult blood is predictive of 
the presence of CDAD.127

In the setting of acquired immune deficiency 
syndrome (AIDS), a potential infectious cause 
has been reported in at least one-third of cases of 
chronic, unexplained diarrhea.128 The likelihood 
of an infectious process and the enhanced diag-
nostic yield of colonoscopy over sigmoidoscopy 
are greater when the CD4 count is below 100 
cells/mm3.128 Issues related to GVHD in bone 
marrow transplant patients are covered in a sepa-
rate chapter. The management of secretory diar-
rhea caused by neuroendocrine tumors has been 
greatly enhanced with somatostatin, which has 
become the standard of care and has been sum-
marized in review articles on this topic.129–131 In 
the case of secretory diarrhea, fecal electrolytes 
account for most of the osmolality, whereas 
osmotic diarrhea is characterized by an osmotic 
gap that exceeds 50 to 100 mOsm/kg.132 Taking a 
careful medication history, including the use of 
over-the-counter and alternative medications, 
determining if diarrhea persists during fasting, 
considering the common causes of nosocomial 
diarrhea, establishing risk factors for the proba-
bility of infectious diarrhea, performing stool 
examinations when symptoms are severe and/or 
pus and blood are present, doing diagnostic sig-
moidoscopy when symptoms are persistent and 
colonoscopy if diarrhea is indeterminate in a 
patient with immune deficiency, establishing if 
malabsorption is present, and providing fluid  
and electrolyte repletion and symptomatic  
treatment for diarrhea will collectively facilitate  
management of this common problem..

Summary

In summary, recognition of important principles 
in the management of common gastrointestinal 
disorders can greatly facilitate care of the cancer 
patient. Some of these principles include (1) rec-
ognizing the value of supportive care and impor-
tance of enteral feedings in patients with SBS; (2) 
understanding the potential for malabsorption  
of specific nutrients and the probability of small 
bowel pathology when nutritional deficiencies  
are encountered; (3) providing exocrine pancre-
atic enzyme supplements in the presence of pan-
creatic disease; (4) knowing pharmacotherapy 
options in the management of nausea and vom-
iting; (5) appreciating the importance of consti-
pation and the value of prevention and therapeutic 
options; and (6) recognition of the likely cause  
of diarrhea in various clinical settings and the 
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importance of CDAD in the cancer patient. It is 
hoped that by applying basic principles, symp-
toms can be attenuated and cancer patient care 
can be enhanced. 
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Graft versus Host Disease and the  
Immunologic Complications of Cancer

William A. Ross, MD, MBA

A wide spectrum of immunologic derangements 
are associated with cancer and its treatment. They 
range from immunosuppression to enhanced, 
albeit dysfunctional, performance. This chapter 
focuses on one such manifestation of immuno-
logic dysfunction, namely graft-versus-host dis-
ease (GVHD) following allogeneic hematopoietic 
stem cell transplantation (HSCT). A brief discus-
sion of three other dysfunctional immune 
responses concludes the chapter. The conditions 
discussed include two examples of constant  
antigenic stimulation resulting in cancer and  
an example of tumor-associated autoantibody 
production.

Graft-versus-Host Disease

GVHD is a frequent major complication of allo-
geneic HSCT. The likelihood of occurrence is 
directly related to the degree of human leukocyte 
antigen (HLA) incompatibility between donor 
and recipient. The pathogenesis is discussed in 
detail in Chapter 62. Briefly, three conditions 
must exist for GVHD to occur: (1) competent T 
cells are introduced with the graft, (2) antigenic 
differences between the host and the graft are suf-
ficient to activate the donated T cells, and (3) the 
host immune response is insufficient to reject the 
graft.1 GVHD prophylactic regimens are designed 
to suppress the donor-derived immune response 
without endangering the survival of the graft or 
putting the patient at too great a risk of infectious 
complications.2 In addition, some aspects of the 
donor immune response manifesting as GVHD 
also account for the beneficial graft-versus-tumor 
effect seen after allogeneic HSCT.3 The graft-
versus-tumor effect probably accounts for the 
improved survival in patients with mild GVHD 
compared with those with no GVHD after alloge-
neic HSCT.4 So a fine balancing act is required 
between donor and recipient immune systems  
as well as graft response to host-versus-tumor 
antigens. 

Gastrointestinal (GI) tract damage during 
pretransplantation conditioning regimens plays  
a key role in GVHD development by creating a 

proinflammatory environment into which donor 
T cells are introduced.5 The inflammatory cyto-
kines activate donated T cells and stimulate them 
to multiply. These cells are attracted preferentially 
to the three organs that are involved in acute 
GVHD: the skin, liver, and gut. Acute GVHD is 
traditionally defined as onset in the first 100 days 
after transplantation. Chronic GVHD, tradition-
ally defined as onset after the first 100 days, has a 
more diffuse organ system involvement. Whereas 
liver and oral cavity involvement is prominent in 
chronic GVHD, GI involvement is not.6 Skin 
GVHD is discussed in Chapter 62. The focus of 
this chapter is on manifestations of GVHD in the 
liver, gut, and oral cavity.

Clinically significant acute GVHD is seen in 
20 to 50% of patients following HLA-matched 
sibling HSCT. If the donor is unrelated or an 
HLA-mismatched sibling, then the incidence of 
significant GVHD increases to 60 to 80%.7 The 
skin is the most commonly involved organ in 
acute GVHD, seen in 80 to 85% of patients.8 GI 
tract involvement is seen in more than 50% of 
GVHD patients and is being increasingly recog-
nized with more liberal use of endoscopy to eval-
uate GI complaints.9 Liver involvement is seen in 
half of patients. Although initially felt to be rare in 
the absence of skin involvement, both gut and 
hepatic GVHD can present in lieu of any other 
organ involvement. Symptoms of GI involvement 
include diarrhea, abdominal pain, bleeding, 
nausea, and vomiting. Liver involvement is mani-
fested primarily by cholestasis, with minimal 
hepatitis. Onset of acute GVHD is typically in the 
first 2 months post-transplantation. The differen-
tial diagnosis is extensive for both GI symptoms 
and abnormal liver function tests, with the after-
effects of the conditioning regimen being a major 
concern, particularly in the first 2 or 3 weeks  
post-transplantation. Infections are high on the 
list owing to the neutropenic state that exists prior 
to engraftment and the frequent use of immuno-
suppressive therapy through the post-HSCT 
period. Drug toxicity remains on the differential 
diagnosis throughout the post-transplantation 
period. 

Gastrointestinal GVHD

GI GVHD is readily diagnosed with endoscopic 
biopsy. The sine qua non is apoptosis, with an 
intracyptal location being the most specific.10,11 
However, apoptosis is not unique for GVHD  
and is associated with a number of drugs and 
infections common after HSCT. In the first  
3 weeks post-HSCT, the conditioning regimen 
can account for apoptosis and complicate the 
evaluation in this early phase.12 Cytomegalovirus 
can also cause apoptosis; however, its clinical  
significance has been much reduced with prophy-
lactic use of antivirals.13–15 More recently, Crypto-
sporidium has been described as causing apoptosis 
in an HSCT patient.16 Drugs described as induc-
ing apoptosis include cyclosporine, mycopheno-
late mofetil, ticlopidine, and nonsteroidal 
anti-inflammatory drugs.17–20

Diagnosis
There is some disagreement in the endoscopic  
literature as to what portion of the gut to biopsy 
for the highest diagnostic yield. Some argue that 
GVHD involves the entire gut and that the site of 
biopsy is not critical. The traditional approach 
has been to perform rectal biopsies. Early reports 
suggested good correlation with symptoms and 
more proximal intestinal disease.21 However, later 
reports touted the utility of gastric biopsies even 
in those patients presenting with diarrhea.22 The 
concept that GVHD represented a panintestinal 
process was challenged by data showing a lack  
of congruence between simultaneous rectal and 
gastric biopsies in 28% of patients.23 Unlike early 
studies, endoscopic impressions and symptoms 
were found to correlate poorly with histology.23 
Although gastric biopsies were touted as the best 
approach, data existed suggesting a potential  
to underestimate the severity of more distal  
disease.24 Reports of duodenal hematomas after 
biopsy in thrombocytopenic post-HSCT patients 
led to reluctance to biopsy the duodenum despite 
its endoscopically more impressive involve-
ment.22,24 However, others feel that duodenal 
biopsies produce the highest yield and are safe.25,26 
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Finally, some feel that the traditional approach to 
biopsy the rectum remains adequate.27 The result 
is that no standard endoscopic approach to  
diagnosing gastrointestinal GVHD exists.28 Our 
approach at The University of Texas M. D. Ander-
son Cancer Center is to biopsy the rectum, stom-
ach, and duodenum in those patients referred for 
suspected GI GVHD. 

The safety of endoscopic evaluation in this 
patient population has not been evaluated in a 
systematic fashion. Procedure-related mortality 
has been reported to be as high as 1.8%.29 Our 
experience would argue for a much lower proce-
dural mortality risk. Yet an ongoing concern in 
these frequently thrombocytopenic patients is 
bleeding from endoscopic biopsy. Reports on 
severe gastrointestinal bleeding following HSCT 
do not include any related to endoscopic 
biopsy.30,31 However, colon perforation and duo-
denal hematomas have been described.29,32 A 
platelet count of at least 50,000/cu  mm is recom-
mended by some authors prior to endoscopic 
biopsy.24 Others feel that this threshold may be 
excessive, entailing unnecessary use of valuable 
blood products, and that a lower threshold would 
be equally efficacious.28 There are few firm data  
to provide guidance. An ongoing review of our 
experience at M. D. Anderson may provide  
some insight on this question. Finally, the risk of 
infection in light of the prevalent neutropenia, 
particularly early after HSCT, is a concern. Again, 
the available published data are scanty and con-
tradictory, with some reports showing increased 
risk of bacteremia and others finding none.33,34  
No specific recommendations regarding antibi-
otic prophylaxis for endoscopy exist for immuno-
suppressed patients, let alone those following 
HSCT.35

Clinical Manifestations
Diarrhea is a prominent symptom of gastrointes-
tinal GVHD, and stool volume is the main param-
eter by which GI GVHD is graded (Table 1).36 
GVHD is the most frequent cause of diarrhea in 

allogeneic HSCT patients after the first 20 days 
post-transplantation.22,37 The diarrhea is secretory 
and frequently refractory to antidiarrheals. 
Octreotide has been reported to be of benefit in 
some patients.38

Although GI complaints are frequent in 
patients with chronic GVHD, direct involvement 
of the gut by isolated chronic GVHD is felt to be 
rare.6 Unresolved or recurrent acute GI GVHD 
accounts for the bulk of GI symptoms.6 Some 
patients will develop de novo acute GI GVHD 
after day 100.39 Other factors to consider are  
pancreatic insufficiency and infections in these 
immunosuppressed patients.40 Weight loss and 
malnutrition are common in chronic GVHD 
patients, with 41% having a greater than 10% 
weight loss and 14% with a body mass index less 
than 18.5.41,42 However, weight loss was not  
associated with gut GVHD, abdominal pain,  
dysphagia, or oral sensitivity. Weight loss and 
malnutrition were more likely in those patients 
with active chronic GVHD. Patients with exten-
sive chronic GVHD have been shown to have 
increased resting energy expenditure compared 
with normal controls, which may contribute to 
weight loss.43 The situation may be comparable  
to the cachexia seen in other chronic nonmalig-
nant conditions and may not be related to gut 
dysfunction induced by GVHD.44

Oral GVHD

Oral mucositis occurs in two-thirds of patients in 
the first weeks following HSCT.45 This early injury 
is secondary to the pretransplantation condition-
ing regiment, particularly if total-body radiation 
is employed.45,46 Although allogeneic HSCT is a 
risk factor for oral mucositis in some reports, 
there appears to be no association between muco-
sitis and subsequent acute GVHD.45 Resolution is 
rapid and coincides with engraftment. If mucosi-
tis persists despite neutrophil counts exceeding 
500/cu  mm, then acute oral GVHD must be  
considered, although this is rare.47

However, oral lesions are a very frequent 
manifestation of chronic GVHD and are a major 
complaint of post-HSCT patients.48–50 A compos-
ite score of oral abnormalities was correlated with 
decreasing performance status.51 Some 60 to 80% 
of chronic GVHD patients will have oral involve-
ment, with the skin being the only site more  
frequently involved.49,50 The history and physical 
examination can be suggestive but are not diag-
nostic. Lichenoid lesions have a sensitivity of 61% 
and a specificity of 53%.52 Salivary flow rates are 
diminished in chronic oral GVHD, but subjective 
xerostomia is a common complaint in HSCT 
patients with or without GVHD.52,53 The histol-
ogy of buccal mucosa or labial salivary glands is 
suggestive but not diagnostic.52

The best treatment is successful systemic 
therapy.54 Case reports of resolution with various 
topical agents have appeared.55 Long term, the 
risk of subsequent oral cancers is increased.56

Hepatic GVHD

GVHD involving the liver is just one of a number 
of potential etiologies of liver dysfunction follow-
ing HSCT. The gambit of diseases was recently 
reviewed.57 Acute hepatic GVHD typically pres-
ents as cholestasis, with very modest transaminase 
elevations in the first month or so after HSCT. 
However, abnormal liver function tests are very 
common after HSCT, being seen in up to 80% of 
patients.57 The timing after HSCT can give some 
guidance as to probable etiologies. In the first few 
weeks following HSCT, the after-effects of the 
conditioning regimen must be considered. The 
first 3 weeks after HSCT is also prime time for 
veno-occlusive disease (VOD), which usually 
presents as cholestasis and right upper quadrant 
pain. After the initial 20 days of GVHD, drug tox-
icity and sepsis are the primary causes of abnor-
mal liver tests.58,59 In some patients, the cholestasis 
is multifactorial, with GVHD being the most 
prevalent in allogeneic HSCT and drug toxicity 
being the most common etiology after autologous 
HSCT.58,60 The ability to test for hepatitis C virus 
(HCV) has simplified the picture by reducing its 
prevalence in HSCT patients.60 

Cholestasis in the first few weeks associated 
with right upper quadrant pain, hepatomegaly, 
weight gain, and/or ascites makes VOD a prime 
consideration. Unfortunately, clinical criteria are 
not specific unless adhered to strictly, which 
decreases sensitivity to 56%.61 Owing to the vary-
ing means of defining the diagnosis, the incidence 
is reported to be as low as 1% and up to 54%.62–64 
More recent reports tend to be at the lower end  
of this range.65 Approximately one-quarter of 
affected patients will have severe VOD and be at 
high risk of fulminant hepatic failure.63,65 Biopsy 
is useful in establishing a diagnosis, but thrombo-
cytopenia early after HSCT dictates a transjugular 
approach.61 The prognosis is dismal for severe 

Table 1  Grading System for Acute Graft-versus-Host Disease

Stage Skin Liver GI

1 <25% BSA Bilirubin 2–3 mg/dL Diarrhea 500–1,000 cc/d or
    persistent nausea
2 25–50% BSA Bilirubin 3–6 mg/dL Diarrhea 1–1.5 L/d
3 Generalized Bilirubin 6–15 mg/dL Diarrhea >1.5 L/d
  Erythroderma
4 Desquamation Bilirubin >15 mg/dL Severe abdominal pain or ileus

Grade Severity Skin  Liver  Gut

0 None 0  0  0
I Mild 1–2  0  0
II Moderate 3 or 1 or 1
III Severe   2–3 or 2–3
IV Life-threatening 4 or 4 or 4

BSA = body surface area; GI = gastrointestinal.
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disease as effective therapeutic options are lim-
ited. Transjugular intrahepatic portosystemic 
shunt can reduce portal pressure but has not  
been shown to improve survival.66 Defibrotide,  
a single-stranded polydeoxyribonucleotide with 
fibrinolytic, antithrombotic, and anti-ischemic 
properties, has some promise to help patients 
with severe VOD.67

Complicating the diagnosis of hepatic GVHD 
in some patients is the atypical presentation as an 
acute hepatitis.59 In US reports, this presentation 
tends to be seen when immunosuppressive ther-
apy is being tapered68 or after donor lymphocyte 
infusions.69 A different form was reported in a 
large series from Hong Kong, where 36% of all 
liver GVHD patients presented with an acute 
hepatitis picture.59 There was no association  
with changes in immunosuppression or donor 
lymphocyte infusions as the onset of abnormal 
liver function tests was within days of that seen 
with the classic cholestasis picture. Peak bilirubin 
was the same in both types. However, mean peak 
transaminase levels were three to four times that 
seen in classic hepatic GVHD. Resolution with 
therapy took longer with the acute hepatitis–type 
presentation. Pathology shows more lobular hep-
atitis, with hepatocyte necrosis and acidophil 
bodies. Cholestasis and bile duct injury are less 
marked.59,69

A liver biopsy may clarify the situation in 
evaluating the HSCT patient with abnormal liver 
function tests, but it is rarely diagnostic in isola-
tion and must be considered, along with clinical 
data. Many of the classic reports on liver pathol-
ogy in HSCT were done prior to the ability to test 
for hepatitis C.70,71 Retrospective analysis showed 
that HCV had a pretransplantation prevalence in 
a US center of 17%, which increased to 32% post-
transplantation.72 So some of the patients in these 
early reports on the pathology of hepatic GVHD 
probably had underlying HCV as well, making  
it difficult to distinguish the histologic changes 
unique to GVHD. Still, certain features are felt  
to be very suggestive of GVHD. These include 
prominent bile duct atypia with pleiomorphism 
and, in advanced cases, bile duct dropout.  
Endothelialitis was felt in early reports to be very 
suggestive of GVHD but not so in others.70,71 
Inflammatory infiltrates tend to be modest at this 
early stage of bone marrow reconstitution, and 
piecemeal necrosis is rare.73 These changes take 
time to develop, so early biopsy, within 4 weeks of 
transplantation, can be unhelpful in establishing 
a diagnosis of GVHD.70,71 If GHVD-induced  
jaundice has been present for 2 weeks or more, 
liver biopsy should contain findings suggestive  
of GVHD.73,74 Unlike with early skin or gastroin-
testinal biopsies, there is no confusion with the 
hepatic effects of the preconditioning regimen.75

Chronic hepatic GVHD shows more exten-
sive cholestasis with bile duct dropout and an 
increasing amount of periductal inflammatory 

infiltration as bone marrow function improves.74 
Portal fibrosis can be seen, but progression to  
cirrhosis is rare unless another disease process 
intervenes.75 Changes among the hepatocytes are 
minimal.73 Early surveys put liver involvement  
in chronic GVHD at 40 to 60%, but these may 
include chronic HCV patients.49 More recent 
reports put the prevalence in the 30 to 40% 
range.6,50 Although reports of development of cir-
rhosis in the setting of chronic GVHD exist, these 
are mostly prior to the ability to test for HCV.76 So 
it is unclear if the cirrhosis is truly due to GVHD 
or from HCV. Another potential confounding 
factor is the high prevalence of iron overload in 
HCST patients owing to their transfusion require-
ments.77 A report on 31 cases of cirrhosis in 3,721 
HSCT patients who survived at least 1 year found 
no association with GVHD.78 Data were collected 
from 1969 to 1995, when full viral serologic test-
ing was available only in the later years. As a result, 
the hepatitis viruses played predominant roles in 
patients with cirrhosis. Twenty-five of the 31 cases 
had HCV, and 5 of these had hepatitis B virus 
coinfections. One case each could be attributed to 
autoimmune hepatitis and drug toxicity. Only 
one case had GVHD as the sole risk factor for liver 
disease. The authors felt that GVHD could accel-
erate liver injury in a patient with HCV but that 
GVHD alone was an extremely rare cause of  
cirrhosis. 

Treatment for GVHD

The best management strategy is to minimize 
conditions that foster GVHD, namely HLA 
incompatibilities between donor and recipient. 
More sophisticated matching techniques have the 
potential to make unrelated donors as useful a 
source of stem cells as matched siblings.79 Adding 
methotrexate to the prophylactic regimen with 
cyclosporine has helped reduce the incidence of 
GVHD.80 Use of antithymocyte globulin (ATG) 
as part of the pretransplantation conditioning 
regimen in unrelated donor transplants can 
reduce both acute and chronic GVHD to levels 
seen with match-related donor transplants under-
going standard non-ATG containing precondi-
tioning.81 Despite the reduced incidence of 
GVHD, increases in long-term survival rates have 
been more difficult to demonstrate with prophy-
lactic ATG.82–84 This failure reflects a higher inci-
dence of relapse and infectious complications at 
doses of ATG 10 mg/kg and greater.84 However, 
too low a dose of ATG (eg, 4 mg/kg) has no effect 
on GVHD incidence. The question of the most 
appropriate dose was debated in recent reports.85 

Systemic steroids are the first-line therapy  
for GVHD. Unfortunately, only half of patients 
respond, and there is no standard second-line 
therapy.8 Acute hepatic GVHD is more refractory 
to treatment than skin or gut disease, with  
more patients progressing on therapy than 

responding.8 This relative refractoriness for 
hepatic GVHD persists with second-line  
therapies as well.86,87

Although a wide range of agents have been 
tried in steroid-refractory GVHD, only recent 
reports are reviewed here. ATG has also been 
reported as a second-line therapy, with some 
series going back decades.86,88 The results are 
mixed, with the group from Johns Hopkins  
University reporting extremely poor results, 
whereas the University of Minnesota group 
reported more favorable results.88,89 Timing of the 
ATG administration may partially explain the 
disparity in the results as initiation soon after the 
diagnosis is associated with a better response.90 
The best long-term survival rate reported is 32%, 
with half of the survivors suffering from chronic 
GVHD.89 Although the long-term survival rate 
was better in responders than nonresponders, the 
difference did not reach statistical significance. 
Two randomized trials in Italy compared 7.5 and 
15 mg/kg of rabbit ATG with placebo.82 The low-
dose ATG group showed no reduction in GVHD, 
and survival was comparable to that of controls. 
The high-dose ATG group showed a significant 
decrease in GVHD, particularly grades III and IV. 
However, an increase in lethal infections and 
deaths from relapse negated any survival benefit. 
So ATG failed to show benefit in transplant-
related mortality, relapse, or overall survival. 
Chronic GVHD was seen at comparable rates in 
the low-dose group and controls. Even when data 
were pooled from both dosage groups, the ATG 
group had a significantly lower incidence of 
chronic GVHD: 39% versus 62%. The authors 
recommended the use of low-dose ATG in pre-
transplantation GVHD prophylaxis and early 
post-transplantation use, almost preemptively,  
in patients at high risk of GVHD. A report from 
the same group found that blood urea nitrogen 
>21 mg/dL and total bilirubin >0.9 mg/dL on 
day 7 post-transplantation stratified patients into 
low- and high-risk groups for transplant-related 
mortality.91 Using data such as these could poten-
tially identify groups most likely to benefit from 
early intervention. Unfortunately, ATG is a 
double-edged sword, with its immunosuppres-
sive effects decreasing GVHD but increasing the 
risk of infection. Transplant-related mortality in 
the patients treated with ATG is divided almost 
evenly among GVHD, infection, and other etiolo-
gies (eg, multiorgan failure and leukemia).82 This 
compares with controls, in whom GVHD accounts 
for two of every three deaths. 

Infliximab, a monoclonal antibody to tumor 
necrosis factor, has been shown to lead to  
complete responses in 62% of 21 patients with 
steroid-resistant acute GVHD.87 The responses in 
GI GVHD are particularly striking. However, the 
incidence of infectious complications was very 
high, with 81% having a bacteria infection, 90% a 
viral infection, and half a fungal infection. Only 
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one death was attributable to infection, but eight 
patients died of chronic GVHD, in whom infec-
tions frequently contribute to death. The survival 
rate at 30 months was 35%, with all survivors  
suffering from chronic GVHD. Basiliximab, a 
monoclonal antibody to the alpha chain of the 
interleukin-2 receptor, has been shown to lead to 
complete response in over half of 17 patients with 
steroid-resistant GVHD.92 Most patients went on 
to develop chronic GVHD. However, no bacterial 
or fungal infections were reported. CMV reacti-
vation was seen in five. One-third of patients  
had survived for more than 1 year at the time of 
the report. Whereas the response to infliximab 
was not associated with survival, the response  
to basiliximab was strongly associated with  
survival.

Combining tacrolimus with ATG was 
reported in a series of 20 patients with steroid-
resistant or -dependent acute GVHD.93 There 
were complete responses in 40% and partial 
responses in another 30%. Infectious complica-
tions were seen in 80% despite viral and fungal 
prophylaxis. Infections were directly responsible 
for deaths in 15% and contributed to deaths in  
an additional 10%. The long-term survival rate 
was 35% and was associated with a response to 
tacrolimus and ATG.

Oral budesonide has been reported to be 
beneficial in patients with acute GI GVHD.94,95 
For difficult to treat hepatic GVHD, intra-arterial 
administration of methotrexate with steroids has 
been employed, with mixed results.96,97

Management of chronic hepatic GVHD 
involves long-term steroids that can be supple-
mented with cyclosporine.57 Ursodeoxycholic 
acid can improve laboratory parameters, but the 
effect on outcomes is unclear.57 Gastrointestinal 
complaints in long-term survivors should prompt 
evaluation for recurrent acute GVHD and other 
etiologies, such as pancreatic insufficiency or 
infections.

Other Tumor-Associated  
Immunologic Complications

Helicobacter pylori and  
Mucosa-Associated Lymphoid Tissue  
Lymphoma
Helicobacter pylori infection induces formation  
of mucosa-associated lymphoid tissue (MALT),  
a structure not normally found in the stomach. 
Part of this lymphoid tissue formation is the 
development of B-lymphocyte clones and increas-
ing number of T helper cells.98,99 The B-cell expan-
sion is polyclonal and T cell dependent. In a small 
subset of patients, a single B-cell clone will expand 
and cause destruction of surrounding glands, 
forming the characteristic lymphoepithelial 
lesions of MALT lymphoma.100 The mechanism 

causing migration from a polyclonal to a mono-
clonal B-cell response is unclear. Attempts to cor-
relate MALT lymphoma with bacterial virulence 
factors have not been fruitful.101,102 The monoclo-
nal expansion is initially dependent on T cells, 
and helper T cells are frequently seen infiltrating 
the tumor.103 The type of T-cell response to H. 
pylori infection may dictate whether the outcome 
is chronic gastritis, peptic ulcer, or lymphoma.104 
Curiously, the expanding B-cell clone produces 
antibodies that are not reactive to H. pylori but 
rather act on various autoantigens of the gastric 
mucosa.105 So this clonal expansion is not a  
functional response to the infection. Rather, the 
constant antigenic stimulation brings about a  
T cell–mediated dysfunctional immunologic 
response, leading to a B-cell malignancy in a 
subset of infected patients. Withdrawal of the 
antigen by eradication of the H. pylori can elimi-
nate the MALT lymphoma but frequently not the 
MALT or B-cell clonal population.99,106 In about 
half of patients with remission, the monoclonal 
tumor cells persist for years without histologic 
evidence of disease.107 With time, these cells may 
disappear, but their persistence readily explains 
recurrence of lymphoma with reinfection by  
H. pylori.108 Follow-up studies also document 
recurrence of MALT lymphoma without the need 
for reinfection with H. pylori.109

In a subset of MALT lymphomas, their 
expansion becomes independent of H. pylori and 
antibiotics fail to induce remission. Pretreatment 
endoscopic ultrasonography can help identify 
patients not likely to completely respond to erad-
ication alone.110 Lymphoma extending beyond 
the submucosa is unlikely to respond to antibiot-
ics.108 Whereas the optimal therapy remains 
unclear for those refractory to eradication of H. 
pylori, overall survival remains impressive with 
the various modalities employed.105,111 For those 
patients who respond to eradication, follow-up is 
for an indefinite period as histologic demonstra-
tion of complete remission with biopsy material 
alone is problematic108,112 and the significance of 
the persisting monoclonal populations remains 
unclear.113 Finally, there is a risk of early gastric 
adenocarcinoma in patients after H. pylori  
eradication.114

Some MALT lymphomas can transform into 
a high-grade lymphoma that is histologically 
indistinguishable from a diffuse large B-cell lym-
phoma. There is molecular genetic evidence that 
the high-grade lymphoma evolves from a low-
grade state.115 MALT lymphomas with synchro-
nous low- and high-grade components have been 
described with some frequency.116 The exact 
mechanism of transformation is not defined. 
However, factors felt to be important for promot-
ing growth in low-grade MALT, such as tumor-
associated T cells and autoantibodies, are felt to 
play a diminished role as the tumor transforms 

into a high-grade state.105,117 The driving force 
behind the transformation appears to be the 
cumulative effect of various genetic abnormali-
ties.117 The average age of patients with high-grade 
lesions is 8 years older than that of those with 
low-grade lesions, suggesting a long course of 
evolution from one form to another.118 Isolated 
case reports of a complete response to H. pylori 
eradication exist for high-grade lesions.119,120  
So for the patient with H. pylori infection,  
eradication should be a component of therapy.99

Enteropathy-Type Intestinal T-Cell 
Lymphoma
Constant antigenic stimulation from gluten in the 
diet leads to a fivefold increase in intraepithelial 
lymphocytes (IELs) in patients with celiac disease 
(CD).121 In some patients, the usual polyclonal 
increase may evolve in which a single clone pre-
dominates. This is commonly seen in the rare 
entities refractory sprue and ulcerative ileojejuni-
tis.122 Curiously, the monoclonal population has 
different immunophenotypic markers from IELs 
in normal small bowel or those in other CD 
patients.123 The same aberrant monoclonal type  
is seen in enteropathy-type intestinal T-cell lym-
phoma (EITCL), as well as in nonlymphomatous 
intestinal mucosa in EITCL patients.124 This led  
to the proposal that these aberrant monoclonal 
cells represent a cryptic lymphoma in refractory 
sprue and ulcerative ileojejunitis.125,126 As in H. 
pylori–induced MALT lymphoma, the immuno-
logic response is dysfunctional, with expansion of 
a monoclonal population with no role in the 
response to the original inciting antigen.

Although the overall incidence of non- 
Hodgkin’s lymphoma (NHL) is increasing, its 
presentation in extranodal sites, such as the GI 
tract, is increasing at an even faster rate.113 The 
stomach is the most common extranodal site, 
with the small bowel being the primary site in less 
than 2% of NHL patients. Most gastrointestinal 
NHLs, like MALT lymphomas, are B cell derived, 
with the number of T-cell lymphomas making up 
only 12% of the total.127 Patients with celiac sprue 
make up only 1% of NHL patients, and not all  
of their lymphomas are EITCL.128 Conversely, 
although most patients with T-cell intestinal  
lymphoma have celiac sprue, it is not a universal 
finding.129 The increased cancer risk in CD patients 
is almost exclusively due to NHL.130 CD patients 
have an odds ratio of 3.1 for NHL, 16.9 for GI 
involvement, and 19.2 for T-cell lymphoma. CD 
patients have a mortality rate that is twice the 
expected rate in the first 3 years after diagnosis, 
and this is primarily due to NHL.130 These deaths 
are primarily in patients with signs of malabsorp-
tion and not those with milder forms of the  
disease.

For EITCL, the lymphoma most specific to 
CD, the prognosis is poor. The EITCL is usually 



282 Chapter 32

diagnosed prior to the CD.131 The patients fre-
quently present with major complications of the 
EITCL, such as obstruction or perforation.131,132 
Chemotherapy is complicated by poor nutritional 
status in many patients. The actuarial 5-year sur-
vival rate is 19.7%, but the disease-free survival 
rate is only 3.2%.131 This limited prognosis is seen 
in intestinal T-cell lymphoma in a nonenteropa-
thy setting as well.132 Preliminary results with 
high-dose chemotherapy followed by autologous 
stem cell transplantation for EITCL have been 
disappointing, with high transplant-related  
mortality and universal relapse.133 Other reports 
in abstract form are slightly more sanguine.134

Autoantibodies

The interactions between the immune system and 
cancer are complex. Although immunosup-
pressed states are associated with an increased 
risk of cancer development, cancer itself can 
induce immunologic dysfunction. This may take 
the form of immunosuppression or enhanced, 
albeit misdirected, function.135,136 One manifesta-
tion of the latter is the formation of autoantibod-
ies associated with cancer. These are felt to be 
antibodies directed at a tumor antigen that is 
shared by other tissues, usually neurologic.137 
They are associated with a number of solid 
tumors, especially lung cancer, but their clinical 
significance for the most part remains unclear.138 
A handful of autoantibodies are associated with 
various paraneoplastic neurologic syndromes 
(see Chapter 44 for further discussion).139 Some 
are directly implicated in the pathogenesis of the 
neurologic syndrome and tend to be directed at 
peripheral nervous system antigens. Examples are 
myasthenia gravis and Eaton-Lambert syndrome. 
However, there are an increasing number of auto-
antibodies to central nervous system sites being 
described associated with many neurologic para-
neoplastic syndromes that have an unclear role in 
pathogenesis.140 Their number seems even larger 
as they are referred to in the literature by two  
parallel sets of nomenclature (Table 2).141 These 
autoantibodies are most commonly seen with the 
following malignancies: small cell lung, breast, 
and ovarian cancers; Hodgkin’s disease; and  

thymoma.142 Their presence or absence is not very 
sensitive or specific for any given neurologic  
syndrome or tumor type. Although some correla-
tions exist, any given antibody can be associated 
with a number of different tumor types and  
neurologic syndromes. Conversely, a neurologic 
syndrome, such as cerebellar degeneration, can be 
associated with as many as nine different autoan-
tibodies.143 With no as yet defined role in patho-
genesis, these autoantibodies may simply be an 
epiphenomenon and not involved in target tissue 
injury.142 

The most common central nervous system 
autoantibody is anti-Hu (antineuronal nuclear 
antibody type 1 or ANNA-1). Anti-Hu is associ-
ated with multiple neurologic presentations, usu-
ally in patients with small cell lung cancer. Usually, 
the neurologic symptoms precede the diagnosis 
of the cancer. Cancer is ultimately diagnosed in 
80 to 90% of patients with high titers (greater 
than 1:1,000 titers).144 Low-titer anti-Hu is found 
in 16% of patients with small cell lung cancer 
without neurologic symptoms.141 Although small 
cell lung cancer accounts for 90 to 95% of the 
associated cancers, cases are described with pros-
tate, breast, GI, pancreatic, and bladder cancers; 
lymphomas; and thymomas and other lung  
cancers.144–146 The most commonly associated 
neurologic symptoms are sensory neuropathy, 
limbic encephalitis, and cerebellar degenera-
tion.144 The antibody is also frequently found with 
paraneoplastic gut dysmotility most frequently 
associated with small cell lung cancer.147 Gut  
dysmotility is the presenting symptom in up to 
12% of anti-Hu patients.145 The Hu antigen is 
made up of four different ribonucleic acid bind-
ing proteins, three of which are neuron specific. 
Antibodies to one of these, Hu-D, have been 
shown to induce apoptosis in neurons, suggesting 
that the antibody plays a direct role in the  
pathogenesis.139

Conclusions

The interactions between the graft and the host, 
dietary protein and the gut, bacteria and the 
stomach, and the tumor and the immune  
system described above demonstrate detrimental 

immunologic responses. Our focused view has 
ignored other factors, such as the environment, 
that add to the milieu that influences the nature 
and outcome of immunologic response.148 How-
ever, a better understanding of the immunologic 
role in pathogenesis helps explain various facets 
of the conditions under study and points the way 
to more effective prophylaxis of GVHD, control 
of H. pylori’s oncogenesis, treatment for CD, and 
limits on paraneoplastic syndromes. 
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Gastrointestinal malignancies are leading causes 
of cancer death throughout the world, and cure is 
largely dependent on surgical resection. Selection 
of appropriate treatment options depends on 
accurate diagnosis and staging. Recent develop-
ments in endoscopic technology have contributed 
to major improvements in early diagnosis and 
accurate staging. In addition, endoscopy plays  
an increasing role in the treatment and palliation 
of gastrointestinal malignancies. This chapter 
reviews advances in interventional endoscopy.

Endoscopic Ultrasonography

Endoscopic Ultrasonography in  
Esophageal Cancer
Adenocarcinoma of the esophagus has the highest 
increase in incidence of any cancer in the United 
States. It is a disease predominantly of white males 
with long-standing gastroesophageal reflux. The 
recognition of specialized columnar mucosa in 
Barrett’s esophagus as a precursor for esophageal 
adenocarcinoma has provided a means to identify 
a patient group that may benefit from periodic 
endoscopic surveillance. Such surveillance leads 
to identification of lesions at an earlier asymp-
tomatic stage. Accurate staging is critical in  
selecting the most appropriate therapy. 

Evaluation by endoscopic ultrasonography 
(EUS) is an excellent tool to assess the depth  
of tumor (T) invasion and the status of regional 
lymph nodes (N) in patients with esophageal 
cancer. It also serves as a complementary imaging 
modality to assess the sites of distant metastases 
(M) of esophageal cancer (Table  1 and Figure 1). 
During an EUS examination, fine-needle aspira-
tion (FNA) can be performed, using a 19- or  
22-gauge needle, into the regional and/or celiac 
lymph nodes under ultrasound guidance with  
few risks of complication. All of these can be  
performed under conscious sedation. 

Vazquez-Sequeiros and colleagues reported 
that helical computed tomographic (CT) scans 
with 5 to 7  mm cuts provide T-staging accuracy 
of 72% compared with 86% by EUS. For N  
staging, the accuracy of CT, EUS, and EUS-FNA 
was 61%, 81%, 87%, respectively.1 EUS features 
of lymph nodes can help distinguish whether they 

are benign or malignant. A modified set of seven 
EUS criteria for malignancy were described as 
hypoechoic, smooth border, round shape, width 
g5  mm, lymph node in celiac location, more 
than five lymph nodes identified, and T3 or T4 
tumor on EUS. When three or more of the seven 
criteria were present, the accuracy of predicting 
malignancy was 88%. The presence of six or more 
criteria had a positive predictive value for malig-
nancy of 100%.2

For patients who receive preoperative chemo-
radiation, repeat EUS staging is usually performed 

before planned surgery. In the postchemoradia-
tion setting, however, the accuracy of EUS for T 
staging drops to 51% and for N staging to 49%.3 
Therefore it is necessary to sample the treatment 
site by endoscopic biopsy. When a suspicious 
lymph node is seen, FNA of the node should  
also be done to improve the accuracy of post-
treatment staging.

EUS in Solid Tumors of the Pancreas 
Eighty percent of pancreatic cancers present with 
metastatic disease. Only a subset of the remainder 
are felt to be true surgical candidates with resect-
able and, therefore, potentially curable disease. 
Given a 5-year survival rate of 4%, the emphasis 
has been on early detection and prompt manage-
ment.4 With improved imaging modalities such 
as helical CT and EUS, preoperative evaluations 
are more accurately staging patients, allowing a 
more select group of patients to undergo surgery. 
Pancreatic cancers can arise from both the  
exocrine and endocrine portions of the pancreas. 
Of pancreatic tumors, 95% develop from the  
exocrine portion of the pancreas, including the 
ductal epithelium, acinar cells, connective tissue, 
and lymphatic tissue. When a pancreatic mass  
is seen on a CT scan, the next step should be  
performing EUS-FNA to obtain local tumor  
staging and a tissue diagnosis (Table  2 and  
Figures  2 and 3). For pancreatic masses, the accu-
racy of EUS-FNA was reported to be 88%, with a 
sensitivity of 86%, a specificity of 94%, a positive 
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FigUrE 1  T4 esophageal cancer with a missing echoplane between the mass and the aorta. 

Table 1  System for Staging Esophageal Cancer

Primary Tumor (T)
Tx Tumor limited to mucosa and muscularis  
  mucosa
T0 Tumor limited to submucosa
T1 Tumor limited to muscularis propria
T2 Tumor infiltration to adventitia
T3 Tumor infiltration to adjacent organ
T4 Regional lymph nodes cannot be assessed

Regional Lymph Nodes (N)
Nx No regional lymph node metastasis
N1 Regional lymph node metastasis

Distant Metastasis (M)
Mx Distant metastasis cannot be assessed
M0 No distant metastasis
M1 Distant metastasis

The American Joint Committee on Cancer (AJCC), Manual 
for Staging of Cancer, 4th ed. 1992.
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predictive value of 100%, and a negative predic-
tive value of 86%.5 When a mass is not visible on 
CT or magnetic resonance imaging (MRI) in 
patients presenting with obstructive jaundice, 
however, the sensitivity, specificity, positive pre-
dictive value, and negative predictive value of 
EUS-FNA are 47%, 100%, 100%, and 50%, 
respectively. In this setting, detection of mass, an 
irregular bile duct wall, or common bile duct wall 
thickness greater than 3 mm by EUS provides 
much improved sensitivity over FNA.6

The ability to detect pancreatic endocrine 
tumors (PENs) by conventional imaging studies 
such as transcutaneous ultrasonography, CT, and 
MRI is highly dependent on the size of the tumor. 
CT and MRI can localize fewer than 10% of PENs 
less than 1  cm in diameter, 30 to 40% of PENs 1 
to 3  cm in size, and more than 50% of those more 
than 3  cm in diameter.7–12 Intra-arterial secretin 
injection with portal venous sampling was shown 
in one study to have high positive and negative 
predictive values for the identification of gastri-
noma.13 However, this procedure is highly inva-
sive and does not provide a tissue diagnosis. 
Zimmer and colleagues, however, reported a 
higher accuracy for EUS for localization of gastri-
noma (79%) and insulinoma (93%).14 In another 
study of 30 patients with suspected PEN, EUS-
FNA had a sensitivity of 82.6%, a specificity of 
85.7%, an accuracy of 83.3%, a positive predictive 
value of 95.0%, and a negative predictive value of 
60.0%.15

EUS in a Bilroth II operation was once  
considered to be contraindicated. It is difficult to 
orient the anatomy owing to resection of the 
antrum and duodenal bulb and reconstruction. 
However, Pancreatic EUS following a Billroth II 
operation was once considered to be contraindi-
cated. It is difficult to orient the anatomy owing 
to resection of the antrum and duodenal bulb  
and reconstruction. Linear-array echoendoscopes 
provide a more complete examination than radial 
echoendoscopes. Of note, the pancreatic neck 
may be difficult to visualize.16

When subtle pathologic conditions of the 
bile duct or pancreatic duct are suspected,  
intraductal ultrasonography can be performed  
by using a 12, 15, or 20  MHz, radial scanning 
ultrasound catheter probe (UM R-series, Olym-
pus Optical Co, Tokyo, Japan). This requires  
cannulating either or both ducts using a duode-
noscope and the probe.

EUS in Cystic Tumors of the Pancreas
Owing to better and more frequently used imag-
ing studies, there has been an increase in the 
detection of cystic lesions in the pancreas. Cystic 
lesions represent less than 10% of pancreatic  
neoplasms. The most common pancreatic cystic 
lesion is a pseudocyst. When a pseudocyst is  
suspected, it is important to ask the patients 
whether they have a history of pancreatitis as 

pseudocysts follow an episode of acute pan-
creatitis or occur in the setting of chronic pancre-
atitis. Cystic tumors could be benign, as in serous 
cystadenoma and pseudocyst, or malignant (or 
with malignant potential), as in mucinous cystic 
adenoma, intraductal mucinous papillary neo-
plasm (IPMN), or mucinous cystadenocarci-
noma. EUS-FNA not only provides images to 
help distinguish benign from malignant cysts,  
it also allows aspiration of cystic content for fluid 
analysis (Figure  4). The benign EUS features 
include sunburst calcification with numerous 
microcysts resembling a honeycomb appearance, 
which suggests serous cystadenoma. The worri-
some EUS features include intracystic growth or a 
solid mass associated with the cyst. The aspirated 
fluid is usually sent for cytology, carcinoembry-
onic antigen (CEA), cancer antigen (CA) 19-9, 
CA 125, CA 72-4, and amylase (Table  3). In a 
study by Brugge and colleagues, CEA was the 
most specific tumor marker for malignancy.17 
Using the CEA value of 192  ng/mL, the sensitivity 
for diagnosis of a mucinous cyst was 75%, with a 
specificity of 84% and an accuracy of 79%. In 
comparison, the accuracy of EUS morphology 
was 51% and cytology was 59%.

EUS can further characterize IPMN by  
visualizing the papillary growth along the duct. 
FNA enables obtaining tissue from the papillary 
growth and aspirating ductal contents for the 
presence of mucin and other studies.

EUS in Rectal Cancer
In a review of EUS accuracy in staging rectal 
cancer, in all published data between 1985 and 
2003, EUS T-staging accuracy was reported in 40 
studies and N-staging accuracy in 27 studies.18 In 
4,118 subjects, an overall mean T-staging accu-
racy was 85.2% (median 87.5%) and N-staging 
accuracy was 75.0% (median 76.0%). EUS stag-
ing of rectal cancer can facilitate appropriate 
employment of preoperative neoadjuvant therapy 
in those patients with advanced disease. However, 
EUS tends to overstage rectal cancers because 

Table 2  System for Staging of Pancreatic Adeno-
carcinoma

T1 Tumor limited to pancreas
 Size <2  cm in greatest dimension
T2 Tumor limited to pancreas
 Size >2  cm in greatest dimension
T3 Tumor infiltration (extension) into   
  duodenum, bile duct, papilla, or   
  peripancreatic tissue
T4 Tumor infiltration (extension) into   
  stomach, spleen, colon, or adjacent   
  large vessels
Nx Regional lymph nodes cannot be   
  assessed
N0 No regional lymph node metastasis
N1 Regional lymph node metastasis
Mx Distant metastasis cannot be assessed
M0 No distant metastasis
M1 Distant metastasis

The American Joint Committee on Cancer: AJCC Cancer 
Staging Manual. 5th ed. 1997

FigUrE 2  Endoscopic ultrasonographic view of  
a pancreatic head mass abutting the confluence of 
the portal vein and the superior mesenteric vein. 
PV=portal vein; SMV=superior mesenteric vein; 
T=tumor.

FigUrE 3  Fine-needle aspiration of pancreatic  
carcinoma: cytologic smear showing a fragment of 
ductal epithelium that displays atypical nuclear  
features that include focal enlargement, irregularity, 
hyperchromasia, crowding, and overlap. Nuclei are 
not evenly spaced, size (volume) ratios differ signifi-
cantly from one nucleus to another, and areas of 
three-dimensionality are seen. These features taken 
together allow for a malignant diagnosis (Papanico-
loau stain, medium power).

FigUrE 4  Endoscopic ultrasonography–fine-needle 
aspiration of a cystic lesion of the pancreas.
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high-resolution ultrasonography can detect, but 
not separate, hypoechoic inflammation around 
the malignancy from the tumor itself.19

EUS in T4 Lung Cancer
Nearly 30% of patients with lung cancer harbor 
mediastinal disease at presentation. Through the 
esophageal wall, EUS provides excellent access to 
the posterior mediastinum. In patients with lung 
cancer and posterior mediastinal adenopathy  
on CT, EUS-FNA was reported to be superior to 
CT for detection of malignancy, with a sensitivity 
of 90% and a specificity of 100%.20–23 Although 
ultrasonography cannot penetrate air-filled struc-
tures such as the lungs, invasion of the mediasti-
num by lung cancer is suspected when there is a 
loss of interface between the mass and the soft 
tissue of the mediastinum, heart, great vessels, 
trachea, esophagus, or vertebral body. In a study 
of 175 patients with lung cancer who underwent 
EUS evaluation of the mediastinum, structures  
in the lateral mediastinum, such as upper para-
tracheal (2L/R) and lower paratracheal (4L/R) 
lymph nodes, were routinely imaged and sampled 
by EUS-FNA without difficulty. For detection of 
mediastinal invasion by lung cancer, EUS had a 
sensitivity of 87.5%, a specificity of 98%, a posi-
tive predictive value of 70%, and a negative pre-
dictive value of 99%, with no procedure-related 
complication.24 Therefore, EUS-FNA is an accu-
rate, safe, and cost-effective means of screening 
patients with lung cancer with possible mediasti-
nal metastasis. However, T4 staging should be 
made by EUS only when invasion of great vessels 
or mediastinal organs (heart, spine, esophagus) is 
clearly evident or EUS-FNA confirms malignant 
pleural effusion. Loss of interface between the 
tumor and mediastinum detected by EUS should 
be further evaluated by other modalities before 
the tumor is considered unresectable. 

Endoscopic retrograde  
Cholangiopancreatography and  
Pancreatoscopy

The most common presenting symptom and sign 
of pancreatic cancer involving the head of the 
pancreas is painless obstructive jaundice. There 

are many possible etiologies for obstructive jaun-
dice, including benign and malignant conditions; 
among them are primary sclerosing cholangitis, 
chronic pancreatitis, cholangiocarcinoma, and 
pancreatic malignancies, including both solid  
and cystic tumors of the pancreas. The first step  
in management of obstructive jaundice in a  
suspected malignancy is obtaining a CT scan of 
the abdomen. If ascending cholangitis is sus-
pected owing to biliary obstruction, the patient 
should be admitted for intravenous hydration 
and antibiotics. Charcot’s triad of jaundice, fever, 
and right upper quadrant abdominal pain is seen 
in approximately 70% of the patients with ascend-
ing cholangitis. The antibiotics should be able to 
cover a broad spectrum, including Escherichia 
coli, Enterococcus, Klebsiella, and anaerobes.  
Following this, at the earliest possible time, endo-
scopic retrograde cholangiopancreatography 
(ERCP) should be performed to establish drain-
age of bile and pus. In severe asending cholangitis, 
a plastic biliary stent may not be sufficient to 
drain the large amount of viscous pus. A naso-
biliary drainage that allows lavaging of the  
bile duct would be more effective in this  
setting. If ERCP is unsuccessful for technical or  
anatomic reasons, percutaneous drainage by  
an interventional radiology service should be  
performed.

In suspected pancreatic exocrine tumor  
presenting with obstructive jaundice, ERCP can 
be performed immediately following EUS-FNA 
to alleviate the symptoms of obstructive jaundice. 
During ERCP, the confirmation on tissue diagno-
sis on the cytology specimen obtained by  
EUS-FNA can be made by a cytopathologist. For 
biliary decompression in patients with resectable 
pancreatic cancers, traditionally, plastic stents 
were used for various presumed advantages  
over the metallic stents. However, Wasan and  
colleagues reported data on the utility of metal 
stents on resectable pancreatic cancer.25 During 
the preoperative course, the incidence of cholan-
gitis or cholecystitis was 15% in the metal stent 
group and 92% in the plastic stent group. In  
both groups, there were no stent-related intra- or 
postoperative complications. For both groups, 

the intraoperative time per patient was approxi-
mately 7  hours, with an intraoperative blood loss 
of 650  mL and length of hospital stay of 10.5  days. 
Overall, for the metal group, significantly fewer 
ERCP sessions were required, which more than 
compensated for the higher initial stent costs.26

For IPMN, the most common presenting 
symptom is abdominal pain. On ERCP, visualiza-
tion of thick mucin extrusion from the widely 
open papilla is diagnostic of IPMN (Figure  5). 
Magnetic resonance cholangiopancreatography  
is a noninvasive imaging study that allows  
evaluation of the pancreatic duct, the presence or 
absence of a cyst, communication of cystic  
dilation with the main pancreatic duct, and the 
presence of side-branch IPMNs with minimal 
risk. A pancreatogram will frequently show  
multiple filling defects, ductal dilation, and, at 
times, cystic dilation of side branches. ERCP 
brushing and biopsy are not very sensitive, but 
intraoperative pancreatoscopy is highly sensitive 
and specific. Intraoperative pancreatoscopy  
also enables precise location of resection for clear 
surgical margins so that repetitive resection would 
not be needed. 

Endoscopic Mucosal resection

For selected patients with early esophageal or  
gastric cancer (T1a) who are poor or reluctant 
surgical candidates, endoscopic mucosal resec-
tion (EMR) should be considered. The first step 
in EMR is a conventional endoscopy to mark  
the periphery of the lesion and to inject saline 
solution into the submucosa. Next, the EMR cap 
(Olympus Optical Co., Ltd., Tokyo, Japan) is 
fitted at the tip of the endoscope. A crescent-
shaped snare is then prelooped into the groove of 
the rim of the cap. The lesion is suctioned into the 
cap, and snare resection is performed. The two 
most common complications of EMR are perfor-
ation and bleeding. Most bleeding occurs within 
24  hours, and the patients should be closely  
followed during this time. Bleeding occurring 
during EMR can usually be treated using a heater 

Table 3  Tumor Markers in Cystic Fluid in the Various Pancreas Cysts

Tumor Marker SCA MCA MCAC IPMN Pseudocyst

CEA Low High High Variable Low
CA 19-9 Variable Variable Variable Variable High
CA 15-3 Low High High Low Low
CA 72-4 Low High High High Low
CA 125 Low Variable Variable Low Low
Amylase Low Low Low High High
Viscosity Low High High High Low
Cytology Glycogen Mucin Mucin Mucin Inflammatory

CA=cancer antigen; CEA=carcinoembryonic antigen; IPMN=intraductal papillary mucinous neoplasm; MCA=mucinous 
cystic adenoma; MCAC=mucinous cystadenocarcinoma.

FigUrE 5  Mucin extrusion from a widely open  
papilla, diagnostic of intraductal mucinous papillary 
neoplasm.
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probe, hemoclips, or other modalities. When the 
perforation is small and the patient is clinically 
stable, attempts to seal the perforation by endo-
scopic hemoclipping should be made if the area of 
perforation is easily accessible. When EMR is 
being considered rather than surgical resection 
for T1 lesions, it is important to be able to distin-
guish T1a (only mucosal and muscularis mucosal 
involvement) from T1b (submucosal involve-
ment) by EUS as there is a higher rate of  
lymphatic invasion with T1b than with T1a. Post-
EMR, close surveillance should be routine for 
early detection of recurrence. In the study  
published by Scotiniotis and colleagues, T1a 
could be separated from T1b with a sensitivity of 
100%, a specificity of 94%, and a negative predic-
tive value of 100% by EUS.27 Kume and colleagues 
published new techniques of EMR using a soft, 
irrigation-prelooped hood. This technique allows 
effective irrigation, thus providing better visual-
ization of the field. In this study, 15 patients  
(4 with early esophageal cancer, 11 with early  
gastric cancer) underwent successful EMR; the 
complications mentioned included 4 patients 
with limited bleeding, which was easily treated  
by endoscopic therapy. No perforation was 
observed.28

Endoscopic Ampullectomy

Patients with an ampullary adenoma frequently 
present with nondescript upper abdominal  
pain, jaundice, and/or gastrointestinal bleeding. 
Patients with familial adenomatous polyposis 
(FAP), including Gardner’s variant, have an incr-
eased likelihood of papillary neoplasm and thus 
should undergo endoscopic surveillance.29,30 CT  
is not sensitive for detection of ampullary  
tumors. To optimally visualize the ampulla, a 
side-viewing scope should be employed as the 
straight-viewing scope does not provide an accu-
rate assessment of the ampulla. During the evalu-
ation of the ampulla, biopsy specimens should be 
obtained from the ampulla if adenoma is sus-
pected or routinely in the patients with FAP as an 
adenoma may be grossly evident or the ampulla 
may appear to be completely normal. If jaundice 
is present, ERCP should be performed with a  
biliary sphincterotomy to establish drainage  
and obtain biopsy specimens from the inner  
segment of the ampulla and a biliary stent should 
be placed if the stricture is still shown with  
poor drainage following biliary sphincterotomy. 
A cholangiogram should be obtained with brush-
ing of the stricture. When the pathology results of 
ampullary biopsy confirm that it is an adenoma 
rather than a carcinoma, then EUS should be per-
formed to stage the adenoma. The standard  
management for papillary neoplasms continues 
to be surgery, either local excision or pancreatico-
duodenectomy. If an ampullary adenoma is  

confined within the mucosal or submucosal layer 
(confirmed by EUS), snare ampullectomy could 
be considered. Endoscopic ampullectomy can be 
performed in two ways. First, the ampulla can be 
snared off in one cut. The pancreatic duct needs 
to be found first so that it can be stented postam-
pullectomy to prevent post-ERCP pancreatitis as 
the papillary edema could result in temporary 
blockage of the duct. Also, to prevent cholangitis, 
the bile duct should be cannulated and biliary 
sphincterotomy (with or without biliary stent 
placement depending on efficiency of bile drain-
age after sphicterotomy) should be performed.  
For ampullary tumors greater than 2  cm in size, 
alternatively, a pancreatic ductal stent can be 
inserted first and piecemeal ampullectomy can  
be performed. In this method, after ampullec-
tomy is completed, thermal ablation of the base  
of the tumor could result in lower incidents of 
recurrence.

Only five studies have critically evaluated 
endoscopic ampullectomy. The success rates 
ranged from 60 to 90%, with complication rates 
ranging from 9.7 to 27%. The complications 
included acute pancreatitis, bleeding, cholangitis, 
duodenal perforation, and late papillary stenosis. 
Among all patients in reported series, there  
was only one death, which occurred as a result  
of severe necrotizing pancreatitis.31–35 The largest 
one of the five studies had 103 patients. The  
long-term success rate was 80%, with a complica-
tion rate of 9.7%; complications included acute 
pancreatitis (5%), bleeding (2%), and late papil-
lary stenosis (3%). By multivariate logistic analy-
sis, predictors of successful endoscopic resection 
included age greater than 48  years (p<.001), 
lesion size of 24  mm or less (p=.001), and male 
gender (p<.05). Acute pancreatitis occurred 
more frequently in patients without pancreatic 
duct stents (17% vs 3.3%), and papillary stenosis 
also occurred more frequently in patients without 
pancreatic duct stents (8.3% vs 2.2%). The recur-
rence rate for papillary adenoma after ampullec-
tomy was 20%. Significant risk factors for 
recurrence were larger size, genetic predisposi-
tion, younger age, and absence of adjuvant  
thermal ablation at the initial ampullectomy. For 
patients who have adenomas removed com-
pletely, endoscopic surveillance at 6-month inter-
vals for a minimum of 2  years is recommended. 
For patients with FAP, more vigilant surveillance 
would be prudent.35

If the neoplasm is not completely removed at 
the initial procedure, ampullectomy and thermal 
ablation should be repeated at 2- to 3-month 
intervals until ablation is complete. 

Photodynamic Therapy

Photodynamic therapy (PDT) with porfimer 
sodium has been used to treat patients with  
high-grade dysplasia (HGD) and early-stage 
esophageal cancer (T1). Patients receive an  

intravenous injection (2  mg/kg) of porfimer 
sodium (Photofrin, Axcan Pharma, Mont-Saint-
Hilaire, QC). Three days after drug injection, 
630  nm light from a potassium titanyl phosphate 
dye laser (Laserscope, San Jose, CA) is delivered 
by using a cylindrical diffuser inserted in a 20  nm-
diameter reflective esophageal PDT balloon 
(Wilson-Cook Medical Inc., Winston-Salem, 
NC). Esophageal strictures can occur in 18 to 
37% of patients after PDT for HGD in Barrett’s 
esophagus.36–39 Strictures occur within 3 to 4 weeks 
and require serial dilations. When different light 
doses were employed, the efficacy and stricture 
rate were different among them. In a study of 113 
patients with Barrett’s esophagus with HGD or 
T1 disease, residual HGD or T1 disease. After one 
treatment was seen in 17% of patients with a light 
dose of 115  J/cm, 33.3% with a light dose of 105 
J/cm, 29.4% with a light dose of 95  J/cm, and 
31.6% with a light dose of 85  J/cm. Complete 
ablation of Barrett’s mucosa and total replace-
ment of the treated area with squamous mucosa 
were achieved in 40.7% treated with a light dose 
of 115  J/cm, 35.3% of patients treated with a light 
dose of 105  J/cm, 33.3% of patients treated with a 
light dose of 95  J/cm, and 21% of patients treated 
with a light dose of 85  J/cm. 205 Although the 
overall rate of stricture formation was not directly 
correlated to the light dose, severe strictures 
requiring more than six dilations were seen in 
15.3% with a light dose of 115  J/cm, 5.6% with a 
light dose of 105  J/cm, 5.9% with a light dose of 
95  J/cm, and 5.3% with a light dose of 85  J/cm. 
Thus, decreasing the light dose below 115  J/cm 
reduced the rate of the stricture at the expense  
of efficacy. The optimal dose for treatment with 
PDT is yet to be established.40

Endoluminal Stenting

Esophageal Stents
Most esophageal cancer patients will present with 
unresectable disease, and treatment is limited to 
palliation.41 Relief of dysphagia is a major focus, 
and this can be addressed with endoscopic mea-
sures, primarily self-expanding metallic stents 
(SEMSs). A subset of patients will develop tra-
cheoesophageal fistulae (TEF) and be good candi-
dates for a SEMS. Although other endoscopic 
modalities have been used in the past to reestab-
lish esophageal lumen, SEMSs have become  
the primary endoscopic measure since their intro-
duction in the early 1990s. Early studies showed a 
clear advantage over plastic stents.42 Advantages 
over recanalization by laser therapy have been 
difficult to demonstrate.43,44 PDT has not been 
shown to be more effective or safer than SEMSs.45,46 
Concerns about the high cost of SEMSs have been 
tempered by studies showing no cost disadvan-
tage despite the high initial expense as patients 
palliated with SEMSs need fewer interventions 
than laser and have fewer complications than 
plastic stents.47,48
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Placement of a SEMS is done with fluoros-
copy and at some centers is performed by inter-
ventional radiology. A previous definition of the 
esophageal anatomy is desirable but not essential. 
The presence and location of a TEF should  
be confirmed by previous imaging or contrast 
injection at the time of stent placement. Most 
commercially available stents have a coating  
covering most, if not all, of the stent. Available 
lengths are typically 10 to 15  cm. The diameter of 
the delivery systems precludes through-the-scope 
placement. However, the relatively slim profile of 
some stents, such as the 18F diameter Wallstent II 
(Boston Scientific, Natick, MA), makes negotia-
tion of strictures possible with little to no dilation. 
Antireflux valves are available with some stent 
designs for those patients prone to gastroesopha-
geal reflux disease. Dilation of the stricture should 
be avoided or kept to a minimum to reduce the 
risk of perforation.49 We use a small-caliber  
5  mm in diameter scope (Pentax 1540, Pentax 
Inc. Montvale, NJ 1540) to facilitate passage 
through the stricture. A wire is placed into the 
stomach, and the scope is withdrawn after stric-
ture length is determined. External metal markers 
are used to delineate the proximal and distal  
margins of the stricture. Alternatively, contrast 
material can be injected via a sclerotherapy needle 
into the submucosal layer at the margins. A stent 
length is chosen that will readily bridge the stric-
ture, leaving 1 to 2  cm at either end to accommo-
date stent foreshortening and to avoid having  
the uncovered ends within the stricture. The stent 
is passed over the wire and into position. An 
endoscope can be introduced alongside to check 
proximal positioning. The stent is deployed slowly 
to allow an opportunity to make final adjustments 
in position prior to full release. The small-caliber 
endoscope is then reintroduced to assess stent 
patency and placement. Patients are allowed a 
liquid diet and are to advance their diet as  
tolerated as the stent expands over the next 
48  hours. Proton pump blockers are routinely 
prescribed for those with a stent bridging the 
esophagogastric junction.

Dysphagia will improve in 80 to 90% of 
patients, although this may be modest.50 At least 
80% of TEF will close at least temporarily.49,51 
Despite less dysphagia, improvement in quality of 
life is not readily demonstrated.44,52 Although the 
mainstay of endoscopic palliation, placement of a 
SEMS is a procedure plagued by a high complica-
tion rate.53,54 A quarter to half of patients will 
suffer a major complication requiring another 
stent, endoscopy, admission, or a percutaneous 
endoscopic gastrostomy tube.55–57 In addition, the 
operative mortality is 1 to 2%. Patient selection 
for SEMSs should be based on several factors.  
The presence of a TEF is the most clear-cut  
indication. The best timing of stent placement 
relative to other therapeutic interventions is 
debated. Whereas early reports suggested a higher 

complication rate in those patients who have 
received chemoradiation, our experience and that 
of others have not shown such an increased 
risk.58,59 On the other hand, there are reasons to 
defer stent placement prior to chemoradiation. 
First, chemoradiation may lead to improvement 
in dysphagia and that tumor regression can result 
in stent migration. In most cases of migration, the 
stents remain in the stomach, although some 
travel distally and can obstruct.60,61 Stents designed 
for easy removal from the esophagus or stomach 
as chemoradiation is completed would effectively 
deal with this concern.62 However, removal of a 
SEMS requires substantial technical expertise, 
with associated risk of bleeding and perforation.63 
Second, very high complication rates have been 
reported in patients with SEMSs who subse-
quently undergo radiation therapy.64 High cervi-
cal lesions are problematic as there may be 
insufficient room proximally for stent placement 
without encroaching on the hypopharynx, and 
palliative benefit is limited.65 Stents for tumors 
involving the esophagogastric junction can lead 
to reflux symptoms and have a higher rate of 
migration in some studies.50 A stent with an  
antireflux valve is an option, although experience 
with them is mixed and the number of patients 
not responding to acid-suppressive therapy is 
small.54,55,66,67 

So ideal timing of SEMS placement in the 
course of the patient’s illness is unclear. Some 
authors argue for deferring SEMS placement  
until dysphagia proves refractory to all other 
modalities.52 Prolonged patient survival with 
SEMS is associated with a higher risk of stent  
dysfunction.68 Yet others argue that SEMSs should 
be reserved only for those with longer life expec-
tancies.43 The use of SEMSs has decreased over 
the years at our institution despite increasing 
numbers of esophageal cancer patients.49,69 The 
limited benefits that SEMSs can offer, as well as an 
appreciation of their complication risks, have 
contributed to this decline. Other endoscopic 
modalities have not been substituted, nor are 
other services deploying SEMS. Rather, we have 
adopted a position of allowing sufficient time 
after chemoradiation for its benefits to be defined. 
In those patients who are not candidates for 
chemoradiation or who have completed radiation 
with recurrent dysphagia, SEMSs are placed if 
there is a reasonable life expectancy measured in 
weeks or months and the anatomy permits.

Enteral Stents
Gastric outlet obstruction can result from a pri-
mary or metastatic malignant process involving 
the distal stomach, duodenum, or periampullary 
region. The most common etiology is pancreatic 
adenocarcinoma.70 The traditional approach  
has been surgical bypass, but SEMSs offer an 
alternative, with less morbidity and a faster return 

to oral intake at a lower cost.71–73 No control trials 
comparing the two approaches exist. 

The technique is basically similar to that of 
esophageal stents, with the advantage that the 
slim delivery catheter allows through-the-scope 
placement. Previous barium studies are helpful to 
define the anatomy and to rule out additional 
distal strictures but are not necessary or at times 
possible owing to complete obstruction. Attempts 
at a barium study may complicate stent place-
ment owing to retained barium hampering  
endoscopic and fluoroscopic views. A small- 
caliber scope may facilitate wire placement across 
the stricture. If the stricture is too tight for a scope, 
then advancing a biliary catheter into the stricture 
under fluoroscopy with intermittent injection of 
contrast can facilitate wire placement. A floppy 
wire may be required to traverse the stricture  
initially and can be replaced with a stiffer wire 
through the biliary catheter. The distal margin  
of the stricture should be carefully marked exter-
nally or, if possible, by an endoclip or submucosal 
injection of contrast. A typical stent has a delivery 
system 10F in diameter and can readily go through 
a 3.8  mm channel. Owing to its small caliber,  
dilation of the stricture is rarely required. If stent 
passage requires dilation, this should be kept to a 
minimum to attenuate the risk of perforation. 
Diameters of expanded stents are 20 to 22  mm, 
with lengths of 60 and 90  mm. Covered versions 
were found to migrate too readily and are no 
longer available.

Biliary ductal patency is a concern, and place-
ment of a SEMS in the biliary tree prior to deploy-
ment of duodenal stents is desirable. The stents 
can be placed during the same procedure if the 
duodenoscope can be introduced.74 However, a 
high failure rate has been reported in this setting 
even with stricture dilation to facilitate passage  
of the duodenoscope.75 Dilation in this setting 
carries a 6% risk of perforation.75 If biliary  
drainage cannot be achieved endoscopically,  
then a percutaneous approach with placement  
of the biliary SEMS through the sidewall of the 
duodenal SEMS is possible.72

Stricture length dictates placement of more 
than one stent in 7 to 18% of patients.72,75–77 Two 
recent reviews found that technically adequate 
stenting is achieved in 94 to 97% of patients.70,78 
However, clinical success is not seen in 7 to 11% 
of those with adequate stent placement owing to 
dysmotility or distal disease.70,78 As a result, the 
overall success rate is 87%. Data from five recent 
series show that resumption of a normal or soft 
diet is possible in 70% of patients.71,72,75–77 Ten to 
17% of stents will obstruct, usually with tumor 
ingrowth.70,78 This compares with 10% of patients 
after bypass gastrojejunostomy who develop 
recurrent obstructive symptoms.79 Migration is 
seen with 2.7% of uncovered stents.78 Abdominal 
pain occurs in 2.5%.70 Bleeding and perforation 
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are seen in 1%.70,78 Procedural mortality is not 
reported.70 The median survival rate reported 
ranges from 7 to 14.5 weeks.75–78,80 No improve-
ment over historical median survival after  
surgical bypass is seen.71 

In patients with incurable disease causing 
gastric outlet obstruction, SEMSs represent the 
best option for palliation, with an 87% likelihood 
of relieving symptoms and a 70% chance of 
resumption of a nearly normal diet. This inter-
vention requires little, if any, hospital time versus 
a postgastrojejunostomy bypass recovery period 
of a median 14 to 17  days in patients with an  
average survival of only a few months.73,79,81 The 
timing of stent placement should be dictated  
by symptoms, functional status, and available 
therapeutic options. Chemoradiation therapies 
should have been exhausted or have a low likeli-
hood of producing major tumor regression to 
minimize the chances of distal migration or  
stent-induced perforation.75 

Colonic Stents
Colonic obstruction can be the initial presenta-
tion of colon cancer or develop with recurrent or 
progressive disease. SEMSs offer an alternative to 
surgery for relieving the obstruction. As with 
enteral stents, no controlled trials comparing  
the two approaches exist.82 A recent review involv-
ing 1,198 patients providessome perspective as to 
the role of SEMSs in this setting.83 Two-thirds of 
stents were placed for palliation of recurrent or 
unresectable disease. The other third were placed 
for bridging the acutely obstructed patients to 
definitive resection, thereby forgoing an emer-
gent decompressive colostomy. Eighty-six per-
cent of the stents were for rectosigmoid disease. 
Eleven percent were for left colon obstruction. 
Two percent were deployed in the transverse 
colon and 0.5% in the ascending colon. Technical 
success is seen in 93% of patients, although this 
does not always equate with clinical success, 
which is seen in 88%.83 Facilitating a single-stage 
surgery was possible in 72% in the “bridge to sur-
gery” indication group. Migration is seen in 12%, 
with most occurring in the first week after deploy-
ment. The more proximal the stent, the higher 
the migration rate. Perforation is seen in 2.8% of 
patients not previously dilated. The perforation 
rate in those patients whose strictures were  
dilated prior to stent placement was almost six 
times higher. Perforations were responsible for 
five of seven procedure-related deaths, and pro-
cedure-related mortality was 0.58%. Reobstruc-
tion occurred in 7.8% of uncovered stents at a 
median time of 24  weeks. Additional complica-
tions seen are bleeding and migration in 5  
and 10% of patients, respectively.82 The need for 
surgical intervention for complications can be as 
high as 12.5%.84 It is unclear if previous radiation 
therapy alters complication rates. 82

As with other SEMSs, contrast studies are of 
limited utility in the acute setting and attempts at 
opacification can hinder subsequent endoscopic 
and fluoroscopic evaluation. Imaging studies 
such as CT or abdominal plain films to rule out 
perforation and give approximate location of 
stricture are vital. Colonoscopic evaluation of the 
stricture and its anatomy follows. A small-caliber 
scope can be critical to facilitate negotiation of  
the stricture and place a wire proximally. In  
those patients in whom endoscopic advance 
through the stricture is not possible, fluoroscopic  
guidance is sufficient for stent placement.  
Fluoroscopic images are easier to interpret with 
the patient in the supine position than the patient 
in the left lateral decubitus position. A biliary 
catheter can help with passage of the wire in those  
strictures too tight even for the small-caliber 
scopes. A wire with a floppy tip can help with  
initial passage. The biliary catheter can then be 
advanced through the stricture and a stiffer wire 
substituted to facilitate stent passage. Stents are 
identical to those used in the duodenum or are 
available from some vendors with slightly large 
diameters. Delivery catheter size in some versions 
allows passage through a therapeutic scope acces-
sory channel, simplifying placement, particularly 
for proximal lesions.82 All commercially available 
stents are uncovered owing to high migration 
rates with early covered versions. In those patients 
with fistulae, a covered esophageal stent can be 
deployed.85 Prestent dilation is not advised as per-
foration rates are sharply increased. Prophylactic 
antibiotics are not routinely recommended yet 
may have a role in those patients with complete 
obstruction and marked colon dilation.82 

Patients are advised to comply with a  
low-residue diet and adopt a bowel management 
regimen to avoid stool impaction in the stent.82

A small, randomized trial of left-sided partial 
obstruction treated with a SEMS versus colos-
tomy showed better quality of life in the stent 
group, with comparable costs.86 Using historical 
controls, Johnson and colleagues found compa-
rable outcomes after SEMSs, despite a patient 
population with poorer performance status than 
surgical controls.87 In an analysis of the bridge to 
surgery presentation, Targownik and colleagues 
found in a decision analysis that SEMSs followed 
by elective surgical resection had better outcomes 
at lower cost compared with emergent surgery 
with stoma formation or primary resection.88 
Stent placement in acute obstruction has no 
adverse effects on long-term prognosis compared 
with initial surgical decompression.89

Future in interventional  
gastroenterology

With ongoing development of new tools and 
technology, the future of endoscopic therapy  
of gastrointestinal malignancies has promising 

potential. Ideas that have been considered  
include EUS-guided radiofrequency ablation, 
EUS-guided PDT with probe insertion, EUS-
guided alcohol injection into the solid tumors, 
including pancreatic cancer, and endoscopically 
delivered chemotherapy. We look forward to the 
results of further research in this exciting area.
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Genetic predisposition and environmental fac-
tors play major roles in the etiology of cancer.1,2 
Dietary factors are among the most important 
environmental factors implicated in cancer  
development.3 It has been estimated that approx-
imately 35% (10–70%) of all cancers are attribut-
able to diet.4 Cancer is a multistage process that 
involves activation of a precarcinogen to an ulti-
mate carcinogen, initiation of a tumor cell through 
oncogene expression, and, finally, promotion to 
clinical cancer. Nutritional factors can interact in 
all of these steps, both positively and negatively. 
Therefore, nutrients such as vitamins, minerals, 
or other food constituents may also function as 
chemopreventive agents that may help reverse, 
suppress, or prevent progression to invasive 
cancer.5 

Although the role of diet in health and dis-
ease has been known since ancient times,6 many 
of the current recommendations are based on  
evidence that is derived from more recent epide-
miologic studies.7 However, for a number of 
nutrients, well-designed dietary intervention 
studies have failed to demonstrate the anticipated 
protection against cancer.8 A novel approach to 
understanding this discrepancy has been to study 
the response to a specific nutrient as determined 
by an individual’s genotype. The great variability 
in the responses of subjects in nutritional inter-
vention studies may be due to differences in study 
participants’ genetic polymorphisms. This has led 
investigators to further define the role that nutri-
ents play in influencing genetic processes involved 
in carcinogenesis, such as those that determine 
cellular metabolism, differentiation, and apopto-
sis. Therefore, even though genetic factors cannot 
be altered, making beneficial changes in nutri-
tional habits may potentially decrease the risk of 
cancer substantially.9

Once cancer is diagnosed, up to 80% of 
patients will develop weight loss and malnutri-
tion during the course of their illness.10 Malnutri-
tion in patients with cancer has been associated 
with longer hospital stays,11 diminished tolerance 
of and responsiveness to both chemotherapy  
and radiotherapy,10 increased perioperative  
morbidity,12 increased cost,13 worse performance 
status and quality of life, and decreased survival.11 
The etiology of malnutrition in such patients is 

multifactorial. The causes can be classified into 
two major categories: (1) anorexia, factors related 
to decreased food intake, and gastrointestinal 
dysfunction and (2) metabolic disturbances.14,15 
Although numerous techniques are available for 
the nutritional assessment of these patients, most 
of these methods are difficult to interpret in clini-
cal practice and are poor indicators of response to 
therapy in patients with malignancy.16

Oral dietary therapy, oral supplements, and 
enteral or parenteral nutrition are all forms of 
nutritional therapy that can be used depending 
on the clinical circumstances.17 It is important to 
clearly define the goals and objectives of therapy 
prior to initiating nutritional support and to limit 
the decision to initiate nutritional therapy to  
clinical situations in which the benefits outweigh 
the risks.18 Cancer survivors may have persistent 
gastrointestinal failure secondary to the effects  
of previous radiation therapy or multiple surgical 
resections and may require long-term home 
enteral or total parenteral nutrition (TPN).14

Dietary Factors and Cancer

During the last few decades, increasing attention 
has been paid to various foods, nutrients, and 
dietary lifestyles as modifiers of cancer risk. Many 
hypotheses describing the effects of diet on cancer 
risk have been derived by analyzing the dietary 
patterns and cancer rates in different populations 
around the world. It was noted in the 1970s that 
developed Western countries have diets high in 
animal products, fat, and sugar and high rates of 
cancer of the colorectum, breast, and prostate. In 
contrast, developing countries typically have diets 
based on one or two starchy staple foods, low 
intakes of animal products, fat and sugar, low 
rates of ‘Western’-type cancers, and higher rates 
of cancer of the esophagus, stomach, and liver. 
The international variations in diet and cancer 
rates suggest that diet is an important risk factor 
for many common cancers; therefore, cancer may 
be partially preventable by dietary changes.19 

Epidemiologic Evidence
The great interest in diet and human cancer in  
the last several decades derives from the large 
variations in the rates of specific cancers among 

countries, changes in the incidence of certain 
types of cancer over a relatively short time span, 
and dramatic changes in cancer incidence among 
populations emigrating to regions with different 
cancer rates. More than 50 years ago, Burkitt and 
his associates noted a negligible risk of colon 
cancer among the indigenous populations of 
many African countries. The diets in these coun-
tries were quite similar: low in calories, low in  
fat and animal protein, high in fiber, and rich in 
vegetables, fruits, and cereal grains. Furthermore, 
over the past several decades, the incidence of 
stomach cancer in the United States has progres-
sively declined. Similarly, 50 years ago, stomach 
cancer was the most prevalent malignancy in 
Japan and colorectal cancer was quite rare. Today, 
the incidence of stomach cancer is declining, 
whereas the rate of colon cancer is increasing. 
Finally, the incidence of breast cancer in Japan  
is much lower than in Japanese women from 
Hawaii. However, in one generation, Japanese 
women who move to Hawaii increase their risk  
of developing breast cancer, and in two genera-
tions, they develop the same risk as native-born  
Hawaiians.1

More recent studies have focused on the diet 
of individuals and the role of specific nutritional 
factors and the risk of developing cancer. The  
evidence linking nutritional factors to cancer is 
derived from many different lines of evidence of 
varying strengths. In vitro animal and epidemi-
ologic studies have all contributed to understand-
ing the relationship between nutrition and cancer. 
In vitro studies provide data on cellular mecha-
nisms involving individual nutrients. Animal 
studies can test hypotheses and contribute causal 
inferences, but these may not be directly relevant 
to humans.5 Epidemiologic studies such as case-
control and prospective, observational studies 
have also greatly contributed to identifying risk 
factors and generating hypotheses, but these have 
their limitations. Case-control studies are useful 
for searching for possible dietary effects but 
cannot be relied on to establish moderate dietary 
associations because they are susceptible to both 
recall and selection bias. Accurate assessment of 
dietary intake through food records, food fre-
quency questionnaires, and dietary recall can be 
problematic. Another limitation of case-control 
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studies is that healthy controls may not be fully 
representative of the base population. Although 
prospective cohort studies eliminate recall and 
selection bias, measurement errors and con-
founding factors must be considered when inter-
preting the results of these studies. In particular, 
it is difficult to sort out the independent effects  
of specific nutrients or foods among a myriad of 
potential confounders.19,20 

In an ideal situation, dietary recommenda-
tions should be based on data from the most well-
designed type of study, namely the randomized 
controlled trial. Randomized controlled trials 
eliminate both the biases and the confounding 
that can affect observational studies, and the 
results can therefore be confidently interpreted in 
terms of cause and effect. Within the field of diet 
and cancer, however, trials are limited by the  
difficulty of randomizing at the level of foods and 
by the constraints that only a small number of 
nutritional factors can be tested in each trial, usu-
ally for only a short period. In cases in which these 
trials do not show the desired effect, it remains 

possible that an effect would have been seen at a 
different dose, at a different time in life, or if the 
duration of the trial had been longer. Another 
point that should be considered when interpret-
ing the results of randomized controlled trials  
is the possibility that the effect of a dietary com-
ponent on cancer risk may differ according to  
the characteristics of the population studied.  
For example, the effects of a multinutrient sup-
plement could be more marked in a population 
with a low dietary intake of micronutrients than 
in a population with a high dietary intake of 
micronutrients.19 

Energy Balance
Excessive energy intake in relation to require-
ments to maintain a normal body weight increases 
the risk of developing several common cancers.21 
Many studies, including retrospective and pro-
spective studies, have found that a higher body 
mass index (BMI) is associated with an increased 
risk of colon cancer. An approximately twofold 
higher risk is typically observed in the 20% of 

individuals with the highest BMI relative to  
those with the lowest 20%.22 More recent evidence 
indicates that a tendency for central distribution 
of adiposity, also called visceral adiposity, 
increases the risk independently of the BMI.23 A 
relationship also exists between positive caloric 
balance and the development of cancers of  
the esophagus, endometrium, kidney, and  
gallbladder.21 The relationship between body  
adiposity and breast cancer is more complex. 
Prior to menopause, women with greater body fat 
have reduced risks of breast cancer, probably 
because of more anovulatory menstrual cycles in 
heavier women. After menopause, a positive, 
weak overall association with adiposity is seen, 
which is stronger for women who never used a 
hormone replacement.21

Whereas excess caloric intake appears to 
increase the risk of developing cancer, physical 
activity has been associated with a decrease in 
risk. Physical activity appears to decrease the risk 
of all-cancer mortality in men and women.24 
Colon cancer has been the most extensively  

Table 1  Dietary and Nutritional Factors and Cancer Risk2,19
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studied site-specific cancer with regard to the 
impact of physical activity on the risk of cancer 
development. Over 50 studies in diverse popula-
tions show that more physically active individuals 
are at lower risk of colon cancer, although not for 
rectal cancer. An approximately 50% reduction in 
the incidence of colon cancer is observed among 
individuals with the highest level of physical activ-
ity. In spite of the wide variation in methodology 
among studies, including type of activity (leisure 
time or occupational) and method of assessment, 
a considerable protective effect persists.22 With 
regard to breast cancer, there is also reasonably 
clear evidence that physically active women have 
about a 20 to 30% reduction in risk compared 
with inactive women. The data are less consistent 
with prostate and lung cancer.25 Although the 
data are sparse, about 30 to 60 minutes per day of 
moderate to vigorous intensity physical activity  
is recommended to decrease the risk.26 Several 
mechanisms by which increased physical activity 
and exercise can decrease the risk of cancer have 
been proposed. Exercise can improve T-cell func-
tion and natural killer cell activity. This enhanced 
immunity may increase resistance to the develop-
ment of cancer. Increased physical activity can 
also attenuate the immune senescence that  

normally occurs with aging and can enhance the 
body’s natural free radical scavenger and antioxi-
dant defense system. People who exercise more 
are also more likely to engage in other health- 
promoting behaviors. Other proposed mecha-
nisms include exercise-induced reductions in 
serum iron levels and improved energy balance.24 

Macronutrients
The question of whether individual energy- 
supplying macronutrients, independent of their 
contribution to energy intake, are related to 
cancer risk remains controversial. Studies between 
countries have shown a direct linear relationship 
between the amount of fat consumed and the 
incidence of both colon and breast cancer. Animal 
studies have also tended to show a direct correla-
tion between fat content of the diet and the 
appearance of induced tumors.21 However, evi-
dence from longer-term randomized trials indi-
cates that the fat composition of the diet has little, 
if any, relation to body fat and that excessive 
caloric intake from fat and carbohydrates  
similarly leads to weight gain and thus equally 
presents an increased risk for the development of 
cancer. Furthermore, as the findings from large 
prospective studies become available, support for 
the relationship between fat intake and several 
types of cancer has weakened considerably.27 

On the other hand, some evidence suggests 
that the type of fat consumed may be important. 
In case-control studies conducted in Spain and 
Greece, women who used more olive oil had 
reduced risks of breast cancer.28,29 Most prospec-
tive studies have shown an association between 
the intake of red meat, especially processed meat, 
and the risk of colorectal cancer.30 In the Health 
Professionals Follow-up Study of 51,000 men, a 
positive association was seen with intake of red 
meat, total fat, and animal fat, which was largely 
limited to aggressive prostate cancers.31 It is also 
possible that components of red meat other  
than fat may be responsible for the increased  
risk of cancer. Heme iron can act as a free radical 
catalyst, and heterocyclic amines formed from 
prolonged cooking of meat and nitrites in pro-
cessed meat may also present carcinogenic risks 
in humans. Non-red sources of animal protein, 
including low-fat dairy products, fish, and  
poultry, have either not been associated with an 
increased risk or have even been related to a lower 
risk.23

Overconsumption of calories in general and 
a dietary pattern that includes high intakes of red 
and processed meats, high saturated and trans fat, 
and highly processed carbohydrates and sugars 
has also recently received some interest because of 
its hyperinsulinemic effect. There is increasing 
evidence to suggest that dietary patterns that 
induce hyperinsulinemia are associated with an 
increased risk of colon cancer.22

Fruits, Vegetables, and Dietary Fiber
Higher intake of fruits and vegetables has been 
associated with a reduced risk of cancers at many 
sites in numerous epidemiologic studies. The data 
were particularly strong for cancers of the lung 
and stomach. Inverse associations have also been 
observed in many studies of colon cancer. Other 
studies have also suggested possible inverse asso-
ciations with cancers of the oral cavity, larynx, 
esophagus, endometrium, cervix, bladder, kidney, 
and breast.21 At that time, however, the available 
literature was based largely on case-control  
studies, and subsequent prospective studies have 
not supported important protective effects for 
cancers of the lung and breast and have suggested 
that the reduction in risk of colorectal cancer  
may only be modest at best.19 Although inverse 
associations have not been seen between overall 
fruit and vegetable consumption and the risk of 
prostate cancer, intake of tomato products, the 
primary source of the carotenoid lycopene, has 
been related to lower risk in case-control and  
prospective studies.32

Although support for a broad and strong 
protective effect of higher fruit and vegetable 
intake against cancer incidence has weakened 
with the results from recent studies, modest ben-
efits of increasing fruit and vegetable intake have 
not been excluded and probably do exist. How-
ever, the exact constituents of these foods that are 
responsible for these reduced risks remain unclear. 
Fruits and vegetables contain many biologically 
active chemicals, including recognized nutrients 
and many more non-nutritive substances that 
could potentially reduce cancer incidence. 
Another complexity can arise when a particular 
nutrient can act as a chemopreventive agent only 
when it can interact with other nutrients present 
in foods or only when it is given as a supplement. 
Potentially protective factors include various 
carotenoids, folic acid, vitamin C, flavonoids, 
phytoestrogens, isothiocyanates, and fiber. The 
identification of specific protective constituents 
or a combination of constituents is often very  
difficult.21 

Dietary fiber has been hypothesized to reduce 
the risk of colorectal cancer by diluting or adsorb-
ing fecal carcinogens, reducing colonic transit 
time, altering bile acid metabolism, reducing 
colonic pH, and serving as the substrate for the 
generation of short-chain fatty acids that are the 
preferred substrate for colonic epithelial cells. 
Earlier studies suggested a 40 to 50% reduction in 
the risk of colon cancer; however, more recent 
evidence does not seem to support the hypothesis 
that higher consumption of grain fiber or  
fiber supplements can reduce the risk of colon 
cancer.33

Higher intake of fiber has also been hypoth-
esized to reduce the risk of breast cancer by inter-
rupting the enterohepatic circulation of estrogens. 

Figure 1  The pathways involved in the metabolism 
of folate and the production of methyl groups for 
deoxyribonucleic acid (DNA) methylation. Folate defi-
ciency can induce DNA hypomethylation and lead to 
altered gene expression and increased risk of carci-
nogenesis. Cellular depletion of folate can also 
induce DNA damage by causing deoxyuridine (dUTP) 
instead of deoxythymidine (dTTP) to be incorporated 
into DNA. Methylene tetrahydrofolate reductase 
(MTHFR) converts 5,10-methylene tetrahydrofolate to 
5-methyltetrahydrofolate. The methylene tetrahydro-
folate pool is derived from folate and is required for 
the methylation of deoxyuridine monophosphate 
(dUMP) to deoxythymidine monophosphate (dTMP) by 
thymidylate synthetase. Folate deficiency decreases 
the amount of methylene tetrahydrofolate, causing 
dUTP to accumulate in DNA rather than dTTP, result-
ing in chromosomal breaks.34,52,53
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However, in prospective studies, little or no rela-
tionship has been observed between fiber intake 
and the risk of breast cancer.34 

Vitamins, Minerals, and Trace Elements 
Acute deficiencies of micronutrients are rare in 
developed countries, but suboptimal nutrient 
intake remains a widespread problem. Deficien-
cies in one aspect of the metabolic network can 
cause repercussions in many systems. Evidence of 
a link between various micronutrient deficiencies 
and deoxyribonucleic acid (DNA) damage has 
been accumulating in recent years. Optimizing 
vitamin and mineral intake by encouraging 
dietary change and multivitamin and multimin-
eral supplementation when appropriate and  
fortifying foods might therefore help prevent 
cancer.20

Antioxidants
Antioxidants are compounds used by aerobic 
organisms for protection against oxidative stress 
induced by free radicals and active oxygen  
species. They exert their protective action either 
by suppressing the formation of free radicals  
or by scavenging free radicals. A wide range of 
biologic effects, established experimentally, may 
inhibit carcinogenesis. These include effects on 
tumor initiation, promotion, and progression; 
cell proliferation and differentiation; and DNA 
repair, cell membrane stability, and immune 
function. Diet-derived antioxidants such as  
carotenoids, vitamin C, vitamin E, and selenium 
have received much attention as potential cancer 
chemopreventive agents.35

Carotenoids are fat-soluble compounds  
classified as xanthophylls, carotenes, or lycopenes. 
Over 600 carotenoids occur in nature, and among 
them, the most commonly available in the human 
diet is b-carotene. b-Carotene is a naturally 

occurring precursor of vitamin A found in leafy 
green and yellow vegetables, carrots, and a variety 
of fruits. It has potent antioxidant properties and 
has been postulated to inhibit the process of car-
cinogenesis by preventing DNA damage directly 
induced by free radicals or by interfering with the 
metabolic activation of chemical carcinogens. 
Additionally, b-carotene is converted to vitamin 
A in the human body. The hormone-like effects 
of vitamin A on epithelial tissue cell growth and 
differentiation may antagonize the promotional 
stages of cancer development. b-Carotene and 
vitamin A both have immunomodulatory effects; 
increases in the humoral and cell-mediated 
immune response could potentially enhance 
immunosurveillance in carcinogenesis. Finally, 
b-carotene may modify enzymatic activation of 
carcinogens and enhance gap junction communi-
cation. Enhanced cell-to-cell communication 
would restrict clonal expansion of initiated cells, 
decreasing the likelihood of cancer occurring.36 

Observational epidemiologic studies have 
indicated a protective effect of carotene-rich  
vegetables or b-carotene on cancers of the lung, 
esophagus, stomach, colorectum, cervix, oro-
pharynx, and prostate. On the other hand,  
findings from several randomized clinical trials 
do not support the promising findings of obser-
vational studies. In three large randomized trials, 
b-carotene supplements did not reduce the risk  
of lung or other cancers.21 Indeed, in two of these 
trials, the incidence of lung cancer was actually 
increased among those receiving b-carotene  
(in one of these studies, b-carotene was given in 
combination with vitamin A).37,38

Chemoprevention using vitamin A–related 
compounds in patients with oral leukoplakia, a 
precancerous lesion, has shown promising results. 
Trials using retinoic acid, isotretinoin, and vita-
min A have reported decreased size or remission 
in patients assigned to these treatments compared 

with placebo. Studies using b-carotene have not 
shown as favorable results on leukoplakia.5

Lycopene is a carotenoid found primarily in 
tomatoes and tomato products; however, other 
sources include watermelon, pink grapefruit, and 
Japanese persimmons. Several studies have dem-
onstrated a significant inverse association between 
the dietary intake of tomatoes and blood lycopene 
levels and the risk of prostate cancer. Lycopene  
is significantly taken up by prostate tissue and  
is associated with a reduction in DNA damage  
in both leukocytes and prostate epithelial cells. 
Lycopenes may exert protection against prostate 
cancer by decreasing plasma insulin-like growth 
factor 1 levels by a currently unknown mecha-
nism.39 In a prospective study of the biologic 
effects of lycopene in men with localized prostate 
cancer who subsequently underwent prostatec-
tomy, men who received dietary lycopene supple-
mentation after prostatectomy and over the 
3-week period following prostatectomy had  
significantly smaller tumors, less involvement of 
the surgical margins, less diffuse involvement  
of the prostate by high-grade intraepithelial  
neoplasia, and lower serum mean prostate- 
specific antigen levels compared with men in  
the control group who did not receive lycopene 
supplementation.40

Vitamin C is another potent, naturally occur-
ring antioxidant found in many fruits and vegeta-
bles. It is an important free radical scavenger in 
plasma and acts to regenerate active vitamin E in 
lipid membranes. Another postulated protective 
mechanism is the prevention of mutagenic nitro-
samines in the stomach. In addition, vitamin C 
may also play an immune-enhancing role.36 

Although several different factors in fruits 
and vegetables act jointly, the epidemiologic and 
biochemical evidence indicates an important role 
for vitamin C. The evidence for a protective effect 
of vitamin C is strongest for cancer of the stom-
ach and upper aerodigestive tract and weaker for 
other forms of cancer.21 However, randomized 
trials for vitamin C alone in the primary preven-
tion of cancer are lacking. Another limitation  
in studying the relationship between vitamin C 
and cancer is that, in the absence of special  
preservation, vitamin C deteriorates rapidly 
during frozen storage. Thus, reliable assessments 
of blood vitamin C levels may be made only on 
fresh specimens or on samples that have been acid 
stabilized at -70°C.36 

Vitamin E, a fat-soluble vitamin, is the major 
lipid-soluble antioxidant of the cell membrane.  
It acts as a free radical scavenger and inhibits  
peroxidation. It has also been postulated to be 
related to improved host immunity, inhibition of 
tumor initiators and promoters, activation of the 
TP53 tumor suppressor gene, inhibition of tumor 
angiogenesis, reduction in DNA damage, altera-
tion of in vitro cell signaling systems, and reduc-
tion in the effect of environmental carcinogens. 

Table 2  Current Guidelines on Diet, Nutrition, and Cancer Prevention2,19,21,35,59
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Reduction of the effect of carcinogens may occur 
through prevention of nitrosamine formation in 
the stomach, more rapid carcinogen metabolism, 
and prevention of conversion of carcinogens to 
their active form.41 Rich sources of vitamin E 
include vegetable oils, margarine, nuts, seeds, 
cereal grains, and vegetables. Animal products 
such as milk fat, meat, poultry, and eggs also  
contain smaller amounts of this vitamin.36

In single studies, vitamin E supplements were 
associated with a reduced risk of oral cancer  
and colon cancer. In a large randomized trial  
conducted in Finland (a-Tocopherol, b-Carotene 
Cancer Prevention Study), men receiving vitamin 
E (50 IU/d) experienced reduced risk of prostate 
cancer.37 Although statistically significant, this 
finding needs to be reproduced because it was not 
a previous hypothesis and many specific cancers 
were examined; chance remains a possible expla-
nation.21 In the Chinese Cancer Prevention Study, 
a randomized trial conducted in a region of  
China with very low consumption of fruits and 
vegetables, a supplement containing b-carotene, 
vitamin E, and selenium reduced the incidence of 
stomach cancer. Benefits began to emerge 1 to  
2 years following initiation of vitamin supple-
mentation.42 A second randomized controlled 
trial also conducted in Linxian, China, compared 
a regimen of multiple vitamin-mineral supple-
mentation that included vitamin E (as 60 IU/d of 
DL a-tocopherol acetate) with placebo in patients 
with esophageal dysplasia, a precursor of esopha-
geal cancer. However, this trial failed to demon-
strate a significant reduction in the incidence  
of stomach cancer, esophageal cancer, or cancer 
overall, and a reduction in cancer-specific  
mortality was not seen.43 

Selenium is a trace element discovered by 
Berzelius in 1817. For a long time, selenium was 
considered more as an intriguing element in bio-
chemistry rather than a truly relevant element in 

human biology. It is now recognized as an impor-
tant essential micronutrient with the potential  
for chemoprevention.44 Selenium appears to have 
two anticarcinogenic roles. When taken in  
doses of recommended dietary intake, selenium 
functions as an essential nutrient providing the 
catalytic centers of antioxidant enzymes such  
as glutathione peroxidase, thioredoxin reductase, 
iodothyronine 5p-deiodinase, and others. How-
ever, at supranutritional intakes, achievable only 
with dietary supplementation, certain chemical 
forms of selenium are metabolized to selenodi-
glutathione, hydrogen selenide, and methylsele-
nol. These metabolites can directly affect 
tumorigenesis. Therefore, in selenium-deficient 
populations, the protective effect of selenium 
against cancer is derived mainly from its antioxi-
dant activity through glutathione peroxidase and 
other selenoenzymes. On the other hand, in areas 
of supranutritional selenium exposures, the  
anticancer effects of selenium and its metabolites 
include enhancement of immune function, alter-
ation in the metabolism of carcinogens, inhibi-
tion of tumor cell proliferation, enhancement of 
apoptosis, activation of the DNA repair response, 
and inhibition of tumor angiogenesis during 
tumor growth.45 

Blood and tissue levels of selenium are often 
lower in cancer patients than in control subjects. 
However, this may be secondary to the malnutri-
tion frequently seen in these patients.46 There is 
also evidence from epidemiologic studies that 
high dietary selenium intakes and high selenium 
status in people are associated with lower cancer 
mortality.46 A new impetus for the relationship 
between the dose and chemical form of selenium 
and cancer risk was provided by Clark and col-
leagues’ study in 1996.47 In a prospective, placebo-
controlled, double-blind study conducted over 
about 4.5 years with more than 1,100 participants 
selected for a previous history of skin cancer, 

these authors observed that selenium supplemen-
tation with 200 µg/d in the form of enriched yeast 
resulted in significantly lower incidences of  
various types of cancer (mainly of the lungs, pros-
tate, and colorectum) and lower overall cancer 
mortality.

The selenium content of plants is dependent 
on the region of growth. For example, China  
has regions with both the lowest and the highest 
selenium-containing soil in the world.44 Dietary 
selenium consists mainly of selenoamino acids 
and analogues such as L-selenomethionine  
from cereal grains or animal proteins or L- 
selenocysteine from animal meats, poultry, fish, 
and dairy products, with trace amounts of other 
selenium compounds, such as L-selenomethylcys-
teine. Alternatively, selenium supplements are 
available in both inorganic (selenite and selenate) 
and organic formulations, such as L-selenome-
thionine and selenium-enriched yeast, a less well-
defined form of selenium. The adequate dose and 
optimal chemical form of selenium for nutritional 
or preventive and therapeutic purposes continue 
to be intensively investigated in a number of 
ongoing trials.48 

Other Vitamins and Minerals
1,25-Dihydroxyvitamin D3 is the active form of 
the fat-soluble vitamin D. Major dietary sources 
of vitamin D include liver, fatty saltwater fish, 
eggs, and fortified milk. Vitamin D functions in 
the regulation of calcium homeostasis. Vitamin D 
also inhibits proliferation and DNA synthesis, 
alters expression of several oncogenes, reduces 
lipid peroxidation and angiogenesis, and induces 
differentiation. Epidemiologic studies support an 
inverse relationship between vitamin D intake 
and colorectal cancer risk and have also shown 
that vitamin D3 deficiency and low plasma levels 
of 1,25-dihydroxyvitamin D3 increase the risk of 
prostate cancer. The overall evidence, however, 
remains insufficient.35

Several hypotheses have focused on the 
potential benefits of dietary calcium. Calcium has 
been proposed to reduce colorectal cancer risk by 
binding secondary bile acids and ionized fatty 
acids in the colonic lumen, thereby reducing the 
proliferative stimulus of these compounds on 
mucosal cells. Alternatively, calcium may have a 
direct beneficial influence on the proliferative 
activity of the colonic mucosa.22 In a recently 
reported randomized trial, calcium supplements 
modestly reduced the recurrence of colonic ade-
nomas.49 However, in large prospective studies, 
only weak and nonsignificant inverse associations 
have been seen between calcium intake and the 
risk of colon cancer.21 Calcium supplement use 
was also positively associated with the risk of 
prostate cancer in one study. Thus, avoidance of 
low intakes of calcium may be prudent, but the 
data do not currently support very high intakes of 
calcium for the purpose of cancer prevention.21 

Figure 2  In cancer anorexia, increased expression of cytokines such as interleukin-1 (IL-1), interleukin-6  
(IL-6), and tumor necrosis factor a (TNF-a) prevents the hypothalamus from appropriately responding to periph-
eral signals, causing hyperactivation of the pro-opiomelanocortin (POMC) system and inhibition of the neuro-
peptide Y (NPY) neuronal pathway. This leads to a strong negative influence on energy intake. Adapted from 
Laviano A et al.65
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Folate, a water-soluble B complex vitamin, is 
a major participant in the formation of purine 
and pyrimidine nucleotide precursors for DNA 
and ribonucleic acid, as well as in the formation 
of methionine, which is itself transformed to  
S-adenosylmethionine, a coenzyme needed for 
more than 100 transmethylation reactions in 
cells.50 The richest sources of folate are green, 
leafy vegetables and, in the United States, fortified 
flour, cold cereal, and orange or grapefruit 
juice.20,21 

There is much epidemiologic evidence indi-
cating that low folate status increases the risk of 
many types of cancer.20 The data are strongest  
for colorectal cancer. An increased occurrence  
of colorectal adenomas, precursors of colorectal 
cancer, has been observed fairly consistently 
among individuals with low circulating folate 
concentrations. In general, prospective studies 
also support an inverse association between low 
folate intake or circulating level and colon cancer 
risk.22 Furthermore, a recent report indicated that 
the excess risk of colon cancer among women 
with a positive family history of colorectal cancer 
could be substantially reduced if they had high 
intakes of folate or took a multivitamin supple-
ment.51 Low folate status may be deleterious either 
by causing misincorporation of uracil into DNA 
and increased frequency of chromosomal breaks 
or by contributing to DNA hypomethylation.52 
Site-specific DNA methylation appears to control 
gene expression, and DNA hypomethylation  
can lead to dysregulated activation of proto- 
oncogenes involved in carcinogenesis. The find-
ing that homozygotes with a variant form of 
methylenetetrahydrofolate reductase (MTHFR), 
the enzyme that regulates the conversion of  
5,10-methylenetetrahydrofolate to 5-methyltet-
rahydrofolate, are at reduced risk of colon cancer 
further supports a role for folate. However, the 
protective effect of this genetic polymorphism 
may be lost in patients with a dietary deficiency of 
folate or with high alcohol consumption, which 

effectively impairs the absorption and use of 
folate.53 Higher intakes of folic acid may also  
mitigate the elevated risks of breast cancer seen 
with daily alcohol consumption.21

Other Dietary Factors
There is considerable interest in the prevention of 
cancer by chemicals present in food plants that 
play no known nutritive role. These chemicals are 
often referred to as phytochemicals or nutraceu-
ticals.54 A number of animal studies have demon-
strated that tea polyphenols can prevent induction 
of cancer of the lung, colon, esophagus, pancreas, 
and liver.35 Epidemiologic studies suggest that  
soy proteins containing the isoflavone genistein 
can inhibit the growth of androgen-dependent 
and androgen-independent cell lines of prostate 
cancer. Genistein can also induce apoptosis, 
inhibit angiogenesis, and regulate transcription of 
the estrogen receptor.35 A lot of evidence also sug-
gests that soy consumption may decrease breast 
cancer risk; however, conflicting information that 
soy may be harmful for women with a history  
of breast cancer or who are at high risk makes it 
difficult to recommend soy consumption at this 
time.55 

Aspirin and nonsteroidal anti-inflammatory 
drugs (NSAIDs) inhibit the enzyme cyclooxygen-
ase (COX) involved in the metabolism of arachi-
donic acid and the production of prostaglandins. 
There are two recognized isoforms of COX. COX-
1 is a constitutive isoform involved in a range  
of physiologic functions, whereas COX-2 is an 
inducible isoform expressed at sites of inflamma-
tion. There is growing evidence that the COX-2 
isoform plays a key role in the early stages of 
intestinal polyp formation. A number of natural 
substances have been identified with COX-2 
inhibitory properties. The natural COX-2 inhibi-
tors identified include curcumin (the natural 
yellow pigment in tumeric), resveratol (a phyto-
chemical found in grape skin), and the omega-3 

fatty acids found in fish oil. Dietary supplementa-
tion with omega-3 fatty acids has been evaluated 
in several clinical trials, and the results suggest 
some benefits for cancer patients.53 

On the other hand, some food substances 
and eating habits increase the risk of cancer. Afla-
toxin in food causes liver cancer. Chinese-style 
salted fish increases the risk of nasopharyngeal 
carcinoma. Salt-preserved foods and high salt 
intake probably increase the risk of stomach 
cancer. Alcohol causes cancers of the oral cavity, 
pharynx, esophagus, and liver and a small increase 
in the risk of breast cancer. Very hot drinks and 
foods probably increase the risk of cancers of the 
oral cavity, pharynx, and esophagus; drinks and 
foods should not be consumed when they are 
scalding hot.19

genetics and Nutrition

Inconsistencies between epidemiologic studies 
and randomized clinical trials have led to the 
development of a new discipline called nutritional 
genomics. Transforming nutrition and cancer 
research from a predominantly observational to a 
molecular approach offers exciting opportunities 
for truly identifying those who will and those who 
will not benefit from dietary intervention strate-
gies.8,56 Nutrients and genes can interact at two 
levels. Nutrients can induce gene expression, 
thereby altering individual phenotype. Con-
versely, genetic polymorphisms, in a range of 
genes important in inflammation and lipid 
metabolism, alter the bioactivity of important 
metabolic pathways and mediators and influence 
the ability of nutrients to interact with them.57 
Therefore, one can appreciate that the fundamen-
tal action of a nutrient is to serve as a regulator  
of gene expression and/or modulator of a gene 
product. Nutrients have specific sites of action, 
which can best be described as molecular targets. 
There is evidence that genetic polymorphisms 
can influence the dynamics between nutrients 
and molecular targets and thus contribute to  
the variation in response among individuals.9 
Current study of nutrient-modulated carcino-
genesis involves exploring the effect of nutrients 
on DNA damage and repair mechanisms; DNA 
methylation, which influences gene expression 
and cellular phenotypes; antioxidant rearranging 
and oxidative stress; target receptors and signal 
transduction pathways; cell cycle controls and 
checkpoints; apoptosis; and antiangiogenic  
processes. The generation of this new knowledge 
on nutrient-gene interactions provides the justifi-
cation for a research framework for diet and 
cancer prevention that is focused on identifying 
and developing new biomarkers as well as a  
novel and contemporary paradigm for dietary 
intervention.58

Table 3  Four-Step Pharmacologic Management for Cancer Anorexia and Cachexia15,64
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Current Dietary recommendations

Dietary suggestions for cancer prevention by 
nutritional means should be based on the best 
available scientific research. Although many data 
have been presented, few dietary influences on 
cancer risk have been firmly established. Avoid-
ing obesity, maintaining an ideal body weight, 
limiting alcohol intake to one drink a day for 
women and two drinks a day for men, and increas-
ing physical activity to moderate to vigorous 
intensity for 30 minutes on most days will reduce 
cancer risk. Limiting consumption of Chinese-
style salted fish and minimizing dietary exposure 
to aflatoxin will also reduce cancer risk in popula-
tions in which these dietary factors are important. 
Risk will probably be decreased by increasing  
the average intake of fruits and vegetables to five 
servings per day and by limiting the intake of  
preserved and red meat, salt-preserved foods and 
salt, and very hot drinks and foods. Consuming 
cereal products in a minimally refined whole-
grain form and taking a multiple vitamin con-
taining folic acid may also be of benefit.2,3,5,19,21,59

Malnutrition and Cancer

Nutritional decline is often accepted as part of  
the natural history of cancer and its treatment. 
The prevalence of weight loss and malnutrition  
in patients depends on the tumor type and stage, 
the organs involved, and the anticancer therapy. 
Weight loss and malnutrition in patients have 
been reported to range from 9% in breast cancer 
to 80% in patients with esophageal cancer. In 
addition, as many as 20% of patients with cancer 

die from the effects of malnutrition rather than 
the malignancy.12 Patients with cancer of the  
pancreas, esophagus, or stomach have the highest 
frequency and severity of weight loss, whereas 
patients with breast cancer, leukemia, sarcoma, 
and lymphoma have the lowest risk of weight loss. 
Intermediate frequency of weight loss occurs in 
patients with colon, prostate, and lung cancers.14 
Among surgical patients in a Veterans Adminis-
tration Hospital, 39% of those undergoing a 
major operation for cancer were malnourished, 
as judged by either a nutrition risk index or  
a combination of weight loss and low serum  
proteins.60 

The presence of malnutrition in cancer 
patients has major prognostic significance. In a 
review of more than 3,000 cancer patients, DeWys 
and colleagues found better survival rates in those 
patients without weight loss compared with 
patients who had lost just 6% of their body 
weight.61 Malnutrition not only affects morbidity 
and mortality but can also lead to a diminished 
quality of life and poor performance status.10 
Increased hospital stays,11 unplanned hospitaliza-
tions, readmissions, and a greater incidence of 
postoperative complications result in higher 
health care costs.13 Furthermore, the malnour-
ished cancer patient has a poor response and 
diminished tolerance to antineoplastic treatments 
such as chemotherapy, radiotherapy, and sur-
gery.12 This highlights the need for early identifi-
cation and treatment of malnourished cancer 
patients who could potentially benefit from  
nutritional intervention. 

etiology of Malnutrition

The cancer anorexia-cachexia syndrome results 
from progressive nutritional deterioration and is 
among the most debilitating and life-threatening 
aspects of cancer. Lean body mass wasting 
accounts for up to 30% of cancer-related deaths.15 
Cancer cachexia is clinically characterized by 
anorexia, early satiety, wasting, weight loss, 
anemia, weakness, fatigue, poor mental and phys-
ical performance, decreased capacity for wound 
healing, impaired immunologic function, and a 
compromised quality of life.62 Cachexia should be 
expected if an involuntary or unexpected weight 
loss of greater than 5% has occurred within the 
previous 6-month period, especially when com-
bined with muscle wasting. A weight loss of 10% 
or more indicates more severe depletion.17

Attempts to provide energy in patients with 
cancer cachexia often do not result in weight gain. 
One possible explanation is that the weight loss 
observed in cachexia is different from that seen  
in simple starvation or anorexia. The patient with 
cancer cachexia exhibits features of both starva-
tion and injury. In cachexia, there is an acceler-
ated loss of skeletal muscle in relation to adipose 
tissue. This contrasts with simple starvation, in 
which fat replaces glucose as the preferred fuel to 
spare lean body mass.63

The etiology of malnutrition in patients  
with cancer is multifactorial.14 The causes can be 
classified into two major categories: (1) anorexia, 
factors related to decreased food intake, and  
gastrointestinal dysfunction and (2) metabolic 
disturbances.15

Pathophysiology of Anorexia
Appetite loss or anorexia is a substantial contrib-
uting factor to the malnutrition seen in cancer 
patients.17 It can be caused by localized effects 
induced by the tumor itself or by systemic effects 
caused by metastasis or humoral factors produced 
by tumor cells.12 Cancer patients may experience 
mechanical gastrointestinal obstruction, pain, 
constipation, maldigestion, malabsorption, debil-
ity, and the side effects of therapy, any of which 
can lead to decreased food intake. In some cases, 
the loss of appetite is due to depression or  
psychological stress.64 Cancer patients may also 
develop anorexia secondary to food aversion 
learning after treatment with radiochemotherapy 
regimens.65

The pathogenesis of cancer-associated 
anorexia is related to disturbances of the central 
physiologic mechanisms controlling food intake. 
Convincing evidence suggests that cancer anorexia 
is brought about by the derangement of the hypo-
thalamic system transducing peripheral signals 
into neuronal responses. Under normal condi-
tions, peripheral signals (such as the hormone 
leptin produced by adipocytes exerting a strong 

Table 4  Essential Features of the Subjective Global Assessment77,78
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negative influence on food intake) interact with 
two separate neuronal populations within the 
arcuate nucleus of the hypothalamus, the neuro-
peptide Y neurons and the pro-opiomelanocortin 
neurons. These neurons constitute two pathways, 
the former stimulating and the latter inhibiting 
energy intake. In cancer anorexia, it appears that 
the hypothalamus is unable to respond appropri-
ately to consistent peripheral signals owing to 
hyperactivation of the melanocortin system. 
Increased expression of cytokines by the tumor 
itself during tumor growth or by the host in 
response to the tumor inhibits the hypothalamus 
to appropriately respond to peripheral signals by 
persistently activating the melanocortin system 
and inhibiting the neuropeptide Y neuronal path-
way.65 Several cytokines have been proposed as 
possible mediators of the cachectic process. Ele-
vated serum levels of tumor necrosis factor a, 
interleukin-1, and interleukin-6 have been found 
in some, but not all, cancer patients, and the 
serum levels of these cytokines seem to correlate 
with the progression of the tumor.66 These cyto-
kines and others may also produce long-term 
inhibition of appetite and feeding by stimulating 
the production and release of leptin and/or  
by mimicking the hypothalamic effect of exces-
sive negative feedback signaling from leptin,  
leading to normal compensatory mechanisms for 
decreases in food intake and body weight.15

Another possible cause of anorexia is the 
increased serotoninergic activity within the cen-
tral nervous system of patients with cancer 
cachexia, attributed to the enhanced availability 
of tryptophan to the brain. The fact that uptake  
of tryptophan into the brain is competitive with 
uptake of branched-chain amino acids has  

suggested the use of branched-chain amino acids 
to decrease the incidence of anorexia in cachectic 
cancer patients.64

Gastrointestinal Dysfunction
Malignant disease and its treatment often lead to 
abnormalities in the mouth and elsewhere in the 
gastrointestinal tract and may interfere with the 
ingestion of food.15 Altered taste and smell have 
been documented in about half of these patients. 
Changes in the recognition of sweet taste occur  
in approximately one-third of patients, whereas 
bitterness (responsible for meat aversion), sour-
ness, and saltiness are less frequently affected. 
Many patients undergoing dose-intensive radia-
tion and/or chemotherapy regimens experience 
reduced taste (hypogeusia) or altered taste  
(dysgeusia), which may have a significant impact 
on quality of life.17 

Antineoplastic drugs that have been  
associated with taste changes include cisplatin, 
carboplatin, cyclophosphamide, doxorubicin,  
5-fluorouracil, levamisole, and methotrexate.67  
In a study reported by Mattson and colleagues,  
10 patients evaluated had dysgeusia during the 
aplastic phase of hematopoietic cell transplanta-
tion; the threshold for salt was most profoundly 
affected.68 However, 1 year after transplantation, 
it was found that in 80% of them, taste acuity had 
normalized by the end of the year. Therefore, it 
seems that taste receptors have the capacity to 
regenerate and function can recover following 
injury.

Chemotherapy itself can also have an imme-
diate effect on taste. Some patients will complain 
of a bitter or metallic taste during administration 
of the cytotoxic drug. This may occur because 
drugs pass into the saliva; hence, these drugs can 
be tasted or smelled once they enter the oral or 
nasal cavity. The etiology of taste disorders in the 
setting of chemotherapy is probably multifacto-
rial and not merely due to damage to the taste 
receptors.67 There have been reports in the litera-
ture linking hypogeusia to zinc deficiency. Some 
drugs that cause hypogeusia have a sulfhydryl 
group in their structures; the sulfhydryl group is 
known to bind and chelate heavy metal ions, 
including zinc. 

Nonetheless, zinc supplementation rarely 
impacts on taste in these patients.69

Other drugs, such as some antibiotics,  
analgesics, bisphosphonates, antihypertensives 
and cardiac medications, bronchodilators, muscle 
relaxants, antidepressants, and anticonvulsants, 
can also alter taste. Agents that effect hormonal 
changes, such as tamoxifen, may also affect taste. 
Xerostomia is also a possible side effect of a 
number of medications, including antiemetics, 
antidepressants, and antihypertensives, and may 
contribute to taste changes. Damage to salivary 
glands may reduce the flow of saliva so that  

tastants do not reach the receptor, rendering food 
tasteless. Changes in the oral flora; bacterial, viral, 
or fungal infections of the nasal or oral cavity;  
diseased teeth; dental caries; poor oral hygiene; 
and gastroesophageal reflux may also lead to 
altered taste.68 

Considerable taste change also occurs during 
radiotherapy; however, unlike taste changes asso-
ciated with chemotherapy, pretreatment taste 
sensation is usually not recovered. These taste 
complaints may be due to direct damage to  
taste receptors and to reduced saliva production 
and xerostomia, resulting in secondary infection 
and reduced delivery of tastants to receptor 
sites.67 

Patients undergoing chemotherapy may also 
complain of smells during or after the adminis-
tration of the drug, and some patients have a 
heightened sensitivity to odors. Olfactory halluci-
nations have also been reported, in which a patient 
may experience a chemical odor even when just 
thinking about previously administered therapy. 
Olfactory loss may also result from the direct 
toxic effects of radiation therapy; such effects may 
take over 6 months to resolve.67 

Dysphagia and odynophagia are particularly 
marked in head and neck and esophageal cancer. 
Tumors elsewhere in the gastrointestinal tract 
and the hepatobiliary tract and metastatic tumors 
(such as ovarian cancer) causing extrinsic com-
pression often lead to nausea, vomiting, and early 
satiety. Malabsorption with severe atrophy of the 
small bowel mucosa and exudative enteropathy 
have also been described. Furthermore, gastroin-
testinal dysmotility can lead to a sensation of early 
satiety, delayed digestion, and weight loss.17 

Anticancer therapies are also a major cause 
of anorexia and weight loss.14 Chemotherapy can 
cause nausea, vomiting, abdominal pain, mucosi-
tis, adynamic ileus, and malabsorption.17 Surgery 
involving a segment of the gastrointestinal tract, 
such as the pharynx, esophagus, or stomach, can 
decrease the ability to ingest food. Extensive 
resections of the small bowel result in the short 
bowel syndrome characterized by malabsorption 
of nutrients and fluids. Pancreatic resections can 
result in pancreatic exocrine and endocrine insuf-
ficiency, creating major nutrition problems, such 
as steatorrhea and hyperglycemia. Major hepatic 
resections cause metabolic abnormalities in the 
immediate postoperative period.12 Radiotherapy 
can induce acute and chronic complications that 
can interfere with the ingestion and absorption of 
nutrients. Edema and mucositis of the orophar-
ynx and radiation esophagitis cause severe dys-
phagia and odynophagia, further compounding 
the swallowing difficulties imposed by the cancer 
itself. In the acute setting, patients receiving 
radiotherapy to the abdomen frequently experi-
ence self-limited nausea, vomiting, and diarrhea. 
However, chronic severe radiation enterocolitis  
is complicated by fistulae, complete obstruction 

Adapted from Shike M.14

Table 5  Diets Commonly Prescribed for Cancer 
Patients 
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secondary to strictures, or peritonitis, which may 
lead to prolonged nutritional support. Improved 
fractionation of radiation therapy and protective 
shielding of the intestines have considerably 
reduced such complications.14

Metabolic Disturbances
Inability to gain or maintain weight despite  
seemingly adequate nutrient intake may be due  
to increased metabolic needs generated by the 
accentuated nutritional demands of the semiau-
tonomous tumor, generalized increased energy 
expenditure in the cancer patient, and failure of 
the cancer patient’s host tissues to use the nutri-
ents available in an efficient and effective manner 
to satisfy the energy requirements of the body.14 

Malignant tumors are characterized by a  
high rate of growth. The tumor escapes all of the 
normal mechanisms of metabolic control. Most 
tumor tissue develops whatever the host’s nutri-
tional status and maintains a high level of meta-
bolic activity at the expense of the host. Malignant 
cells have a high degree of anaerobic glycolysis 
and produce large amounts of lactate. An investi-
gation of amino acid metabolism also showed net 
uptake of amino acids by human tumor tissue, 
suggesting that cachexia is at least partially caused 
by increased metabolic demands of the tumor.17

An increase in energy expenditure has been 
widely but not universally found in cancer 
patients.14 Patients with newly diagnosed small 
cell lung cancer were shown to have a mean 37% 
increase in resting energy expenditure. Their food 
intake was not sufficient to meet the demands  
of the increased metabolic rate, resulting in a  
negative energy balance and weight loss. The high 
metabolic rate declined in patients who responded 
to chemotherapy.70 Similar elevations in resting 
energy expenditure were reported in patients with 
gastric cancer,71 sarcoma,72 and a variety of other 
tumors.73 

Maladaptive metabolism in cancer patients is 
associated with widespread metabolic derange-
ments that decrease the efficiency of nutrient use 
and can affect the metabolism of carbohydrate, 

fat, protein, vitamins, and minerals.74 Alterations 
in carbohydrate metabolism include the activa-
tion of low-efficiency biochemical cycles such  
as the Cori cycle, where lactate is converted to 
glucose in the liver, an increase in endogenous 
glucose production from alanine, glucose intoler-
ance, and peripheral tissue insulin resistance.63 
The most consistent abnormalities of lipid metab-
olism involve increased mobilization of periph-
eral fat and excessive oxidation of fatty acids. This 
increase in endogenous lipolysis eventually leads 
to the depletion of lipid stores. Increased plasma 
concentrations of glycerol and free fatty acids 
reflect the mobilization of lipid stores and usually 
occur only in patients with malignant disease who 
develop weight loss. In healthy patients, a glucose 
infusion suppresses lipolysis but does not sup-
press lipolysis in cancer patients. Ultimately,  
the cancer patient depletes fat stores, develops 
hypertriglyceridemia, and manifests decreased 
lipoprotein lipase levels.64 Protein metabolism is 
also altered in cancer patients. This is manifested 
by an increase in protein turnover, a reduction  
in muscle protein synthesis, an increase in inflam-
matory hepatic protein synthesis, increased 
muscle catabolism, and a progressive loss of body 
nitrogen with a negative nitrogen balance.17 The 
cytokines tumor necrosis factor a and interleu-
kin-1 produced by macrophages and interleukin-
6 released by macrophages or by the tumor itself 
play important roles in the development of these 
metabolic disturbances.65

All of these metabolic abnormalities that 
occur in the cancer patient with cachexia point to 
a wasteful and inefficient metabolism in which 
the nutritional requirements of the tumor are 
selectively favored over those of the host. This 
makes it quite difficult to reverse malnutrition 
even with the highly sophisticated nutritional 
support techniques currently available.14 

Diagnosis of Malnutrition

Nutritional assessment of the cancer patient is 
important to identify the subsets of patients who 

can potentially benefit from dietary counseling  
by a dietitian or other forms of nutritional inter-
vention, as well as to determine the severity and 
causes of malnutrition, to identify patients at risk 
of complications from anticancer therapies, and 
to assess the efficacy of nutritional support.17 
Although many nutritional assessment tech-
niques are available, each has its limitations.75 
Furthermore, the use of a single measurement  
in time provides an inaccurate assessment of an 
individual’s nutritional status.16 Therefore, an 
ideal evaluation for the clinician has been to shift 
nutritional assessment from a diagnostic to a 
prognostic instrument to identify patients who 
can benefit from nutritional therapy by decreas-
ing the risk of malnutrition-associated medical 
complications.76

Nutritional status has been traditionally 
defined by body composition and anthropomet-
ric measurements, plasma protein concentra-
tions, immunocompetence, and multivariate 
analysis of certain parameters.62 Body composi-
tion analysis requires sophisticated equipment 
and is not always readily available.77 Recent weight 
change is generally a good indicator of nutritional 
deficit. A weight loss of 10% or more within  
the previous 6 months or 5% or more within the 
previous month indicates severe malnutrition. 
However, weight changes do not always reflect 
nutritional deficits but can also occur secondary 
to changes in body fluid balance.78 Subscapular 
and triceps skinfold thickness and midarm muscle 
circumference provide an estimate of body fat 
and fat-free mass, but values may vary with hydra-
tion status and are based on a standard that has 
not been validated in cancer patients. In addition, 
interobserver reproducibility is poor, even after 
several weeks of special training.16 A strong rela-
tionship has been found between low albumin 
concentrations and poor outcome in cancer 
patients. However, many clinical conditions 
found in cancer patients can interfere with  
measurements of plasma protein concentrations. 
Serum albumin has a long half-life of 18 to  
20 days and is severely depressed during stress,  
illness, infection, and states of overhydration and 
with hepatic and renal dysfunction. The use of 
other proteins with shorter half-lives, such as pre-
albumin, transferrin, and retinol binding protein, 
is also limited because those proteins are also 
affected by illness and hydration status.77 Tests of 
immunocompetence, such as delayed cutaneous 
hypersensitivity, may indicate malnutrition but 
are also affected by infection, illnesses, medica-
tions, and medical procedures.76 Absolute lym-
phocyte counts may be affected by infection  
and hematologic malignancy.62 Creatinine height 
index measurements require accurate urine col-
lections and are affected by alterations in protein 
intake, renal failure, sepsis, trauma, exercise, and 

Figure 3  Patient with head and neck cancer on long-term enteral nutrition using a 24F 3.4 cm button gastros-
tomy tube. A, Feeding tube with extension tube attached; B, the closed feeding tube flap lies close to the skin 
and is less cumbersome between feedings.
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steroid therapy.76 Calculating nitrogen balance by 
obtaining a 24-hour urinary total or urea nitro-
gen has been used to determine the degree of pro-
tein catabolism present. However, many factors 
can affect this measurement, including the ade-
quacy of collection, diuretics, renal function, and 
protein intake, so this test needs to be interpreted 
carefully.79 Discriminant functional analysis of 
multiple nutritional parameters has been used by 
Buzby and colleagues to develop the prognostic 
nutrition index, which has been shown to provide 
a quantitative estimate of postoperative compli-
cations when applied prospectively to patients 
undergoing gastrointestinal surgery.77 More 
recently, hand-grip strength and adductor polli-
cis relaxation rate have been shown to correlate 
with postoperative complications. Muscle func-
tion testing measures physiologic changes in mal-
nutrition even before changes in body nitrogen or 
plasma protein concentration occur.76 Bioelectri-
cal impedance has also been used to evaluate 
nutritional status and to follow the effectiveness 
of nutrition support but requires specialized 
equipment and training.78 

A clinical nutritional assessment was first 
developed by the Toronto group and has been 
termed subjective global assessment (SGA). The 
SGA combines elements from the history and 
physical examination and defines malnourished 
patients as those who are at increased risk of med-
ical complications and who will presumably ben-
efit from nutritional therapy. The SGA integrates 
five history and four physical examination  
findings to define nutritional status: weight loss 
pattern, change in dietary intake, gastrointestinal 
symptoms, the patient’s functional status, the 
metabolic demand of the underlying disease, sub-
cutaneous fat thickness, muscle wasting, the pres-
ence of edema and ascites, mucosal lesions, and 
skin and hair changes. The findings of the history 
and physical examination are used to categorize 
patients as well nourished (category A), moder-
ately malnourished (category B), and severely 
malnourished (category C).63,78 The SGA corre-
lates closely with objective parameters, such as 
anthropometric measurements and serum  
protein levels, and accurately predicts clinical 
outcome after major surgery with 82% sensitivity 
and 72% specificity. Interobserver variability and 
reproducibility are satisfactory after a training 
period of a few days.80

In summary, the nutrition assessment of the 
cancer patient should initially include a careful 
history, a physical examination, and the SGA  
to identify patients who are at increased risk of 
malnutrition-associated complications, followed 
by appropriate laboratory testing to further  
evaluate considerations raised during the clinical 
examination. This will identify the patients who 
will most likely benefit from nutritional support.

Treatment of Malnutrition

Clearly, the most important treatment for the 
malnourished cancer patient would be the devel-
opment of antineoplastic therapies that target 
and cure the underlying disease process. Until 
that goal is achieved, the adjunctive and palliative 
use of pharmacologic agents and unique nutri-
tional formulations and therapies in an attempt 
to alter the course of progressive nutritional dete-
rioration play significant roles in the treatment  
of the malnutrition frequently seen in cancer 
patients.64

Pharmacologic Treatment
Drugs that are directed toward improving func-
tional status and quality of life in cancer patients 
have become an integral part of antineoplastic 
therapy. Symptomatic control of nausea, vomit-
ing, mucositis, and gastrointestinal dysmotility 
can usually be accomplished. Several types of 
drugs have also been employed in an attempt to 
improve appetite, food intake, a sense of well-
being, and body weight gain. These and other 
agents represent a new approach to management 
of the cancer anorexia-cachexia syndrome and an 
opportunity for combined therapeutic endeavors 
to improve the quality of life of these patients.63

Improvement of appetite in cancer patients 
also calls for treatment of other symptoms, such 
as pain, mucositis, depression, and the side effects 
of oncologic treatments.17 Ondanestron and 
granisetron, which are often used as antiemetics 
during chemotherapy, are serotonin receptor 
antagonists that have also been used in cancer 
cachexia as antagonists to the satiating effects of 
serotonin. Although these agents failed to pro-
mote weight gain, treatment did improve the 
ability of patients to enjoy food. Cyproheptadine, 
another antiserotoninergic drug useful as an 
appetite stimulant in anorexia nervosa, also failed 
to prevent progressive weight loss in cancer 
patients. Metoclopramide has been used to ame-
liorate the emesis associated with chemotherapy 
and to treat patients with early satiety, delayed 
gastric emptying, and gastroparesis seen in 
advanced cancer.64 

Megestrol acetate and medroxyprogesterone 
acetate are first-line therapy for cancer cachexia. 
Many randomized controlled trials have con-
firmed that progestational drugs can stimulate 
appetite, food intake, energy level, and significant 
weight gain in cancer patients.81 The effect of 
megestrol acetate is dose related, ranging  
from 160 to 1,600 mg, with an optimal dose of 
800 mg/d. In general, patients are started on the 
lowest effective dosage (160 mg/d) and the dose is 
increased according to the clinical response of the 
patient. The dose of medroxyprogesterone acetate 
is 500 mg twice daily.63 Most of the weight gain 
obtained with progestational agents consists of fat 

rather than lean body mass.66 The effect of these 
drugs on appetite appears to be mediated by a 
down-regulation of the synthesis and release of 
cytokines, leading to an increase in neuropeptide 
Y hypothalamic levels.65 The side effects of pro-
gestational agents include induction of thrombo-
sis and thromboemboli, breakthrough uterine 
bleeding, hypertension, hyperglycemia, periph-
eral edema, alopecia, Cushing’s syndrome, adre-
nal suppression, and adrenal insufficiency.64  
Side effects were seen in 10 to 30% of patients in 
clinical trials.17 Caution must be taken in admin-
istering these drugs to patients with known 
thromboembolic disease, heart disease, or a high 
risk of fluid retention. Progestational agents  
are contraindicated in hormone-dependent 
tumors.65 

Corticosteroids are frequently used as appe-
tite stimulants in cancer patients. Although 
treated patients report an increased sense of  
well-being, there is no long-term benefit since  
any benefit is lost within a month of treatment. 
Dexamethasone’s ability to stimulate appetite is 
equivalent to that of megestrol acetate but does 
not produce weight gain.15 

The use of anabolic steroids in healthy people 
and athletes increases muscle mass, but this  
benefit has not been shown to occur in patients 
with gastrointestinal cancer. Only one small trial 
in lung cancer patients treated with nandrolone 
decanoate suggested benefit in attenuating weight 
loss.82 Anabolic steroids are associated with some 
severe side effects, such as hepatotoxicity and 
endocrine effects.74

The metabolic inhibitor hydrazine sulfate 
inhibits an integral enzyme in gluconeogenesis, 
thereby interrupting the Cori cycle and normal-
izing carbohydrate metabolism. Unfortunately, 
several large studies have shown no significant 
impact on weight gain in cancer patients.64

Dronabinol, a commercially available canna-
binoid, is an appetite stimulant that can promote 
minimal improvement in overall body weight. 
The usual dosage is 2.5 mg two to three times  
a day. Adverse effects include somnolence,  
confusion, and perceptual disturbances.15

Pentoxifylline is a methylxanthine-derived 
phosphodiesterase inhibitor that has been shown 
to decrease tumor necrosis factor a synthesis in 
cancer patients by decreasing gene transcription. 
In a randomized controlled trial in patients with 
advanced cancer, it failed to cause better appetite 
or body weight than placebo.83

Melatonin stimulates host immune defenses 
and inhibits tumor growth factor production. 
Studies in cancer patients using a dosage of 20 mg 
daily significantly lowered the percentage of 
treated patients who experienced a greater than 
10% weight loss. More trials are needed  
before the widespread use of melatonin is  
recommended.84
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b2-Adrenergic receptor agonists can prevent 
muscle protein wasting in tumor-bearing rats. 
Tumor-bearing rats have an anabolic response 
with increases in muscle mass while receiving  
salbutamol, salmeterol, and clenbuterol. How-
ever, no controlled trials have been reported using 
these agents in cancer patients.15

Growth hormone increases lean body mass 
and protein synthesis and reduces urinary  
nitrogen excretion in patients in catabolic states. 
The use of recombinant growth hormone has not 
been studied in cancer cachexia.64

Eicosapentanoic acid, a polyunsaturated  
fatty acid, and NSAIDs inhibit COX. Diets rich  
in eicosapentanoic acid attenuate weight loss  
in patients with advanced pancreatic cancer.85  
Ibuprofen was shown to normalize protein kinet-
ics in cachectic patients with colorectal cancer 
and stabilize weight while reducing resting energy 
expenditure and increasing quality of life in 
patients with pancreatic cancer.86,87 Gastrointesti-
nal side effects limit the use of NSAIDs.54

Thalidomide is a potent suppressor of tumor 
necrosis factor a production. It has been shown 
to improve insomnia, restlessness, and nausea  
in advanced cancer patients while improving 
appetite and a sense of well-being in a majority  
of patients studied. Side effects of thalidomide 
include fever, skin rash, and peripheral neuropa-
thy in addition to its well-known teratogenic 
effect.88 

A four-step pharmacologic management 
model has been proposed for the treatment of 
cancer cachexia. The first step includes the treat-
ment of potentially reversible causes of anorexia, 
such as anxiety, constipation, depression,  
dysphagia, nausea, vomiting, oral candidiasis, or 
pain. If a patient has reduced appetite associated 
with early satiety or evidence of gastroparesis, a 
trial of metoclopramide 10 to 20 mg before meals 
and at bedtime up to 120 mg/d is a reasonable 
second step. If this fails, then a trial of megestrol 
acetate starting at 160 mg/d and increasing the 
dose up to 800 mg/d for patients with a relatively 
good prognosis or the use of dexamethasone 8 to 
10 mg twice daily in patients with a poor progno-
sis is indicated. Megestrol acetate should not be 
combined with other chemotherapy agents.  
The fourth step is based on emerging evidence 
from clinical trials for dronabinol, thalidomide, 
eicosapentanoic acid, and melatonin. Dronabinol 
should be used 2.5 mg twice to three times  
daily, thalidomide at 100 mg per night, eicosap-
entanoic acid at 2 to 3 g/d, and melatonin at 20 to 
40 mg/d.15,64

Use of Dietary Supplements during 
Cancer Therapy
Many cancer patients take nutritional supple-
ments and herbs or start a special diet during or 
after conventional cancer treatment hoping to 

enhance the benefits of treatment, to alleviate side 
effects, and to maintain or improve general health 
and well-being.89 Unfortunately, the use of dietary 
supplements during cancer treatment remains 
controversial.56 Physicians should routinely ask 
their patients if they are taking any nutritional 
supplements or herbs, especially since patients 
often fail to inform their physician of their  
supplement use. Patients should also be cautioned 
not to substitute vitamin and mineral  
supplements for established medicine.90 

Supplemental antioxidants remain one of the 
more popular nutritional supplements taken by 
cancer patients, often at doses higher than the 
recommended dietary allowances. The rationale 
for this practice is that antioxidants may improve 
the efficacy of cytotoxic therapies by selectively 
inhibiting the growth of tumor cells, inducing 
cellular differentiation, or altering the intracellu-
lar redox state.91 Many oncologists, on the other 
hand, are reluctant to recommend antioxidant 
supplementation during treatment for fear that it 
will interfere with conventional therapy. Antioxi-
dants may interfere with the oxidative breakdown 
of cellular DNA and cell membranes necessary for 
the agents to work. Furthermore, there is evidence 
to suggest that apoptotic breakdown of tumor 
cells is selectively increased by the presence of 
reactive oxygen species within the tissue. This 
cytotoxic process would most likely be slowed by 
an antioxidant-replete diet.56 The American Insti-
tute for Cancer Research has concluded, based on 
current evidence, that supplementation of the 
diets of cancer patients undergoing active treat-
ments with individual or combined antioxidants 
above their dietary reference intakes cannot be 
recommended as safe or effective. However, 
adding a daily multivitamin containing supple-
ments at levels of the dietary reference intake can 
be done safely as part of a program of healthy 
nutrition including 5 to 10 servings of fruits and 
vegetables daily.56

The use of nonantioxidant supplements such 
as soy protein and isoflavones, herbal supple-
ments, and special diets is not currently supported 
by substantial evidence. Potential drug interac-
tions with other supplements, medications, and 
anticancer therapy and overlooking or misinter-
preting the side effects of herbal supplements  
and possible contaminants can have serious  
consequences. It is important to establish efficacy, 
dosing timing, and duration of supplementation 
prior to recommending patient use. Recommen-
dations should be based on sound scientific  
evidence.90 

Nutritional Therapies 
Nutrition screening should be performed as part 
of the initial assessment at the time of diagnosis. 
Options for nutrition intervention include oral 
supplements, hydration solutions, and dietary 

recommendations; enteral feeding with poly-
meric, monomeric, or specialized formulas; and 
TPN. Treatment should be individualized accord-
ing to the needs of the patient.17 It is important to 
define the goals of nutrition support on initiation 
of treatment. Nutritional therapy can be used as 
adjuvant treatment and support during antican-
cer therapy or as a means to provide long-term 
nutrient supplementation to patients with severely 
impaired gastrointestinal function who would 
not survive without intervention.14

Oral Dietary Therapy
Oral dietary therapy can improve nutrition in 
patients who are able to eat but require special 
diets because of gastrointestinal dysfunction. 
Simple dietary recommendations can signifi-
cantly increase oral protein-energy intake by 
cancer patients in the course of treatment or in 
palliative care. Successful implementation of a 
diet requires instruction of the patient and family 
by a dietitian.14 The dietitian should intervene as 
soon as possible after the diagnosis of cancer is 
made. The dietitian’s role is to calculate food con-
sumption and caloric requirements, develop meal 
plans, evaluate nutritional status, and anticipate 
the nutritional risks of both the cancer and its 
treatment. Regular monitoring and follow-up 
and close coordination with staff involved in 
patient care are important to alert the physician 
to the need for enteral or parenteral support.17 

In addition to the diet, a variety of oral nutri-
tional supplements are available. They vary 
according to the type of proteins, energy density, 
osmolarity, lactose, gluten and fiber content, 
commercial formulation (eg, liquid, powder, 
pudding, bar), and the range of flavors.17 The 
main problem with the use of oral supplements is 
taste fatigue.14 Nevertheless, such formulations 
can be an important source of nutrients in patients 
who are able to reach their caloric goals with oral 
intake alone. 

Enteral Nutrition 
Enteral feeding delivers nutrients to the gastroin-
testinal tract through tubes.92 The enteral route is 
preferred over parenteral nutrition in the setting 
of a functional gastrointestinal tract.93 Enteral 
feeding is more physiologic, preserves the gastro-
intestinal architecture, and prevents bacterial 
translocation from the gut.75 Enteral nutrition 
solutions are easier to administer, have fewer 
complications, and are more cost effective. The 
rate of enteral feeding can be regulated to be 
delivered as a bolus or as a slow, continuous infu-
sion to permit the optimal use of a limited small 
intestinal absorptive capacity. Enteral nutrition 
can bypass proximal obstruction or defects,  
overcome oropharyngeal dysphagia, or allow a 
gastrointestinal tract that has a limited absorptive 
capacity to be constantly bathed in nutrients.11 
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Once it has been decided to initiate enteral 
nutrition support, a choice of enteral access device 
must be made. Tubes may be placed through the 
nose or percutaneously, and the tip terminates in 
the stomach or small intestine. For patients for 
whom the anticipated duration of enteral support 
is less than 30 days, a nasogastric or nasoenteric 
tube is the best choice. These tubes are also useful 
to test for tolerance to enteral feeding before com-
mitting a patient to a percutaneous tube. Tubes 
typically range from 8F to 12F and have a mean 
durability of less than 10 days before they get 
clogged or dislodged.11 A serious complication  
of transnasal tube placement is inadvertent  
placement into the lung or pleural cavity and the 
development of a pneumothorax. Radiographs or 
direct endoscopic visualization should be used to 
confirm the location of the tube prior to initiation 
of feeding.93

For patients who will require enteral nutri-
tion for more than 4 weeks, a percutaneous  
feeding tube is indicated.94 Surgical, radiologic, 
and endoscopic methods have been successfully 
used to place percutaneous feeding tubes in the 
stomach and small intestine.92 Success rates of up 
to 99% with major complication rates of only 
1.3% have made the placement of percutaneous 
endoscopic gastrostomy (PEG) tubes the most 
popular.95 Commercially available PEG tubes are 
typically made of silicone or polyurethane and 
come in sizes ranging from 15F to 28F. These 
larger-bore tubes are associated with less frequent 
clogging than nasal tubes. With proper care, the 
average tube will last 1 to 2 years. In patients  
with cancer, PEG tubes have been shown to safely 
provide long-term enteral access, with few major 
complications. Complications of PEG placement 
include peritonitis, perforation, hemorrhage, and 
fasciitis.11 In patients with head and neck cancer, 
metastases to the PEG stoma have been described. 
This may occur secondary to direct seeding  
of the stoma during PEG placement or by  
hematogenous or lymphatic spread.96

In general, gastric feeding is preferred. How-
ever, jejunal feeding is indicated in the presence 
of gastric outlet obstruction, gastroparesis, or 
proximal fistula or leak or if there is suspicion of 
aspiration of gastric contents.97 Surgical jejunos-
tomies are associated with significant morbidity 
and mortality, including intestinal obstruction 
and necrosis and the development of abscesses 
and fistulae, and carry a mortality rate of up to 
10%.98 Radiologically placed gastrojejunostomy 
tubes are safe and well tolerated.99 There are two 
types of endoscopically placed jejunostomies: the 
jejunal extension tube (JET-PEG) and the direct 
percutaneous endoscopic jejunostomy (DPEJ). 
The JET-PEG is essentially a small-bore tube that 
is placed through a larger-bore PEG tube and 
endoscopically advanced to the jejunum. The 
small-bore extension tube often clogs or migrates 

back into the stomach.11 The placement of a DPEJ 
tube uses the same technique as PEG placement 
and has been performed by experienced endosco-
pists with success rates of 88% and complication 
rates of 3 to 7%.100,101 DPEJ is particularly useful in 
patients who have had a previous esophagectomy 
or gastrectomy. Successful DPEJ placement has 
been shown to decrease dependence on TPN and 
simplify hospital discharge.102,103 DPEJ tubes also 
last for 1 to 2 years before needing to be changed 
and can be safely used for long-term nutritional 
support if necessary. Whenever delivering nutri-
ent solutions directly into the small intestine, a 
continuous infusion via a pump must be used. 
Bolus feedings are contraindicated. However, 
infusion rates of up to 180 mL/h are safe and can 
be tolerated.11

More than 100 different enteral feeding  
formulas are currently available. Formulas are 
classified as polymeric, monomeric, and disease 
specific. Polymeric formulas contain intact car-
bohydrate polymers, proteins, and triglycerides. 
They can be used safely in most patients. Mono-
meric formulas contain nutrients that have been 
partially or completely hydrolyzed and are there-
fore more easily absorbed if digestion is impaired. 
Proteins are present as short peptide chains or 
free amino acids, carbohydrates as oligosaccha-
rides or maltodextrin, and fat as a mixture of 
long- and medium-chain triglycerides. They  
are indicated in patients with malabsorption.  
Disease-specific formulas are targeted toward 
patients with specific underlying conditions.  
Formulas have been developed for patients with 
diabetes mellitus, renal insufficiency, pulmonary 
insufficiency, and hepatic encephalopathy. 
Immune-enhancing formulas are also available 
for use in patients with acquired immune defi-
ciency syndrome (AIDS), severe traumatic injury, 
or critical illness, as well as in cancer patients.92

There is no evidence to support the routine 
use of enteral feeding in well-nourished patients 
undergoing anticancer therapy.62 On the other 
hand, patients with head and neck cancer repre-
sent a group of patients who benefit the most 
from placement of a PEG tube prior to the initia-
tion of radiotherapy.104 Enteral nutrition in these 
patients has been shown to prevent weight loss, 
treatment interruption, and hospitalization for 
dehydration. For malnourished patients under-
going resection of their tumor, 7 to 10 days of 
preoperative enteral nutrition support is associ-
ated with a 10% reduction in morbidity and 
improved quality of life.105 In a prospective study 
of patients with esophageal cancer undergoing 
chemoradiation, enteral nutrition effectively  
prevented weight loss during therapy.106 Place-
ment of DPEJ tubes is useful in the management 
of complications after esophagectomy. Most 
patients will regain their ability to eat and can 
have the feeding tube removed. However, a  

significant minority will become dependent on 
enteral nutrition and can be fed long term via  
a PEG tube, percutaneous endoscopic jejunos-
tomy tube, or a button (skin level, low profile) 
gastrostomy or jejunostomy device with few  
complications.11 

Immune-enhancing formulas contain sub-
stantial amounts of arginine, n-3 polyunsaturated 
fatty acids, nucleotides, and glutamine.107 Studies 
using these specialized formulas in patients 
undergoing elective surgery for upper gastroin-
testinal or pharyngeal cancer show a consistent 
trend toward reduced infectious complications; 
however, none of them has demonstrated a statis-
tically significant survival benefit. Furthermore, 
many of these studies have design flaws.108 On the 
other hand, more recent evidence suggests that if 
an adequate volume of immunonutrition is deliv-
ered in advance of surgical insult, more impres-
sive benefits can be appreciated. In a clinical trial 
by Braga and colleagues, 150 malnourished 
patients who were candidates for major elective 
surgery for malignancy of the gastrointestinal 
tract were randomly assigned to receive either 
postoperative enteral nutrition with a standard 
formula, 1 L/d for 7 days of immunonutrition 
formula preoperatively and standard enteral  
formula postoperatively, or immunonutrition 
formula 1 L/d for 7 days preoperatively and con-
tinued postoperatively.109 Statistically significant 
reductions in infectious complications and in 
postoperative length of stay were noted in the 
groups receiving immunonutrition compared 
with the control group. Although more studies 
are needed before the routine use of immunonu-
trition is advocated, some practical strategies to 
maximize the success of these formulas have been 
suggested. Arginine should be at least 12 g/L; the 
duration should be at least 3 days; feeding goals 
should approach 25 kcal/kg and at least 800 mL/d; 
and enteral nutrition protocols should be more 
aggressive in feeding patients preoperatively and 
reaching enteral goals postoperatively.108

Total Parenteral Nutrition 
TPN is an effective means of delivering hyper-
tonic nutrient solutions via the central venous 
system into the general circulation and bypassing 
the gastrointestinal tract. In patients unsuitable 
for enteral nutrition support, parenteral nutrition 
remains an important option. Catheter-related 
complications include pneumothorax, venous 
thrombosis, arterial trauma, and sepsis. Meta-
bolic and electrolyte abnormalities such as hypo-
kalemia, hypophosphatemia, glucose intolerance, 
and noketotic hyperosmolar coma can also 
occur.75 Many prospective randomized controlled 
studies have examined the role of TPN in the 
management of cancer patients. A clear benefit 
from nutritional support appears to be limited to 
a specific group of patients.14
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Most studies reveal no benefits of specialized 
nutrition support during chemotherapy or radia-
tion with regard to treatment tolerance, antitu-
mor therapy side effects, or survival.62 Furthermore, 
patients who receive TPN while undergoing che-
motherapy have more infectious complications. 
However, in some of these studies, patients were 
not necessarily malnourished, and some had ade-
quate oral intake and gastrointestinal function.14 
Therefore, patients who are severely malnour-
ished or who develop prolonged gastrointestinal 
toxicity with treatment may be candidates for 
TPN.

A group of patients for whom prolonged  
gastrointestinal toxicity during treatment and 
poor tolerance to oral or enteral nutrition sup-
port is extremely common is in the setting of bone 
marrow transplantation.62 The use of TPN has 
become routine practice to maintain body cell 
mass. Prophylactic TPN decreases the incidence 
of malignant relapse and improves survival in 
patients receiving bone marrow transplanta-
tion.110 Studies using glutamine-supplemented 
parenteral nutrition solutions in bone marrow 
transplant recipients have also demonstrated a 
significant reduction in the incidence of clinical 
infections and the duration of hospital stay com-
pared with those patients receiving standard TPN. 
However, there was no significant difference in 
the severity of mucositis, the incidence or severity 
of graft-versus-host disease, or inhospital mortal-
ity.111,112 The role of glutamine-supplemented 
TPN needs more study prior to recommending 
its routine use.

The use of TPN during the perioperative 
period in malnourished cancer patients undergo-
ing surgery has also been recommended.10 Patients 
with gastrointestinal cancer who received TPN 
for 10 days before surgery had lower rates of post-
operative wound infection, pneumonia, major 
complications, and mortality compared with 
patients on a regular hospital diet.113 The Veterans 
Affairs Cooperative Study Group, in one of the 
largest clinical trials, randomly assigned 395 mal-
nourished patients prior to surgery to receive 
TPN before and after surgery or no perioperative 
TPN. Approximately two-thirds of these patients 
had malignant disease. Although the overall  
incidence of infectious complications was higher 
in the group receiving TPN, the small subgroup 
of patients who were categorized as severely mal-
nourished receiving TPN had fewer noninfectious 
complications and no concomitant increase in 
infectious complications compared with the  
control group.60 The use of perioperative TPN in 
patients undergoing hepatectomy for hepatocel-
lular carcinoma was also associated with a reduc-
tion in overall postoperative morbidity and 
diminished deterioration in postoperative liver 
function.114 However, not all studies have demon-
strated a clear benefit for the use of perioperative 

TPN in cancer patients. In a randomized trial of 
117 patients with pancreatic cancer who under-
went major pancreatic resection, complications 
were significantly greater in the group receiving 
TPN postoperatively and were associated with an 
increase in the rate of intra-abdominal abscesses. 
The overall mortality rates were similar in the 
TPN and the control groups.115 In a recent con-
sensus conference sponsored by the National 
Institutes of Health, the American Society for 
Parenteral and Enteral Nutrition, and the Ameri-
can Society of Clinical Nutrition, 33 prospective 
randomized controlled trials, involving more 
than 2,500 surgical patients, were reviewed to 
evaluate perioperative nutrition support. The 
panel came to the following conclusions: (1) TPN 
given to malnourished patients (defined by weight 
loss, plasma proteins, or prognostic indices) with 
gastrointestinal cancer for 7 to 10 days before  
surgery reduces postoperative complications by 
10%, (2) routine use of early postoperative TPN 
in malnourished general surgical patients who 
did not receive preoperative TPN increases  
postoperative complications by approximately 
10%, and (3) postoperative nutritional support is 
necessary for patients unable to eat for prolonged 
periods after surgery (within 5 to 10 days  
after surgery) to prevent the adverse effects of 
starvation.10

Home Nutrition Support 
Long-term home enteral nutrition and parenteral 
nutrition are tools that can be used by physicians 
in the appropriate clinical setting. Patients requir-
ing home nutrition support fall into three general 
categories. The first group of patients are cancer 
survivors or patients with stable disease who 
develop gastrointestinal failure during the course 
of treatment. The second group of patients are 
moderately to severely malnourished and under-
going a defined curative or palliative oncologic 
intervention with anticipated side effects. The 
third group of patients are those with widely  
metastatic disease and little hope for cure who  
are being considered for palliative nutritional 
support.62 

Patients with severe gastrointestinal failure 
secondary to massive small bowel resection or 
severe radiation enteritis usually require long-
term home TPN.14 In a published report, patients 
with intestinal failure secondary to therapy for 
malignancy received home TPN for an average  
of 1,092P867 days.116 Survival rates and TPN-
related complications in such patients are compa-
rable to those seen in patients with benign disease 
who require home TPN. Most deaths in patients 
on home TPN are secondary to progression of the 
primary disease process rather than TPN-related 
complications.117 

In malnourished cancer patients with a 
defined treatment plan who are at high risk of 

progressive nutritional deterioration secondary 
to therapy, enteral nutrition is the preferred treat-
ment. Parenteral nutrition should be reserved for 
patients in whom enteral nutrition is contraindi-
cated or not tolerated.62 A review of the North 
American registry showed that 30% of patients on 
home enteral nutrition were able to resume oral 
intake and discontinue enteral feeding during the 
first year and 36% of all cancer patients on home 
enteral nutrition were alive after 1 year.118 Home 
enteral nutrition is safe, with a hospitalization 
rate for complications owing to home enteral 
nutrition of fewer than 0.4 hospitalizations per 
patient per year.118 Outpatient follow-up and 
repeated evaluations are necessary to determine 
whether patients enrolled in a home nutrition 
program require indefinite nutrition support  
or if they can eventually be transitioned to oral 
intake.11 

Among patients with progressive disease 
despite specific treatments, home TPN offers  
little benefit.14 Nevertheless, in the United States, 
cancer patients represent about one-third of 
patients receiving home TPN compared with 
about half in Italy. In addition, 50 to 75% of these 
patients have locoregional and/or metastatic pro-
gressive disease.17 The 1-year survival rate in these 
conditions was 32% in the 1995 American survey, 
with preservation of satisfactory social and/or 
professional activity in 25% of the cases during 
the first year.117 In the Italian study, the improve-
ment in quality of life depended on functional 
status. Among patients with a Karnofsky index 
lower than 40, the average survival time was less 
than 3 months, and an improvement in the qual-
ity of life was found in only 9% of cases.119 On the 
other hand, some investigators have advocated 
the use of selected immunonutrient formulas  
in palliative care. Significant weight gain and 
increases in oral food intake and functional status 
have been noted.120 However, patients with widely 
metastatic disease usually already have available 
central access and are often reluctant to have a 
nasogastric tube or more permanent tube placed. 
They may also be intolerant of enteral feedings 
because of partial or complete bowel obstruction 
secondary to carcinomatosis and extrinsic com-
pression.17 The decision of whether to initiate 
home nutrition support in this clinical situation 
should also take into account patients’ percep-
tions so that quality of life can be improved.121 In 
a study aimed at assessing the life experience of 
patients with malignant bowel obstruction, it was 
determined that at that time, the most important 
issues confronting the patient were the inability 
to eat, alteration in physical activities, deteriora-
tion in mental abilities, social isolation, waiting 
for bowel movements to occur, and a lack of 
direction and personal inner reflection. However, 
if the patient had a goal, it meant that something 
was being done; regardless of whether that goal 
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was palliative or active treatment, doing some-
thing appeared to be a way of maintaining hope, 
and doing nothing was seen as abandonment or 
desertion.122 

Ultimately, the decision to initiate home 
nutrition support needs to be based on the ability 
of nutrition support to improve patients’ clinical 
outcome and ethical principles that need to be 
interpreted and appropriately applied to each 
individual case. It is vital to maintain an open and 
honest relationship with patients and their fami-
lies and to address these issues in a forum in which 
all parties concerned can effectively communicate 
their feelings, anxieties, and ethical principles.121

Home nutrition is no longer appropriate 
when a patient enters the terminal stages of the 
disease. Such patients usually have severely 
restricted oral intake or are dehydrated. Fluids or 
small amounts of food should be administered to 
alleviate hunger or thirst.14,17

Summary

The exact role that nutrients, dietary factors, and 
lifestyle changes play in cancer prevention remains 
elusive. However, as clinical breakthroughs are 
made with the performance of collaborative 
research involving larger and more well-designed 
studies and the development of the discipline of 
nutritional genomics, a deeper understanding of 
pathophysiologic mechanisms and nutrient-gene 
interactions can be achieved. Inevitably, this will 
lead to dietary and lifestyle recommendations 
based on a solid foundation of scientific  
evidence. 

Malnutrition in cancer patients needs to be 
addressed early so that patients have the best 
chance of responding to anticancer therapy. 
Symptom control, pharmacologic therapies to 
improve appetite and food intake, dietary ther-
apy, enteral and parenteral nutrition, and home 
nutrition support provide valuable adjuncts to 
treatment of the cancer patient. The study and 
development of immune-enhancing formulas for 
enteral and parenteral use and the role they have 
in preventing malnutrition-associated complica-
tions remain the focus of continued research in 
cancer patients. 
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The care of cancer patients requires the combined 
efforts of a multidisciplinary team of health care 
providers whose collective goal is not only to cure 
patients of malignant disease but also to treat or 
prevent the morbid sequelae of oncologic treat-
ment. In most cancer patients, problems in the 
oral cavity mirror those in the general popula-
tion: moderate to advanced periodontal disease, 
poorly restored dentition, and associated soft 
tissue pathologies associated with tobacco use, 
alcohol use, nutritional neglect, general hygiene 
neglect, or a combination of these factors.1,2 Eval-
uation, treatment, and prevention of any oral  
and dental preexisting pathology are important 
aspects of the overall treatment outcome for 
cancer patients.1,2 Patients undergoing aggressive 
anticancer treatment encounter preventable, if 
not treatable, oral mucosal and dental sequelae 
that could produce morbid events.3 Complica-
tions vary with each patient, depending on the 
individual’s oral and dental status, the type of 
malignancy, and the therapeutic approach (ie, 
surgery, radiation therapy, chemotherapy, or a 
combination of these treatments).4 Common  
and frequent treatment-limiting toxicities, such 
as mucositis, infection, and bleeding, can be  
minimized and in some cases eliminated if evalu-
ated and treated early by an involved, trained 
dental health care team.

An oral and dental consultation before  
chemotherapy, radiation therapy, or head and 
neck surgery is extremely important in the oral 
management of cancer patients.1,5–8 For patients 
receiving a tumor-ablative procedure involving 
the oral cavity, the treating physician should aim 
to control oral and dental problems before adjunct 
therapy and during the recovery phase. In the 

immediate postsurgical planning, the oral cavity 
should be prepared for appropriate prosthetic 
rehabilitation to correct postsurgical deficits. If 
radiation therapy, chemotherapy, or both are 
planned, the treating dental specialist should be 
aware that the resultant oral complications may 
be devastating; furthermore, the degree and type 
of oral sequelae may affect the patient’s compli-
ance with or continuance of cancer treatment.9–12 
Such complications may arise during cancer 
therapy and may result either from treatment  
(eg, chemotherapeutic complications related to 
myelosuppression, immunosuppression, or the 
direct cytotoxic effects of chemical agents on oral 
tissues) or from the malignant disease process.

A head and neck evaluation, an oral and 
dental clinical examination, and an intraoral 
radiologic evaluation should all be performed 
during the initial visit.1 Selected dental radio-
graphs are essential in evaluating potential  
areas of infection that are not obvious on clinical 
examination (eg, periodontal-periapical tooth 
pathology, residual cysts, and impacted or par-
tially erupted exfoliating teeth). In addition,  
the oral health care provider should gather and 
record the patient’s history of present illness, 
medical and dental histories, social history, review 
of systems, current medications, adverse drug 
reactions, and the anticipated cancer treatment 
plan. From this information, the dentist can plan 
oral treatment to control immediate needs. How-
ever, treatment of disease must always take pri-
ority over treatment of complications.1,13 Dentists 
should communicate with the treating physicians 
to be aware of the diagnosis and staging of malig-
nant disease, the goals of proposed therapy, the 
patient’s prognosis, the type and dose of therapy 

to be administered, and the timing of treatment. 
If radiation therapy is to be used in the head and 
neck area, the dentist must know the volume of 
tissue to be radiated, treatment schedule, dosim-
etry, fractionation scheme, method of adminis-
tration (eg, external beam radiation therapy or 
brachytherapy), type of energy (eg, photon, elec-
tron, or mixed beam), and total dose to be  
administered.5,7,14–17 

The dentist’s initial examination and early 
treatment of the patient are directed at docu-
menting and reversing any preexisting acute or 
chronic pathologic conditions—such as dental 
abscesses, advanced periodontal disease, dental 
calculus causing gingivitis, partially erupted teeth 
with the potential for pericoronitis, or soft tissue 
tooth trauma—that may be factors in the selec-
tion of an overall cancer treatment strategy by  
the treating physician.1,4 Even if the planned 
cancer treatment is not toxic to the mucosa and  
is not myelosuppressive (eg, hormonal therapy), 
the potential for infection remains even under 
“normal” circumstances. Additionally, the cancer 
may eventually progress, necessitating prompt 
and aggressive therapy; hence, the oral and dental 
status should be optimal to ensure minimal pre-
dictable complications. The periodontal status 
and degree of tooth decay are evaluated during 
the initial examination, as are the patient’s ability 
and initiative to maintain optimal oral hygiene.18 
Patients must modify their oral care and hygiene 
techniques, if possible, to minimize the mucosal 
and gingival complications that are associated 
with their specific treatment.10–20 Caries is another 
adverse condition resulting from increased  
caries-forming organisms and is in itself an 
important consideration in patients with drug- or 
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radiation-induced xerostomia owing to potential 
pulpal involvement and subsequent periapical 
abscess formation.4,18,21 

Oral Complications

Complications resulting from therapeutic admin-
istration of ionizing radiation to the head and 
neck and cytotoxic agents as treatment for cancer 
can be categorized as either acute (eg, mucositis, 
infectious stomatitis, alteration in taste or smell 
acuity, dermatitis, pain, inflammation, and diffi-
culty swallowing) or chronic (eg, xerostomia, 
caries, abnormal development, fibrosis, trismus, 
photosensitivity, osteoradionecrosis [ORN], and 
pain).1,21,22 The severity of treatment-induced 
morbidity depends on multiple factors, such as 
the radiation dose, volume of tissue treated, 
myelosuppressive treatment, pretreatment per-
formance status, and pretreatment oral condi-
tion.23 Complications arise primarily in three 
anatomic sites: the mucosa, periodontium, and 
teeth.4

The following is a discussion of five key oral 
complications: mucositis, xerostomia, ORN, oral 
infections, and caries. Included is a definition of 
each condition and information about the inci-
dence and risk, etiology and pathophysiology, 
clinical features, and management of each entity.

Mucositis
Definition

The National Cancer Institute defines mucositis 
as a complication of some cancer therapies in 
which the lining of the digestive system becomes 
inflamed and, hence, sores develop in the mouth.24 
“Oral mucositis” generally indicates a nonhema-
tologic complication of the aerodigestive tract 
secondary to chemotherapy or head and neck 
radiation therapy (Figure 1). The complicated 
sequelae of mucositis can be associated with  
odynophagia, dysphagia, infection, dehydration, 
malnutrition, dysgeusia, and other quality of life 

challenges. This condition can be a significant risk 
factor for systemic infection, particularly for pan-
cytopenic patients, and can result in increased 
therapeutic expenses.25,26 In a study by Sonis and 
colleagues, severe mucositis was associated with 
increased fever and infection (p<.01), increased 
analgesia therapy (p<.001), a fourfold increase 
in mortality risk, and higher hospital charges, 
especially with ulcerative mucositis.27 

The economic and clinical burden of muco-
sitis was examined by Elting and colleagues 
reviewing a cohort of 599 patients with solid 
tumors or lymphoma who had a total of 1,236 
chemotherapy cycles from 1994 to 1996 with 
reported thrombocytopenia.25 This retrospective 
analysis assessed clinical outcomes (ie, hemor-
rhage, infection, oral and gastrointestinal  
mucositis, and death) and resource use (ie,  
hospitalization, emergency room visits, and anti-
biotic use). Mucositis was identified in 37% of the 
1,236 cycles, with 11% representing grade 3 or 4 
mucositis. The results of this trial revealed a  
significant correlation between mucositis and 
increased dose reduction or dose delay in the  
chemotherapeutic regimen, as well as increased 
infection, the need for nutritional support, the 
use of anti-infectives, hospitalization and opioid 
use, and mortality linked to infection.

Incidence and Risks

The incidence and severity of oral mucositis are 
influenced by the type of antineoplastic treatment 
administered and by patient-related factors.26 
Oral and gastrointestinal mucositis can affect up 
to 100% of patients undergoing high-dose che-
motherapy and hematopoietic stem cell trans-
plantation and up to 80% of patients with cancer 
of the head and neck receiving radiation therapy.28 
In one study, patients who had undergone  
bone marrow transplantation reported oral 
mucositis as the most debilitating side effect in 
comparison with nausea and vomiting, weakness, 
or diarrhea.29

The prevalence of oral mucositis is affected 
by a number of factors, including the patient’s  
age (more common in the young), diagnosis 
(increased in patients with a hematologic malig-
nancy), and preexisting oral health (increased  
in patients with poor oral health), as well as the 
intensity of antineoplastic therapy, that is, con-
comitant radiation and chemotherapy.30 Local-
ized oral infections can be transmitted into the 
bloodstream through the rich capillary beds that 
perfuse the mucosa with resultant septicemia. 
Studies have related septicemia to oral infections 
in up to 54% of neutropenic individuals.31

To improve the long-term disease-free  
survival rates for patients with head and neck 
cancer, more intensive regimens are being  
advocated. These include more aggressive radia-
tion schedules and combining chemotherapy and 

radiation. This has resulted in an increase in both 
the incidence of grade 3 mucositis and its dura-
tion. Fu and colleagues reported that patients 
treated with altered fractionation (hyperfraction-
ation or accelerated fractionation) had a higher 
incidence of Radiation Therapy Oncology Group 
(RTOG) grade 3 or 4 mucositis versus standard 
fractionation (47% vs 25%; p<.01).32 More 
recently, Forastiere and colleagues described the 
benefit of concurrent chemotherapy and radio-
therapy for organ preservation in advanced laryn-
geal cancer in an RTOG study of 547 patients. 
With a median follow-up of 3.8 years, patients 
treated with radiation therapy with concurrent 
cisplatin had a higher larynx preservation rate but 
also a higher mucosal toxicity rate (grade 3 or 4; 
43%) compared with patients treated with radia-
tion alone or with induction chemotherapy.33 
Two additional phase III trials have demonstrated 
the benefit of concurrent postoperative radiation 
and chemotherapy for patients with advanced 
squamous cell carcinoma of the head and neck. 
Both randomized trials demonstrated that the 
addition of concurrent chemotherapy to radia-
tion resulted in a greater disease-free survival  
but also contributed to higher mucosal toxicity.34

Considerable interpatient variability exists in 
the tolerance to chemotherapy regimens.35 Treat-
ment factors that influence the frequency and 
severity of oral mucositis include the chemother-
apeutic agent used, dosage, delivery schedule, and 
combination with radiation therapy.36 Other fac-
tors that may contribute to the severity of muco-
sitis include smoking, use of over-the-counter 
mouthwashes, and the coexistence of collagen 
vascular diseases or human immunodeficiency 
virus (HIV) infection.36

Etiology and Pathophysiology

The etiology of mucositis is related to the direct 
and indirect effects of oncologic treatment and 
clinical factors, such as intercurrent illnesses. 
Mucosal injury is the cumulative result of a 
number of concurrent and sequential biologic 
processes. In general, oral mucositis is character-
ized by functional complaints, such as pain and 
dysphagia, and anatomic changes, such as edema, 
erythema, ulceration, pseudomembrane forma-
tion, alterations in mucus consistency, and  
xerostomia.37

Sonis and colleagues proposed a five-phase 
model to explain the pathophysiology of oral 
mucositis: initiation, up-regulation and message 
generation, signaling and amplification, ulcer-
ation, and healing.38 Oral mucosal toxicity is  
initiated by chemotherapy and radiation therapy 
and is characterized by injury to the submucosal 
tissues. Early response genes are up-regulated, 
resulting in changes in the endothelium, connec-
tive tissue, and extracellular matrix, all mediated 
by the reactive oxygen species, ceramide pathway, 

Figure 1  A patient undergoing external beam radia-
tion therapy with localized backscatter muco sitis.
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and transcription factors.38 This, in turn, causes  
a connective tissue breakdown, epithelial thin-
ning, and initiation of a second set of genes, pro-
moting early apoptosis of clonogenic stem cells in 
the basal epithelium. The molecules specific for 
signaling are proinflammatory cytokines derived 
from epithelial cells (ie, tumor necrosis factor 
[TNF]-a, interleukin [IL]-1b, and IL-6).38–40 
TNF-a causes local tissue damage, whereas IL-1b 
and IL-6 cause localized inflammation (increased 
vascularity). In addition, these molecules further 
amplify up-regulation of transcription factors, 
resulting in more elaboration of cytokines, tissue 
injury, and apoptosis. An unbalancing of apop-
tosis and necrosis exceeds the hyperproliferative 
rate and results in an ulcerative phase, with resul-
tant mucosal damage.30,38–40 This stage is com-
plicated by bacterial colonization and intensifies 
the damage to the underlying submuscosa. The 
ulcers become colonized with gram-negative  
bacteria that produce endotoxins, which stimu-
late the release of cytokines and the production  
of nitric oxide.38 The cytokines and nitric acid 
cause further local tissue damage and localized 
inflammation. Additional local responses are 
prompted, including angiogenesis. In the last 
phase, which is healing, epithelial integrity is 
stimulated by submucosal signaling and  
regenerative properties.38

Clinical Features

The most consistent symptom of mucositis is 
pain. The severity of the pain correlates directly 
with the severity of the mucositis.41 The pain is 
typically constant and is aggravated by drinking, 
eating, and performance of oral hygiene mea-
sures. All intraoral sites may be affected, although 
nonkeratinized surfaces are most severely affected 
(mucosa of the lips, cheeks, floor of the mouth, 
ventral surface of the tongue, and soft palate). 
Erythema is the initial manifestation, followed  
by the development of white desquamative 
patches. Epithelial sloughing and fibrinous  
exudate lead to the formation of ulceration and  
a pseudomembrane.36 

Definitions of the degree and intensity of 
mucositis vary. Numerous scoring systems, none 
universally accepted, have been proposed and  
are used in clinical trials.28,41,42 The most common 
are the World Health Organization system, which 
considers subjective symptoms (dysphagia) into 
the scores, and the National Cancer Institute 
Common Toxicity Criteria system (version 3.0), a 
simple 0 to 4 scale based on the observed degree 
of mucositis.1,28 The lack of uniformity in scoring 
and the question of the validity of these systems, 
despite their common use, further compound the 
difficulty in assessing trials exploring mucositis. 
In particular, the objections to systems that use 
observer scores alone argue that mucositis is not 

a problem but rather the subjective pain and  
dysphagia it causes, and evidence to correlate 
objective scores to degrees of subjective  
symptoms is lacking.

The complications of oral mucositis include 
dehydration, malnutrition, local infection, sys-
temic infection, local hemorrhage, and inter-
ference with the cancer treatment regimen. The 
latter complication is particularly important 
because a delay in completing treatment or a 
reduction in the amount of treatment given may 
influence the eventual outcome of treatment. 
Oral mucositis is a self-limiting condition, with 
recovery occurring around 2 weeks after a course 
of chemotherapy and approximately 3 to 4 weeks 
after a course of radiation therapy.30 Preexisting 
or predisposing factors that challenge wound 
healing can affect recovery from oral mucositis 
(eg, infection).1,22,30

Management

Mucositis management is primarily targeted to 
reduce symptomatology. The established or 
experimental prevention and treatment of oral 
mucositis focus on locally and systemically 
applied pharmacologic and nonpharmacologic 
methods.26 There are multiple classes of agents for 
managing mucositis: anesthetics, antimicrobials, 
antioxidants, antiseptics, chemoprotectants, 
custo mized “cocktails,” coating agents, cryo-
therapy, growth factors, immunomodulators, 
laser therapy, nutritional supplements, and 
others.28 The majority of the agents used today fall 
into one of four categories: drugs designed to 
protect against damage to the proliferating cells, 
anti-inflammatories, antimicrobials, and drugs 
that provide anesthesia.

No standard therapy is universally accepted 
to be effective in the prevention of oral mucositis. 
Cryotherapy was the first mechanism-based 
therapy for mucositis demonstrating benefit of 
vasoconstriction.28 A recent systematic review 
identified 21 interventions that had been evalu-
ated in randomized controlled trials; only 9 of 
these interventions showed evidence of benefit.44 
The authors concluded that there was some 
(“sometimes weak”) evidence to support the use 
of allopurinol, amifostine, antibiotics, granulo-
cyte-macrophage colony-stimulating factor (GM-
CSF), hydrolytic enzymes, ice chips, povidone, 
and oral care.44 In many instances, evidence of  
the effectiveness of an intervention was based on 
studies performed in a specific patient or treat-
ment groups. Similarly, no standard therapy is 
effective in the treatment or reversal of oral muco-
sitis. In another systematic review, of six interven-
tions evaluated in randomized controlled trials, 
evidence of benefit was found for only two.45 The 
authors concluded that there was weak (“unreli-
able”) evidence to support the use of allopurinol 
mouthwash and vitamin E. Considered together, 

these study results show that the primary objec-
tive in the treatment of mucositis should be  
palliation.

Management of pain related to oral muco-
sitis is mainly treated with analgesics. In some 
cases, topical analgesics will control the pain. 
Nevertheless, in many cases, topical analgesics 
need to be supplemented or replaced by systemic 
analgesics. The principles of pain relief in this 
condition are the same as the general principles  
of pain relief in patients with cancer.46 Patients 
often require opioids for moderate to severe pain; 
often these opioids must be given by transdermal 
administration, with a concomitant breakthrough 
in pain control.

Mucosal Protectors
Amifostine (WR-2721) is a phosphorylated ami-
nothiol prodrug acting as a free radical scavenger 
(radioprotector).47 The drug is currently approved 
by the US Food and Drug Administration (FDA) 
for the prevention of moderate to severe radia-
tion-induced xerostomia and reducing the cumu-
lative renal toxicity associated with repeated doses 
of cisplatin in patients with advanced ovarian 
cancer or non–small cell lung cancer. More 
recently, investigators have been interested in 
using this drug to prevent or reduce the severity 
of mucositis, but its effectiveness remains contro-
versial. In a randomized clinical trial of over 300 
patients with xerostomia, mucositis grade g3 
occurred in 35% of the amifostine group and in 
39% of the radiotherapy-alone patients.48 The 
median duration of mucositis was 41 days versus 
38 days, respectively.

Several smaller randomized trials have also 
investigated the role of amifostine for patients 
with head and neck cancer, with prevention of 
mucositis as a primary end point. Bourhis and 
colleagues randomized 26 patients treated with 
an accelerated course of radiation.49 Patients ran-
domized to amifostine had a lower incidence of 
grade 4 mucositis and needed feeding tubes for a 
shorter duration. Buntzel and colleagues investi-
gated the role of amifostine with concurrent che-
motherapy and radiation therapy.50 Randomizing 
28 patients, they reported a significant reduction 
in mucositis as none of the patients receiving 
amifostine had grade 3 or 4 mucositis compared 
with 86% of patients treated with radiation 
alone.

Growth factors and cytokines can either 
stimulate or suppress cell proliferation. Some, for 
example, IL-11,40,51 transforming growth factor 
b3,38,51,52 and recombinant human keratinocyte 
growth factor (rHuKGF),26,53 through a variety  
of mechanisms, may reduce mucositis by either 
interfering with epithelial proliferation or through 
other effects. Palifermin (rHuKGF) is indicated 
to decrease the incidence and duration of severe 
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oral mucositis in patients with hematologic 
malignancies receiving myelotoxic therapy 
requiring hematopoietic stem cell support.54 
Keratinocyte growth factor (KGF) is another 
growth factor speculated to have a role in pre-
vention of mucositis.26,55 KGF has stem cell stimu-
latory properties. Clinical use of these agents for 
radiation-induced mucositis remains highly 
investigational. 

Preclinical data have demonstrated that  
GM-CSF can influence the proliferation of kera-
tinocytes.56 Clinical observations that patients 
receiving GM-CSF with myeloablative chemo-
therapy for hematologic malignancies appeared 
to have a lower incidence of grade 3 and 4 muco-
sitis compared with placebo controls57 have also 
garnered interest. However, small trials using this 
agent via a subcutaneous route have been con-
ducted and have not demonstrated a benefit with 
regard to mucositis reduction.58,59 Topical admin-
istration of GM-CSF is also under investigation. 
Encouraging results have been reported in single-
arm trials testing topical GM-CSF in patients 
receiving radiation for head and neck cancers.60 
However, a trial randomizing patients receiving 
chemoradiation to topical administration of  
GM-CSF or a control solution was discontinued 
when preliminary results did not demonstrate 
any benefit.61

Sucralfate, an agent that has little systemic 
absorption and adheres to ulcer bases, has been 
postulated to be of use in the prevention or ame-
lioration of mucositis.28 It is believed that the 
coating action provides some protection from 
injury and promotes healing. It is approved for 
the treatment of gastric ulceration. Numerous 
trials have investigated sucralfate rinses for oral 
mucositis secondary to radiation injury, and the 
results have been mixed.26 However, the majority 
of studies, including double-blind, placebo- 
controlled, randomized trials, show little, if any, 
benefit of sucralfate in reducing radiation-induced 
oral side effects.62–69

Anti-inflammatory Agents
Steroid and nonsteroidal anti-inflammatory 
agents are not routinely used to treat mucositis.26 
Topical prostaglandins are believed to have anti-
inflammatory properties that may benefit patients 
who will develop radiation-induced mucositis. 
However, both prostaglandin E1 (misoprostol) 
and prostaglandin E2 (prostin) have been evalu-
ated in small trials, and neither has been demon-
strated to prevent or reduce the severity of 
radiation-induced mucositis.70,71

Benzydamine hydrochloride is a topical agent 
that has been studied for preventing or alleviating 
radiation-induced mucositis. The primary mode 
of action is believed to be anti-inflammatory, and 
it has been demonstrated that benzydamine 
hydrochloride inhibits the production and effects 

of inflammatory cytokines, particularly TNF-a.72 
However, the drug has numerous other described 
properties, including analgesic, antimicrobial, 
and anesthetic properties.28

Epstein and colleagues conducted a random-
ized trial of nearly 150 patients, studying the  
efficacy of a 0.15% benzydamine rinse for the  
prevention of mucositis.73 For conventionally 
fractionated radiation up to cumulative doses of 
50 Gy, benzydamine significantly (p=.006) 
reduced erythema and ulceration by approxi-
mately 30% compared with the placebo and 
greater than 33% of benzydamine subjects 
remained ulcer free compared with 18% of pla-
cebo subjects (p=.037). However, benzydamine 
was not effective in subjects receiving accelerated 
radiation doses.

Currently, benzydamine is not approved for 
use in the United States. A large multicenter ran-
domized trial is under way in the United States 
and will include patients treated with conven-
tional and altered fractionation and patients 
treated with radiation alone or concurrent  
chemoradiation.

Decontamination
It has been theorized that the formation of ulcer-
ative mucositis combined with changes in the pH 
of the oral cavity owing to the effects of radiation 
on salivary glands creates a favorable environ-
ment for microbial contamination and local 
infections; therefore, decontamination treatment 
may reduce this postradiation sequelae.1,26 These 
infections create additional stress on the tissues 
and thereby intensify the severity of mucositis. 
Based on this theory, topical antimicrobials have 
been studied as a strategy to minimize mucositis. 
Numerous antimicrobials have been tested.26,28

Chlorhexidine, a broad-spectrum rinse effec-
tive against both gram-positive and gram- 
negative bacilli and yeast, has been tested in 
several randomized trials for preventing or allevi-
ating oral mucositis. No trial has demonstrated it 
to be efficacious,74,75 and Foote and colleagues 
concluded that not only was chlorhexidine not 
effective in preventing mucositis, it was even det-
rimental for their patients undergoing radiation 
for head and neck cancer.76

Several centers have studied rinses or pas-
tilles using a combination of agents.1,26 Typically, 
the combinations have included an antifungal 
(amphotericin B or clotrimazole) and antibacte-
rials, particularly those to combat gram-negative 
organisms. PTA, a combination of polymyxin  
B, tobramycin, and amphotericin B,77 has been 
tested in several centers as an antimicrobial 
strategy for mucositis prevention. PTA has been 
formulated into lozenges and administered sev-
eral times per day during a course of radiation. 
Several randomized placebo-controlled trials 
have been conducted, and the results are mixed. 

Okuno and colleagues found no differences in 
objective measures of mucositis in patients treated 
with an antibiotic lozenge compared with patients 
using a placebo lozenge, but patient- reported 
scores were better in patients treated with an 
active lozenge.78 Symonds and colleagues simi-
larly tested a PTA pastille.79 There was no differ-
ence between the experimental and control arms 
for the study’s primary end point, the incidence 
of thick pseudomembrane formation, but there 
were differences in several of the measured sec-
ondary end points, including a lower incidence of 
worse reported grade of mucositis, dysphagia, 
and weight loss in patients treated with the drug. 
Wijers and colleagues also tested a PTA paste in a 
randomized, placebo-controlled, double-blind 
study and did not find that PTA reduced the inci-
dence of mucositis.80 El-Sayed and colleagues ran-
domized patients to either a lozenge of bacitracin, 
clotrimazole, and gentamicin or placebo and 
found no differences in the severity of mucositis 
in patients receiving conventionally fractionated 
radiation between the two groups.81

A trial investigating iseganan hydrochloride, 
a broad-spectrum antimicrobial rinse, random-
ized patients in a phase III multi-institutional 
trial to active drug, placebo rinse, or best standard 
of care. There was no benefit to the active drug 
compared with placebo, but, interestingly, 
patients using either active drug or placebo rinses 
fared better with respect to both objective and 
subjective measures compared with patients 
receiving standard care only.82

Anesthetics
The management of radiation-induced mucositis 
primarily involves managing pain. Mucositis that 
is not severe can be managed with topical agents, 
although their efficacy has not been proven.26,28 
Baking soda rinses with or without salt are advo-
cated, although they, too, have not been proven 
to alleviate mucositis.1,26 However, they are 
important in maintaining good oral hygiene.1

Lidocaine gel (2%) is occasionally useful, 
particularly for anterior oral sores. Diluting  
lidocaine in “magic mouthwashes” is a common 
practice. These mouthwashes combine an alu-
minum hydroxide antacid, diphenhydramine 
(Benadryl), and lidocaine. Although prophylactic 
antifungal agents are not needed, some practices 
include nystatin in the mouthwash. It should be 
emphasized that there are no significant evidence-
based studies to support the use of these mouth-
washes. Investigating magic mouthwash for 
chemotherapy-induced mucositis, Dodd and  
colleagues found that these mouthwashes were  
no more effective than salt and soda rinses.83

Other topical agents include aloe vera and 
Gelclair, both with soothing properties. Gelclair is 
a bioadherent gel that adheres to mucosal surfaces 
and protects overstimulated nerve endings by 
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forming a protective barrier.28 Neither aloe vera 
nor Gelclair has been shown in randomized phase 
III trials to benefit patients with radiation-induced 
mucositis.

Ultimately, mucositis is managed with anal-
gesics. Early mucositis can be managed with acet-
aminophen or nonsteroidal anti-inflammatory 
agents, but as the severity of mucositis worsens, 
narcotics are often required.1,28,84 Most pain  
regimens begin with codeine-based products. 
When patients breakthrough treatment progress 
to morphine-based products, primarily hydro-
morphone, morphine sulfate, or other narcotic  
products, such as methadone. Recently, fentanyl 
transdermal patches are effective for patients as 
they are long-acting and avoid contact with oral 
mucous membranes.

Xerostomia
Definition

Xerostomia is defined as a dryness of the mouth 
owing to salivary gland secretion dysfunction that 
can be caused by multiple conditions, for example, 
autoimmune disorders, medications, and onco-
logic treatments. Virtually all patients undergoing 
radiation therapy for head and neck cancers suffer 
from xerostomia, which causes oral discomfort 
and pain, increased dental caries and oral infec-
tion, and difficulty in speaking and swallowing. 
This significantly impairs quality of life and can 
compromise nutritional intake and continuity of 
cancer therapy.

Incidence and Risks

Salivary secretion may be decreased by a number 
of disease processes and other factors. Xerostomia 
has been estimated to affect 22 to 26% of the  
general population85 but may occur more com-
monly in the elderly86 and patients with advanced 
cancer (29–77%).85 Radiation damage to the 
major glands results in either a transient or a  
permanent decrease in salivary flow. In a study of 
patients followed up to 25 years after radiation 
therapy, Liu and colleagues found that, compared 
with a nonirradiated group, patients who received 
bilateral ionizing radiation therapy involving  
the major salivary gland tissue exhibited, over 
time, mean decreases of 81% in stimulated and 
78% in unstimulated salivary flow.87 Patients  
who received unilateral radiation therapy 
involving only one parotid gland and one sub-
mandibular gland experienced mean decreases  
of 60% in stimulated and 51% in unstimulated 
salivary flow.87 Patients who underwent cervical 
with supraclavicular radiation therapy (ie, mantle 
field treatment) experienced mean decreases of 
43% in stimulated and 32% in unstimulated  
salivary flow.87 Even low-dose total-body irradia-
tion (as used in allogeneic bone marrow trans-
plantation) may induce varying degrees of salivary 
hypofunction.87–89

Etiology and Pathophysiology

The most common cause of salivary gland dys-
function is drug treatment. Several medications 
can produce xerostomia, including chemotherapy 
agents (eg busulfan, procarbazine) and supportive 
care agents (eg analgesics, antidepressants, anti-
emetics).90 Drug-induced salivary dysfunction is 
generally reversible, that is, discontinuation of the 
drug leads to resolution of the problem. Other 
medications associated with xerostomia include 
antihypertensives,91 pain medications,91 overac-
tive-bladder agents,92 and psychiatric agents.92–94 
Xerostomia has also been reported in association 
with some immunotherapies,95 particularly 
involving the oral cavity or salivary glands.96

Salivary gland dysfunction is a predictable 
side effect of radiation therapy to the head and 
neck region.97 It also occurs in patients who 
receive total-body irradiation as part of the con-
ditioning regimen for a bone marrow transplant.89 
Radiation-induced xerostomia is generally irre-
versible. The severity of radiation-induced xero-
stomia is influenced by both the radiation therapy 
regimen (field, dose) and pretreatment salivary 
gland function (Figure 2).97 In therapy for head 
and neck cancer, the appropriate daily and total 
radiation doses are based on tumor size and  
individual clinical situations.97 Clinically, xero-
stomia has been reported with as little as two or 
three doses of 2 Gy, although many changes 
occurring with less than 60 Gy are reversible.97 
However, doses greater than 30 Gy can cause  
permanent xerostomia.97,98 

Damage to the salivary glands results in 
reduced salivary flow, changes in the electrolyte 
and immunoglobulin composition of saliva, a 
reduction in salivary pH, and repopulation of the 
mouth by cariogenic microflora.99 When the 
major salivary glands are included in the radia-
tion field, salivary function often decreases by 50 
to 60% in the first week, with basal salivary flow 
reaching a measurable minimum 2 to 3 weeks 

after 23 Gy of fractionated radiation therapy.100,101 
The extent of glandular change is generally directly 
related to the dose of radiation to the salivary 
glands, with the most severe and irreversible 
forms of salivary dysfunction resulting from 
damage to or loss of salivary acinar cells.102

Some workers have attributed the pathoge-
nicity of radiation therapy administered to sali-
vary glands to the atrophic effects of this treatment 
on the secretory cells of the glands.103 Serous cells, 
found predominantly in the parotid glands, are 
extremely radiosensitive and undergo apoptosis 
when exposed to low doses of radiation.104 Others 
have attributed salivary gland dysfunction to the 
direct effects of radiation on the vascular and 
connective tissues of the glands.103,105 This may 
account for the effects on the submandibular 
glands, which have a high proportion of  
mucinous cells and are essential for resting 
saliva.

Clinical Features

Individuals with xerostomia can exhibit innu-
merable problems, including oral discomfort; 
taste disturbance; difficulty in chewing, swal-
lowing, and speaking; dental caries; and other 
oral infections. Salivary gland dysfunction may 
intensify or prolong the process of oral muco-
sitis.106 These problems reflect the major func-
tional roles of saliva: protection, early digestion, 
and lubrication.

Radiation-induced xerostomia can be an 
acute complication that improves with time but  
is often a permanent condition that seriously 
impairs the patient’s well-being. Xerostomia pre-
disposes patients to an altered oral microflora 
with increased virulent bacteria and fungal 
activity.16 When not monitored and controlled, 
xerostomia may lead to accumulation of plaque 
and other debris on teeth and periodontal tis-
sues.106,107 Cariogenic plaque buildup on teeth 
may lead to tooth decay, gingivitis, and periodon-
titis. According to Berger and Kilroy,108 elevated 
plaque matrix resulting from xerostomia may 
pose the greatest risk of ORN. Ill-fitting remov-
able prostheses in patients with xerostomia, 
causing tissue irritation, can compound muco-
sitis and result in fenestration of supporting 
mucosa and post-treatment ORN.1

Management

Current management strategies include stringent 
dental and oral hygiene, parotid gland–sparing 
radiation techniques to prevent or minimize 
xerostomia, and pharmacotherapies, such as sali-
vary substitutes and sialogogues.89 Future strate-
gies may include salivary gland transfer, newer 
sialogogues, and gene therapy. To minimize the 
severity of xerostomia and oral complications, it  
is important to begin aggressive oral care before 
radiation therapy. Evaluation by a dental team 

Figure 2  The patient received radiation therapy to 
the head and neck region involving the major salivary 
glands, resulting in post-treatment xerostomia. Note 
the fissuring of the dorsal tongue.
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experienced in oral oncology is essential to deter-
mine oral health status, perform necessary dental 
and oral interventions, and allow for healing from 
any invasive procedures required. Particulars that 
may require attention include mucosal lesions, 
dental caries and endodontic disease, periodontal 
disease, ill-fitting dentures, orthodontic appli-
ances, temporomandibular dysfunction, and  
salivary abnormalities. A stringent oral hygiene 
program is critical and should be continued 
before, during, and after therapy.1,17,107

Amifostine is a cytoprotective agent used in 
the prevention of xerostomia in patients treated 
with radiation therapy for head and neck cancer.108 
This recommendation was based on the results of 
a phase III multi-institutional study reported by 
Brizel and colleagues.48 Although randomized, 
the study was not blinded. The incidence of grade 
f2 chronic xerostomia was reduced from 57%  
in the control arm to 34% in patients receiving  
amifostine. There were no differences in survival 
or disease control, suggesting that amifostine 
protected salivary function without protecting 
the cancer. The recommended dose of amifostine 
is 200 mg/m2/d given as a slow intravenous push 
over 3 minutes, 15 to 30 minutes before each  
fraction of radiation therapy. Patients require 
close monitoring for side effects, including  
hypotension and nausea, and some patients may 
require antiemetics.109 Investigations using a  
subcutaneous administration of amifostine are 
ongoing as this form of administration may be 
more practical and lower the toxicity of the drug.

The risk of complications of radiation  
therapy depends largely on the dose and the  
field. Devices and techniques such as interstitial 
implants, shrinking-field approaches, customized 
immobilization molds, and customized lead-alloy 
blocks are used to achieve safe and permanent 
control of larger lesions, shielding of peripheral 
tissues (ie, radiation stents), accurate and repro-
ducible delivery, and protection of normal  
structures.110–112

An emerging parotid gland–sparing tech-
nique, three-dimensional intensity-modulated 
radiation therapy (IMRT), involves the manipu-
lation of beam intensity across each treatment 
field, providing a dose distribution that conforms 
more accurately to the three-dimensional con-
figuration of the target volume than conventional 
three-dimensional conformal radiation therapy.89 
This technique delivers a higher dose to the tumor 
target without increasing the dose to normal  
tissues, delivers a higher dose per fraction, and 
offers an improved physical and biologic thera-
peutic ratio.98 IMRT can potentially deliver a 
lower dose of radiation to the parotid glands 
compared with conventional beam arrangements 
and thus offers the greatest potential for patients 
with mucosal primary tumors who require  
bilateral neck irradiation.100,101

Eisbruch and colleagues assessed long-term 
xerostomia in 84 patients with head and neck 
cancer who had undergone comprehensive  
bilateral neck radiation therapy using conformal 
and multisegmental IMRT to spare major  
salivary glands.97 Xerostomia was assessed with a 
validated xerostomia-specific questionnaire. 
These researchers observed that, with these 
parotid gland–sparing techniques, xerostomia 
improved over time, with rising salivary produc-
tion from the spared major salivary glands. In 
addition, the oral cavity mean radiation dose was 
found to be significantly correlated with xero-
stomia scores, indicating that it may be beneficial 
to spare the noninvolved oral cavity to further 
reduce xerostomia.

Chao and colleagues conducted a prospec-
tive clinical study to determine whether parotid 
gland–sparing techniques result in objective and 
subjective improvement in xerostomia.100 Twenty-
seven patients underwent inverse-planning  
IMRT and 14 received forward-planning three-
dimensional radiation therapy, with attempts to 
spare the superficial lobe of the parotid glands. 
Dose-volume histograms were computed for  
each gland. Stimulated salivary flow 6 months 
after treatment was reduced exponentially, for 
each gland independently, at a rate of approxi-
mately 4% per Gy of mean parotid dose. Patients’ 
answers to quality of life questions about eating 
and speaking function were also significantly  
correlated with salivary flow. In another study, 
Chao and colleagues concluded that the dosi-
metric advantage of IMRT conferred a significant 
reduction in late salivary toxicity, with no adverse 
impact on tumor control or disease-free  
survival.101 

Although further study is needed, these and 
other emerging data indicate that IMRT and  
other new parotid gland–sparing techniques hold 
promise for the treatment of head and neck 
cancer, potentially offering reduced severity of 
xerostomia without compromised tumor control 
for appropriately selected patients.

Although the radiation ports used in treating 
head and neck cancer generally deliver 60 to 65 Gy 
to the major salivary glands, the submental region 
is regularly shielded, receiving only scatter radia-
tion of 5% of the total dose.17,97 Several animal 
studies have demonstrated the feasibility of micro-
vascular autotransplantation of submandibular 
and parotid gland tissue.113–115 In a recent human 
study, Seikaly and colleagues transferred the  
submandibular gland to the submental space in 
patients undergoing surgery and radiation therapy 
for head and neck cancer.116 The glands survived 
transfer and continued to function after radiation 
therapy with appropriate shielding.

Emerging research and medical technology 
are providing specificity and sensitivity methods 

to determine the roles of human salivary compo-
nents. Gene transfer may be potentially useful for 
treating inherited single-gene deficiency dis orders 
and malignancies refractory to other therapies, as 
well as for repairing radiated salivary glands.116,117 
There are no published reports examining a  
prophylactic gene transfer approach to reducing 
or eliminating radiation damage of the salivary 
glands.116 Translational studies involving plasmid-
mediated gene transfer for reducing radiation-
induced damage have been conducted, and the 
results of in vivo animal studies in lung and 
esophageal tissue are quite promising.118,119 

Research in nonviral gene-mediated therapeutics 
for restoring radiation-induced salivary gland 
dysfunction may prove beneficial.120

Current therapies for the pharmacologic 
management of radiation-induced xerostomia 
include the use of prescription fluoride agents  
to maintain optimal oral hygiene, antimicrobials 
to prevent dental caries and oral infection, saliva 
substitutes to relieve dryness, and sialogogic 
agents to stimulate saliva production from 
remaining intact salivary gland tissues.1,22,89 Saliva 
substitutes containing hydroxyethyl-, hydroxy-
propyl-, or carboxymethylcellulose may be bene-
ficial as palliative agents to relieve the discomfort 
of xerostomia by temporarily wetting the oral 
mucosa.89 New saliva substitutes (moisturizing 
gels) with enzymatic and protein components (ie, 
glucose oxidase and lactoperoxidase), which 
present prospective antibacterial effectiveness 
and increased oral moisture, are under study.

For patients with residual salivary gland 
function, cholinergic agonists may produce 
symptomatic improvement.1,89 Pilocarpine is  
currently the only sialagogic agent approved by 
the FDA for radiation-induced xerostomia.  
Pilocarpine functions primarily as a muscarinic-
cholinergic agonist with mild b-adrenergic 
activity, which can increase secretion of exocrine 
glands, such as salivary and sweat glands, and the 
tone of smooth muscle in the gastrointestinal  
and urinary tracts. Studies have shown oral pilo-
carpine to have efficacy in patients with Sjögren’s 
syndrome, radiation-induced xerostomia, and 
opioid-induced xerostomia, as well as increasing 
salivary flow and restoring salivary composition 
in those with graft-versus-host disease owing to 
allogeneic bone marrow transplantation.102,121–127 
LeVeque and colleagues conducted a random-
ized, placebo-controlled, dose-escalation study, 
and Johnson and colleagues a three-arm, ran-
domized, placebo-controlled trial (placebo, pilo-
carpine 5 mg three times daily, and pilocarpine  
10 mg three times daily).122,128 In both studies,  
significantly more pilocarpine-treated patients 
than placebo recipients reported improvement in 
xerostomia. In addition, LeVeque and colleagues 
found that treatment with pilocarpine led to a  
significant decrease in the use of oral comfort 
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agents, such as artificial saliva, hard candies, and 
water.122

Other cholinergic agents with sialogogic 
properties, such as cevimeline hydrochloride, 
may prove beneficial for cancer patients with 
xerostomia. Cevimeline is a newer muscarinic 
agonist that has been found to be safe and  
effective in treating xerostomia associated with 
Sjögren’s syndrome and received FDA approval 
for that use.89,129,130 It is currently under study for 
use in patients with head and neck cancer who 
have radiation-induced xerostomia. The most 
common drug-related side effects are excessive 
sweating, nausea, rhinitis, and diarrhea.131

Osteoradionecrosis
Definition

ORN has been defined as “radiological evidence 
of bone necrosis within the radiation field, where 
tumour recurrence has been excluded.”132 ORN  
is death of the bony tissues of the maxillae  
and mandible secondary to radiation therapy 
(Figure 3). ORN can be a debilitating condition 
that can occur either soon after a course of  
radiation therapy or months to years following 
treatment. It can be self-limiting, and in its most 
severe form, ORN is characterized by severe pain, 
trismus, fistula and cicatrix formation, pathologic 
fracture, and loss of soft and osseous tissues.1

ORN is not infection of compromised bone, 
as was previously believed. It is now understood 
to be a progressive avascular necrosis by the tissue 
effects of either external beam radiation therapy 
or brachytherapy. These tissue effects include 
hypocellularity, hypovascularity, and hypoxia 
and create a new composite tissue referred to as 
“three-H tissue.”133 ORN can occur spontane-
ously, but most commonly trauma to this three-
H tissue creates further pathophysiologic changes 
that result in ORN. 

Incidence and Risks

ORN is rare in patients who receive less than  
60 Gy of radiation therapy. However, the fre-
quency of ORN is uncertain because there is no 
standard mechanism for reporting the disease. 
The RTOG requests its members to report radia-
tion toxicity, including ORN; however, univer-
sally, the condition is probably underreported. 
On average, ORN may occur within the first few 
years after radiation treatment and is not cap-
tured in most head and neck cancer longitudinal 
multicenter studies. Additionally, this late sequela 
of radiation is often reported as a crude incidence 
rather than an actuarial incidence, making the 
incidence fewer in frequency than it is in reality.

The mandible is much more susceptible to 
ORN than the maxilla. Patients with teeth are at 
greater risk of developing ORN than edentulous 
patients.134 ORN may occur at any time following 
radiation therapy but commonly occurs within  
3 years of the radiation therapy.135 Cases have 
been reported describing ORN developing over 
35 years after radiation therapy.136

Etiology and Pathophysiology

The underlying mechanisms of ORN relate to the 
“three-H principle” of irradiated tissue, that is, 
hypocellularity, hypovascularity, and hypoxia. In 
such tissue, the ability to replace normal cellular 
and collagen loss is severely compromised, with 
resultant necrosis occurring in relation to the rate 
of normal or induced cellular death and collagen 
lysis.137 The risk of ORN following trauma or oral 
surgical procedures can be significant. 

ORN can be either spontaneous (39% of 
cases) or the result of an insult (61% of cases).133,137 
Spontaneous ORN occurs when, in the process of 
otherwise normal turnover of bone, the degrada-
tive function exceeds new bone production. ORN 
develops following injury when the reparative 
capacity of bone within an irradiated field is insuf-
ficient to overcome an insult. Bone injury can 
occur through direct trauma (eg, tooth extraction 
[up to 84%], related tumor ablative surgery or 
biopsy [12%], frictional irritation [1%]) or expo-
sure of the oral cavity to the environment sec-
ondary to overlying soft tissue necrosis.133 The 
cumulative progressive endarteritis caused by 
radiation therapy results in insufficient blood 
supply and tissue oxygen delivery, with resultant 
poor wound-healing capacity.137,138

Clinical Features

The clinical features are influenced by the stage of 
ORN. Patients with early-stage necrosis may be 
relatively asymptomatic. In contrast, patients 
with advanced-stage ORN are often very symp-
tomatic (eg, pain, discharge). The diagnosis of 
ORN is based on a combination of clinical and 
radiologic features.135

Store and Boysen proposed the following 
staging classification of ORN132:

•	 Stage 0: exposed bone; no radiologic signs
•	 Stage  1: mucosa intact; radiologic signs  

present
•	 Stage  2: exposed bone; radiologic signs  

present
•	 Stage  3: exposed bone; radiologic signs  

present; orocutaneous fistula; localized  
infection

In working up a patient with ORN, conven-
tional laboratory studies and diagnostic imaging 
are ordered to rule out recurrence and second 
primary malignancy with a biopsy as indicated. 
Information pertaining to the volume of tissue 
irradiated can be obtained in radiation oncology 
treatment summaries to determine the method  
of treatment, dosimetry, and energy used.1,22 
Diagnostic imaging can include studies of plain 
radiographs of the mandible and maxillae, such  
as a panoramic radiograph, to determine gross 
areas of local decalcification or sclerosis. Plain 
radiographs can show decreased bone density  
and detect fractures. Magnetic resonance imaging 
(MRI) depicts ORN with reduced bone marrow 
signal intensity on T1-weighted images and 
increased signal intensity on T2-weighted 
images.139 Absence of a marrow signal on MRI can 
be used to identify significant radiation injury in 
the mandible. Computed tomographic (CT) 
scans are excellent in identifying sites of signifi-
cant bone injury and diagnosing ORN.139 Altera-
tion in trabeculation, cortical thinning, and 
sclerosis are common findings in sites of injury. 
Single-photon emission tomography may have a 
role in the future as more experience is gained 
with this modality.139,140

Management

The most important aspect of ORN-related  
treatment is prevention. ORN may be avoided if 
patients receive appropriate dental care prior to 
radiation therapy, maintain high standards of 
oral hygiene during and after radiation therapy, 
and avoid dental extractions and other types of 
oral surgery after radiation therapy. Strategies  
for preventing ORN include appropriate dental 
prophylaxis prior to, during, and following a 
course of treatment with radiation to the head 
and neck. Should ORN develop despite these 
measures, management will depend on the  
individual clinical status.

In most cases, the management of ORN is 
conservative and involves some or all of the  
following modalities: removal of loose bone frag-
ments, gentle sequestration, irrigation, topical 
antiseptics, systemic antibiotics, and hyperbaric 
oxygen (HBO).135 Other modalities that have 
been reported to be effective include pentoxyfil-
line and vitamin E, ultrasound therapy, and  
electromagnetic stimulation.135

Figure 3  A patient who received induction chemo-
therapy followed by external beam radiation therapy 
with mandibular osteoradionecrosis. The patient  
will undergo hyperbaric oxygen therapy followed by 
surgical intervention.
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In advanced cases (symptomatic), surgical 
intervention is required and involves either rad-
ical sequestration or hemimandibulectomy with 
reconstruction.140,141 If oral surgical intervention 
is required after radiation therapy, then pre-  
and postoperative HBO therapy may increase  
the potential for healing and minimize the risk of 
ORN.142 HBO therapy increases wound-healing 
capacity by stimulating osteogenesis and angio-
genesis. It should be noted that many dental pro-
cedures can be safely done after radiation therapy, 
including routine restorative procedures, end-
odontic procedures, and prosthetic procedures.

Currently used HBO protocols by stage of 
disease are as follows:

Stage I. Perform 30 HBO treatments (one 
treatment per day, Monday–Friday) 
to 2.4 atmospheres for 90 minutes 
breathing 100% oxygen. The patient 
is closely monitored to evaluate 
decreased bone exposure, granulation 
tissue covering exposed bone, resorp-
tion of nonviable bone, and absence 
of inflammation and infection. For 
patients who respond favorably, con-
tinue treatment to a total of 40 or 
more treatments. For patients who 
are not responsive, advance to stage 
II.133,143–147 

Stage II. Perform transoral sequestrectomy, 
attempting primary wound closure 
followed by continued HBO therapy 
to a total of 40 treatments. If wound 
dehiscence occurs, advance patients 
to stage III. Patients who present with 
orocutaneous fistula, pathologic frac-
ture, or resorption to the inferior 
border of the mandible advance to 
stage III immediately after the initial 
30 treatments.146,147 

Stage III. Perform transcutaneous mandibular 
resection, wound closure, and man-
dibular fixation, that is, maxilloman-
dibular fixation or reconstruction 
plating, followed by an additional  
10 to 20 postoperative HBO  
treatments.146,147

Stage IIIR. Perform mandibular reconstruction 
10 weeks after successful resolution  
of mandibular ORN. Marx advocates 
the use of autogenous cancellous  
bone within a freeze-dried allogeneic 
bone carrier and/or packed with 
plasma rich protein. Complete 10  
to 20 additional postoperative HBO  
treatments.146,147

In addition to a staged therapy with HBO 
treatment, as described by Marx, microvascular 
free-tissue transfer reconstruction affords the  
clinician and patient another opportunity to  

correct ORN.1,147–150 Excellent outcomes of imme-
diate reconstruction of the mandible and maxillae 
following resection of ORN using free-tissue 
transfer techniques have been reported in the  
literature.148–150

Radiation can permanently destroy cellular 
elements of bone and thus limit the potential for 
wound maintenance and the ability to heal after 
infection or trauma (eg, dental extraction, alveo-
loplasty).151,152 Further, the risk of complications 
following trauma or oral surgical procedures in 
an irradiated field can be highly significant, 
depending on a predetermined threshold of irra-
diation, and can result in ORN.152–154 For these 
reasons, elective oral surgical procedures, such  
as extractions or soft tissue surgery, are contrain-
dicated within an irradiated field owing to hypo-
vascularity, hypocellularity, and hypoxia.1 
However, nonsurgical dental procedures that can 
be safely performed include routine restorative 
procedures, oral prophylaxis, radiography, and 
endodontic and prosthodontic procedures.1,22

Following initial recovery from radiation 
effects, nonsurgical periodontal therapy, usually 
with prophylactic antibiotic coverage, is appro-
priate for treatment of the periodontium within 
the radiation field. It is important to detect and 
treat dental caries or traumatic dental injury  
that could lead to pathosis. However, ORN can 
occur spontaneously if wound healing is com-
promised.155–157 If postradiation extractions are 
necessary, HBO therapy, along with a specific oral 
care regimen, is indicated to augment wound 
healing. In such cases, tissues should be managed 
gently, and antibiotic coverage is required. Local 
anesthetics containing epinephrine should be 
avoided, when possible, to prevent further  
vascular constriction.1,3 Workers have reported 
successful placement of endosseous implants in 
irradiated fields with a pretreatment regimen of 
HBO.158,159 In contrast, ORN has been initiated by 
such an elective surgical intervention.1,133,155,159

Oral Infections
Definition

Oral infections are a common acute complication 
of chemotherapy and radiation therapy. The oral 
cavity is a complex environment composed of a 
myriad of commensal bacteria, fungi, and viruses 
that populate the oral mucosa, connective tissue, 
salivary glands, taste buds, bones, and teeth. Mul-
tiple factors predispose individuals to infections 
such as treatment-induced neutropenia, hypo-
gammaglobulinemia, T-cell dysfunction, and 
mucosal damage.37

Incidence and Risks

Most of the patients treated for head and neck 
cancer and almost half of the patients receiving 
chemotherapy for non–head and neck cancer 

develop acute oral complications, that is,  
mucositis and/or infections (Figure 4).160,161

Etiology and Pathophysiology

The etiology of infections includes damage to the 
oral mucosa and systemic immunosuppression.162 
Oral infections usually occur in association with 
the hematologic nadir, although they may occur 
at other times in the chemotherapy cycle. For 
example, oral herpes simplex virus (HSV) infec-
tions can be seen early in the chemotherapy cycle. 
The treatment-induced mucosal barrier injury is 
a risk factor for severe infectious complications. 
The intact mucosa is the first defense against  
systemic infections. Compromise of the mucosal 
barrier can contribute to local invasion by colo-
nizing microorganisms and eventual systemic 
infection.37 Mucosal injury can lead to gram- 
positive infections, anaerobic infections, neutro-
penic enterocolitis, Candida infections, acute 
graft-versus-host disease, and malnutrition.37 The 
risk of infection is directly related to the depth 
and length of neutropenia or lowered white blood 
cell count. More than 60% of patients with neu-
tropenia will become infected. If the absolute 
neutrophil count is <100/mm3, approximately 
20% of febrile patients will have a documented 
bacteremia.163–165 Most infections are due to  
bacteria, although fatal infections are usually due 
to fungal organisms.163 

Clinical Features

Patients with cancer who undergo treatment  
with chemotherapy, radiation, or surgery are at 
significant risk of infection. This risk is related  
to compromised host defenses and sequelae of 
treatment owing to the absence of neutrophils, 
infection barrier disruption, and shifts in micro-
bial flora. The mortality attributed to infections 
has decreased over the years because of the  
development of b-lactam and fluoroquinolone 
antibiotics, the increased use of prophylactic  

Figure 4  A patient with acute myelogenous leuke-
mia undergoing therapy with a fungal infection at  
the edentulous premaxillae. The patient wears a  
maxillary complete denture.
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antifungals and antivirals, and the use of colony-
stimulating factors in selected patients.163 The 
interaction of infection and mucosal barrier 
injury is well displayed in the third phase of a 
mucosal barrier injury of the gastrointestinal 
tract, as described by Blijlevens and colleagues, 
when necrosis and ulcerations occur with the 
translocation of resident microflora and their 
products (ie, endotoxin) into the bloodstream.166 
Damaged mucosa leads to significant morbidity 
and potential infection. Oropharyngeal candidi-
asis is a common infection in patients undergoing 
oncologic treatment. Oral mucosal colonization 
(up to 93%) and infection (ranging from 17 to 
29%) with Candida are particularly common in 
patients receiving radiation therapy for head and 
neck cancer.167 Although all patients with cancer 
who are undergoing chemotherapy are at risk of 
oral complications, some patients are at a greater 
risk than others, depending primarily on the type 
of malignancy and the aggressiveness of the cancer 
treatment. Patients with hematologic malignan-
cies (eg, leukemia and lymphoma) have a greater 
risk than patients with solid tumors (eg, breast 
cancer, lung cancer, and sarcomas) because the 
protective elements that maintain bodily homeo-
stasis are part of the malignant process of  
hematologic malignancies.168,169

Viral reactivitiation may lead to severe oral 
or disseminated infections during periods of 
myeloimmunosuppression. In particular, HSV 
infections are often associated with severe, painful, 
and prolonged ulcerations atypical of those found 
in immunocompetent hosts.12,170–174 Suspected 
HSV lesions should be treated with antiviral 
agents such as acyclovir administered orally or 
intravenously and managed as described above 
for irradiated patients. The diagnosis should be 
established using viral cultures, direct immuno-
fluorescence or other rapid diagnostic tests, and 
the lesions.12,170–173,175,176

Bacterial infections following chemotherapy 
can cause localized mucosal lesions, sialoadenitis, 
periodontal abscesses, pericoronitis, or acute  
necrotizing ulcerative gingivitis.22,177 Because sys-
temic infection is a serious complication in neu-
tropenic patients, constant vigilance must be 
maintained to prevent or manage oral infections 
of any type.1,21,22,175 Because antileukemic therapy 
is designed to achieve myelosuppression, this  
risk may be higher among patients with leukemia 
than among those with solid tumors.175,178 Oral 
infections should be treated with selected antibi-
otic combinations (broad-spectrum antibiotics), 
including an agent effective against anaerobic 
gram-negative bacilli, such as Pseudomonas,  
Klebsiella, or enterobacteria, which are often 
found in the oral cavity of immunocompromised 
individuals.21,22,177,179 Oral microbial culture testing 
should be used to ensure antibiotic sensitivity and 
resistance selection and to assist in identification 
of the causative organisms.180

Vascular endothelial damage can occur fol-
lowing stem cell transplantation or external beam 
radiation therapy with release of higher levels  
of proinflammatory cytokines and radiation-
induced fibrosis of the vascular lining.37 This  
cascading event can exacerbate multiple mani-
festations in the head and neck area, that is,  
graft-versus-host disease and ORN. A variety of 
different infections may occur in the oral cavity at 
separate or combined times, such as candidiasis, 
anaerobic infection, herpes simplex viral shed-
ding, and caries. As previously described, the eti-
ology of these infections includes damage to the 
oral mucosa and salivary gland dysfunction.162 
The chronic nature of these infections reflects  
the ongoing nature of hypovascularity and the 
salivary gland dysfunction. 

Oral infections can cause morbidity per se, 
can aggravate oral mucositis, and can lead to sys-
temic infections. The clinical features may be 
relatively specific or relatively nonspecific (ie, oral 
mucositis). Moreover, the clinical features may be 
typical or atypical, particularly in immunosup-
pressed patients. Thus, health care professionals 
should have a low threshold for screening for the 
presence of such oral infections.

Management

The management of upper aerodigestive tract 
infections relies on the identification of the 
patients at significant risk of life-threatening 
infections, initiation of appropriate clinical and 
diagnostic tests, and timely initiation of antimi-
crobial therapy, that is, broad-sprectrum antibi-
otics.37 In response to more effective drug therapy, 
the types of infections have changed as resistant 
and opportunistic organisms emerge.163 Strategies 
to minimize and prevent infection in patients 
with mild to moderate short-term neutropenia 
are generally successful. Prophylactic treatment 
of infection with oral antibiotics in neutropenic 
patients is now being widely used. However, com-
plete prevention or elimination of infection has 
not been accomplished in high-risk patients, such 
as those undergoing stem cell transplantation or 
intensive chemotherapy.163 Therefore, to mini-
mize the risks of oral infection, it is important to 
develop simple and practical guidelines for main-
taining periodontal health and for diagnosing, 
preventing, and treating periodontal infections 
during therapy.1,22 Cancer patients should make 
regular dental visits for overall dental and peri-
odontal assessment. Patients receiving chemo-
therapy can undergo a dental cleaning provided 
that they meet the following hematologic con-
ditions: first, an absolute neutrophil count of 
approximately 1,000/mm3 (white blood cell count 
times the percentage of neutrophils equals the 
absolute neutrophil count), a level at which the 
risk of developing an infection is minimal, and 
second, a platelet count >50,000/mm3 with a 

normal coagulation profile.180 The administration 
of prophylactic antibiotics is essential owing to 
the induced bacteremia, immunocompromised 
status, and potential for hypofunctioning white 
blood cells introduced by chemotherapy.

Patients with an uninfected dentition and 
good periodontal health do not pose a diagnostic 
treatment challenge, nor do patients with 
advanced periodontal disease that mandates 
immediate surgical intervention. However, 
patients with increased loss of attachment with 
furcation involvement or periodontal pocket for-
mation with furcation involvement pose a treat-
ment dilemma.22 Patients in whom the soft tissue 
parallels the bone loss and in whom pocket depth 
is normal can be treated with regular periodontal 
care and maintenance. Extraction should be  
considered only for patients with pathologic 
mobility of dentition or with a fulminant  
periapical abscess.1,22 Patients with moderate to 
advanced periodontal disease present a greater 
challenge and would, under usual circumstances, 
receive instructions for infection prophylaxis and 
dental hygiene, as well as surgical correction. 
However, the feasibility of such comprehensive 
therapy during chemotherapy can be limited by 
several factors, including performance status, 
type of malignant disease, cycling of chemo-
therapy, and hematologic competence. The clini-
cian should strive to provide a thorough scaling 
and to encourage maintenance through excep-
tional plaque control (ie, brushing, flossing, and 
use of chlorhexidine gluconate).22,168,169 To reduce 
the risk of septic foci, extractions should be con-
sidered for patients with any exacerbated acute 
periodontal infection. This oral surgical correc-
tion should be performed at the appropriate time 
in the treatment cycle (at the beginning of the 
cycle or during the recovery phase with hemato-
logic or chemistry stability) or when the patient’s 
cancer is in complete remission. If chemotherapy 
is on hold, periodontal surgery could be consid-
ered provided that the hematologic status is 
appropriate. The dentist must discuss with the 
treating medical oncologist the patient’s oral 
status, treatment plan, and contraindications to 
surgical intervention, as well as the appropriate 
timing of oral treatment intervention.29,57,134 

Toothbrushing and flossing should be the 
standard of dental care for patients who routinely 
brush and floss. However, as in the general popu-
lation, many patients with cancer either do not 
floss or floss infrequently. Thus, clinicians may 
either instruct patients to floss or may stress 
brushing techniques only. In most cases, patient 
factors and limited time parameters do not permit 
the patient to become proficient in flossing tech-
niques. However, if the clinician identifies an area 
where food continually lodges, the patient should 
be encouraged to floss the area to reduce the risk 
of gingival inflammation.21,22 Patients who floss 
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on a regular basis are instructed to modify the 
flossing technique in certain clinical situations. 
First, patients are instructed to floss gently when 
the lining of the oral cavity starts to become sensi-
tive to thermal changes or food substances, indi-
cating mucosal thinning owing to the suppressive 
effects of chemotherapy on the normally pro-
liferative epithelium.38–40 Second, patients are 
instructed to floss only to the gingiva when the 
platelet count falls below 50,000/mm3. This tech-
nique removes most of the debris from this 
area.22

Oral lavage therapy, including toothbrushing, 
is imperative for plaque control. The patient 
should be instructed to brush after every meal. In 
certain clinical situations, such as increased 
mucosal sensitivity to food or thermal changes, 
increased sensitivity to toothbrush bristles, irrita-
tion of the gingival tissues by the toothbrush, or 
profound thrombocytopenia (<20,000/mm3), 
patients should change from a soft to an ultra–
soft-bristled or sensitive-bristled toothbrush.1,21,22 
In controlling plaque accumulation, it is impor-
tant to minimize the risk of gingival inflamma-
tion, the oral bacterial load, and the potential for 
infection.22 Along with routine brushing and 
flossing, rinsing with chlorhexidine gluconate 
should be initiated when patients begin chemo-
therapy. Such rinsing is an adjunct to ideal oral-
periodontal care and can also be used when 
indications arise, such as oral mucosal changes 
secondary to chemotherapy and subsequent 
increased soft tissue sensitivity.22,181–185 Patients 
undergoing chemotherapy should be encouraged 
to rinse with a dilute saline and sodium bicar-
bonate solution (5%) to reduce adherent mucoid 
debris on oral soft tissues, lubricate oral mucosal 
and oropharyngeal tissues, and elevate the pH of 
oral fluids.21,22 Patients encountering nausea and 
anorexia should be encouraged to rinse with a 
sodium bicarbonate and salt water solution  
several times throughout the day to reduce oral 
acidity and minimize the mucosal insult.1,22

Caries
Definition

Dental caries is defined as a soft decayed area in  
a tooth. Progressive decay can lead to the death of 
a tooth.

Incidence and Risks

Tooth decay is one of the most common of all 
disorders, second only to the common cold. It 
usually occurs in children and young adults but 
can affect any person. It is the most important 
cause of tooth loss in humans. Dental caries is a 
common sequela of radiation and is often exacer-
bated by xerostomia.1,22 Irradiation of major sali-
vary glands leads to qualitative and quantitative 
changes in salivary secretions. This results in an 

increase in plaque and mucoid debris accumula-
tion and a reduction in the salivary pH antimicro-
bial proteins and the buffering capacity of saliva.186 
This creates a cariogenic oral environment,  
particularly in patients ingesting a diet high in 
carbohydrates or sucrose.

Etiology and Pathophysiology

Dental caries is an infectious and multifactorial 
disease. Caries-forming bacteria (ie, Streptococcus 
mutans, Lactobacillus, Actinomyces) are common-
ally present in the oral cavity.1 Dental caries occur 
when bacterial by-products, that is, acids, cavitate 
the hard surfaces of teeth. Without intervention, 
the bacteria will penetrate the cavitated enamel 
surface and underlying dentin and encroach onto 
the pulp tissue. The bacteria convert all foods, 
especially sugar and starch, into acids. Cariogenic 
bacteria and by-products are found in dental 
plaque, a sticky organic matrix of bacteria, food 
debris, dead mucosal cells, and saliary compo-
nents, adhering to the tooth surface. Bacteria 
colonize on tooth surfaces and produce polysac-
charides that enhance adherence of the plaque to 
the enamel. A demineralization process occurs, 
and the underlying tooth surfaces lose calcium, 
phosphate, and carbonate. Cycles of demeraliza-
tion and remineralization continue throughout 
the lifetime of the tooth.187 Plaque that is not 
removed from the teeth mineralizes into calculus. 
Plaque and calculus irritate the gingival tissues, 
resulting in gingivitis and, ultimately, periodon-
titis. Plaque begins to accumulate on teeth within 
20 minutes after eating, which is the time when 
most bacterial activity occurs. If this plaque is not 
removed thoroughly and routinely, tooth decay 
will not only begin but flourish.

Clinical Features 

Initially, cavities are usually painless until they 
proliferate inside the tooth and destroy the pulpal 
tissue (Figure 5). If left untreated, a periapical 
infection can develop, requiring endodontic 
therapy. In the early years of the twentieth  
century, basic dental research led to significant 
advances in the understanding of the histopa-
thology of caries in enamel and dentin, microbial 
risk factors, the physiology and pathology of 
saliva, and the understanding of fluoride mecha-
nisms. As a result, the development of new pre-
ventive interventions and restorative materials 
made a significant impact on the restoration of 
caries and the retention of dentition Additionally, 
a second major development in caries prevention 
was scientific validation of the efficacy and  
effectiveness of sealants and fluoride therapy.

Management

Treatment strategies must be directed to each 
component of the caries process. Optimal oral 

hygiene must be maintained on a routine basis. 
Xerostomia should be managed whenever pos-
sible by sialogogue therapy or salivary substitutes. 
Owing to the harmful effect of postradiation 
caries, patients who have undergone radiation 
should be treated with a prophylactic regimen, 
specifically flossing, brushing, and fluoride 
therapy. Caries resistance can be enhanced  
with the use of antimicrobial topical fluorides. 
Streptococcus mutans, when exposed to low con-
centrations of fluoride, produces less acid.187–190 
The combination of oral hygiene, frequent dental 
follow-up examinations, and appropriate pro-
phylactic treatment procedures is essential to 
caries prevention, as is fluoride treatment con-
sisting of a daily application of 0.4% stannous 
fluoride or 1.1% sodium fluoride and applied to 
the dentition using a brush-on technique or gel-
filled trays (ie, fluoride carriers).1,23,186 The efficacy 
of topical medication is enhanced with the use of 
customized carriers that extend the contact time 
of active drug with tooth structure that leads to 
increased uptake into the enamel matrices. Fluo-
ride is more readily taken up by demineralized 
enamel than by sound enamel. Compared with 
sodium fluoride, stannous fluoride is slightly 
more acidic, but its uptake into the enamel 
matrices is four times greater.1,23 In adults with 
xerostomia, fluoride leaches out of the enamel 
within 24 hours; thus, the fluoride regimen must 
be performed daily for optimal protection. The 
most efficient method of fluoride application is  
to use a custom-made polypropylene polypro-
pylene fluoride carrier that completely covers, 
and extends slightly beyond, the tooth surface.23 
Patients fill the carriers with fluoride gel and place 
them onto the dentition daily for 10 minutes.1,23 
Patients who receive low doses of radiation and 
are expected to have a slight degree of xerostomia 
can use a toothbrush to apply the fluoride gel.191 
Sensitivity and pain are common side effects  
of fluoride and may necessitate a change in the 
fluoride concentration or the method of applica-
tion. A daily fluoride program can decrease  
postradiation dentinal hypersensitivity,  

Figure 5  A patient on chronic use of analgesia  
therapy with severe xerostomia and rampant caries.
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remineralize cavitated enamel matrices, and, 
more importantly, inhibit caries-forming  
organisms.1,23

Conclusions

The oral cavity should be thoroughly evaluated in 
all patients diagnosed with cancer, as well as in 
patients undergoing any immunomyelosuppres-
sive therapy. Preventing and treating the oral 
complications of cancer are important responsi-
bilities of the oral health care provider, and antic-
ipating primary and secondary mucosal insults 
and recognizing oral complications promptly in 
this setting can decrease the incidence of such 
complications or ameliorate their morbid side 
effects. By fostering communication and compli-
ance among members of the multidisciplinary 
team, the dental specialist can ensure quality  
preventive, therapeutic, and maintenance care to 
patients with cancer.
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Upper Airway Problems
Rex C. Yung, MD, FCCP

The respiratory tract is often involved in cancer, 
either by primary malignancies or cancers meta-
static to the respiratory tract. Bronchogenic carci-
noma is the leading cause of cancer mortality, 
accounting for 30% of cancer-related deaths in 
both males and females in the United States.1 
Other upper aerodigestive tract malignancies, 
that is, head and neck and esophageal cancers, are 
also tobacco related and frequently cause compli-
cations in the upper airways. Disease progression, 
deteriorating patient functional status, and/or  
the effects of therapies contribute to the overall 
high morbidity and mortality owing to cancer 
complications of the respiratory tract. 

This chapter focuses on upper airway prob-
lems encountered in the care of cancer patients. It 
reviews the anatomy of the region of interest, that 
is, the larynx, hypopharynx, and trachea, func-
tional defects of which will lead to the principal 
problems of upper airway obstruction, vocal cord 
paralysis (VCP), and aspiration, manifested clini-
cally as respiratory distress and gas-exchange 
derangements. A myriad of other signs and symp-
toms can be caused by direct tumor involvement 
of the upper airway and its adjacent soft tissue 
and vascular structures or as a result of iatrogenic 
complications from antineoplastic therapy and 
adjunctive interventions.

Anatomy of the Upper Airway 

The region of the airways under consideration in 
this chapter is confined to the larynx, hypophar-
ynx, and the central nonconducting airways, 
including the trachea and main carinal branching 
into the right and left mainstem bronchi.2  
Malformations and cancer-associated patholo-
gies of the orofacial region and airway segments 
distal to the zero (trachea) and first-generation 
(right and left mainstem bronchi) branching can 
also lead to breathing and gas-exchange abnor-
malities, but these are addressed in preceding and 
following chapters.

The larynx is the organ of voice production 
and consists of the soft tissue structures inter-
posed between the pharynx and the upper tra-
chea. Dysfunction of the vocal cords, cartilage, 
and muscular and membranous structures of this 
region may lead to voice dysfunction, airflow 
obstruction, and increased risk of aspiration.

The pharynx is the upper expanded portion 
of the digestive tube, with the mouth and nasal 
cavities above and in front and connected to the 
esophagus below. The hypopharynx is the longest 
and most inferior of the three segments of the 
pharynx and is somewhat funnel shaped, defined 
superiorly by the level of the epiglottis and anteri-
orly by the lateral aspects of the thyroid cartilage 
and narrowing toward the level of the cricopha-
ryngeal muscles. Although it is structurally made 
up of voluntary smooth muscles arranged in outer 
circular and inner longitudinal layers, the hypo-
pharynx has a far more complex function than 
merely serving as a passage for solids and liquids 
on its way to the digestive tract. The orderly coor-
dination of action with the tongue in propelling a 
bolus of food, timely relaxation of the cricopha-
ryngeus and subsequent peristaltic action of 
esophageal musculature, and other dynamic 
interactions with laryngeal structures allow feed-
ing, swallowing, and avoidance of aspiration. 
Hypopharyngeal pathology and dysfunction may 
therefore lead gas-exchange abnormalities and 
nutritional deficits.

The inferior aspect of the upper airway con-
sists of the trachea, which consists of 16 to 20 hya-
line cartilage rings connected by a membranous 
annular ligament. It extends from the subglottis 
to the carina, which is superimposed to the level 
of the fifth to sixth thoracic vertebrae posteriorly 
and just about inferior to the angle of Louis of the 
sternum anteriorly. Except for the cricoid carti-
lage ring, the remaining tracheal cartilage “rings” 
are C shapes, open in their posterior aspect. This 
paraesophageal aspect formed by a fibrous and 
smooth muscular membranous wall allows for 
deglutition without resistance from a series of 
firm cartilage. Unfortunately, this functional-
anatomic adaptation leaves the posterior portion 
of the trachea especially vulnerable to direct 
endotracheal invasion or extrinsic compressive 
effects by posterior and inferior mediastinal 
pathology. In addition to airway compromise by 
upper airway obstruction, fistulae developing in 
the central tracheobronchial tree from direct 
tumor invasion or iatrogenic causes from cancer 
therapies can lead to tracheobronchial-esopha-
geal-pleural fistulae. These pathologic connec-
tions clinically manifest themselves as coughing, 

aspiration, pneumothorax, and pneumomedias-
tinum. These lead to subsequent mediastinitis 
and pneumonitis, which can lead to respiratory 
embarrassment and sepsis. The complex ana-
tomic connections of the trachea and mainstem 
bronchi to a number of mediastinal, vascular, and 
bronchial structures, plus the tenuous tracheal 
blood supply, also limit surgical interventions in 
relieving obstructions or in repairing an injured 
trachea. Because of the close anatomic relation-
ship of the thoracic esophagus to the left main-
stem bronchus, certain pathology affecting the 
left and right mainstem bronchi is considered as a 
continuum of the trachea in this chapter.

Clinical Manifestations of Upper 
Airway Problems

Clinical manifestations of the upper airway  
problems associated with cancers are listed in 
Table 1. Specific signs, symptoms, and physical 
findings are discussed further in the respective 
sections on the specified conditions of upper 
airway obstruction, vocal cord dysfunction, and 
aspiration.

Upper Airway Problems

Tumor Invasion of the Upper Airways
Cancers affecting the upper airways consist of the 
following: primary cancers of the upper aerodi-
gestive tract (ie, pharyngeal, laryngeal, and tra-
cheal cancers); cancers that invade this space by 
direct extension, primarily thyroid, esophageal, 
bronchogenic carcinomas, mediastinal tumors, 
including lymphoproliferative disorders; and 
cancers of almost all origins that may metastasize 
to the upper airways.

Primary cancers of the upper aerodigestive 
tract share much that is common in etiology,  
and they can all present with similar upper  
airway symptoms. As shown in Table 2, taken 
together, they still constitute only a minority of  
all new cases of incident cancers but may have a 
disproportionately high morbidity and mortality, 
even acknowledging the overweighing in mortal-
ity given to lung cancers by including all  
bronchogenic cancers.

There are, however, important differences  
in their cancer biology that lead to different  
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prognosis and management goals. Tobacco is a 
major risk factor for the development of all upper 
aerodigestive tract malignancies, including 
tumors of the lung, esophagus, larynx, and hypo-
pharynx.3 Laryngeal cancer in particular is more 
likely in heavy smokers; however, unlike hypo-
pharyngeal cancer, it tends to be detected earlier 
because of clinically obvious and chronic voice 
changes, as well as the higher diagnostic sensitiv-
ity of a direct endoscopic examination. Hypopha-
ryngeal cancer is also due to tobacco use but is 
also associated with heavy alcohol intake.4 Patients 
present with a chronic sore throat, gradual but 
persistent dysphagia that may be dismissed and 
adapted to by alterations in diet, and, less com-
monly, an ipsilateral referred otalgia (ear pain). A 
foreign body sensation may be felt, but hemopty-
sis and voice changes are late sequelae of direct 
tumor extension into the larynx. Diagnosis would 
most often require detailed esophagoscopy under 
sedation. Because of the vascular and lymphatic 

drainage of hypopharyngeal tumors, at the time 
of diagnosis, many or most of these cancers 
already have regional or distant spread of disease. 
Radiologic assessment by computed tomography 
(CT), magnetic resonance imaging (MRI), and 
chest radiography to detect synchronous lung 
primary cancers is needed. Prognostically, laryn-
geal cancers generally fare better than hypopha-
ryngeal cancers, again because of the latter’s late 
diagnosis and early dissemination, as explained. 
However, in time, laryngeal tumors can also 
extend to the hypopharynx and vice versa, and 
both can extend down into the trachea. Hence, 
for a discussion of additional etiologic risk fac-
tors, these upper airway cancers are considered 
together. 

In addition to tobacco products and alcohol, 
a number of chemical carcinogens have been 
linked to laryngeal, hypopharyngeal, and bron-
chogenic carcinomas. These include arsenic, 
asbestos, chromates, nickel compounds, cobalt 

and certain heavy metals, chloromethyl ethers, 
polycyclic aromatic hydrocarbons, certain min-
eral oils, and aniline dye compounds.5 Occupa-
tional or environmental radon exposure and 
previous radiotherapy also increase the risk of  
the development of upper aerodigestive (UAD) 
cancers.

Environmental risk factors are admixed with 
genetic predispositions to greatly increase the  
risk of the development of UAD cancers. One 
example is in Fanconi’s anemia, a rare autosomal 
recessive disorder with a high degree of genomic 
instability in which affected individuals are pre-
disposed to cancers, especially hematologic and 
squamous cell cancers.6 Hence, Fanconi’s anemia 
patients in the international registry have been 
noted to have a 500 times standard incidence 
ratio for the development of head and neck can-
cers and a high degree of recurrence approaching 
50%, which may be made worse when the patient 
is given therapeutic external beam radiation.7 
Whether individuals have transmitted germline 
mutations or acquired losses of tumor suppressor 
genes, the accumulation of genetic and epigenetic 
abnormalities leads to the development of pre-
cursor lesions and eventually invasive carcino-
mas, which may be single or multiple primary 
tumors over time.8–11

One nongenetic syndrome complex  
associated with hypopharyngeal carcinoma is  
the Plummer-Vinson or Paterson–Brown Kelly 
syndrome of progressive dysphagia, esophageal 
and hypopharyngeal webs, vitamin B and iron 
deficiency anemia, and weight loss identified and 
characterized between 1914 and 1922.12–14 The 
pathophysiologic basis of this association is 
thought to be due to a chronic inflammation 
response. It is hoped that improved recognition 
and management with vitamin B and iron sup-
plementation plus dilation should make this  
condition an interesting historical vignette.

Acquired immune deficiency syndrome 
(AIDS)–related malignancies (AIDS-defining 
cancers) include Kaposi’s sarcoma (KS), non-
Hodgkin’s lymphoma (NHL), and human papil-
lomavirus (HPV)-associated cervical and anal 
cancers. KS in particular and NHL will involve 
the aerodigestive tract. In the first decade and a 
half of AIDS, KS has been listed as the leading 
cause of AIDS-related malignancy, and pulmo-
nary KS, almost always involving the central  
airways, has been noted in between a fifth to a 
third of AIDS-related KS.15 In fact, pulmonary KS 
may be the solo or initial site of KS presentation, 
with between 10 and 20% of patients presenting 
with pulmonary KS absent cutaneous and oral 
mucocutaneous lesions.15,16 Although pulmonary 
KS lesions can become profuse in the lung  
parenchyma and lead to significant gas exchange 
impairment, endobronchial KS lesions may also 
present in various upper airway locations and 

Table 1  Clinical Signs and Symptoms of Upper Airway Problems

Common Symptoms
 Cough
 Dysphonia: hoarseness, voice change
 Throat, neck, and chest pain
 Dysphagia, including a chronic foreign body sensation
 Dyspnea: from central airway obstruction, parenchymal pneumonia
 Bleeding: oropharyngeal, hematemesis, or hemoptysis
 Fever: from infections (pharyngitis, laryngitis, tracheitis, bronchitis, pneumonitis, mediastinitis, abscess
  formation) or tumor necrosis
 Retained airway secretions, difficulty clearing secretions

Uncommon Symptoms
 Referred otalgia, especially ipsilateral ear pain
 Massive exsanguination from vascular erosion and rupture

Possible findings on physical examination
 Hoarseness
 Fluctuance of the soft tissue of the neck, other signs of inflammation
 External draining sinus tract or skin breakdown
 Crackles and other findings suggesting consolidation owing to pneumonia
 Fever, clinical signs of sepsis
 Stridor and/or wheezing, especially inspiratory and when supine
 Tracheal deviation: compression by extrinsic mass or deviation toward volume loss
 Superior vena cava syndrome: facial plethora and edema, superficial varicosities
 Hamann’s crunch and subcutaneous crepitus as a result of pneumomediastinum
 Clubbing and other paraneoplastic syndromes
 Weight loss and generalized cachexia

Table 2

 Estimated New Cancer Cases Cancer Deaths 2006

All sites 1,399,790 564,830
Pharynx (all oral cavity and pharyngeal) 8,950 (30,990) 2,110 (7,430)
Larynx 9,510 3,740
Lung 174,470 162,460
Esophagus 14,550 13,770

Total of four sites (% of all cancers) 207,480 (14.8) 182,080 (32.2)

Adapted from Jemal A et al.1
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lead to significant central airway obstruction or to 
life-threatening bleeding, especially on biopsy.17,18 
Although KS found in the airways in the AIDS  
era was most recently associated with human 
immunodeficiency virus (HIV) infection, it is 
important to consider KS in other patients in 
immunocompromised states, such as on trans-
plant-related immunosuppression,19,20 and epi-
sodic spontaneous cases that may present with 
acute airway obstruction.21,22 AIDS-related lym-
phoma may also involve the mediastinum with 
extrinsic compression or intrinsic involvement of 
the trachea and mainstem bronchi. In the past 
decade, perhaps as a result of changes in personal 
practices limiting exposure to herpes simplex 
virus 8, the putative causative agent for KS, and/
or because of highly active antiretroviral therapy 
(HAART) reconstituting the immune system, 
there has been a decline in the number of KS 
cases.23,24 Conversely, perhaps because of HAART 
resulting in longer overall survival, there has been 
a noted rise in tobacco-related malignancies, 
including primary bronchogenic and head and 
neck carcinomas,25,26 and their consequential 
upper airway involvement and complications as 
well. 

Another infection-related tumor is squa-
mous papilloma in the larynx and tracheo-
bronchial tree caused by HPV passed by 
maternal-neonatal transmission during child-
birth. Unlike HIV-associated papillomavirus-
associated cancers of the female genital and anal 
tract, this is primarily a benign tumor of child-
hood that often regresses in adulthood. However, 
recurrent papillomatosis may be prolific in its 
polypoid growth, leading to upper airway obstruc-
tion and dysphonia. Although uncommon, 
between 1.6 and 5% of papillomatosis have been 
reported to undergo malignant transformation 
into squamous cell and verrucous carcinoma, 
even in the absence of tobacco products, ionizing 
radiation, or other carcinogenic exposures.27  
This malignant transformation is most common 
with HPV type 11 and, as with other cancers, 
seems especially prone to develop in association 
with TP53 and other tumor suppressor gene 
mutations.28–30 

Primary tracheal cancers are relatively rare 
compared with secondary cancers. In the adult 
patient, most primary cancers are malignant and 
few are benign (Table 3).31,32 Although certain  
primary tracheal tumors, such as adenoid cystic 
carcinomas, mucoepidermoid carcinomas, and 
central carcinoid tumors, are clearly tracheal in 
origin, the most common primary tracheal cancer 
of the squamous cell type often raises the question 
as to whether it may be of a metastatic origin from 
the nearby head and neck, esophageal, or lung 
origin when these cancers are also present since it 
is known that metachronous lesions are more 
common when there is one primary UAD cancer 

present, and patients who have had any previous 
UAD malignancy are at a much increased risk of 
developing second primary malignancies of the 
UAD tract.33–35 Overall, however, most cancers 
involving the trachea are metastatic in origin, 
with most by direct extension from tumors aris-
ing in the adjacent structures of the thyroid, head 
and neck, and esophageal sources. Direct tracheal 
invasion occurs in up to 6.5% of thyroid cancers, 
and subsequent upper airway obstruction is a 
leading cause of death.36 Tracheal involvement by 
extrinsic compression or by direct extension is a 
frequent complication of esophageal carcinomas. 
In this instance, fistulae formation presents as 
much of a problem as does airway obstruction.

Aside from direct extension from tumors  
of the UAD tract, cancers of almost any origin 
may metastasize to the larynx, hypopharynx,  
and trachea (see Table 3). These are, however, 
relatively rare, and as documented by Nicolai  
and colleagues, only 143 cases of cancers meta-
static to the larynx were reported by 1996, these 
being primarily melanoma, renal cell carcinoma, 
and sporadic cases from the colon and lung.37 
Similarly, sporadic cases of renal cell carcinomas, 
sarcomas, chondrosarcomas and other mesen-
chymal cell tumors, and breast, colon, uroepithe-
lial, male genital, and gynecologic tumors have all 
been reported to have metastasized to the central 
conducting airways of the trachea and mainstem 
bronchi.38 Although melanomas detected in the 
upper airways are most often metastatic in origin, 
primary tracheobronchial melanomas have also 

been diagnosed presumptively when a cutaneous 
primary source cannot be ascertained.

Prognostically, cancers arriving by distant 
metastases to the upper airways are rarely, if ever, 
curable. In fact, only direct thyroid cancer inva-
sion and squamous cell metastases from a lung 
primary tumor could be considered for curative 
resection if the metastatic involvement is limited 
and the patient is a functionally fit candidate.  
Palliative measures to mechanically reduce or to 
cytoreduce the tumor bulk and to maintain airway 
patency are mentioned in the following section.

Vocal Cord Paralysis
VCP is predominantly unilateral in pattern, in 
which case, symptoms can range from minimal to 
notable dysphonia, especially progressive hoarse-
ness, and, given the central role of the vocal cords 
in protecting the airway inlet during swallowing, 
aspiration symptoms resulting in cough, dyspnea, 
and pneumonia. At the same time, failure of 
normal apposition of the cords limits effective 
coughing and airway clearance. The degree of 
vocal cord dysfunction ranges from mild paresis 
with weakened but residual function to complete 
immobility. The position of the paralyzed cord 
may be fully lateralized to full medialization. The 
left vocal cord is much more commonly involved 
than the right because of the longer path of the 
recurrent laryngeal nerve looping below the aortic 
arch and is hence easily entrapped by lung cancers 
originating in the aortopulmonary window or 
metastasizing to nodal stations L2, L4, or L5 or by 
large mediastinal cancers. Bilateral VCP, when 
present, leads to more severe symptoms, includ-
ing upper airway obstruction, when both cords 
are fixed in a medialized position. 

The two leading causes of VCP are neoplasia 
and postsurgical injuries, accounting for between 
70 and 80% of adult cases.39,40 In the cancer 
patient, iatrogenic causes also include head and 
neck radiotherapy,41 but surgical resection of thy-
roid, head and neck, and mediastinal cancers 
remains the primary cause. Because of the very 
different concerns regarding VCP causing airway 
obstruction and VCP leading to aspiration, the 
specifics of diagnostic evaluation and therapy of 
these entities are addressed separately in the 
respective sections. 

Upper Airway Obstruction
Obstruction of the upper airways as a result of 
cancers of the UAD tract (head and neck, esopha-
gus, and lungs), thyroid, mediastinal structures, 
and metastatic diseases may present subacutely 
with progressive symptoms, such as increasing 
dyspnea, cough, dysphonia, dysphagia, and mild 
bleeding, or acutely, with life-threatening asphyxi-
ation and massive hemorrhage. The levels of the 
obstruction may occur anywhere from the soft 
supraglottic tissues of the hypopharynx to direct 

Table 3  Classifications of Laryngeal and Tracheal 
Tumors

Primary malignancies
 Squamous cell carcinoma (SCC)
 Adenoid cystic carcinoma
 Carcinoid, small cell, undifferentiated
  neuroendocrine cancers
 Mucoepidermoid carcinoma
 Adenocarcinoma
 Leiomyosarcoma
 Chondrosarcoma
 Rhabdomyosarcoma
 Malignant fibrous histiocytoma
 Kaposi’s sarcoma
 Primary melanoma
 Recurrent respiratory papillomatosis in
  transformation to SCC

Metastatic malignancies 
 Squamous cell carcinoma metastases from
  other primary tumors
 Melanoma
 Renal cell carcinoma
 Colon and gastrointestinal tract malignancies
 Uroepithelial malignancies
 Mesenchymal sarcomas (osteo-, leiomyo-,
  chondro-, rhabdomyosarcoma)
 Lymphomas
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involvement of the larynx or the subglottic  
trachea. The larynx and the trachea together form 
a semirigid tubular structure in which injuries 
may irreversibly damage the cartilaginous- 
membranous network, leading to scarring and 
fixed stenosis, malacia, or both.

The most common cause of upper airway 
obstruction in the cancer patient would be direct 
tumor growth and invasion or extrinsic compres-
sion of the tracheobronchial tree by the tumors 
listed in Table 3. Additional causes are as listed  
in Table 4, including conditions that may be  
complications of cancer progression, iatrogenic 
from cancer therapy, or entirely unrelated.

Critical airway obstruction as a result of vocal 
cord dysfunction owing to cancer is unusual in 
that both vocal cords will have to be affected and 
both vocal cords will have to be paralyzed in  
a paramedian position to cause critical airflow 
limitation. In large retrospective series, bilateral 
(VCP in the adult patient is more commonly  
secondary to trauma, either owing to external 
forces or as a result of surgery, especially thyroid 
resection.42,43 In the cancer patient, this most 
commonly results from surgically induced recur-
rent laryngeal nerve injuries42,43 or radiation- and 
other treatment-induced nerve injuries.44 Rare 

cancer-related causes of bilateral VCP included 
paraneoplastic syndromes, such as bulbar  
amyotrophic lateral sclerosis secondary to small 
cell carcinoma.45 Bilateral VCP may occur in the 
setting of prolonged endotracheal intubations, 
especially in patients with conditions of compro-
mised vasculature, including diabetes, stroke, and 
ischemic heart disease. These individuals have 
increased risk of developing acute laryngeal inju-
ries from intubations; therefore, cancer patients 
with these comorbidities who are intubated with-
out immediate prospects of weaning may be can-
didates for early tracheostomies.46 Symptomatic 
or occult gastroesophageal reflux disease is also  
a predisposing cause of glottic and subglottic  
stenosis, as well as Barrett’s esophagus and esoph-
ageal carcinoma.47 Hence, in cancer patients, 
especially ones with UAD tract malignancies lead-
ing to impaired swallowing function, esophageal 
cancer patients with resections, and gastric pull-
ups or colonic interpositions, reflux as a cause 
should be considered and evaluated as indicated 
and preventive measures taken.48 

Obstruction of the subglottic trachea in the 
cancer patient may present as a fixed airway  
narrowing or variable airway collapse. Fixed 
obstructions are due to extrinsic tracheal  

obstruction by upper mediastinal and neck struc-
tures, direct tracheal invasion by tumors, or a 
combination of both processes. Fixed tracheal 
obstruction may also result from cancer thera-
pies, including external beam radiation, scarring 
from surgical resection and especially at the anas-
tomotic site, and again as a result of prolonged 
endotracheal tube intubations. Airway narrowing 
in the trachea varying with the respiratory cycle, 
especially during exhalation and cough man-
uever, is due to tracheomalacia, and in the cancer 
patient, this may be the result of cancer invasion 
and destruction of cartilaginous rings, treatment 
such as thyroidectomy, or a limited tracheal resec-
tion or again as a result of tracheal cartilage 
destruction after prolonged endotracheal intuba-
tion or tracheostomy tubes, both of which  
may cause pressure necrosis of the supportive 
cartilage.

Hemorrhage may cause upper airway 
obstruction by direct obstruction of the airway 
passage or from extrinsic blockage by an enlarg-
ing hematoma. Blood clots blocking the trachea 
and mainstem bronchi leading to potentially  
life-threatening obstruction have been reported 
in both pediatric and adult oncology patients.49,50 
In addition to critical narrowing of the airways 
lumen, the aspirated blood volume, if sufficiently 
large, may lead to sufficient alveolar filling to 
impair oxygenation. The source of the blood may 
originate from anywhere along the oropharynx, 
larynx, and trachea to oozing or being coughed 
up from the lung parenchyma itself owing to  
friable cancer masses or from diffuse alveolar 
hemorrhage. Retropharyngeal, sublingual, and 
neck hemorrhages may be spontaneous from  
a cancer51 or a malignancy-associated marrow 
dysfunction52 and severe enough to cause airway 
obstruction, or it may be the result of biopsies,53 
postoperative hemorrhage,54 or anticoagulation 
therapy.55–57 Patients with head and neck cancer 
or lung cancer compounded by severe chronic 
obstructive pulmonary disease (COPD) may have 
tracheostomy tubes. Subsequent tracheoinnoni-
mate artery fistulae are a rare but potentially  
devastating cause of bleeding into the airway.58 
Radiation- and chemotherapy-induced mucositis 
may be severe, leading to diffuse bleeding and 
oral and esophageal mucosal sloughing. Pain and 
administered narcotic analgesics and sedatives 
may further inhibit good airway clearance and 
cloud the sensorium, and patients may develop 
frank airway obstruction.59 

Among the iatrogenic causes of upper airway 
obstruction, the role of the central lines placed  
in the jugular or subclavian vessels deserves  
mention as a large number of cancer patients have 
long-term indwelling central venous catheters 
placed for infusion of chemotherapy and nutri-
tion, or they may have temporary lines for hemo-
dynamic monitoring of the administration of 
fluids, blood products, and medications. Cancer 

Table 4  Causes of Upper Airway Obstruction

Physical obstruction by tumor 
 Intrinsic or by direct extension and invasion
  Tumors of tongue
  Larynx and hypopharynx
  Vocal cords
  Trachea and lung

  Esophageal 
  Thyroid
  Mediastinal tumors
  Metastatic cancers
 Extrinsic compression
  Thyroid
  Esophageal
 Mediastinal tumors
 Lymphomas
  Germ cell tumors
  Thymic carcinomas
  Malignant adenopathy
  Metastatic cancers
Bilateral vocal cord paralysis
Radiation- and chemotherapy-induced mucositis
Tracheobronchial stenosis and post-stenotic segment malacia
Foreign bodies, including food, teeth, and dental appliances that are dislodged or aspirated
Malpositioned artificial airways (endotracheal tubes, tracheostomies, airway stents)
Obstruction of endogenous or artificial airways by secretions, mucus, and/or blood
Airway edema owing to anaphylaxis, angioedema, trauma
Extrinsic compression by hematoma, fluid extravasation
Infections including epiglottitis, pharyngeal and retropharyngeal abscesses
Chemical and heat inhalational airway burn injuries
Congenital anomalies: bronchial and mediastinal cysts in a paratracheal position, piriform sinus cyst,
 hemangiomas, laryngeal and tracheal webs, tracheolaryngomalacia, vascular anomalies, etc.
Obstructive sleep apnea–related upper airway obstruction
Psychogenic, eg, psychogenic asthma and paradoxic vocal cord dysfunction
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patients may have thrombocytopenia and coagu-
lopathy that increase the risk of hemorrhage and 
impair normal hemostasis. Landmarks used for 
central venous cannulation may be effaced in the 
patient with anasarca or the veins collapsed in the 
dehydrated and debilitated patient. In any case, 
intravenous fluid extravasation from a malposi-
tioned line,60 neck hematoma leading to upper 
airway obstruction,61 and inadvertent arterial 
cannulation, with subsequent subcutaneous  
hemorrhage even leading to death from airway 
obstruction,62 have all been reported. Cancer 
patients may also be hypercoagulable, and even 
surgically placed tunneled catheters may mal-
function when placed into a thrombosed superior 
vena cava (SVC) and cause a backflow with  
subsequent upper airway obstruction.63

There are many other causes of fixed and 
variable upper airway obstruction, not specifi-
cally related to a malignant condition or antineo-
plastic therapies, that may predate or develop 
coincidentally with the cancer diagnosis and  
subsequent treatment. These are listed in  
Table 4 as part of the differential diagnosis of 
upper airway obstruction but are not specifically 
addressed further in this discussion.

Diagnosis and Evaluation of Upper 
Airway Obstruction

Patient presentation includes dyspnea, cough, 
and a variable degree of adventitial breath 
sounds.64 Audible stridor and subjective wheezing 
would occur only with significant compromise of 
the upper airway lumen, narrowed down to a 4 to 
5 mm caliber. The pattern of stridor and wheez-
ing may depend on whether the critical airway 
narrowing is fixed or variable, as in malacia or 
edema and hematoma in a location above or 
below the thoracic inlet.65 Patients may have  
difficulty clearing secretions, especially if they 
also have VCP with incomplete adduction, cancer 
treatment–related mucositis, neuromuscular 
weakness, impaired mentation, or any other  
condition leading to an impaired ability to cough 
or protect the airways. Exertional dyspnea may 
also be due to systemic effects of concomitant 
anemia, advanced COPD, and cardiovascular  
disease.

Voice change may be due to direct tumor 
invasion of the larynx and vocal cords or entrap-
ment of one or both of the recurrent laryngeal 
nerves. The left vocal cord is more likely to be 
paretic because of the longer path length of the 
recurrent laryngeal nerve. A patient with known 
paralysis of one vocal cord and dysphonia who 
then develops increasing dyspnea while regaining 
voice quality may be developing fixed bilateral 
VCP and worsening airway obstruction. 

A physical examination should include 
observation of cutaneous findings of vascular 

obstruction leading to SVC syndrome; this would 
include facial and possibly upper extremity 
edema, plethora, and prominent skin surface col-
laterals. Tenderness and swelling, with fluctuance 
and warmth, may suggest the site of an abscess, 
hematoma, or fluid extravasation. The trachea 
should be observed and palpated. Deviation of 
the trachea may be due to a space-occupying  
process such as a large parenchymal lung mass or 
pleural effusion pushing the trachea contralateral, 
lung volume loss from postoperative changes, or 
ipsilateral atelectasis. Auscultation and percus-
sion of the chest may detect concomitant pneu-
monitis and the consolidation and presence of 
pleural effusion.

For patients who are sufficiently stable as 
outpatients or who may leave the monitored  
setting, pulmonary function studies with maxi-
mal effort flow-volume loops may clarify whether 
they have fixed or variable upper airway obstruc-
tion and the level of the narrowing by the pattern 
of flow limitation.65,66 Baseline lung function  
studies will also provide a basis for evaluating an 
objective response to any palliative measures.

Imaging studies of the upper airways are 
indispensable in the current diagnosis and man-
agement of cancer-related upper airway and tho-
racic problems. Because of the complex anatomy 
of the UAD tract, planar radiographs of the thorax 
and neck seldom provide sufficient information 
about the specific pathology. On the other hand, 
in the initial evaluation of an unstable patient 
with upper airway problems who may not toler-
ate being in a recumbent position, a chest radio-
graph and posteroanterior and lateral neck films 
can be easily and rapidly obtained in a monitored 
setting to provide a global overview of the affected 
area. The chest radiograph with a properly aligned 
patient in full inspiratory breath-hold should 
offer a rapid assessment of gross central airway 
patency and the presence of any lung masses, 
infiltrates, pleural effusions, or pneumothoraces 
that may affect the intrathoracic trachea. Figure 1 
illustrates the lateral leftward displacement of  
the midtrachea by a large right lung tumor. The 
tracheal air column is narrowed but remains 
grossly patent. Contrast studies provide addi-
tional information by outlining specific struc-
tures. Figure 2 illustrates a pharyngeal swallow 
study of the same patient who complains of dys-
phagia in addition to dyspnea, hoarseness, cough, 
and increasing problems with clearing secretions. 
There is no evidence of a fistula formation,  
complete esophageal obstruction, or proximal 
aspiration, but there is impingement and com-
pression of the esophagus. CT has improved  
significantly such that with multislice detector  
CT scans, acquisition time is shortened to a  
single breath-hold and the data can be easily and 
rapidly manipulated at a workstation to provide  
three-dimensional imaging information.67,68 

Unless contraindicated by insufficient renal func-
tion or known sensitivity to the intravenous con-
trast dye, a contrast-enhanced CT scan provides 
much additional useful information. Given that 
most, if not all, of the patients in question present 
with increasing dyspnea and cancers generally 

FigUrE 1  Planar anteroposterior upright chest radio-
graph showing tracheal deviation and narrowing at 
the level of the thoracic inlet to aortic arch by a large 
right upper lobe small cell lung cancer.

FigUrE 2  A pharyngeal study demonstrates no  
aspiration but definite esophageal narrowing and is 
complementary to the planar chest radiograph (see 
Figure 1).
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increase the risk of thromboembolism, a signifi-
cant pulmonary embolism may be ruled out at 
the same time. Contrast enhancement in the chest 
CT can help distinguish a tumor mass from distal 
compressive atelectasis. Tumor involvement of 
the vasculature by direct invasion or extrinsic 
compression can be assessed and therapeutic 
decisions regarding the need for vascular stenting 
or radiotherapy for SVC syndrome taken.  
Contrast localization of the larger vessels is also 
important in the planning for surgical or endo-
scopic interventions to avoid vascular complica-
tions. Figure 3 shows the contrast-enhanced CT 
scan of the same patient in Figures 1 and 2, with 
greater details of the extent of tumor invasion, 
including chest wall involvement and developing 
SVC compression. Another advantage of CT is 
the ability to view the acquired data in different 
windows and planar projections. Figure 4 dem-
onstrates even more critical airway narrowing in 
a patient with concomitant emphysema and radi-
ation fibrosis, all of which contribute to the symp-
tom of dyspnea. MRI and magnetic resonance 
angiography may more accurately depict vascular 
anomalies and neural structures, but the length of 
image acquisition, and with the exception of open  
magnetic resonance units, may complicate the 
monitoring of patients with severe upper airway 
symptoms. These and diagnostic and interven-
tional angiographic studies to detect a significant 
bleeding source and to direct embolization  
management of severe bleeding may need to be 
carried out after elective intubation.

Even with the advent of advanced three-
dimensional reconstructions of airways and gen-
eration of virtual bronchoscopy “fly-through,”68,69 
direct endoscopic imaging, preferably with anes-
thetic assistance and emergency surgical standby 
for tracheostomy, will provide the most direct 
assessment of the pharyngeal and laryngeal spaces 
and of the tracheobronchial tree. A variety of rigid 
and flexible fiberoptic laryngoscopic and bron-
choscopic instruments are available.70 The choice 
of instrument depends on the purpose of the 
examination. Initially, a small-caliber instrument 
with or without a working channel provides visual 

examination and allows passage of a narrowed 
upper airway segment to assess the integrity of 
more distal airways.71 Such small instruments are 
less likely to induce trauma and further airway 
edema. Conversely, larger instruments, including 
rigid bronchoscopes and suspension laryngo-
scopes with better imaging and suctioning  
capabilities and the ability to pass accessory 
instruments, may be needed on follow-up exami-
nation to clear secretions, débride obstructing 
lesions, and deploy stents to maintain the airway 
patency (Figure 5).70 These instruments can also 
be used to secure an airway, whether by passing 
an endotracheal tube through the rigid instru-
ments or over a flexible endoscope. Hence, endos-
copy often encompasses both a diagnostic and a 
therapeutic component. 

In the case of bilateral VCP, provided that 
the degree of airway obstruction is not critical, a 
thorough otolaryngology evaluation is performed, 
including electromyography if direct tumor inva-
sion and involvement of bilateral recurrent laryn-
geal nerves are not obvious, because in these cases, 
conservative reconstructive surgery should be 

offered rather than destructive procedures, which 
will leave the patient permanently hoarse, or 
bypass tracheostomy, with all of its attendant side 
effects.72 

Management of Upper Airway 
Obstruction

The first priority in the management of upper 
airway obstruction is to preserve the patient’s 
ability to ventilate and to oxygenate. In acute  
situations, this may require the need for an  
emergency airway placement, most often by 
endotracheal intubation but occasionally neces-
sitating emergency tracheostomy or temporizing 
cricothyroidectomy. Specialized approaches may 
include the use of jet ventilation to maintain  
adequate gas exchange when an airway cannot  
be secured,73 but the special techniques and tech-
nical considerations of surgery are beyond the 
scope of this discussion. Patients may present 
with acute airway obstruction anywhere from 
home to while being monitored in an intensive 
care unit. In a patient with known cancer, espe-
cially one that may involve the upper airways or 
has progressive symptoms suggestive of upper 
airway compromise, it is hoped that they will have 
been assessed and given warning signs for urgent 
follow-up evaluations to obviate the need for 
emergency interventions in the field.

For subacute cases of increasing respiratory 
and gas-exchange compromise, urgent assess-
ment and intervention are still critical, but time 
and palliative measures may be available to defer 
immediate invasive airway interventions while 
the cause for the deterioration is determined. As 
always, treating the primary cause for the airway 
compromise is preferable and necessary for a 
good outcome. 

In the hospital setting, especially in institu-
tions in which a number of difficult airways cases 
are encountered on a regular basis, ideally, there 
should have been assembled a “difficult airways 
team” encompassing individuals from disciplines 
with interest and training in this area. This would 
include specialists from anesthesia, otolaryngol-
ogy, pulmonary and critical care, thoracic and 
foregut surgery, gastroenterology, radiology,  
and support from respiratory care services. For 
the general internist or primary care physician 
triaging the overall care of a cancer patient, the 
presence of an established team will expedite the 
evaluation and management of the obstructed 
airway. Nevertheless, short of an acute deteriora-
tion necessitating immediate intubation, some 
standard orders can be implemented while an 
urgent assessment proceeds.

Any patients with the potential for a cata-
strophic airway closure should be placed in a 
monitored setting, either in the emergency 
department, a critical care unit, or at least on a 

FigUrE 3  Contrast-enhanced computed tomographic 
scan showing superior vena cava com pression,  
chest-wall involvement, and tracheal compression by 
tumor.

FigUrE 4  A computed tomographic scan demon-
strates the extent of critical airways narrowing at the 
upper trachea caused by concentric tumor encroach-
ment in a patient with progressive non–small cell 
lung cancer. Note the severe emphysema (left)  
and postradiation scarring (right), which is best  
appreciated in the lung-window setting.

FigUrE 5  Rigid bronchoscopy image of an obstruct-
ing central airway non–small cell cancer about to be 
mechanically débrided.
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monitored unit in which cardiac telemetry, circu-
latory vital signs, and blood oxygen saturations by 
pulse oximetry are continuously assessed. Unless 
there is concomitant circulatory arrest, the patient 
should be encouraged to sit in an upright position 
and supplemental oxygen as needed provided 
with adequate humidification since inspissations 
of tenacious secretions may further compromise 
a narrowed air passage. Bronchodilators of the  
b-agonist class and including racemic epineph-
rine may be given by nebulization, again via a 
small-volume nebulizer rather than with a 
metered-dose inhaler (MDI) or by dry powder 
inhalation (DPI) without humidification.  
b-Agonists have the advantage of providing air-
ways with smooth muscle relaxation and may 
assist in mucociliary clearance and in patients 
with concomitant alveolar edema may assist in 
alveolar fluid clearance. b-Agonist agents may, 
however, exacerbate tachyarrhythmias in dis-
tressed patients with preexisting cardiac disease 
who may not tolerate additional adrenergic  
stimuli. Additional inhalational therapies with 
quarternary antimuscarinic agents (ipatropium 
bromide) have proven to have additional benefit 
in an asthmatic population in the emergency 
department but may not be extrapolatable to 
patients with cancer-associated airway narrow-
ing. Corticosteroids are often used to reduce 
airway edema; however, there would be question-
able benefit of giving inhaled steroids, either by 
standard MDI or DPI preparations in patients 
with acute airway narrowing. Starting systemic 
steroids of a stress dosage range between 100 mg 
of hydrocortisone or 125 mg methylprednisolone 
(Solu-Medrol) (roughly five times the potency 

range) can be given with small risk of severe  
complications, even in patients with known or 
suspected glucose intolerance, active infections, 
or tissue breakdown, such as a mediastinitis or 
fistulae, as the steroids may be rapidly tapered 
with the definitive management of airway  
compromise. Broad-spectrum antibiotic therapy, 
often empiric, may be started in the cancer patient 
with upper airway obstruction as these patients 
are susceptible to infections, may have concomi-
tant neutropenia and impaired mucosal barriers, 
and are very likely to have follow-up surgical 
interventions and antineoplastic therapies. The 
choice of agent should include coverage for  
oropharyngeal anaerobes and directed therapy 
against any known pathogen already recovered 
from the patient.

Although patients with upper airway obstruc-
tion and the associated discomforts of dyspnea 
and other symptoms are understandably anxious, 
sedative and hypnotic agents should be withheld 
lest they suppress the respiratory drive and inter-
fere with effective communication. The at-risk 
patient should be kept fasting and given nothing 
by mouth to lessen the risk of reflux aspiration 
during acute intubation and resuscitation if that 
becomes necessary. As many cancer patients with 
UAD malignancies have impaired swallowing  
and are at increased risk of stress gastritis, should 
they require eventual intubation and mechanical 
ventilation, empiric therapy with proton pump 
inhibitors is warranted.47 Hydration is given 
intravenously, and these patients should, in fact, 
always have reliable intravenous access as they 
may need volume resuscitation and pressor sup-
port in the immediate aftermath of intubation 
and positive pressure ventilation that may pre-
cipitously reduce cardiac preload in a malnour-
ished cancer patient who has probably been 
poorly feeding when he or she has upper airway 
compromise.

The work of breathing may be reduced by 
several other modes of noninvasive ventilatory 
assistance. This generally brings to mind nonin-
vasive positive pressure ventilation (NIPPV) in 
the form of continuous positive airway pressure, 
bilevel positive airway pressure devices, or a ven-
tilator with pressure support ventilation provided 
with a tight face mask or nasal mask. However, 
although there is now ample evidence to support 
the use of NIPPV in providing temporizing  
support and thus avoiding the iatrogenic compli-
cations of invasive airway ventilation in patients 
with acute exacerbations of COPD,74 cardiogenic 
pulmonary edema,75 and even with active hema-
tologic malignancies presenting with neutropenia 
and respiratory insufficiency,76 in a more recent 
retrospective analysis of NIPPV, there are insuf-
ficient data on this mode of therapy for upper 
airway obstruction.77 In fact, in the patient with 
pure upper airway narrowing without parenchy-
mal lung disease owing to cardiogenic or  
noncardiogenic edema, COPD exacerbations,  
or infections, caution must be exercised as the 
positive pressure may distend the esophagus  
and abdomen, predisposing the patient to  
reflux and/or aspirate while the tight mask  
used will impair communication and the ability 
to safely vomit. There have been reports of  
iatrogenic barotraumas leading to pneumomedi-
astinum, especially when anatomic defects, such 
as esophageotracheal fistulae, may be present.

Another approach at reducing the work of 
breathing is to reduce airflow turbulence that 
occurs at the point or length of critical airway  
stenosis. Helium-oxygen (heliox) gas mixtures at 
a premixed or blended ratio of 80:20 (percentage 
ratios of helium to oxygen, with helium replacing 
nitrogen) or 70:30 are usually available in the 
respiratory department of most hospitals. Heliox 
use has a long history of safety in use dating back 
to 193578 in a wide range of patients with airway 

FigUrE 6  Cine-esophagram in an oblique plan  
showing the leakage of contrast material via an  
tracheoesophageal fistula into bilateral bronchi.

FigUrE 7  Computed tomographic scan of a patient 
with an esophageal primary cancer with previous 
tumor erosion and fistula formation into the left main-
stem, status stent placement, who now presents 
with a new fistula connecting into the right lower lung 
and subsequent abscess formation.

FigUrE 8  Flexible videobronchoscopic image of the 
tracheal opening of a tracheoesophageal fistula with 
leakage of methylene Blue dye that had been sipped 
and swallowed.



 Upper Airway Problems 327

narrowing, from pediatric patients with acute 
inflammatory epiglottitis to the elderly with mul-
tiple comorbidities who have developed upper 
airway stenosis79 and specifically in patients with 
malignancy-associated upper airway obstruc-
tion.64 The limitations of heliox include the  
limited amount of oxygen that can be mixed in as 
any percentage of greater than 40% oxygen, or the 
converse of less than 60% helium, will negate the 
beneficial effects of reduced airflow turbulence 
and reduced work of breathing. The choice of 
whether to select heliox or a higher percentage  
of oxygen therefore depends largely on the need 
for supplemetal oxygen.80 Therefore, for patients 
with a critical airway narrowing but also with 
another cause of poor gas exchange, and for 
patients with neurologic, metabolic, or infectious 
causes of altered sensorium, endotracheal intuba-
tion or elective or emergent tracheostomy may be 
required for controlled airway management and 
gas exchange. 

When possible, surgical resection of a malig-
nant upper airway obstruction for cure is opti-
mal31,32; however, in most instances, palliative 
treatment measures are more likely. These would 
include external beam radiotherapy, cytotoxic 
chemotherapy, and, for the maintenance of 
airway patency, a variety of interventional endo-
scopic procedures,70,81 which are covered in detail 
in Chapter 44.

Summary

Problems in the upper airways of a cancer patient 
may present with myriad symptoms and clinical 
findings. The primary goals, as in the ABCs of life 
support, are to maintain airway patency and to 
ensure respiration and adequate gas exchange. 
Noninvasive supportive maneuvers are preferred; 
however, given the potential lability of potentially 
debilitated and unstable patients, careful moni-

toring may be required and preparations made 
for emergency critical care interventions as the 
need arises. Upper airway pathology only rarely 
directly causes circulatory collapse, and iatrogenic 
causes, such as positive pressure ventilation with-
out adequate volume resuscitation, barotraumas, 
iatrogenic pneumothoraces, or vascular injuries, 
should be avoidable. Because the same symptoms 
may be caused by a variety of pathologies at dif-
ferent levels of the airways and adjacent struc-
tures, evaluation should be initially directed by 
the history. Various imaging modalities often 
provide the initial and confirmatory diagnostic 
information, and it is important to retrieve any 
baseline imaging studies for comparison to deter-
mine whether observed findings were actually 
preexisting and to ascertain the rapidity of any 
deterioration. Direct physical and endoscopic 
examination of the oropharynx and laryngeotra-
cheal and esophageal tracts should be performed 
as indicated. Ideally, an experienced, interested, 
and cooperative team of specialists, including the 
otolaryngologist, thoracic and foregut surgeon, 
pulmonologist, gastroenterologist, anesthesiolo-
gist, and diagnostic and interventional radiolo-
gist, should be available to lend support to the 
primary care physician and medical and radiation 
oncologists. Many patients with cancer-related 
upper airway problems have curable disease or 
malignancies that may be put into a period of 
remission and control. Certain complications, 
such as paralyzed vocal cords or post-treatment 
airway stenosis, may not be reversible but can 
often be remedied. For other, less fortunate 
patients with progressive and advanced disease, 
upper airway dysfunction and/or progressive 
respiratory compromise may herald the inevitable 
demise. Although supportive and comfort care is 
always provided, additional palliative procedures 
may be available, asphyxiation should certainly 
be avoidable, except in the most challenging cases, 
and advanced directives should be addressed to 
avoid further aggressive, often invasive, and,  
ultimately, futile interventions. 
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With the increasing number of cancer patients 
receiving immunomodulating therapy, a growing 
number of pulmonary infectious complications 
are developing. These patients are also more likely 
to develop more severe infections and present in 
an atypical pattern. Early recognition and timely 
administration of antimicrobial agents are  
dependent on the awareness of the clinician of the  
disease presentation and appropriate imaging 
and diagnostic testing. Based on the infectious 
etiology, this chapter reviews common causes of 
pneumonia in cancer patients.

Bacterial pneumonia is a potentially life-
threatening complication in a wide variety of 
cancer diagnoses and treatments. Many etiologic 
agents are associated with infections leading to 
pneumonia, and among the implicated bacteria, 
five primary organisms and groups are noted: 
Streptococcus pneumoniae, Legionella species, 
gram-negative bacilli, Staphylococcus aureus, and 
Nocardia species. Generally, the cancer patients 
most at risk of bacterial pneumonia are those with 
chemotherapy-induced neutropenia and patients 
receiving hematopoietic stem cell transplantation 
(HSCT). One study reported that during their 
disease course, approximately 80% of leukemia 
patients will develop pneumonia and that it is 
most commonly bacterial in origin.1

Bacterial pneumonias generally present atyp-
ically as severe sepsis with systemic signs and 
symptoms in cancer patients with neutropenia.2,3 
Airspace consolidation in the lungs is most com-
monly caused by bacterial pneumonia. Attribut-
able mortality owing to bacteremic pneumonia in 
neutropenic patients has been reported at 55%, 
with 53% for gram-positive cocci and 54.2% for 
gram-negative bacilli.2 Pneumonia is the most 
common cause of acute respiratory failure in 
cancer patients, which is the most common cause 
of intensive care unit admission.3 Mortality rates 
are generally the highest for patients with ventila-
tor-associated pneumonia and late-stage disease 
or prolonged neutropenia.4 Treatment of bacte-
rial pneumonias is typically the same for cancer 
patients as it is in the general population.5

As a consequence of the life-threatening 
nature of bacterial pneumonia in cancer patients, 
rapid diagnosis and prompt administration of 
appropriate antibiotic therapy are essential. The 
underlying malignancy of a patient can have a  
significant impact on the etiology of infection, 
leading to pneumonia, and the patient’s immune 
status is almost always a contributing factor.  
Keen observation of the immune status of the 
patient and the antimicrobial resistance patterns 
in the area are necessary to choose the appropri-
ate treatment for the cancer patient with  
pneumonia.

S. pneumoniae

S. pneumoniae is an encapsulated gram-positive 
bacterium and is one of the most common causes 
of pneumonia in both cancer patients and immu-
nocompetent noncompromised patients.5 It is 
typically a community-acquired pathogen and is 
of increasing concern to the neutropenic patient 
and as a late infection in HSCT patients with 
chronic graft-versus-host disease (GVHD).5,6 
Patients with decreased humoral immunity are 
predisposed to S. pneumoniae infection, particu-
larly those with multiple myeloma, chronic  
lymphocytic leukemia, and Hodgkin’s disease 
who have undergone splenectomy.5,6–8 The devel-
opment of neutropenia owing to myeloablative 
chemotherapy increases the possibility of S. pneu-
moniae infection and the likelihood that previ-
ously asymptomatic colonization may become 
symptomatic.8 As a cause of 5% of bacteremias in 
one study, S. pneumoniae infection resulted in 
pneumonia in 71% of those patients.6 Elsewhere,  
S. pneumoniae has been responsible for 30% of 
bacteremic pneumonias, including 20% of early-
onset pneumonias in neurosurgical patients.2,9  
S. pneumoniae has also been implicated as a caus-
ative agent of postobstructive pneumonia and 
aspiration pneumonia, a common complication 
following laryngectomy.10,11

Lung cancer patients are obviously at  
heightened risk of infection leading to pneumo-
nia. There is an increased risk of respiratory  

failure and mortality from community-acquired  
pneumonia (CAP) owing to S. pneumoniae in 
patients with underlying chronic obstructive  
pulmonary disease (COPD) and malignancy.10 
On a chest radio graph, S. pneumoniae infection 
generally presents as a focal infiltrate that  
develops in less than 24 hours during the course 
of pneumonia.6,12

Treatment options for community-acquired 
S. pneumoniae pneumonia should be approached 
syndromically, and efforts to identify the patho-
gen should be aggressive.13 Initial treatment for 
early neutropenic patients with focal infiltrates is 
the prompt start of empiric broad-spectrum anti-
biotic therapy.6 Drug resistance is a paramount 
concern with S. pneumoniae. Approximately 44 to 
50% of strains exhibit greatly diminished suscep-
tibility to penicillin, and approximately 16% are 
fully resistant.2,6,8 Decreased sensitivity to some  
b-lactam antibiotics has been reported, with  
ceftazidime showing poor activity. The recent 
administration of a b-lactam antibiotic is a risk 
factor for the appearance of penicillin-resistant 
strains in adults.2,8,10 Reported data have also 
demonstrated in penicillin-resistant S. pneu-
moniae isolates that there is an increase in resis-
tance to erythromycin and cephalosporins, such 
as ceftriaxone and cefotaxime.8 Resistance to b-
lactam antibiotics has been correlated to increased  
resistance to macrolides and to trimethoprim-
sulfamethoxazole (TMP-SMX). The recom-
mended empiric treatment for S. pneumoniae 
infection is a macrolide, doxycycline, ceftriaxone, 
or a respiratory fluoroquinolone.10 Recent studies 
have also shown all strains to have been suscepti-
ble to imipenem and vancomycin.2 Nevertheless, 
the likelihood of new resistance remains a cause 
of concern.

In addition to antibiotics, corticosteroids 
have been useful in the treatment of severe  
community-acquired pneumonia14 and severe 
viral respiratory infections, such as coronavirus 
(severe acute respiratory syndrome) and parain-
fluenza virus (croup in children). A multicenter 
placebo-controlled study of patients admitted to 
the intensive care unit with severe CAP demon-
strated remarkable results in favor of the use of 
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hydrocortisone. There was a significant improve-
ment in alveolar-arterial oxygen gradient and 
chest radiograph score, a significant reduction  
in multiorgan dysfunction syndrome score,  
C-reactive protein levels, septic shock, length of 
hospital stay, and mortality in the hydrocortisone 
treatment arm compared with the placebo arm. 
Hydrocortisone was infused intravenously as  
a 200 mg bolus followed by a rate of 10 mg/h for 
7 days.

Legionella Species

Of the Legionella species that are a threat to the 
health of cancer patients, Legionella pneumophila 
is responsible for 90% of infections, with serotype 
1 responsible for 70% alone.15 Legionella causes 
an atypical pneumonia (legionnaires’ disease) 
and opportunistically affects patients with  
malignancies, HSCT patients, and those who are 
immunosuppressed and/or neutropenic owing  
to corticosteroid use or chemotherapy; cigarette 
smoking is also a major risk factor.7,10,15 A pro-
longed course of steroid use will put a patient at  
a 10-fold increased risk of infection.6 One  
epidemiologic study has shown that Legionella 
pneumonia is nine times more likely in the  
immunocompromised host than in the normal 
population.16 Unlike S. pneumoniae, the primary 
host defense against Legionella is cell-mediated 
immunity, predisposing both lymphoid leukemia 
and hairy cell leukemia patients to infection 
because of their decreased cell-mediated  
immunity.15 Legionella outbreaks are typically 
community acquired and are related to some 
environmental contamination when found  
nosocomially.17

Diagnosis of Legionella pneumonia requires 
a positive urinary antigen, direct fluorescent anti-
body, or a positive sputum or bronchoalveolar 
lavage (BAL) culture on charcoal yeast extract.6,15 
Infection is difficult to distinguish based on rou-
tine laboratory screenings and chest radiography, 
but isolation is always indicative of disease.6,12,15 
On a chest radiograph, bilateral or asymmetric 
infiltrates may be diffuse, cavitary, or nodular  
and multilobar consolidation is frequently  
present.1,5,6,15 Pleural effusion may also been seen 
on a radiograph.17 Legionella pneumonia follows 
a subacute progression of symptoms with refrac-
tory or late infiltrates that lasts for up to a week or 
more.6,12,17 Symptoms include high fever, malaise, 
myalgia, confusion, multiple rigors, anorexia, 
and headache.15 As legionellosis progresses, a 
slightly productive cough, pleuritic chest pain, 
hyponatremia, elevated transaminases, gastroin-
testinal symptoms such as watery diarrhea,  
and bradycardia may be experienced.13,15 Left 
untreated, the pneumonia can progress to stupor, 
shock, and multiorgan failure and can be fatal. 
Poor prognostic indicators include acute renal 

failure, shock, or the need for mechanical ventila-
tion.18 Although rare, the recurrence of infection 
is possible in the immunocompromised 
patient.15

In the immunocompromised cancer patient, 
extrathoracic Legionella infection may develop, 
such as arthritis and encephalitis.19 Also in those 
with a compromised immune status, mixed  
infections are found more commonly than in the 
immunocompetent. Pathogens found along with 
Legionella include S. pneumoniae, Streptococcus 
pyogenes, Enterococcus faecium, Enterobacter, Pre-
votella, Listeria, Nocardia, and cytomegalovirus 
(CMV).18

As with other bacterial causes of pneumonia, 
it is important to begin treatment as soon as  
possible for Legionella pneumonia as it can run a 
fulminant course in cancer patients. The treat-
ment of any severe CAP should include empiric 
treatment for Legionella as incorrect therapy leads 
to reported mortality rates approaching 80%. 
Currently, the best recommended treatment of 
legionellosis includes new macrolides and fluoro-
quinolones with or without rifampin. Azithro-
mycin, doxycycline, ofloxacin, ciprofloxacin, and 
levofloxacin are all preferred to erythromycin.15

Gram-Negative Bacteria

There are a number of gram-negative bacteria 
with the potential to cause pneumonia in the 
cancer patient. Pseudomonas aeruginosa,  
Haemophilus influenzae, Neisseria meningitidis, 
Klebsiella pneumoniae, and Stenotrophomonas 
maltophilia are all relevant to the scope of this dis-
cussion; however, P. aeruginosa and S. maltophilia 
are the most significant. Although there has been 
an etiologic shift in recent years to gram-positive 
bacteria as the source of infections in neutropenic 
patients, 30 to 40% of these infections are due to 
gram-negative bacteria.20

P. aeruginosa is one of the leading causes of 
bacterial pneumonia in cancer patients.6,16,20 At 
the advent of methicillin use, P. aeruginosa posed 
a major threat to persistently neutropenic cancer 
patients, with a fatality rate of 90%. The b-lactam 
antibiotics were the first to curb this agent, and 
the fatality rate has dropped precipitously. One 
report noted that P. aeruginosa and S. pneumoniae 
account for 42 and 30%, respectively, of total 
pneumonia-causing bacterial infections and that 
P. aeruginosa is responsible for 68% of the gram-
negative pneumonias.20 P. aeruginosa infections 
are primarily nosocomial, and patients with solid 
tumors and those with acute leukemia are the 
most affected.5,20 Also, it is the most frequently 
isolated bacteria in ventilator-associated pneu-
monia and is an indicator of poor prognosis.11,17,21 
Patients receiving HSCTs may have coinfection 
with P. aeruginosa and Aspergillus species.16 In 
neutropenic patients, P. aeruginosa may exhibit 

acute infiltrates with a nodular pattern and  
cavitation on a chest radiograph.5,6

Untreated Pseudomonas infections can  
be rapidly fatal in neutropenic patients. Ever-
increasing resistance to available antimicrobial 
drugs highlights the importance of proper treat-
ment selection. Antipseudomonal penicillins  
and cephalosporins have declined in efficacy with 
the emergence of resistance. Multiple studies  
have measured the resistance of P. aeruginosa to 
meropenem at 6 to 11%; piperacillin, ticarcillin, 
imipenem, and ceftazidime at 5 to 17%; and 
cefepime at 17%.20 Ciprofloxacin resistance has 
been reported over a range of 21 to 75%, suggest-
ing that corresponding rates are institution  
specific.20 After prolonged neutropenia and use of 
broad-spectrum antibiotics, superinfection with 
P. aeruginosa is possible.7 Combination therapy 
recommended for severe P. aeruginosa infections 
includes cefepime, piperacillin-tazobactam, or a 
carbapenem combined with an aminoglycoside 
or a fluoroquinolone with antipseudomonal 
activity. Because of better lung penetration, an 
antipseudomonal quinolone is preferred over 
aminoglycosides when used in combination with 
a b-lactam antibiotic.

S. maltophilia (formerly Xanthomonas  
maltophilia) is an important nosocomial cause of 
pneumonia in cancer patients. Those infected 
with S. maltophilia tend to have serious underly-
ing conditions, such as lung cancer, acute leuke-
mia, and chronic myelogenous leukemia, resulting 
in a reported pneumonia mortality rate of 50%.22 
Long-term neutropenia, extended hospitalization 
(more than 1 week), and the presence of  
central venous catheters are also risk factors  
for S. maltophilia colonization.22,23 A reported 
42.6% of patients with upper respiratory tract 
(URT) colonization with S. maltophilia developed 
pneumonia, but for sites other than lung  
colonization, 14.7% developed pneumonia. The 
clinical picture of S. maltophilia pneumonia is not  
particularly distinct from other causes of bacterial 
pneumonia. S. maltophilia–induced pneumonia 
may cause nonspecific alveolar infiltrates and 
focal areas of necrosis and hemorrhage. In one 
series, radiographic findings included bilateral 
infiltration in 50% and pleural effusion in 20%. 
However, none had cavitation.22 

The primary challenge presented by S. malto-
philia is the selection of appropriate therapy as it 
is especially prone to developing resistance. The 
agent is universally resistant to imipenem and has 
shown complete resistance to cefazolin, tobramy-
cin, and amikacin.22,24 Previous treatment with 
imipenem is an important risk factor because  
its ineffectiveness against S. maltophilia makes 
superinfection possible. Other antimicrobials 
considered to be risk factors include ampicillin, 
gentamicin, vancomycin, metronidazole, piper-
acillin, cefotaxime, and ceftazidime.22,23 Currently 
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effective drugs against S. maltophilia strains 
include ceftazidime, ticarcillin-clavulanate, TMP-
SMX, the newer fluoroquinolones and tigecycline 
of the fluoroquinolones, Moxifloxacin has the 
highest activity in vitro against S. maltophilia 
(80% susceptibility).22,23

S. aureus

S. aureus is also a common cause of life- 
threatening pneumonia. Infections generally arise 
in late neutropenia and originate most often from 
central venous catheters.9,25,26 In patients receiving 
HSCTs, matched unrelated and mismatched allo-
geneic recipients are at risk of more frequent and 
more severe infection than sibling recipients.27 
Neurosurgical patients may experience early-
onset pneumonia and, if there is tracheal coloni-
zation, ventilator-associated pneumonia owing 
to S. aureus.21 Aspiration pneumonia with lung 
abscess is also a risk of infection.10,11 The radio-
graphic presentation of S. aureus pneumonia 
includes early focal infiltrates, with cavitary and 
nodular lesions progressing in less than 24 hours. 
Abscesses can occur in areas of consolidation 
where necrosis has developed.1,5,6,12 A newly  
discovered virulence factor that produces tissue 
necrosis has been found in some strains of methi-
cillin-resistant Staphylococcus aureus (MRSA), 
called Panton-Valentine leukocidin (PVL). Severe 
CAP caused by MRSA carrying the PVL gene has 
been described in healthy adults.28 In several 
patients, concomitant influenza A infection  
contributed to the severity of the illness. Cancer 
patients could likewise be susceptible to this infec-
tion, and MRSA-carrying PVL genes should be 
considered if severe CAP is diagnosed.

This bacterium maintains a genetic plasticity 
that allows it to continually develop resistance to 
new antibiotics. MRSA has become a ubiquitous 
etiology of infection, and resistance to vancomy-
cin, although scarce, is being reported as well.29 
Where resistance has not developed, MRSA  
frequently demonstrates 100% susceptibility to 
vancomycin.25 MRSA susceptibility has been 
retained by minocycline, TMP-SMX, and a newer 
agent, linezolid, which has been an effective treat-
ment for nosocomial and ventilator-associated 
MRSA pneumonia. Recent studies demonstrated 
the superiority of linezolid over vancomycin for 
nosocomial MRSA pneumonia and MRSA venti-
lator-associated pneumonia, with better clinical 
and microbial response rates and a higher survival 
rate.30,31 Another new therapeutic, daptomycin, 
has shown effectiveness against MRSA but is  
specifically contraindicated for pneumonia  
treatment.2

Nocardia

Nocardia species are aerobic actinomycetes  
found universally in soil. Nocardia infections  

are most often due to Nocardia asteroides and are 
pulmonary in nature, affecting patients with  
lymphomas and lymphocytic leukemias, espe-
cially in the terminal stages of disease.5,32 A review 
of 1,050 cases of nocardiosis from the 1970s found 
that 17% of patients had a solid or hematologic 
malignancy.33 Prolonged use of corticosteroids 
(more than 1 month) is a significant risk factor 
for the development of nocardial infections. 
Interestingly, neutropenia is not a risk factor for 
nocardiosis.32

Allogeneic HSCT is another risk factor for 
nocardial infections. One study found that nocar-
diosis was diagnosed a median of 210 days after 
transplantation, with an 84% survival rate from 
the infection.34 Interestingly, 40% (10 of 25 
patients) were receiving oral TMP-SMZ twice-
weekly prophylaxis for Pneumocystis carinii  
pneumonia (PCP). 

Pulmonary infection presents with fever, 
night sweats, and cough, but the severity  
varies with the degree of immunosuppression.17  
Pneumonia caused by Nocardia progresses sub-
acutely or chronically with a multifocal pattern, 
consisting of consolidation and cavitary or nodu-
lar lesions that are detectable on a computed 
tomographic (CT) scan before they can be seen 
on a chest radiograph.5,6,12 However, one study 
indicates that 75% of non–acquired immune 
deficiency syndrome (AIDS) immunosuppressed 
patients with pulmonary nocardiosis will exhibit 
singular nodularity, with only 21% having cavita-
tion.1 Isolation and identification of Nocardia 
species are diagnostic, and gram staining distinc-
tively shows beaded gram-positive, filamentous 
rods.13,16 Distinguishing Nocardia from Actinomy-
ces, which has a similar Gram stain pattern, 
requires a modified Kinyoun stain. Nocardia is 
acid-fast positive, whereas Actinomyces is acid fast 
negative.

Nocardia has a propensity to spread to the 
central nervous system, presenting as a brain 
abscess, which is frequently asymptomatic. Up to 
44% of patients with disseminated nocardiosis 
will have brain involvement.33,35 Therefore, all 
patients with pulmonary nocardiosis should have 
a CT scan of the brain to rule out central nervous 
system involvement.

Antibiotics with bactericidal activity are 
replacing the mainstay of therapy, TMP-SMX, 
which is bacteriostatic. Treatment for Nocardia 
infections is a combination of a third-generation 
cephalosporin, such as cefotaxime, or carbape-
nem and amikacin intravenously followed by oral 
minocycline or TMP-SMX. Because of the ten-
dency for relapse of Nocardia infection, treatment 
should continue for a prolonged period of time 
(6–12 months).32

Cytomegalovirus 

CMV is a member of the Herpesviridae family. 
More than 50% of adults in the United States and 

Europe have antibodies against CMV. CMV is  
a well-known cause of severe infections in HSCT 
patients, especially following allogeneic HSCT 
between the first and the third month after trans-
plantation.36,37 Important risk factors in these 
patients for developing CMV disease include 
seropositivity for CMV antibodies of either or 
both the donor and the recipient, age older than 
20 years, GVHD, and failure of reconstitution 
after HSCT.38 Prior to the introduction of specific 
antiviral therapy with ganciclovir and intrave-
nous immunoglobulin (IVIG), CMV pneumonia 
occurred in 17% of allogeneic SCT patients and 
had an associated mortality rate of 85%.37 Since 
the introduction of preemptive therapy, the over-
all rate of CMV pneumonia has decreased (6% in 
one study),39 but the proportion of patients with 
late CMV disease (>100 days after transplanta-
tion) has increased,39,40 and the mortality rate 
remains high (up to 76%) once pneumonia has 
developed.39 Occasionally, P. carinii will be found 
together with CMV in severe pneumonia. 

The acute syndrome preceding CMV pneu-
monia typically consists of flu- or mononucleo-
sis-like symptoms, such as fever and myalgia. 
Thrombocytopenia, leukopenia, atypical lym-
phocytosis, and liver function abnormalities  
may be observed during this time. Once CMV 
pneumonia has developed, patients present with 
tachypnea, a nonproductive cough, dyspnea, and 
unilateral or bilateral rales.36,41

On a chest radiograph, pulmonary paren-
chymal infiltrates will be visible in most patients. 
The pattern of infiltrates can be consolidation, 
interstitial, ground-glass, or a combination of all 
three, and is most often located at the bases of  
the lungs. More rarely, a nodular pattern or pneu-
mothorax has been described.42 A CT scan of the 
lung will most commonly reveals ground-glass 
opacification, areas of consolidation, and small 
bilateral nodules.43

CMV pneumonia is defined by the presence 
of symptoms of pulmonary disease combined 
with the detection of CMV in BAL fluid or lung 
tissue samples.44 The preferred diagnostic 
approaches are deoxyribonucleic acid (DNA) or 
pp65 antigen detection methods and viral culture. 
Recently, several real-time polymerase chain  
reaction (PCR) assays that increase sensitivity  
and decrease processing time have been 
described.45–47

General prevention strategies in allogeneic 
SCT patients include matching of seronegative 
recipients and donors and use of seronegative or 
leukocyte-reduced blood products. Other than 
that, two different strategies using antiviral drugs 
have been studied in recent years: either preemp-
tive or prophylactic treatment. In preemptive 
therapy, antiviral treatment is started as soon as 
CMV infection is diagnosed by DNA detection 
methods or antigenemia assays. By contrast,  
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prophylactic treatment is typically started at 
engraftment and continued at least during the 
first 3 months after transplantation. Although 
several studies have shown prophylactic treat-
ment to decrease early CMV disease, the mortal-
ity rate was not changed because of other 
intercurrent infections and a higher incidence of 
late CMV disease. Because preemptive treatment 
seems to reduce mortality, especially when a 
short-term antigenemia- or DNA-based strategy 
is used, it has become the strategy favored by most 
authors for the general situation.38,40,48 However, 
prophylactic treatment remains warranted when 
the risk of severe GVHD is unusually high and 
when corticosteroids are used for the treatment of 
GVHD. Usually, no preemptive or prophylactic 
treatment is required when both donor and  
recipient are seronegative for CMV. The same 
holds true for autologous SCT recipients without 
risk factors.38,40 Preemptive treatment should be 
started as soon as CMV is detected in blood by 
either an antigenemia assay, PCR, or, more rarely, 
viral culture. Ganciclovir should be used at a 
dosage of 5 mg/kg twice daily for 1 to 2 weeks, 
followed by 5 mg/kg daily for 100 days or until no 
CMV DNA or antigen can be detected on several 
occasions. Foscarnet at a dosage of 60 mg/kg twice 
daily can be used instead of ganciclovir when 
marrow toxicity or ganciclovir resistance is 
observed.38,40,48 Prophylactic treatment consists  
of ganciclovir at a dosage of 5 mg/kg once daily, 
started at engraftment and continued for 100 
days. 

Once CMV pneumonia has developed,  
ganciclovir should be used at a dosage of  
5 mg/kg twice a day for 1 or 2 weeks and then  
at a dosage of 5 mg/kg daily for 3 to 4 weeks.  
IVIG (500 mg/kg) or CMV immunoglobulin  
(150 mg/kg) is added every other day for the first 
2 weeks and then weekly. Longer treatment may 
be required in cases of severe immunosuppres-
sion. Foscarnet at a dosage of 90 mg/kg twice  
daily can be used as an alternative to ganciclovir 
in cases of marrow toxicity or ganciclovir resis-
tance.40 Other antiviral drugs that have some 
activity against CMV include valganciclovir  
and cidofovir. Valganciclovir is an effective oral 
formulation for treatment of CMV infection  
with good systemic absorption. Cidofovir is  
nephrotoxic and is rarely used for the treatment 
of CMV infection in the setting of HSCT.

Influenza Virus 

Influenza virus is one of the most common causes 
of severe respiratory disease in the world. Most 
epidemics are caused by influenza A, subtype 
H3N2, resulting in about 140,000 hospitalizations 
per year in the United States.49 Influenza has a  
typical seasonal distribution, with most cases 
occurring between November and April.49,50 
Among the cancer population, patients with  

leukemia and/or undergoing HSCT have an 
increased risk of developing severe disease from 
influenza infection. In these patients, the risk  
of developing influenzal pneumonia has been 
reported to be between 28 and 80%, with an asso-
ciated mortality rate of 17 to 33%.51–55 However, 
the incidence is relatively low (about 1%),  
probably owing to prevention measures such as 
vaccination of both patients and staff. The risk 
factors for influenza infection include HSCT 
during the influenza season, female sex, and 
advanced disease, and the risk factors for pro-
gression to pneumonia are lymphocytopenia  
and steroid use.54 During the winter of 1993–1994 
in Houston, one-third (15 of 45) of adults  
with leukemia who were hospitalized in a local 
cancer center with an acute respiratory illness 
were infected with influenza.56 Twelve (80%) of 
the patients infected with influenza virus had 
pneumonia, and of these, four (33%) died. They 
expired owing to progressive respiratory failure  
at a mean of 24 days (range 8–31 days). Patients 
who died tended to have received chemotherapy 
more recently and to be more myelosuppressed.

Typical symptoms of respiratory tract infec-
tion and pneumonia owing to influenza include 
fever, productive or nonproductive cough, wheez-
ing, and nasal congestion. More rarely, a sore 
throat, shortness of breath, myalgia, and chest 
pain have occurred.52,57 On a chest radiograph, 
bilateral or unilateral consolidation and nodular 
opacities will be seen. A CT scan of the lung will 
show ground-glass opacities, consolidation,  
centrilobular nodules, and branching linear  
opacities.58

In the previously mentioned study, the most 
common presenting symptom in leukemia 
patients infected with influenza was fever (87%), 
followed in frequency by cough (73%) and wheez-
ing (67%). Sore throat and nasal congestion were 
noted, 33%(5 of 15) and 53% (8 of 15) of the 
time, respectively. Myalgia occurred in only  
4 (27%) patients. Five patients had radiographi-
cally documented sinusitis (one of whom had 
concurrent Aspergillus sinusitis). Pneumonia was 
diagnosed at a mean of 8 days (range 0–24 days) 
after the onset of symptoms in 80% (12 of 15) of 
the patients. Bilateral infiltrates were noted in  
10 patients and unilateral infiltrates in 2. Three 
(25%) patients with pneumonia were concur-
rently infected with Aspergillus species, respira-
tory syncytial virus (RSV), and RSV combined 
with Candida species, respectively.

A high frequency of infection occurred in 
another influenza epidemic recorded in the  
same city and institution during the winter of 
1991–1992.59,60 Twenty-eight (29%) adult HSCT 
recipients and 37 (11%) adults with leukemia 
hospitalized with an acute respiratory illness were 
infected with influenza virus. The complication 

rate in those patients was quite high. Seventy-five 
percent (6 of 8) of the HSCT recipients and 75%  
(3 of 4) of the leukemia patients with influenza 
developed pneumonia with a high mortality rate, 
17% and 33%, respectively.

Pneumonia complicating influenza is fre-
quently bacterial or mixed bacterial and viral in 
origin.56 Cancer patients, especially those with 
neutropenia, with prolonged corticosteroid  
therapy, or following HSCT may be particularly 
vulnerable to coinfection with Aspergillus  
species.

Influenza can be diagnosed by culture or, 
more rapidly, by antigen assays, neuraminidase 
activity assays, or reverse transcriptase polymerase 
chain reaction (RT-PCR). Culturing influenza 
virus, although time-consuming, may provide 
important information about the virus subtype 
and drug resistance61; however, RT-PCR has been 
shown to have a higher sensitivity than viral  
culture and is therefore now considered the  
reference standard by some authors.62 Adequate 
specimens can be obtained by nasopharyngeal 
wash, throat swab, or BAL. Using BAL specimens 
has been reported to increase the diagnostic 
yield.63 

Prevention
Although the immune response to immunization 
with inactive influenza virus vaccine in cancer 
patients is less than in the general public, its use is 
highly recommended in this population by the 
Centers for Disease Control and Prevention.49,64,65 
In addition, chemoprophylaxis is highly recom-
mended in immunosuppressed patients with 
cancer if they are exposed to the influenza virus. 
The drug that appears to be the most popular and 
useful for chemoprophylaxis and treatment for 
influenza in all populations is the new neurami-
nadase inhibitor oseltamivir. Its low toxicity, high 
efficiency, and oral formulation make it favored 
over the inhaled neuraminadase zanamivir 
(Relenza). Older drugs that also may be useful for 
prophylaxis and treatment include amantadine 
or rimantadine. Of the older drugs, the latter is 
preferred because of less toxicity. For HSCT 
patients, vaccination should be begun before 
transplantation and resumed more than 6 months 
after transplantation. Chemoprophylaxis with 
either M2 inhibitors or neuraminidase inhibitors 
(oseltamivir or zanamivir) should also be  
considered in times of nosocomial or community 
outbreaks of influenza.55,61,66

Treatment 
Both M2 inhibitors and neuraminidase inhibitors 
are known to be effective in preventing and treat-
ing influenza infection in immunocompetent 
patients. In immunosuppressed HSCT patients, 
early therapy with oseltamivir or zanamivir has 
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been shown to decrease progression to pneumo-
nia and mortality from influenza infection.54,67 
Since resistance against M2 inhibitors in immu-
nocompromised patients has been reported,68 it 
has been suggested that neuraminidase inhibitors 
should be used either alone or in combination 
with M2 inhibitors.54 However, no large-scale 
clinical studies are available that would justify a 
general recommendation.

Finally, inhaled ribavirin, used mostly for 
RSV infections, has also been successfully used  
in patients with influenza pneumonia. Dosage 
recommendations are 100 mg twice daily for  
both rimantadine and amantadine, 10 mg twice 
daily for zanamivir, and 75 mg twice daily for 
oseltamivir.49

Respiratory Syncytial Virus

RSV, a single-stranded RNA virus of the Para-
myxoviridae family, is the most common cause  
of lower respiratory tract (LRT) disease, such as 
bronchiolitis and pneumonitis, in infants between 
6 weeks and 6 months of age.69 Among immuno-
competent adults, RSV infection usually produces 
symptoms of the common cold. However, severe 
respiratory disease is seen in immunocompro-
mised cancer patients with leukemia and those 
receiving HSCT.70 RSV infection usually occurs 
during the winter months, but illness during the 
summer can occur.71 RSV can colonize the URT 
without causing symptoms. However, URT colo-
nization and/or infection frequently lead to LRT 
infection in HSCT recipients and patients receiv-
ing myeloablative chemotherapy. Transmission 
seems to occur mainly by direct contact with large 
particulate droplets and/or fomites, with a high 
risk of nosocomial spread.72 The mortality rate  
of RSV pneumonia in immunocompromised 
patients, especially HSCT recipients, has been 
reported to approach 100% but can be largely 
reduced by prompt and adequate therapy.73–75

RSV pneumonia in immunocompromised 
adults typically starts with symptoms of URT 
infection, such as cough, rhinitis, or sinusitis. 
Progression to LRT infection is more likely to 
occur in patients with renal failure, elevated 
serum lactate dehydrogenase (LDH), or mucosi-
tis and recipients of allogeneic HSCT (especially 
during the immediate post-transplant period) 
and/or myelosuppressive chemotherapy.71 RSV 
has a propensity to cause tracheobronchitis, with 
resultant necrosis, edema, and increased mucous 
secretion, resulting in obstruction. Wheezing is a 
characteristic finding on physical examination.  
A chest radiograph will show bilateral infiltration 
in 40%. High-resolution computed tomography 
(HRCT) of the chest will demonstrate ground-
glass infiltrates. RSV can be detected by antigen 
testing (enyzme-linked immunosorbent assay or 
immunofluorescence) or viral culture. However, 

PCR is the most sensitive method for detecting 
RSV.76 Although samples can be obtained by nasal 
wash or throat swab, sensitivity greatly improves 
when a BAL or an endotracheal aspiration is  
performed.77

In immunocompromised HSCT patients, a 
combination therapy with aerosolized ribavirin 
and IVIG has been shown to be effective in RSV 
URT illnesses and RSV pneumonia.75,78,79 How-
ever, no controlled clinical trials of this regimen 
have been performed to date, and there is no  
general consensus on which patients to treat and 
when to start therapy. Ghosh and colleagues sug-
gested treating patients according to individual 
risk factors, such as the level of immunosuppres-
sion, the age of the patient, the clinical course  
of the respiratory illness, and the presence of 
underlying lung disease.78 A monoclonal antibody 
against RSV, palivizumab, is 50 to 100 times more 
active than RSV-specific IVIG and has been 
approved for prophylactic use in infants at risk of 
severe RSV infection. Monthly prophylaxis with 
intramuscular palivizumab has shown a 55% 
reduction in RSV infection–related hospitaliza-
tion in premature infants and infants with chronic 
lung disease (bronchopulmonary dysphasia).80  
It has been reported to be effective in adults  
following HSCT for prophylaxis and treatment  
of severe RSV infection as well.80,81 A short course 
of therapy with corticosteroids, as shown in  
several studies of children with RSV tracheobron-
chitis and croup, may be of benefit.71,80 The use of 
aerosolized ribavirin is quickly falling out of favor 
because of difficulties with administration and  
a lack of efficacy. Because RSV is transmitted  
nosocomially at a high frequency, infection con-
trol measures, such as contact isolation, gowns, 
and gloves, are crucial in preventing nosocomial 
RSV pneumonia outbreaks.72

Human Metapneumovirus

Human metapneumovirus (hMPV) was first  
isolated in 2001 from infants with clinical syn-
dromes closely resembling those caused by RSV 
infection, including bronchiolitis, croup, asthma 
exacerbation, and pneumonia.82 As a member  
of the Paramyxoviridae family, it belongs to the 
same subfamily (Pneumovirinae) as RSV. The 
only other member of its genus (Metapneumovi-
rus) identified so far is avian pneumovirus type C, 
which is known to cause rhinotracheitis in  
turkeys. Further studies have shown hMPV to be 
a frequent cause of respiratory tract illness, not 
only in otherwise healthy infants and children83 
but also in elderly and immunocompromised 
patients.84–86 Most cases of hMPV infection have 
been reported during the winter and early spring 
months, suggesting a seasonality that is similar to 
that of RSV infection.87 Furthermore, some data 
indicate that hMPV infection might aggravate 

respiratory tract disease caused by RSV88;  
however, this finding could not be confirmed  
in another study.89 Patients with malignancy are 
included in a large series of patients with hMPV 
respiratory infections.86 However, two patients 
with cancer and hMPV infection are reported in 
the literature with significant detail, in a case 
report fashion.90,91 Both patients died from severe 
pneumonia with respiratory failure. One patient 
was a 17-month-old female with acute lympho-
blastic leukemia (ALL),90 and the other patient 
was a 33-year-old female also with ALL.91

The most common symptoms caused by 
hMPV include fever, cough, dyspnea, tachypnea, 
and wheezing. Despite clinical features that are 
very similar to RSV infection, it has been sug-
gested that hMPV respiratory illness tends to be 
less severe, with less hypoxemia and dyspnea.83,86,87 
A chest radiograph may show atelectasis, hyper-
inflation, and infiltrates. HRCT of the chest  
usually reveals bilateral ground-glass infiltrates. 
With rapid antigen detection tests being unavail-
able to date, RT-PCR is currently the method  
of choice for detecting acute hMPV infection. 
Adequate primers were recently described by 
Côté and colleagues.92 Although samples obtained 
by nasopharyngeal aspirate have been used in 
most studies, sensitivity might be increased by 
BAL as it has been described in the diagnosis of 
RSV pneumonia.93

At the time of writing, no treatment for 
hMPV infection has been evaluated in any  
large-scale study. However, a combination of 
ribavirin and IVIG, as used for RSV infection,  
has been shown to have some in vitro activity 
against hMPV and might therefore be considered 
for severe hMPV respiratory illness in immuno-
compromised patients.94

Rhinovirus

The majority of common cold syndromes are 
caused by human rhinoviruses (HRVs) and  
coronaviruses. These are generally considered to 
replicate principally in the URT. However, severe 
respiratory infection requiring hospitalization 
can occur in the elderly and immunosuppressed 
population. Patients with COPD are particularly 
at risk of serious infection.95 In one study, the 
most common pathogen found as a cause of exac-
erbation of COPD was the picornaviruses, 75% of 
which were due to rhinoviruses.96

Most patients with common colds present 
with a self-limited syndrome characterized by 
nasal obstruction, coryza , sneezing, sore throat, 
and cough. Fever is uncommon in immunocom-
petent adults. However, infants, hospitalized 
elderly patients, and HSCT recipients can develop 
LRT disease, including viral pneumonia.97

One series of myelosuppressed HSCT patients 
with HRV pneumonia diagnosed by viral culture 
resulted in a fatal outcome in 32% (7 of 22).98 All 
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of the patients presented with infection within  
the first 10 days after transplantation, suggesting 
nosocomial acquisition.96 The mean time between 
the onset of acute respiratory symptoms and 
respiratory failure was 12 days (range 3–21 days). 
The duration of viral shedding was 8 days (range 
1–18 days). In another study, HSCT recipients 
with acute pulmonary infiltrates were found to 
have HRV in 8% (6 of 77 patients) of the cases.99 
All of them were detected by RT-PCR of BAL. 
Most of the patients presented with HRV infec-
tion after the first 100 days after transplantation, 
which is consistent with a community acquisition 
of infection. All of the patients had copathogens 
(three with Aspergillus species, three with parain-
fluenza virus, two with RSV, and one with CMV, 
P. aeruginosa, S. aureus, and S. pneumoniae). 
Death occurred in five of six patients, with a mean 
time of 54 days between illness onset and death. 
The most sensitive available technique for diag-
nosing HRV presence is RT-PCR because cell  
culture is relatively insensitive.99

There is no known treatment for severe  
rhinovirus infection that is readily available. 
However, a promising agent, pleconaril (a viral 
capsid function inhibitor), shortens the course  
of illness but induces the P-450 hepatic  
enzyme, which could result in drug-to-drug  
interactions.95

Aspergillus

The genus Aspergillus consists of more than 600 
species, with A. fumigatus, A. flavus, A. terreus, 
and A. nidulans being the most common causes of 
infection in humans. Because Aspergillus species 
are ubiquitous, infections can occur in the com-
munity and in the hospital setting, especially 
during periods of renovation or construction in 
the latter case. The respiratory tract is the primary 
portal of entry, and the pulmonary alveolar mac-
rophage is the first line of defense against infec-
tion. Neutrophils and circulating peripheral 
blood monocytes are the secondary line of defense. 
Chemotherapy, radiation therapy, and cortico-
steroids significantly alter these primary and  
secondary lines of defense to allow for Aspergillus 
infection. The most common risk group that 
develops invasive pulmonary aspergillosis (IPA) 
is composed of those with prolonged neutropenia 
(greater than 7 days) or GVHD and those  
receiving corticosteroids or another immunosup-
pressive therapy.

The mortality rates of IPA are 60% or higher 
in patients with a hematologic malignancy and 
80% or higher in patients following allogeneic 
SCT. The longer the duration of neutropenia, the 
greater the mortality rate in patients with IPA. A 
bimodal pattern of IPA has been noted in patients 
following allogeneic SCT at 16 and 96 days  
after transplantation, which corresponds to the 
periods of neutropenia and GVHD, respec-
tively.100

The most common clinical finding in patients 
with IPA includes fever, pleuritic pain, cough 
(usually nonproductive), and hemoptysis. 
Decreased breath sounds owing to pulmonary 
consolidation or a pleural friction rub, which can 
be evanescent, may be noted on the examination. 
Aspergillus species have a strong predilection  
to invade blood vessels, resulting in vascular 
thrombosis, infarction, and tissue necrosis. This, 
in turn, results in the characteristic radiographic 
findings, which include bronchopneumonia, 
lobar consolidation, multiple nodular lesions 
resembling septic emboli, cavitary lesions, the 
halo sign, and the air crescent sign. The earliest 
lesions are best seen by HRCT scans, which can 
detect infection a week earlier than plain chest 
radiographs. Peripheral nodular lesions greater 
than 2 cm are suggestive of Aspergillus pneu-
moniae in high-risk patients. A halo of ground-
glass infiltrates can frequently be seen surrounding 
the dense core of the nodular lesions. In some 
cases, an air crescent can be visualized within the 
nodular infiltrates and represents separation of 
the necrotic center from the hemorrhagic outer 
rim. After several weeks, cavitation frequently 
develops from lung necrosis. Although the radio-
graphic findings mentioned above are highly sug-
gestive of IPA in the high-risk patient, definitive 
diagnosis requires visualization of the pathogen 
by fungal stains and culture of sputum, BAL, or 
biopsy of affected tissue. Aspergillus species in 
tissue form angular, dichotomously branching 
septate hyphae, which are indistinguishable from 
Fusarium, Scedosporium, and other pathogenic 
molds. Culture of Aspergillus in the high-risk 
patient with characteristic radiographic findings 
is diagnostic of IPA. Serologic testing (galacto-
mannan)101 and antigen-based testing by PCR are 
not universally accepted but can be useful for 
early detection of IPA and for following the 
response to treatment. Reducing morbidity and 
mortality from IPA require prophylactic therapy, 
early detection, effective therapy after diagnosis, 
and resolution of immunosuppression.

Voriconazole has become the drug of choice 
for IPA after an improved response, a higher  
survival rate, and less toxicity were noted when 
compared with amphotericin B.102 Combination 
therapy is considered more effective than mono-
therapy. Voriconazole combined with caspofun-
gin resulted in a better response rate and a higher 
survival rate than voriconazole alone in the  
treatment of IPA.103 Other drugs that are effective 
alone or in combination include itraconazole, 
caspofungin, and lipid formulations of ampho-
tericin B, which are less nephrotoxic than ampho-
tericin B. A newly appoved antifungal, 
posacongzole, posaconazole, also has excelled  
activity against Aspergillus as well as other molds, 
including zygomycosis Granulocyte colony- 
stimulating factor, granulocyte-macrophage 

colony-stimulating factor, or granulocyte trans-
fusions may be used to improve the response to 
antifungal therapy with IPA.

The duration of therapy ranges from 6 weeks 
to 6 months depending on resolution of pulmo-
nary lesions by serial CT and the recovery of host 
immunity. Because the risk of relapse of IPA is 
over 50% with future episodes of neutropenia, 
appropriate antifungal therapy is begun with 
onset.

Fusarium

The Fusarium genus belongs to the fungi imper-
fecti and derives its name from its fusiform spores. 
It is a ubiquitous fungus and a common soil  
saprophyte and plant pathogen. In the hospital 
setting, this mold and other dematiaceous fungi 
have been shown to be present in water or water-
related surfaces and potted plants, which serve  
as a potential reservoir for infection.104 In some 
areas, the rainy season is associated with a two- to 
sixfold greater incidence of Fusarium infections 
in cancer patients than the drier months.105 Local-
ized and systemic diseases have been described in 
the literature in both non-neutropenic and neu-
tropenic hosts. Improved antibiotic treatment, 
use of prophylactic antibiotics, intensification of 
antileukemic treatment resulting in profound 
and prolonged myelosuppression, and HSCT 
contribute to the emergence of Fusarium species 
as a significant cause of severe, often fatal  
disease.104 Almost half of the reported cases of  
disseminated fusariosis occur in patients with 
acute leukemia, and prolonged neutropenia is  
the predominant risk factor.105 Corticosteroid use 
has not been identified as a major risk factor for 
fusariosis and is, therefore, far less frequent than 
aspergillosis in patients with GVHD receiving 
corticosteroids.106 Portals of entry for this fungus 
include the respiratory tract (nasal passages, 
sinuses, and lung) and skin, especially between 
the toes and in the periungal area.

Pulmonary fusariosis resembles aspergillosis 
with nodular, cavitary, or nonspecific pulmonary 
infiltrates. The typical course is described as fever, 
nodular lung lesions or sinusitis, periungal or  
toe cellulitis, disseminated nodular skin lesions, 
myalgias, and fungemia. The eventual outcome  
is resolution with myeloid recovery or death  
secondary to disseminated infection. Boutati and 
Anaissie recently reviewed the cases of 43 patients 
with invasive and/or disseminated fusariosis, all 
of whom were immunocompromised and most 
of whom were neutropenic at diagnosis (84%) or 
undergoing steroid therapy.107 Skin lesions were 
present in up to 70% of patients in a review by 
Richardson and colleagues and in 79% (34 of 43) 
in the review by Boutati and Anaissie.107,108 Inter-
estingly, all 18 patients in the latter review who 
had blood cultures positive for Fusarium species 
had skin lesions. Skin lesions present as multiple 
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painful erythematous subcutaneous nodules 
approximately 2 to 3 cm in diameter. Occasion-
ally, the lesions form a black necrotic eschar and 
may ulcerate. Clinical and histopathologic find-
ings of septate branching hyphae, with a propen-
sity for vascular invasion and thrombus formation, 
are very similar to those for other mold infec-
tions. A unique feature of Fusarium species, in 
contrast to other molds, such as Aspergillus, is the 
high rate of positive blood cultures, up to 50%  
in some reports, and the frequent finding of skin 
lesions.104 The frequent finding of fungemia is 
thought to be due to the propensity for intravas-
cular sporulation of Fusarium, which is not a 
characteristic of Aspergillus.

Outcome generally relates to recovery of 
bone marrow and the overall condition of the 
host. Susceptibility to antifungal therapy seems  
to be a significant factor, with Fusarium shown to 
be consistently resistant to 5-fluorocytosine and 
variably sensitive to amphotericin B and ampho-
tericin B lipid formulations posaconazole, keto-
conazole and miconazole.104 Voriconazole alone 
or combined with amphotericin B lipid formula-
tions remains the drug of choice. Recurrent infec-
tion has been described, generally among patients 
with repeated episodes of neutropenia.107 There-
fore, prompt reinstitution of antifungal therapy 
and a search for evidence of recurrence during 
subsequent neutropenic episodes are essential.104 
HSCT recipients may develop infection before or 
after engraftment, even when they have adequate 
neutrophil counts. Overall, the prognosis remains 
poor with disseminated disease, and early diagno-
sis and aggressive combination antifungal therapy 
and surgery or débridement, coupled with leuko-
cyte transfusions or growth factors, remain the 
best approach.104

Scedosporium

Infections owing to Scedosporium are primarily 
caused by S. apiospermum and S. prolificans (infla-
tum). Scedosporium apiospermum is the asexual 
form of Pseudallescheria boydii, better known as 
the most common cause of Madura foot in the 
United States. This phaeohyphomycete, found 
commonly in soil, standing water, and sewage, 
has been known to cause locally invasive infec-
tions and systemic fungemia in the immunocom-
promised patient.110 Locally invasive infections 
are usually caused by traumatic or penetrating 
injuries that introduce the fungus into deep  
tissues, as in Madura foot or mycetoma.109 Other 
deep tissue infections have been described,  
including osteomyelitis, endocarditis, sinusitis, 
parotitis, pneumonia, and brain abscess.109 
Although S. apiospermum infections have been 
described in immunocompetent patients,  
disseminated infection is far more common in 
the immunocompromised host, with prolonged 
neutropenia or chronic GVHD, or in those  

receiving corticosteroids or amphotericin B.110 
Scedosporium is inherently resistant to ampho-
tericin B.

In one review of the literature, 25 dissemi-
nated Scedosporium species infections in cancer 
patients were reported, with a mortality rate of 
96%.110 The time from the onset of symptoms of 
disseminated infection until death ranged from  
1 to 29 days (average 12 days). All patients had  
a hematologic malignancy in various stages of 
therapy; 15 patients were receiving amphotericin 
B therapy when their cultures were positive for 
Scedosporium species.

The triad of fever, nodular skin lesions, and 
myalgia, once considered to be pathognomonic 
of disseminated candidiasis (especially Candida 
tropicalis), is common in patients with dissemi-
nated Scedosporium and Fusarium.105 In addition, 
positive blood cultures are common with dissem-
inated Scedosporium and Fusarium but are rare 
when Aspergillus disseminates.105

Invasive Scedosporium pulmonary disease 
resembles aspergillosis, with fever, cough,  
pleuritic pain, and hemoptysis being the most 
common.111 In one study, the most common clin-
ical features among the 25 patients with dissemi-
nated infection included fever (92%), pulmonary 
symptoms (48%), central nervous system find-
ings (44%), rash (28%), and arthralgias or myal-
gias (16%).110 Findings on chest radiography or 
CT of the lungs are similar to those of invasive 
pulmonary aspergillosis with nodular consolida-
tion that may develop cavitation. Multiple brain 
infarcts can be seen by CT or magnetic resonance 
imaging of the brain when dissemination to the 
central nervous system develops. Culture of the 
organism from involved sites by sputum, BAL, or 
biopsy sampling is required for diagnosis. The 
acute angle branching and septation of hyphae 
seen on histopathology for Scedosporium cannot 
be distinguished from Aspergillus and other 
molds.

Scedosporium is resistant to amphotericin B. 
Lipid formulations of amphotericin B have been 
successfully used for Scedosporium infections in 
case reports.105 However, voriconazole is the drug 
of choice for Scedosporium infections, possibly 
combined with a lipid formulation of amphoteri-
cin B. Posaconazole  also has based invitro antiv-
ity against Scedosporium. Ultimate recovery from 
all mold infections is dependent on resolution of 
neutropenia.

Zygomycosis

Zygomycosis is an opportunistic infection caused 
by organisms belonging to the class Zygomycetes. 
The organisms most commonly implicated  
in clinical disease belong to the genera Mucor, 
Rhizopus, Absidia, and Cunninghamella, with 
Rhizopus being the most common. These  

organisms are widely disseminated in the envi-
ronment, and most of the infections are due to 
the inhalation of spores.

Zygomycosis is an uncommon acute and 
often fatal opportunistic fungal infection that is 
classically seen with poorly controlled diabetes 
mellitus with acidosis, acute leukemia, or other 
immunosuppressive conditions. Neutrophils and 
monocytes or macrophages are the essential host 
defense factors against the Zygomycetes. Patients 
with acute leukemia are at high risk of developing 
zygomycosis as a result of prolonged neutropenia. 
A relatively new association of zygomycosis 
occurring in patients with iron and aluminum 
excess who receive deferoxamine therapy has 
been reported with increasing frequency.111 
Although most commonly noted in patients 
receiving hemodialysis, zygomycosis develops in 
patients with various iron overload states such  
as thalassemia, sideroblastic anemia, and myelo-
dysplasia in which deferoxamine may be used.

The clinical manifestations of zygomycosis 
consist of rhinocerebral, pulmonary, gastrointes-
tinal, cutaneous, and disseminated infection. The 
rhinocerebral form is the most common presen-
tation. Rhinocerebral zygomycosis is found  
most commonly in uncontrolled diabetics with 
ketoacidosis and then in patients with prolonged 
neutropenia. It is associated with the develop-
ment of sinusitis with involvement of the orbit 
leading to proptosis and ophthalmoplegia.  
Pulmonary zygomycosis more often occurs in 
patients with leukemia or lymphoma with  
prolonged neutropenia.112 Symptoms of pleuritic 
chest pain, fever, cough, and hemoptysis with 
radiographic findings of consolidation and cavity 
formation are indistinguishable from those of 
pulmonary aspergillosis.112 

Hematogenous dissemination can result in 
brain, spleen, kidney, heart, liver, and omentum 
metastatic infection. Pulmonary zygomycosis has 
a predilection to spread to the brain. Cerebral 
forms of zygomycosis are more like to de?? in 
patients with a hematologic malignancy and asso-
ciated neutropenia. Regardless of the anatomic 
site of the lesion, invasion of blood vessels results 
in downstream tissue necrosis, and a black 
necrotic eschar develops if the skin is involved. 
The diagnosis of zygomycosis is best made by 
biopsy of involved tissues with histopathology 
and fungal culture. Microscopy will reveal broad, 
irregularly shaped, ??? nonseptate hyphae with  
right-angled branching. The fungi are often seen 
invading through tissue planes and blood vessels. 
Thrombosis and resultant infarction of the sur-
rounding tissue ensue. The diagnosis of pulmo-
nary zygomycosis is rarely made antemortem as 
the yield from sputum fungal smears, culture, and 
BAL is low.112

Without early aggressive therapy, zygomyco-
sis is almost always fatal. Therapy consists of early 
surgical débridement, administration of ampho-
tericin B or lipid formulations of amphotericin B, 
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and correction of the underlying disease process. 
Lipid formulations of amphotericin B allow  
for administration of amphotericin B at higher 
doses with less nephrotoxicity.113 Posaconazole 
with in-vitro antivity against zygomycetes, can  
be used alone or in combination with lipid  
formulations of amphotericin B. If surgical 
débridement or the correction of the underlying 
conditions is not possible, then the response  
from medical treatment alone is poor. A better 
therapeutic response is obtained in patients with 
diabetic ketoacidosis and zygomycosis than in 
patients with underlying leukemia and lymphoma 
because ketoacidosis can be quickly corrected and 
the sinus, rather than the lung, is usually affected. 
Therapy with high-dose lipid formulations  
of amphotericin B, combined with aggressive  
surgery and immune reconstitution, offers the 
best chance for survival of cancer patients with 
zygomycosis.113 If consolidation chemotherapy  
is needed in patients with a history of zygomyco-
sis, prophylaxis with amphotericin B or its  
lipid formulations or posaconazole can prevent a 
relapse of infection.114

P. Carinii Pneumonia

P. carinii is a unicellular eukaryote thought to be 
a protozoon for more than 80 years. Its taxonomy 
had remained unclear until 1988, when Edman 
and colleagues demonstrated it to be a fungus  
by analyzing its ribosomal ribonucleic acid.115  

P. carinii was named after Antonio Carini, who 
discovered the organism in rats in 1912. A new 
name for the cause of Pneumocystis infection in 
humans was recently selected: P. jiroveci, after 
Otto Jirovec, who demonstrated the organism  
in premature newborns who died of interstitial 
plasma cell pneumonia in l951.116 We use  
P. carinii in place of P. jiroveci in this chapter 
owing to its familiarity and extensive use in the 
literature. Most children have acquired antibod-
ies against P. carinii by the age of 4 years.117  
Primary infection is usually asymptomatic, and 
the latency of the organism seems to occur in 
some cases.118 However, several studies now  
suggest that PCP is due to reinfection rather  
than to reactivation of latent infection.119 It has 
been known as a complication in both human 
immunodeficiency virus (HIV)-positive and 
HIV-negative immunocompromised patients 
with T-lymphocyte disorders for a long time.120,121 
In the AIDS population, PCP may develop in 
more than 75% of persons in the absence of  
chemoprophylaxis.122 Because of standard pro-
phylaxis for PCP with TMP-SMX in HIV-infected 
patients with a CD4 lymphocyte count below  
200 cells/mL, PCP has been much less common  
in this population in recent years. However, in 
cancer patients, PCP may be increasing because 
of more intensive and prolonged suppression  
of cellular immunity with corticosteroids and 

monoclonal antibodies. In addition, mortality 
owing to PCP is higher in cancer patients com-
pared with AIDS patients, partly because of late 
recognition of the infection.

Several large studies of PCP in HIV-negative 
patients published recently found that  
lymphocytic leukemias and lymphomas predom-
inated.123–126 A few patients had multiple myeloma, 
acute and chronic myelogenous leukemia, and 
solid tumors. The primary risk factors were cyto-
toxic chemotherapy, prolonged corticosteroid 
therapy, and SCT. Admission to the intensive care 
unit was required for 45 and 56% of patients  
in two of the studies, respectively.124,126 In the 
same two studies, 30 and 41% required mechani-
cal ventilation, and the mortality rate was 33 and 
38%, respectively.124,126 Poor prognostic indica-
tors were prolonged corticosteroid therapy, a 
high respiration rate, a high heart rate, an elevated 
C-reactive protein level, an elevated serum LDH 
level, and mechanical ventilation.

Antecedent corticosteroid use is cited in  
80 to 94% of cases of non-HIV PCP.126–130 Para-
doxically, corticosteroid treatment predisposes 
patients to PCP and also improves the outcome 
once PCP occurs. The use of corticosteroid  
therapy to treat PCP in immunosuppressed 
patients without HIV was only recently proved  
to be as effective as in HIV-positive patients.131  

As illustrated in many published series, the high 
incidence of corticosteroid use as adjuvant  
therapy may account for the decreased mortality 
in recent years.127–129,132 

PCP historically has been noted in children 
with ALL who are receiving corticosteroids and 
intensive chemotherapy.133 It is now relatively 
uncommon in this age group because of the rou-
tine use of TMP-SMX prophylaxis. In adults with 
ALL, PCP generally occurs during consolidation 
or early maintenance therapy.134 However, earlier 
presentations may occur with more intensive 
chemotherapy. Because of the association of  
PCP with the tapering of corticostroids, many 
ALL treatment protocols institute intermittent  
TMP-SMX prophylaxis following induction  
chemotherapy.135

Of all of the solid organ tumors, brain cancer 
metastasis—both primary and secondary—is 
associated with the highest incidence of risk of 
PCP. The incidence ranges from 1.7 to 6%.136,137 
The predisposition to PCP stems from long-term 
use of corticosteroids to reduce cerebral edema in 
patients with brain tumors.130,136,137 Two-thirds of 
cases of PCP become symptomatic during corti-
costeroid taper. A dose reduction in long-term 
corticosteroid therapy may unmask an ongoing 
pulmonary inflammation from PCP that initially 
developed while the patient was receiving  
immunosuppressive therapy.

Patients with brain tumors who are receiving 
corticosteroid treatment for more than 5 weeks 
are at risk of PCP, especially when the dose is 

tapered. Among patients with brain tumors, those 
with primary central nervous system lymphoma 
are at the highest risk of PCP, with a mortality of 
nearly 50%.138,139 The major risk factors are corti-
costeroid, high-dose methotrexate, and radiation 
therapy, all of which reduce CD4 cell counts.

HIV patients with PCP classically present 
with a gradual onset of fever, nonproductive 
cough, and dyspnea over a few weeks. However, 
PCP causes a somewhat different manifestation 
in HIV-negative immunocompromised patients, 
in whom symptoms develop more rapidly (few 
days) and appear to be more fulminant and severe 
than in AIDS patients.140 Patients with cancer 
infected with PCP are hospitalized earlier and 
present with a more acute disease. The respiration 
rate is higher (39 breaths per minute vs 22 breaths 
per minute) and the arterial oxygen partial pres-
sure value (52 mm Hg vs 69 mm Hg) is lower in 
cancer patients than in patients with HIV infec-
tion.130,140 On physical examination, auscultation 
of the lungs is often normal, although it may 
sometimes reveal wheezing, rales, or rhonchi. 

Laboratory findings that are helpful in  
diagnosing PCP include arterial blood gases and 
serum LDH. Arterial blood gases reflect the sever-
ity of pulmonary involvement and typically show 
hypoxia and an increase in the alveolar-arterial 
oxygen gradient.141 LDH is elevated in most cases 
of PCP, as it is in other diseases causing lung 
parenchymal damage. Therefore, its increase is 
nonspecific, but a normal LDH will help rule out 
PCP with a high negative predictive value.142

Classic findings on a chest radiograph show 
diffuse interstitial infiltration, and, rarely, cystic 
or cavitary lesions and pneumothorax can be 
seen.141 Because the chest radiograph may be 
normal, HRCT is indicated when the clinical  
suspicion of PCP is high. The usual finding on  
an HRCT scan is bilateral ground-glass alveolar 
infiltration with interstitial pneumonia.142

Final diagnosis of PCP can be made only by 
identification of the organism. Since P. carinii 
cannot be cultured, sputum samples or BAL  
fluid will have to be obtained for histochemical 
staining and subsequent microscopic examina-
tion. Appropriate staining techniques include  
the Gomori methenamine silver stain, modified 
Wright-Giemsa stain, and, more recently, immu-
nofluorescent stain, which increases sensitivity 
and specificity.143

Since the 1970s, multiple clinical trials have 
clearly shown that TMP-SMX decreases the  
incidence and mortality of PCP. Currently, TMP-
SMX remains the drug of choice for treatment 
and prevention and is recommended by the  
Infectious Diseases Society of America for all 
patients at risk of PCP. Standard treatment starts 
with intravenous administration at a dose of  
15 to 20  mg/kg trimethoprim per day and can  
be switched to the oral form of the drug when 
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improvement occurs. The duration of treatment 
is 3 weeks, followed by prophylaxis for 6 months. 
On rare occasions, mutations in P. carinii associ-
ated with TMP-SMX failure have been reported, 
indicating that resistance may be emerging. How-
ever, the major limitation of TMP-SMX therapy 
is side effects. Allergic reactions, primarily rash 
and myelosuppression, are the most common 
toxicities that require drug discontinuation.

Alternatives to TMP-SMX include aerosol-
ized pentamidine or dapsone for prophylaxis; 
intravenous pentamidine, trimetrexate, or com-
bination clindamycin-primaquine for treatment; 
and the newer agent, atovaquone, which is useful 
for both treatment and prophylaxis.

In cancer patients, if TMP-SMX prophylaxis 
is not tolerated, the second drug of choice is ato-
vaquone. One study found that PCP prophylaxis 
with atovaquone was better tolerated and associ-
ated with less toxicity than TMP-SMX following 
autologous HSCT. In other studies, prophylaxis 
with dapsone and inhaled pentamidine following 
HSCT was associated with higher rates of PCP 
when compared with TMP-SMX.

Adjunctive corticosteroid therapy has been 
shown to improve survival and decrease the 
occurrence of respiratory failure in severe cases  
of PCP both in patients with AIDS144 and in non-
HIV patients.145 Corticosteroids should be added 
if the arterial oxygen tension is below 70 mm Hg 
while on room air. 

Mycobacterium tuberculosis 

Tuberculosis (TB) is a dramatic problem world-
wide, with 2 billion people (one-third of the 
world’s population) infected with Mycobacterium 
tuberculosis. In cancer patients, especially follow-
ing HSCT, a high incidence of TB might be 
expected owing to the resultant cellular immuno-
deficiency from cancer therapy. However, in spite 
of the worldwide high prevalence, TB has not 
been described in cancer patients to the extent 
expected. Nonetheless, the incidence of TB in 
cancer patients after HSCT has been estimated to 
be 10 to 40 times higher than in the general popu-
lation.146 A similarly high estimated incidence of 
TB has been found in solid organ transplant 
patients, in whom TB has been much better  
studied than in HSCT patients, with more than  
270 cases reported.146 Countries with a high  
prevalence of TB would be most likely to see sig-
nificant numbers of cancer patients with active 
disease. Most of the literature on TB in cancer 
patients is in the HSCT population.

In Taiwan, where pulmonary TB is endemic, 
8 of 350 SCT recipients were found to have  
pulmonary TB over a 6-year period.147 The rela-
tive risk of having pulmonary TB after HSCT was 
13.1-fold higher than in the general population. 
There was a trend toward an increased risk of 

having pulmonary TB in allogeneic HSCT patients 
compared with autologous HSCT patients. All 
eight patients with pulmonary TB received allo-
geneic HSCT, and most (seven of eight patients) 
developed the infection during treatment for 
GVHD. CT of the chest was normal in one patient, 
with the rest showing either interstitial (two 
patients) or alveolar infiltrates (five patients) at 
the onset of pulmonary TB. The four fatal cases 
had an obviously shorter duration between HSCT 
and the onset of infection.

Another study found four patients with 
Mycobacterium tuberculosis infection identified 
from 641 adult patients who received a HSCT  
over a 12-year period (prevalence 0.6%).148 The 
pretransplantation diagnosis was acute myeloge-
nous leukemia in two patients and chronic myelo-
monocytic leukemia in the other two. The sites of 
infection were the lung (two patients), spine (one 
patient), and central nervous system (one patient). 
The onset of infection ranged from 120 days to  
20 months post-HSCT. Two patients had coexist-
ing CMV infection. One patient had graft failure. 
The two patients who received anti-TB therapy 
recovered from the infection.

Of five HSCT series with a total of more than 
5,000 patients, only 10 cases of M. tuberculosis 
infection were described, with an overall  
incidence of 0.19%.149 The median age of the  
10 patients who developed TB was 29 years (range 
17–40 years). The median time for onset of symp-
toms was 150 days (range 23–550 days), with the 
patients mainly presenting with fever and cough, 
with infiltrates on a chest radiograph. A respira-
tory tract specimen, mostly sputum, yielded  
positive smears for acid-fast bacilli in three 
patients and positive M. tuberculosis culture in 
eight patients, whereas lung tissue histology was 
the first diagnostic test in two patients. Treatment 
with standard anti-TB drugs for a longer duration 
was highly effective, with no excessive side effects. 
The risk factors identified for development of  
TB included allogeneic HSCT, total-body irradia-
tion, and chronic GVHD.150

The Infectious Diseases Working Party of the 
European Blood and Marrow Transplant Group 
conducted a survey to obtain information about 
the frequency, presentation, and treatment of 
mycobacterial infection (MBI) in HSCT recipi-
ents.150 Among 29 centers, MBI was diagnosed in 
0.79% of 1,513 allogeneic and 0.23% of 3,012 
autologous HSCT recipients during 1994–1998 a 
median of 160 days after transplantation. The 
mean interval between first symptoms and diag-
nosis was 29 days and was still longer for patients 
with atypical MBI or recipients of corticosteroid 
therapy. The prevalence of MBI was highest 
among those who received matched unrelated  
or mismatched HSTC’s from related donors. Of  
31 patients, 20 had TB, 8 had atypical MBI, and  
3 had diagnoses based on histologic findings only. 

Five patients (16%) died, all of whom had received 
an allogeneic HSCT.

A national survey of TB after HSCT was 
undertaken to study the incidence, clinical  
presentation, and outcome.146 Twenty confirmed 
cases were found among 8,013 patients (8 in 5,147 
autologous and 12 in 2,866 allogeneic HSCT’s). 
The estimated incidence in cases/10 patients/year 
was 101 (56.5–145) for the whole group, 71.1 
(21.8–120) in autologous transplant patients, and  
135.6 (58.9–212) in allogeneic transplant patients. 
Compared with the general population, TB  
was more frequent after allogeneic (relative risk 
2.95) but not after autologous HSCT. TB after  
HSCT is a late infection (median 324 days post-
transplantation), predominantly affects the lungs 
(80% of the cases), and appears to respond well  
to treatment but has a high mortality rate (25%) 
in allogeneic recipients. It can also complicate  
the post-transplantation management as anti-TB 
drugs frequently decrease the serum levels of 
cyclosporine, causing an aggravation of GVHD.146 
GVHD, corticosteroid treatment, and total-body 
irradiation appear to be associated with TB in 
allogeneic recipients.146

In summary, pulmonary TB is uncommon in 
cancer patients. Countries and areas with endemic 
TB will, by nature of frequent exposure, encoun-
ter more cancer patients with active disease. As in 
AIDS patients, those with cancer and profound 
immunosuppression will have a greater likeli-
hood of developing active infection (the lifetime 
risk in AIDS patients is 50%) when exposed to 
TB. In addition, extrapulmonary disease would 
be expected to be more common in immunosup-
pressed cancer patients as in AIDS patients (more 
than 50% of cases). Treatment of TB is the same 
in the cancer patient as in the noncancer patient, 
but the potential for drug interactions will  
be more common. Other than allogeneic HSCT 
recipients, prognosis with effective therapy is the 
same in cancer and noncancer patients. 

Nontuberculous Mycobacteria

Nontuberculous mycobacteria (NTM) are  
ubitiquous in the environment and have been 
recovered from fresh and salt water (including 
hot water pipes), soil, animals, and milk and food 
products. Colonization of body surfaces and 
secretions can occur naturally and without caus-
ing disease. As the incidence of TB has declined in 
the United States and other developed countries, 
NTM are now the most common isolates detected 
from clinical specimens. Prior to the AIDS epi-
demic, most cases of NTM produced an indolent, 
cavitary pulmonary infection in nonimmunosup-
pressed patients, mostly male, with COPD or  
previous TB.151

In HIV-infected patients, NTM, mostly 
Mycobacterium avium complex (MAC), usually 
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causes disseminated infection. Pulmonary find-
ings are not as common as fever of unknown 
origin, with diffuse lymphadenopathy in AIDS 
patients. Prophylaxis for NTM is a standard  
recommendation for HIV-infected patients with 
a CD4 lymphocyte count less than 100 cells/mL. 

In cancer patients, NTM can cause catheter-
related infections, bacteremia, skin and soft  
tissue infections, pneumonia, and disseminated 
infections. Patients with leukemia, lymphoma,  
or HSCT and those requiring prolonged corti-
costeroid therapy are at highest risk of NTM 
infection.

As with TB in cancer patients, NTM  
infections are more commonly reported in HSCT 
recipients, who tend to be more profoundly 
immunosuppressed and thus more likely to 
develop active disease. An increase in NTM infec-
tions in HSCT patients has been observed and 
may reflect increased numbers of transplants, 
intensification of immunosuppressive regimens, 
prolonged survival of transplant recipients, and/
or improved diagnostic techniques.152 The diffi-
culty of diagnosis and the impact associated with 
infections owing to NTM in HSCT necessitates 
that, to ensure prompt diagnosis and early initia-
tion of therapy, a high level of suspicion for  
NTM disease should be maintained.152 The  
most common manifestations of NTM infection 
in HSCT recipients include cutaneous and  
pleuropulmonary disease and catheter-related 
infections.152

Mycobacterium kansasii is the most virulent 
of the NTM and usually presents as lung disease 
that is nearly identical to TB. The major predis-
posing factor to lung infection is COPD, which is 
present in over two-thirds of cases. Lung cancer, 
lymphocytic leukemia, and lymphoma are the 
most common associated malignancies. The  
clinical presentation is similar to pulmonary TB, 
with fever, weight loss, cough, and hemoptysis.151 
Cavitation occurs in 85 to 95% of cases, being 
bilateral in 20%. In some cases, the cavities tend 
to have thinner walls and less surrounding paren-
chymal infiltration than in TB.153 Treatment is 
similar to that for M. tuberculosis, with rifampin, 
isoniazid, pyrazinamide, and ethambutol (except 
without pyrazinamide because of inherent resis-
tance).151 The duration of treatment, 18 months, 
is the same for noncancer patients. Radiologic 
improvement, symptom resolution, and sputum 
conversion to negative are expected during  
therapy.

Mycobacterium avium complex
Pulmonary symptoms owing to MAC may be 
present for months or years before the diagnosis 
is made. The median interval from onset of  
symptoms to the correct diagnosis was reported 
to range from 25 weeks to 10 months.154 Early 
cases may be asymptomatic and discovered only 
by routine screening chest radiographs. Most 

patients experience chronic cough, usually pro-
ductive of purulent sputum but usually without 
hemoptysis. Constitutional symptoms, including 
fever, night sweats, weight loss, malaise, lethargy, 
and fatigue, are not common unless patients have 
extensive lung disease. Symptoms usually improve 
with successful therapy.

Patients with underlying lung disease and 
MAC infection often have cavities apparent on 
the chest radiograph.154 It has been suggested that 
MAC-related cavities tend to be thinner, with  
less surrounding parenchymal opacification and 
more contiguous but less distal bronchogenic 
spread of opacification than in TB.154 In middle-
aged and older women without underlying lung 
disease, MAC primarily involves the lingula and 
right middle lobe associated with bronchiectasis 
and subcentimeter peripheral nodules.154 This 
entity is known as Lady Windermere syndrome, 
after the play with the same name.155 Often reticu-
lar changes, a single nodule, or multiple small 
nodules are present. Pleural effusions are not 
common in MAC lung infections. 

HRCT is more sensitive than chest radiogra-
phy for detecting the abnormalities associated 
with MAC lung disease.156 The presence of bron-
chiectasis and multiple small nodules is predictive 
of MAC lung disease, especially when they are 
adjacent to each other.156 In a study, one-quarter 
of patients with typical changes of fibronodular 
bronchiectasis produced sputum that grew  
MAC on culture.156 Other reported abnormalities 
include atelectasis, consolidation, “tree in bud,” 
and ground-glass opacities.156 Serial CT in MAC 
lung disease has shown that bronchiectasis tends 
to become more severe and nodules spread to 
other segments over time.156 The development  
of consolidation and ground-glass opacities is 
preceded by the appearance of nodules. Some 
small nodules will disappear with successful  
treatment.156

The reported rates of treatment success have 
ranged from 20 to 90% in individual studies,  
but if patients who were unable or unwilling to 
complete treatment, those requiring surgery, 
those who died, and those with relapse during an 
adequate follow-up period are included, the cure 
rate is approximately 40%.156 Serious toxicity  
limited the number of medications, dose, and 
duration of therapy in these regimens.156 Some 
have suggested that adjusting therapy to sensitiv-
ity testing results improves outcome in MAC lung 
disease, but others have not been able to show a 
benefit.156

The newer macrolides, clarithromycin and 
azithromycin, are concentrated in alveolar mac-
rophages and have good activity against MAC,  
an intracellular organism.156 Clarithromycin and 
azithromycin, administered alone or in combina-
tion with other medications, are effective for 
pneumonia owing to MAC in cancer patients. 

Emergence of resistance to the macrolide may be 
prevented by the addition of ethambutol, rifabu-
tin, or streptomycin. Newer fluoroquinolones 
(such as moxifloxacin and levofloxacin) and line-
zolid may also be useful for treatment of MAC 
and other mycobacteria, such as Mycobacterium 
tuberculosis and rapidly growing mycobacteria 
(RGM). The recognition that these patients have 
a failure of the interferon-c pathways has led to 
some preliminary studies of cytokine therapy  
in MAC lung disease, and preliminary results  
suggest that interferon-c may have a role in the 
treatment of MAC.156

Rapidly Growing Mycobacteria

RGM will grow on solid media in less than 7 days, 
unlike other NTM and TB, which grow slowly.  
M. fortuitum, M. chelonae, and M. abscessus are 
the most common RGM-causing infections in 
cancer patients. Other risk factors include under-
lying lung disease (such as emphysema), achalasia  
and rheumatologic conditions, HSCT, and  
cancers that require immunosuppressive therapy. 
M. chelonae primarily causes cutaneous disease, 
whereas M. fortuitum and M. abscessus primarily 
cause lung infection. One report reviewed the 
epidemiology and clinical manifestations of 154 
patients with RGM pulmonary disease and found 
that 82% was due to M. abscessus.157

Most patients with pneumonia owing to 
RGM are white, female nonsmokers who are at 
least 60 years of age.158 Forty percent have an 
underlying medical condition, such as previously 
treated pulmonary MAC, cystic fibrosis, lipoid 
pneumonia, achalasia, or lung transplantation.159 
The symptoms, signs, and radiographic findings 
are indistinguishable from those of MAC pneu-
monia. Treatment of RGM is very similar to that 
of MAC infection and is reviewed above and in 
Daley and Griffith.158 If limited disease is found, 
surgical resection of the involved lung may be 
curative. Patients with pulmonary or dissemi-
nated NTM infections can be safely transplanted 
by receiving effective antimicrobial therapy 
before, during, and after HSCT.152

Mycobacterium bovis

Bacille Calmette-Guérin (BCG) is a live attenu-
ated strain of Mycobacterium bovis and when 
administered intravesicularly is an effective treat-
ment for patients with superficial transitional cell 
carcinoma of the bladder. By inducing granulo-
matous inflammation, the host immune system 
destroys the cancer in the mucosa and submucosa 
of the bladder.

Although infection owing to dissemination 
of M. bovis outside the bladder is rare, it can be 
quite debilitating. One report of adverse effects of 
BCG therapy reported in a study of more than 
1,200 patients included a 2.9% incidence of high 
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fever (>39°C), 1.0% major hematuria, 0.9% 
granulomatous prostatitis, 0.7% granulomatous 
pneumonitis or hepatitis, 0.5% arthritis or 
arthralgia, 0.4% epididymo-orchitis, 0.4% life-
threatening BCG sepsis, 0.3% urethral obstruc-
tion, 0.2% bladder contracture, 0.1% renal 
abscess, and 0.1% cytopenia.159

The mechanism of complications in patients 
after disseminated BCG infections is that the 
hematogenous spread of mycobacteria to sites 
such as the liver, bone, or lung induces direct 
organ damage, and a hypersensitivity response to 
M. bovis occurs at the same time. For this reason, 
the recommended treatment for patients with 
severe M. bovis infections in the acute setting is  
a combination of antimycobacterial therapy  
and corticosteroids.160 Symptoms of BCG dis-
semination with pneumonitis include shortness 
of breath, nonproductive cough, fever, sweats, 
weight loss, and malaise.160 Radiographic findings 
are best seen with HRCT scans of the chest with a 
miliary pattern of 2 to 5 mm nodules seen in the 
lower lobes of the lung.160 Diagnosis requires open 
lung biopsy since BAL or biopsy is usually unsuc-
cessful. However, the readily apparent clinical 
diagnosis and usual response to appropriate ther-
apy preclude the need for a surgical diagnosis. 
PCR for M. bovis of a blood sample may be posi-
tive during active dissemination of BCG from  
the bladder. Treatment of disseminated BCG or 
pneumonia includes isoniazid and rifampin for  
3 to 6 months. Corticosteroids are considered 
when severe symptoms or a poor response to 
antimicrobial therapy occurs.
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In 2006, about 1,900,000 people in the United 
States will be diagnosed with cancer.1 In the 
United States, the lifetime probability of devel-
oping cancer at any site is now one in two (about 
50%) for a man and one in three (about 33%) for 
a woman. Although overall cancer survival rates 
have improved over the last three decades, death 
rates in cancer are still substantial. In 2004, slightly 
more than 560,000 deaths in the United States 
were caused by cancer. These statistics vividly 
demonstrate the importance of cancer as a public 
health concern but actually represent just a  
portion of the problem. Cancer also causes sub-
stantial morbidity. Pulmonary complications are 
especially common, including those relating to 
pulmonary spread of the cancer, initiated by sys-
temic procoagulant effects of cancer, and owing 
to toxicity from the chemotherapy and radio-
therapy regimens used to treat the primary cancer. 
This chapter reviews these major noninfectious 
pulmonary complications of cancer.

Pleural Effusions in Cancer Patients

In evaluating the cancer patient with a pleural 
effusion, clinicians should be concerned about 
pleural metastases. An estimated 50% of all cancer 
patients develop a malignant pleural effusion at 
some point during the course of their illness, and 
approximately 15% of cancer patients die with 
malignant effusions.2 Malignant effusions are 
most common in lung and breast cancer (50–75% 
of malignant effusions), lymphoma (both Hodg-
kin’s and non-Hodgkin’s), mesothelioma, and 
colon and ovarian cancer.2,3 Malignant effusions 
indicate a very poor prognosis, with 30-day  
mortality rates of 30 to 50% and a median sur-
vival of 4 months.2 Because of the poor prognosis 
in many cancer patients with pleural effusions, 
clinicians should make decisions regarding the 
aggressiveness of the diagnostic and therapeutic 
procedures based on maximizing the patient’s 
quality of life.

Nonmalignant pleural effusions must also  
be considered in the cancer patient. Depressed 
immune defenses predispose these patients to 
pneumonia, which may be complicated by parap-
neumonic effusions. Increased levels of tissue 
factor or activation of the coagulation cascade 
predispose cancer patients to pulmonary embo-
lism (PE), which can produce pleural effusion. 
Bronchial obstruction by cancer can produce 
postobstructive pneumonia or atelectasis, which, 
in turn, can cause effusions. Mediastinal nodes 
can obstruct the thoracic duct, producing an  
exudative effusion or a chylothorax.2 Pleural  
effusions may complicate cancer treatments. 
Chest radiation for lung cancer, mesothelioma, 
lymphoma, or breast cancer can cause a direct 
radiation pleuritis, resulting in pleural effusion.4 
Effusions usually appear within 6 months of  
radiation therapy, although they occasionally 
pose a diagnostic puzzle when occurring years 
later. Mediastinal radiation can cause mediastinal 
fibrosis, which can lead to effusions by obstructing 
pleural lymphatic drainage. Chemotherapy  
can produce pleuritis and pleural effusions,  
most commonly with the use of methotrexate,  
procarbazine, cyclophosphamide, or bleomycin.2

Diagnosis
The etiology of a pleural effusion in cancer 
patients can often be suspected based on the 
patient’s clinical presentation and history of  
previous treatments. A definitive diagnosis, how-
ever, usually requires diagnostic thoracentesis. 
Thoracentesis should be considered in any cancer 
patient with an unexplained pleural effusion. Rel-
ative contraindications to thoracentesis include a 
bleeding diathesis, anticoagulation, mechanical 
ventilation, and cellulitis at the puncture site. If 
pleural fluid is not obtained readily or in patients 
with smaller effusions, ultrasonography is useful 
in identifying an appropriate puncture site.

The initial diagnostic studies to order  
on pleural fluid in cancer patients can be  

remembered as the “5 C’s.” The first “C” is a 
reminder to “see” the gross appearance of the 
fluid and order additional studies accordingly. A 
bloody pleural fluid suggests malignancy, PE, or 
parapneumonic causes, although bloody fluid 
can also be seen in asbestos effusions and in post-
pericardiotomy syndrome. A purulent effusion is 
diagnostic of an empyema requiring drainage. A 
milky effusion indicates either a chylous or pseu-
dochylous effusion, which can be distinguished 
by testing pleural cholesterol and triglyceride 
levels.

The second “C” is for chemistries to  
distinguish transudates from exudates (Table 1). 
Although transudative effusions may be  

Table 1  Causes of Pleural Effusions in Cancer 
Patients

Transudates
 Congestive heart failure
 Cirrhosis with ascites
 Nephrotic syndrome
 Hypoalbuminemia
 Peritoneal dialysis
 Glomerulonephritis
 Atelectasis
 Superior vena cava
 Constrictive pericarditis
 Malignancy (<5%)
 Pulmonary embolism (<35%)
 Urinothorax
Exudates
 Metastatic disease
 Parapneumonic
 Pulmonary embolism
 Radiation
 Chylothorax
 Pancreatitis
 Esophageal perforation
 Tuberculosis pleuritis obstruction
 Post–cardiac injury syndrome
 Drug induced
 Viral pleuritis
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interpreted to indicate that no further evaluation 
is needed, pleural effusions from PE and malig-
nancy rarely present as transudates. In contrast, 
exudative effusions indicate inflammatory or 
malignant diseases that require further diagnostic 
studies. The criteria identified by Light and col-
leagues in 1972 have high sensitivity for distin-
guishing transudates from exudates but require 
simultaneous measurement of pleural and serum 
protein and lactate dehydrogenase (LDH).5 Newer 
criteria have a sensitivity and a specificity similar 
to those of Light and colleagues and require only 
pleural fluid measurements of protein, LDH, and 
cholesterol.6 A low pleural fluid glucose and pH 
in a patient with a parapneumonic effusion indi-
cate the need for drainage. A low pleural fluid  
glucose and pH suggest a very poor prognosis in 
patients with malignant effusions.4,7

The third “C,” cell count differential, may 
indicate possible etiologies for exudative effu-
sions. Pleural fluid with greater than 50%  
neu trophils indicates an acute process, such as 
parapneumonic effusions and those owing to PE 
or pancreatitis, but tends to exclude malignancy 
and tuberculosis. A differential with greater than 
50% lymphocytes suggests malignancy or tuber-
culosis.8 Pleural fluid eosinophilia, defined as 
greater than 10% eosinophils, is often caused by 
blood or air in the pleural space but may be seen 
with malignant effusions or those caused by drug 
reactions (such as dantrolene, bromocriptine, or 
nitrofurantoin). Increased numbers of meso-
thelial cells tend to exclude the diagnosis of tuber-
culosis,8 whereas markedly increased numbers  
of mesothelial cells in bloody or eosinophilic  
effusions in the absence of trauma suggest PE.9

The fourth “C,” pleural fluid cultures for 
bacterial, fungal, and tuberculous pathogens, 
should be performed routinely in cancer patients 
with exudative effusions. When tuberculosis is 
suspected, pleural fluid adenosine deaminase 
levels >40 U/L strongly suggest tuberculous 
pleuritis.8 The fifth “C,” cytology, should also be 
obtained routinely because of the high prevalence 
of malignant effusions in these patients. The yield 
of cytology varies from 62 to 90%, depending on 
the extent of disease and the propensity of the 
pleural malignancy to shed tumor cells into the 
pleural fluid.2 Mesothelioma, squamous cell car-
cinoma, lymphoma, and sarcoma involving the 
pleura may be missed in more than 50% of cases 
by pleural fluid cytology.8

In an appreciable proportion of patients,  
the etiology of an exudative effusion will remain 
undiagnosed after a single thoracentesis. Repeat 
thoracentesis will increase the diagnostic yield.10 
Pleural fluid LDH on serial thoracenteses may 
guide the aggressiveness of the evaluation. A  
rising LDH suggests an active inflammatory  
process that should be pursued further, whereas  
a decreasing LDH supports a less aggressive 

approach.8 If more aggressive diagnostic steps  
are warranted, closed-needle pleural biopsy can 
increase the diagnostic yield for malignancy by  
7 to 12%.2 However, video-assisted thoracoscopy 
(VATS) has emerged as the procedure of choice 
for undiagnosed pleural effusions because it 
allows visualization of the pleural space and 
directed biopsies.10 VATS has diagnostic yields up 
to 95% compared with 62% for cytology and 44% 
for closed-needle biopsy.11 After VATS, fewer 
than 10% of exudative effusions remain undiag-
nosed compared with >20% after cytology and 
needle biopsy.2 Some patients may not tolerate 
the general anesthesia and single-lung ventilation 
required for VATS. In these patients, medical 
thoracoscopy, performed under conscious seda-
tion and local anesthesia in an endoscopy suite 
using either rigid or semiflexible instruments, 
should be considered.

Treatment
Management of pleural effusions in the cancer 
patient is usually directed at relieving dyspnea, 
which is the most common presenting symptom. 
Accumulation of large amounts of pleural fluid 
may cause dyspnea by decreasing chest wall com-
pliance, shifting the mediastinum to the contra-
lateral hemithorax, decreasing ventilation of the 
ipsilateral lung, and stimulating reflexes within 
the lungs and chest wall.12 However, dyspnea  
may be unrelated to the pleural effusion, caused 
instead by underlying heart or lung disease, PE, 
pericardial effusion, or tumor infiltration of  
the lung parenchyma. For cancer patients with 
dyspnea and pleural effusions, the prime consid-
erations are (1) whether removal of the pleural 
fluid relieves dyspnea, (2) the patient’s general 
health and functional status, and (3) the patient’s 
expected survival.13 The goals in such patients 
should be to provide relief of dyspnea, minimize 
discomfort, and limit hospitalization time.

For patients with effusions owing to small 
cell lung cancer and for some with effusions from 
lymphoma and germ cell tumors, chemotherapy 
may effectively reduce effusions and relieve symp-
toms.13 Most cancer patients with symptomatic 
pleural effusions, however, require therapeutic 
thoracentesis for palliation. Drainage of pleural 
fluid by therapeutic thoracentesis or placement  
of a pleural drainage catheter relieves dyspnea  
by increasing lung ventilation. Typically, total 
lung capacity increases by approximately one-
third of the volume of fluid removed, and forced 
vital capacity increases by about one-sixth of  
the volume removed.14 However, many cancer 
patients with pleural effusions do not benefit 
from removal of pleural fluid either because  
the underlying lung cannot reexpand or because 
the dyspnea is caused by other underlying  
conditions. When considering therapeutic  
thoracentesis, mediastinal position may predict 

whether a patient is likely to benefit from this 
procedure. Mediastinal shift away from the 
pleural effusion indicates a positive pleural pres-
sure and compression of the underlying lung that 
likely will be relieved by thoracentesis. In con-
trast, the absence of mediastinal shift or shift 
toward the pleural effusion implies lung entrap-
ment by obstruction of the mainstem bronchus 
or extensive pleural involvement that will prevent 
reinflation of the lung when the pleural fluid is 
removed.

At initial therapeutic thoracentesis, removal 
of even 300 cc of fluid should be sufficient to 
determine whether relief of dyspnea will occur. 
Removal of more than 1,500 cc of fluid is not 
advised because of the risk of causing reexpansion 
pulmonary edema. In patients with lung entrap-
ment, far less fluid can be safely removed before 
unduly stretching the underlying lung. If large-
volume thoracentesis is planned, using pleural 
manometry to ensure that pleural pressure does 
not fall below -20 cm H2O is the safest approach 
and may allow removal of much larger volumes 
than otherwise recommended.15 Generally, reex-
pansion pulmonary edema can be avoided by 
removing <1,500 cc of pleural fluid and stopping 
the thoracentesis if the patient begins to feel chest 
pain or shortness of breath.

After therapeutic thoracentesis, relief of dys-
pnea should be evaluated by objective measures, 
such as the ability to walk a defined distance 
without shortness of breath, and documented  
for future reference. A chest radiograph should  
be obtained immediately after thoracentesis to 
determine the extent of lung reexpansion. Hydro-
pneumothorax on the postprocedure radiograph, 
especially when the apparent volume of airspace 
within the lung appears to be unchanged, signals 
lung entrapment. A thickened pleura on chest 
computed tomography (CT) supports this diag-
nosis and indicates that further thoracentesis  
will probably be of little value. If the lung has 
reexpanded, but the patient reports no relief  
of dyspnea, the clinician should consider  
contrast-enhanced chest CT to evaluate for lym-
phangitic carcinomatosis, thromboembolism, 
tumor embolism,2 and other nonmalignant  
cardiopulmonary diseases that can produce  
dyspnea.

Patients whose symptoms improve after tho-
racentesis should be followed for recurrence of 
symptomatic effusions. Those remaining asymp-
tomatic should simply be observed.16 For cancer 
patients with poor performance status (Karnofsky 
score <70) and limited life expectancy (<3 
months), recurring symptomatic pleural effu-
sions can be managed with repeated outpatient 
thoracentesis, which avoids hospitalization for 
more invasive and potentially morbid proce-
dures.13,16 If effusions recur quickly and patients 
have sufficient support at home, insertion of  
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an indwelling tunneled catheter is a reasonable 
option to palliate dyspnea.16,17 The only tunneled 
catheter approved by the US Food and Drug 
Administration (the Pleurx catheter, marketed  
by Denver Biomedical, Golden CO) is a 15.5F  
silicone catheter. A proximal polyester cuff causes 
subcutaneous fibrosis, which prevents dislodge-
ment and lessens the risk of infection. The  
catheter has a valved hub that keeps the system 
closed, except when a specific dilator attached to 
a 600 mL vacuum bottle system is inserted. The 
catheter can be inserted as an outpatient proce-
dure, and the effusion can be drained at home 
with the disposable vacuum bottles as frequently 
as necessary to relieve symptoms. The Pleurx 
catheter has been shown to be equivalent to or 
better than pleurodesis in relief of dyspnea and 
improvement in quality of life and induces spon-
taneous pleurodesis in up to 20 to 45% of patients 
over a median 29 days after placement.17–19  
However, approximately 20% of patients have 
complications related to the catheter, most com-
monly chest pain in the first week after catheter  
placement (10–14%). Catheter obstruction may 
necessitate replacement (2–8%). More serious 
complications, such as local cellulitis (6%), tumor 
seeding of the catheter track (1–3%), and pleural 
infection (1–5%), also occur.17–19

Cancer patients with better performance 
status (Karnofsky score of 70 or higher) whose 
lungs reexpand after the initial thoracentesis 
should be considered for pleurodesis if they have 
recurrence of a symptomatic effusion.2,13,20 After 
complete drainage of the pleural effusion, scle-
rosing agents are instilled to produce acute pleural 
injury and inflammation, causing bridging pleural 
fibrosis that effectively “glues” the lungs to the 
chest wall and obliterates the potential pleural 
space. Systemic corticosteroids should be avoided 
or reduced to the lowest possible doses prior to 
pleurodesis to avoid suppressing sclerosant-
induced inflammation and thereby causing 
pleurodesis failures.21 Pleurodesis through a chest 
tube using a talc slurry appears to be as effective 
as that performed using talc powder insufflated 
(poudrage) during VATS.22–24 For most patients, 
pleural effusions can be drained as effectively and 
with less pain using small-bore (10–14F) inter-
costal pleural catheters as opposed to large-bore 
(24–32F) chest tubes.16,25–27 The main disadvan-
tage to pleurodesis by a pleural catheter or chest 
tube is that a longer hospitalization may be 
required to fully drain the effusion prior to instil-
lation of the sclerosing agent, but it avoids general 
anesthesia and intubation with VATS.

Talc is the most effective agent for pleurodesis 
and the least expensive. It has been recommended 
as the agent of choice by the European, American, 
and British thoracic societies.2,16 Talc, which pre-
vents recurrent effusions in 90 to 95% of patients, 
was found to be more effective than bleomycin, 

tetracycline, mustine, or tube drainage alone  
in a systematic review of 10 studies including  
308 patients.23 The talc preparations used for 
pleurodesis are asbestos-free powders that require 
sterilization by dry heat, ethylene oxide, or gamma 
irradiation prior to use in talc slurry or are avail-
able in aerosol-propellent bottles for use in  
poudrage. Although more effective than other 
sclerosants, talc pleurodesis has a higher inci-
dence of complications, including fever, empyema, 
and acute lung injury. Fever occurs in up to 65% 
of patients within 4 to 12 hours of talc pleurodesis 
and may last up to 72 hours before resolving 
spontaneously.2 Empyema has been reported in 
up to 11% of patients, presumably related to dif-
ficulties in preparation of an adequately sterilized 
product for instillation. The most worrisome 
complication is acute lung injury and adult respi-
ratory distress syndrome (ARDS), which has been 
estimated to occur in up to 9% of patients.2 
Because talc particles are known to be absorbed 
into lymphatic and venous drainage during scle-
rosis, the incidence of ARDS may be related to the 
particle size of talc and the dose used. Most cases 
of talc-induced ARDS have been reported in the 
United States, where 11 to 20 µ of talc is used, 
rather than in Europe, where “French talc,” with 
a 34 µ particle size, is used.28 In addition, doses of 
talc up to 14 g were used in earlier studies when 
ARDS was first recognized, in contrast to the 3 to 
5 g doses now recommended.

Pleurodesis is unsuccessful in 10 to 40% of 
patients, depending on the approach, the scle-
rosant, and, most importantly, whether the 
underlying lung reinflates fully as the effusion is 
drained. Treatment options for most cancer 
patients who fail pleurodesis include a repeat 
attempt at pleurodesis, serial thoracenteses to 
remove fluid as necessary, or placement of a 
Pleurx catheter and drainage at home.16 The 
Pleurx catheter was shown to effectively palliate 
dyspnea in 10 of 11 patients with lung entrap-
ment, even when pleurodesis was not achieved.29 
Some centers place a pleuroperitoneal shunt in 
such patients to drain the effusion into the 
abdominal space, but these devices have the same 
complications as the Pleurx catheter and a higher 
rate of catheter occlusion.

Pleurectomy is an invasive surgical option 
that effectively prevents recurrence of effusions 
by complete resection of the pleural space.  
However, the procedure is associated with  
complications of empyema, hemorrhage, and 
cardiorespiratory failure and carries an operative 
mortality of 10 to 13%.16 Thus, it should rarely  
be used in cancer patients who have an already 
limited prognosis.

In summary, pleural effusions in cancer 
patients may herald metastatic malignancy,  
infection, or thromboembolism or may be related 
to underlying diseases. When symptomatic,  

palliative therapies should be chosen based on 
maximizing the patient’s quality of life. Repeated 
serial thoracenteses, pleurodesis, or indwelling 
tunneled catheters are palliative options to  
consider, depending on prognosis and patient 
choices.

Approach to Pneumothorax in 
Cancer Patients

Pneumothorax is classified as iatrogenic, trau-
matic, or spontaneous in origin (Table 2).30 
Cancer patients are at risk of iatrogenic pneumo-
thoraces because they often undergo such diag-
nostic procedures as transthoracic needle biopsy 
of the lung and mediastinal lesions, percutaneous 
biopsy of the liver and adrenal lesions, and trans-
bronchial biopsy or needle aspirates. Therapeutic 
procedures performed in cancer patients, such  
as insertion of central venous catheters for admin-
istration of chemotherapy or antibiotics, per-
forming celiac plexus block to relieve abdominal 
pain from cancer, percutaneous insertion of  
needles into the chest for brachytherapy, radio-
frequency ablation or direct immunotherapy,  
and laser bronchoscopy also can cause iatrogenic 
pneumothoraces. Pneumothorax can be a late 
complication of chemotherapy or radiation 
therapy.

Patients with bronchogenic cancer or cancer 
metastatic to the lungs rarely develop sponta-
neous pneumothorax. Rapid dissolution of a 
tumor mass during chemotherapy of small cell 
carcinoma31 and a “check-valve” bronchial 
obstruction by bronchoalveolar cell carcinoma32 

Table 2  Cancer-Related Causes of  
Pneumothorax

Iatrogenic
 Related to diagnostic procedures
 Transthoracic needle biopsy of pulmonary  
  lesions
 Transthoracic mediastinal biopsy 
 Percutaneous needle biopsy of adrenal glands  
  and liver
 Transbronchial needle aspirate 

 Related to therapeutic procedures
 Central venous catheters 
 Chemotherapy: upper lobe fibrosis after BCNU 
 Transthoracic radiation therapy 
 Laser bronchoscopy 
 Percutaneous fine-needle brachytherapy 
 CT-guided radiofrequency ablation of  
  pulmonary lesions 
 CT-guided immunotherapy of pulmonary  
  metastases 
 Celiac plexus block 

Spontaneous
 Associated with primary lung cancer 
 Associated with cancer metastatic to lungs

BCNU = carmustine; CT = computed tomography.
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have been reported to produce large spontaneous 
pneumothoraces. Bronchogenic carcinoma may 
cavitate or rupture into the pleural space33,34;  
similar mechanisms may explain spontaneous 
pneumothoraces seen with osteogenic sarcoma 
metastatic to the lung.35,36

Almost all cancer patients with pneu-
mothorax have acute pleuritic chest pain or  
shortness of breath. Pneumothorax occurring 
immediately after a procedure is rarely a diag-
nostic dilemma. However, delayed iatrogenic 
pneumothorax or spontaneous pneumothorax 
may be more difficult to detect as chest pain may 
be minimal and symptoms may resolve within  
24 hours, even without resolution of the pneu-
mothorax. A clinically significant pneumothorax 
is usually readily detected on a standard chest 
radiograph; chest CT is usually not necessary.

The management of iatrogenic pneumo-
thorax occurring immediately after a diagnostic 
or therapeutic procedure is comparable to that 
recommended for treatment of primary sponta-
neous pneumothorax.37 For clinically stable 
patients with small pneumothoraces (<3 cm 
from the apex to the cupola on a chest radio-
graph), observation with monitoring of clinical 
stability and a repeat chest radiograph in 4 to 6 
hours may be sufficient in up to 60% of patients. 
Patients with a stable pneumothorax on a repeat 
radiograph can be discharged and followed with 
repeat chest radiographs every 1 to 2 days until 
the pneumothorax has resolved. Patients who 
cannot readily access emergency services or are 
considered unreliable should be admitted for 
observation. Supplemental oxygen can accelerate 
reabsorption of pleural air.38

Patients with significant symptoms, large 
pneumothoraces, or enlarging pneumothoraces 
on repeat radiographs should be treated by inser-
tion of a small-bore (7–14F) pleural catheter. 
Simple aspiration of the pneumothorax through 
the catheter is successful in the majority of patients 
who are younger than 50 years of age and have 
less than 2.5 L of air aspirated.30 If the lung remains 
reexpanded for 6 hours after aspiration, patients 
with reliable access to emergency services can  
be discharged and followed with repeat chest 
radiographs in 2 to 3 days.37

Patients who cannot be managed with simple 
aspiration should have the pleural catheter 
attached to a one-way Heimlich valve or a water-
seal. The Heimlich valve allows patients to ambu-
late in the hospital more easily and may even 
allow carefully selected patients whose lungs have 
reexpanded to be treated as outpatients. How-
ever, Heimlich valves can become occluded  
by coexisting inflammatory or bloody pleural 
fluid and do not allow easy determination of  
the presence of a persistent air leak. In contrast,  
a water-seal permits prompt detection of a  
persistent air leak, indicating a bronchopleural 

fistula, and allows application of suction to evac-
uate the pneumothorax. Pleural catheters should 
be attached to the water-seal if patients fail the 
Heimlich valve, are expected to have persistent 
bronchopleural fistula, or have underlying car-
diopulmonary disease that decreases their ability 
to tolerate a recurrent pneumothorax.

A bronchopleural fistula is uncommon with 
iatrogenic pneumothorax but may occur in those 
patients who have underlying lung disease. If  
the bronchopleural fistula persists beyond 4  
days, patients should be considered for pleurodesis 
by thoracoscopy if possible.37 If surgery is con-
traindicated or patients refuse the procedure, 
pleurodesis via the chest tube is an alternative 
approach.

In contrast to the management of patients 
with iatrogenic pneumothorax, cancer patients 
with a spontaneous pneumothorax generally 
should be hospitalized. Those who are clinically 
stable and have small pneumothoraces (<3 cm 
from the apex to the cupola on a chest radio-
graph) can be observed with serial radiographs 
and, if the pneumothorax worsens, can be man-
aged by placement of a small-bore pleural cath-
eter as described above. In contrast, unstable 
patients or those with large pneumothoraces 
should have 24F to 28F chest tubes inserted and 
placed to water-seal. Most cancer patients with 
spontaneous pneumothorax should be consid-
ered for pleurodesis to prevent recurrence of 
pneumothorax, depending on their performance 
status and prognosis. Pleurodesis by medical or 
surgical thoracoscopy is the preferred manage-
ment strategy discussed in consensus guidelines, 
but instillation of sclerosing agents via a chest 
tube may be more appropriate for cancer patients 
with a poorer performance or prognosis.37

In summary, cancer patients are at risk of iat-
rogenic pneumothorax related to diagnostic or 
therapeutic procedures or spontaneous pneumo-
thorax related to bronchogenic or metastatic lung 
cancer. Management by observation or evacua-
tion of the pneumothorax is determined by  
the patient’s clinical stability and the size of the 
pneumothorax. Patients with persistent broncho-
pleural fistula and those with spontaneous pneu-
mothorax should be considered for pleurodesis to 
prevent recurrent pneumothoraces.

Cancer and Venous Thrombo
embolism

Since Armand Trousseau’s initial report of migra-
tory thrombophlebitis observed in patients with 
cancer in 1865,39 numerous studies have shown 
an association between cancer and venous throm-
boembolism (VTE). The incidence of VTE in 
cancer patients is not clearly known and varies 
from 4 to 31% depending on the tumor histology, 
the methods used to diagnose VTE, and patient 

characteristics.40 Although a higher risk of VTE 
has traditionally been associated with pancreatic 
adenocarcinoma, recent information suggests 
that in men, the highest incidence of VTE is 
observed in patients with lung, prostate, and 
colorectal cancer and in women with breast, lung, 
and ovarian cancer.41

The strong association between cancer and 
VTE is further demonstrated by the often observed 
increased incidence of cancer during the first year 
after a thromboembolic event (2–4% absolute 
risk),42 with the risk being highest among those 
with idiopathic VTE (on average five times higher 
than those with secondary causes for throm-
bosis).43–45 Two large population-based Scandina-
vian studies confirmed the increased incidence of 
cancer during the first year postdiagnosis of VTE 
and showed a 10 to 30% increased long-term risk 
(up to 10 years of follow-up) of cancer compared 
with the general population.46,47 Despite the strong 
association demonstrated in these studies, very 
little information exists on the impact of agg-
ressive screening for cancer following the initial 
VTE and patient survival. Furthermore, the costs 
and morbidity associated with screening, coupled 
with a lack of sufficiently sensitive and specific 
diagnostic tests for many cancers associated  
with VTE, make recommendations for extensive 
screening for malignancy in patients presenting 
with idiopathic VTE controversial. However, it  
is reasonable to consider the possibility of occult 
malignancy in patients with primary VTE and to 
provide a thorough clinical evaluation, including 
a history and physical examination, routine  
laboratory tests, and chest radiography, for such 
patients. Additional testing should be offered  
in accordance with findings from the initial  
evaluation.48

Pathogenesis and Risk Factors
The pathogenesis of VTE in cancer is complex, 
involving all elements of Virchow’s triad  
(Table 3). Vessel wall injury may occur as a result  
of direct invasion by malignant cells or release  
of vascular permeability factors by tumor cells. 
Additionally, extrinsic factors, including surgical 
procedures and insertion of indwelling venous 
catheters, contribute to vessel wall injury.  
Disability from advanced disease and immobili-
zation associated with surgical interventions 
increase the risk of venous stasis, whereas obstruc-
tion of blood flow by an intrinsic or extrinsic 
tumor mass further compounds the problem. 
Finally, cancer is a hypercoaguable state. Tumor 
cells express cell markers and can release soluble 
factors that have procoagulant activity; the two 
best described are tissue factor (TF) and cancer 
procoagulant (CP). TF activates factor VII, 
forming a complex that activates factors IX and X 
and increases thrombin formation. The overall 
effect of TF is production of fibrin and platelet 
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activation.49,50 CP is a cysteine protease that 
directly activates factor X in the absence of factor 
VII and can induce platelet activation.49,50 Inflam-
matory cytokines such as tumor necrosis factor 
(TNF) and interleukin-1 further enhance the 
procoagulant activity of tumor cells. Unfortu-
nately, many of the cytotoxic and hormonal ther-
apies offered to cancer patients may also increase 
the risk of thromboembolism by augmenting 
endothelial cell reactivity and platelet adhesion, 
directly damaging vessel walls, or decreasing levels 
of natural coagulation inhibitors (eg, protein C or 
S).51 The increased risk of VTE in patients with 
cancer, combined with the higher probability of 
death,52 necessitates a heightened awareness on 
the part of clinicians and an aggressive approach 
to the prophylaxis, diagnosis, and treatment of 
thromboembolic events.

Prophylaxis
VTE prophylaxis is routinely recommended after 
major surgery owing to the increased risk of post-
operative thrombosis.53 Compared with patients 
undergoing surgery for benign disease, patients 
with cancer are estimated to have twice the risk of 
postoperative deep venous thrombosis (DVT) 
and more than three times the risk of fatal PE.54 
Internists taking care of postoperative cancer 
patients play an important role in ensuring that 
adequate prophylaxis is provided.

Prophylactic options include mechanical 
measures, for example, compression stockings, 
low-dose unfractionated heparin (UFH), and low 
molecular weight heparins (LMWHs). Only a few 
large trials have compared various anticoagula-
tion regimens for surgical prophylaxis, and most 
were not designed specifically to evaluate cancer 
patients. In a meta-analysis, Mismetti and collea-
gues concluded that once-daily LMWH appears 
to be as safe and efficacious as multidose UFH in 
patients with and without malignancy.55 The 
ENOXACAN study was the first randomized trial 
comparing the prophylactic use of enoxaparin,  
40 mg once daily with UFH, 5,000 units three 
times a day, in 631 patients undergoing elective 
curative abdominal or pelvic surgery for cancer.56 
The study showed no statistically significant dif-
ference in efficacy and safety between enoxaparin 
and UFH in the prevention of venographically 
detected DVT and symptomatic VTE (14.7 vs 
18.2%, respectively; p>.05).57 The ENOXACAN 
II investigators studied the extended use of enoxa-
parin prophylaxis versus placebo beyond initial 
hospitalization in postoperative cancer patients. 
They concluded that extended (3 months) use of 
enoxaparin led to a significant absolute risk 
reduction in VTE of 7%. This absolute risk reduc-
tion means that 14 postoperative cancer patients 
need to be treated for 21 days to prevent one  
case of VTE. The majority of DVTs in the  
ENOXACAN II study were asymptomatic and 
distal. Although extended prophylaxis will likely 
reduce clinically relevant proximal DVTs, more 
studies are needed to confirm the results of this 
trial prior to definitive recommendations for 
long-term prophylaxis following oncologic  
surgery.

Neurosurgical patients, many of whom 
undergo craniotomy for neoplasms, have an ele-
vated risk of developing VTE in the immediate 
postoperative period, and this risk remains  
as high as 23% at 1 year.58,59 Prophylaxis with 
LMWH, initiated within 24 hours of craniotomy, 
can reduce the risk of VTE without significantly 
increasing serious bleeding.60–62 VTE prophylaxis 
has not been studied extensively in other surgical 
oncology settings. In general, medical prophyl-
axis is recommended after any surgery for cancer 
owing to the increased risk of thrombosis. If  
the risk of bleeding is considered to far outweigh 
the risk of VTE, then mechanical methods of pro-
phylaxis are strongly recommended until the risk 
of bleeding has decreased.53

Treatment
The management of VTE in cancer patients is 
challenging. In addition to the increased risk of 
VTE, cancer patients are more likely to have 
recurrent VTE (annual risk estimated to be 
20.7%)63 and have a three- to sixfold increased 
risk of hemorrhagic complications compared 

with patients without cancer.63,64 The prognosis of 
cancer patients with VTE is far worse than that of 
their thrombosis-free counterparts. In one study, 
the 1-year survival rate was 12% in patients with 
cancer and VTE compared with 36% in similar 
patients without VTE.52 Finally, any therapeutic 
recommendation should take into account the 
patient’s quality of life and minimize morbidity  
as much as possible.

Standard therapy for acute VTE is UFH or 
LMWH followed by long-term therapy with  
warfarin for secondary prophylaxis. Several ran-
domized controlled trials and meta-analyses  
have shown that LMWHs are at least as effective 
as UFH in decreasing the recurrence of throm-
bosis65–67 and may be associated with a lower  
risk of major bleeding and heparin-induced 
thrombocytopenia. Although these trials were 
not designed specifically to assess treatment 
options in patients with malignancy, extrapola-
tion of the results from a large subgroup of 
patients with cancer in these studies suggests that 
LMWHs are as efficacious as UFH for the initial 
treatment of VTE in patients with malignancy. 
The convenience of use, without the need for fre-
quent laboratory monitoring, has made LMWHs 
agents of choice in the inpatient and outpatient 
management of clinically stable patients with 
DVT. In many countries, outpatient LMWH is 
even being used for the treatment of hemody-
namically stable PE.58 The decrease in the length 
of hospital stay and possibility of outpatient  
treatment with LMWH will likely have a positive 
impact on the quality of life of patients with 
cancer and should be an important consideration 
in the choice of pharmacologic therapy.

Traditionally, long-term anticoagulation has 
been achieved with warfarin, started in combina-
tion with LMWH or UFH within the first 24 hours 
of diagnosis and continued for at least 3 months. 
This approach necessitates frequent laboratory 
monitoring to maintain an international normal-
ized ratio (INR) of between 2.0 and 3.0.68 In 
patients with malignancy, maintenance of thera-
peutic-range INR can be difficult, and more  
treatment failures are noted than in the general 
population. Two recent randomized trials sup-
port the use of LMWH instead of warfarin for 
long-term secondary prophylaxis of VTE. The 
CANTHANOX trial compared 3 months of war-
farin therapy with enoxaparin, 1.5 mg/kg once 
daily, in patients with cancer and a diagnosis of 
proximal DVT, PE, or both.69 There was no sta-
tistically significant difference between the two 
groups in terms of recurrence of symptomatic 
VTE or major bleeding. However, the warfarin 
group showed a trend toward more bleeding. In  
a similar study, the CLOT trial, investigators  
randomized cancer patients with VTE to receive 
either dalteparin alone for 6 months or dalteparin 
followed by warfarin therapy.70 The 6-month 

Table 3  Pathogenesis of Venous  
Thromboembolism in Malignancy

Vessel wall injury
 Invasion by malignant cells
 Release of vascular permeability factors by  
  malignant cells
 Indwelling central venous catheter
 Surgical manipulation
 Chemotherapy

Venous stasis
 Obstruction of blood flow: intrinsic or extrinsic  
  compression by tumor mass
 Prolonged immobilization secondary to  
  surgical intervention
 Thrombocytosis

Hypercoagulability
 Release of procoagulant factors, including  
  tissue factor and cancer procoagulant
 Release of inflammatory mediators: TNF and  
  IL-1
  Up-regulation of tissue factor and platelet- 
   activating factor, leukocyte and cellular  
   adhesion molecules
  Down-regulation of thrombomodulin,  
   endothelial cell protein C receptor 
 Necrosis of tumor
  Reduced levels of antithrombin III, proteins  
   C and S

IL = interleukin; TNF = tumor necrosis factor.



 Noninfectious Pulmonary Problems in the Patient with Cancer 347

cumulative risk of VTE was significantly reduced 
from 17% in the warfarin group to 9% in the 
dalteparin group, with no difference in adverse 
bleeding complications. The main practical limi-
tation of long-term LMWH use for secondary 
prophylaxis is the cost of the drug. Although  
evidence supports its use as superior to warfarin 
therapy and it is at least as safe, it remains to be 
determined whether long-term use of LMWH is 
cost-effective.

Given the increased incidence of recurrence 
of VTE in patients with cancer, it is prudent  
to continue secondary prophylaxis for several 
months following the initial diagnosis. However, 
the optimal duration of therapy is unknown  
in cancer patients. Most recommendations are 
extrapolated from studies in the general popula-
tion, of whom patients with malignancy are a 
subset. In patients with idiopathic DVT, 6 months 
of therapy with oral anticoagulation was better 
than 6 weeks and 2 years was better than 3 months 
in preventing recurrent VTE.71,72 In another study, 
1-year prophylaxis was better than 3 months of 
anticoagulation, but the benefits were not sus-
tained after discontinuation of prophylaxis at 1 
year. 73 Some authors have recommended long-
term low-intensity warfarin therapy (maintaining 
an INR of 1.5–1.9) after 3 months of conventional 
therapy. Two randomized controlled trials inves-
tigating this option have conflicting results.74,75 It 
is not clear whether low-intensity anticoagulation 
is as effective and safer than conventional war-
farin therapy, and more studies are needed before 
definitive recommendations can be made. Despite 
the increased risk of hemorrhage, in the cancer 
population, it is prudent to continue anticoagula-
tion indefinitely or at least as long as the cancer is 
active to reduce the risk of recurrent VTE.76

Failure of Anticoagulation
The management of cancer patients who develop 
recurrent VTE despite adequate warfarin therapy 
is difficult. Several options are currently available, 
none of which have been compared in clinical 
trials. After initial treatment with UFH or LMWH, 
the options are to continue anticoagulation with 
warfarin, targeting a higher INR (3.0–4.0) and 
accepting a higher risk of bleeding; switch to 
twice-daily, adjusted-dose UFH; use once-daily, 
weight-adjusted LMWH; or insert an inferior 
vena cava (IVC) filter. IVC filters have also been 
used for patients in whom anticoagulation is con-
traindicated. Decousus and colleagues evaluated 
the role of IVC filters in preventing PE and DVT 
recurrence. All patients were diagnosed with 
proximal DVT and received anticoagulation for  
3 months after initial management with either 
LMWH or dose-adjusted UFH. At 12 days,  
4.8% of patients without filters developed PE 
compared with 1.1% with filters (p=.03). After 2 
years, however, this initial benefit was no longer 

sustained, and a statistically significant mortality 
benefit was not found with the use of an IVC. 
Ironically, the IVC filter group had a higher risk 
of DVT recurrence at 2 years.40,77 Thus, IVC filters 
should be used cautiously in patients who are 
anticipated to have long-term survival following 
cancer therapy. Pharmacologic anticoagulation 
should be initiated whenever possible to decrease 
the recurrence of DVT and associated morbidity. 
Although the evidence is not very strong, long-
term therapy with LMWHs may be the best option 
currently available in the management of patients 
who develop recurrent VTE while on adequate 
warfarin therapy.70

In summary, the management of patients 
with malignancy and VTE is challenging. Cancer 
patients are at increased risk of VTE, they are 
more likely to develop complications while on 
anticoagulation, the incidence of recurrence is 
high, and often the prognosis is worse than  
in similar patients who do not develop VTE. 
LMWHs are becoming the agent of choice for 
prophylaxis, treatment, and extended anticoagu-
lation in patients with cancer. Interestingly, there 
is some indirect evidence that LMWHs may exert 
an antineoplastic effect in cancer patients.78,79 
More study is needed to further establish this 
potential benefit. Antithrombotic agents, such as 
direct thrombin inhibitors and inhibitors of factor 
Xa, are being evaluated in clinical trials. Their 
effectiveness in the cancer population is yet 
unknown, but they are promising and, it is hoped, 
will improve our management of patients with 
malignancy and VTE.

Cancer and Hemoptysis

Hemoptysis is defined as expectoration of blood 
from the tracheobronchial tree or pulmonary 
parenchyma. It must be distinguished from 
bleeding from the gastrointestinal tract and upper 
airways. Hemoptysis ranges from blood streaking 
of sputum to gross blood. The term massive 
hemoptysis is reserved for bleeding that is poten-
tially life-threatening but is arbitrarily defined by 
bleeding ranging from more than 100 mL to more 
than 600 mL over a 24-hour period. Although 
only 5% of hemoptysis is massive, it has been 
associated with a mortality rate as high as 85%.80

Etiology
The bronchial arteries are generally the site of 
bleeding in patients with hemoptysis. In addition 
to having higher pressures than the pulmonary 
arteries, they perfuse the airways, and hemoptysis 
usually originates in airway mucosal lesions 
(Table 4).81 Hemoptysis may be the first manifes-
tation of lung cancer in 25 to 50%82 of patients 
but is infrequently responsible for massive 
bleeding in this patient population.83 In one series, 
cancer patients with massive hemoptysis typically 

had large, centrally located tumors, usually squa-
mous cell carcinoma. More often, hemoptysis is a 
late manifestation of lung cancer.83 The etiology 
of hemoptysis may not be established in more 
than 40% of patients.84 In many of these cases, 
nonmalignant causes were probably the source of 
hemoptysis. In the cancer patient, particular 
attention should be paid to the diagnosis and 
management of other factors that might exacer-
bate or cause hemoptysis, such as thrombocyto-
penia and coagulopathy secondary to deficiencies 
in vitamin K–dependent coagulation factors seen 
in patients with liver metastases.

Diffuse alveolar hemorrhage (DAH) origi-
nates from pulmonary vessels. Patients under-
going chemotherapy for leukemia or those who 
have received bone marrow transplantation are  
at risk of DAH and occasionally massive hemop-
tysis. Although the etiology of DAH is not entirely 
clear, it probably involves small pulmonary vessel 
injury secondary to a combination of drugs, 
thrombocytopenia, coagulopathy, infection, and 

Table 4  Etiology of Hemoptysis in Cancer 
Patients

Neoplasm
 Bronchial carcinoma
 Bronchial adenoma
 Tracheal tumors
 Carcinoid
 Metastatic cancer

Infectious
 Tuberculosis
 Aspergilloma
 Cryptococcosis
 Histoplasmosis
 Atypical Mycobacteria
 Bacterial pneumonia
 Lung abscess

Vascular
 Pulmonary embolism
 Ruptured thoracic aneurysm
 Arteriovenous malformation

Cardiac
 Mitral stenosis
 Congestive heart failure

Hematologic
 Thrombocytopenia
 Coagulopathy
 Platelet dysfunction
 Disseminated intravascular coagulation

Pulmonary
 Acute or chronic bronchitis
 Pulmonary infarct
 Bronchiectasis
 Bronchovascular fistula

Miscellaneous
 Iatrogenic
 Autoimmune disorders
 Drugs
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radiation. Management is supportive, with cor-
rection of thrombocytopenia and coagulopathy 
and prescription of high-dose corticosteroids. 

Management
The approach to management of a patient with 
hemoptysis should be initially directed toward 
ensuring that the patient’s airway is patent and 
oxygenation is adequate. Volume resuscitation 
and correction of coagulopathy are important 
next steps. The urgency of evaluation and thera-
peutic interventions is determined by the brisk-
ness of bleeding and the patient’s clinical stability. 
A history and physical examination, chest radiog-
raphy, complete blood count, renal function, liver 
function tests, and prothrombin time and partial 
thromboplastin time are routinely recommended. 
Sputum samples should be evaluated for the  
presence of infection. The chest radiograph may 
be normal in patients with hemoptysis in almost 
half of the cases.85,86 When a parenchymal infil-
trate is visualized on the chest radiograph, it may 
not accurately reflect the site of bleeding because 
blood can be aspirated into portions of the lung 
distal from the source of bleeding.87

Fiberoptic bronchoscopy and chest CT are 
complementary diagnostic tests for identifying 
the bleeding site. Bronchoscopy can detect 
bleeding sites in the proximal airways, such as 
bronchitis and central endobronchial lesions. In 
addition to detection of parenchymal lesions, 
chest CT is valuable at detecting bronchiectasis, 
lung abscesses, and many peripheral tumors  
not accessible to the bronchoscope. The optimal 
timing for bronchoscopy is controversial.88 Visu-
alization of the airways is difficult in the setting  
of massive bleeding. However, the chance of iden-
tifying the bleeding site is enhanced if the lesion  
is actively bleeding at the time of bronchoscopy.

For patients with massive hemoptysis, diag-
nostic tests and rapid management often occur 
concurrently to decrease the elevated risk of death 
secondary to asphyxiation. Early consultation 
with pulmonary and thoracic surgery specialists  
is recommended. Protection of the nonbleeding 
lung is a priority; this will require knowledge of 
the site of bleeding, which may not be readily 
available. If the bleeding site is known, the patient 
should be placed in the lateral decubitus position 
with the bleeding site dependent to decrease 
spillage of blood into the unaffected lung. If oxy-
genation is compromised or bleeding continues 
at a brisk pace, then oral intubation should be 
performed. This can be achieved simultaneously 
with bronchoscopy. A single-lumen endotracheal 
tube placed into the mainstem bronchus of the 
nonbleeding lung can be used to selectively venti-
late that lung. This is easier to achieve if the left 
lung is bleeding and the right mainstem bronchus 
is selectively intubated. However, there is the 
potential problem of blocking the right upper 

lobe bronchus and further compromising oxy-
genation and ventilation. A double-lumen endo-
tracheal tube may be used as an alternative. 
However, they are difficult to place, even by expe-
rienced personnel. Ensuring proper positioning 
as the patient moves is important and may require 
paralysis and sedation. The individual lumen  
size of double-lumen tubes is often too small to 
permit passage of a bronchoscope and is prone  
to obstruction by an intraluminal clot. Given 
these difficulties, double-lumen tubes are not  
recommended unless other approaches have 
failed.

In addition to localization of the bleeding 
site, flexible bronchoscopy may offer therapeutic 
options. Tamponade of the bleeding site may  
be achieved with the placement of a 4F, 100 cm 
Fogarty balloon catheter, alongside the bron-
choscope, into the segmental or subsegmental 
bronchus leading to the bleeding site for 24 to 48 
hours. Bleeding may slow or stop with intrabron-
chial administration of iced saline or topical epi-
nephrine (diluted 1:20,000). Rigid bronchoscopy, 
performed under general anesthesia, will allow 
for more effective suctioning, direct cautery, and 
packing of the bleeding site. However, its range  
of visualization is limited, and it is often used  
in conjunction with flexible bronchoscopy if 
bleeding persists.

Arteriography is an increasingly important 
addition to available therapeutic options. Because 
hemoptysis usually originates from the bronchial 
arteries, bronchial angiography is the first step. 
Arteriography more commonly hints at the pos-
sible bleeding site by the indirect observation of 
tortuous vessels and hypervascularized regions 
rather than by direct visualization of extravasa-
tion of contrast. Bronchial artery embolization 
may stop hemoptysis acutely in more than  
85% of cases. Unfortunately, in 10 to 20% of 
cases, rebleeding occurs in the ensuing 6 to  
12 months.89–91 Complications of bronchial artery 
embolization include bronchial wall necrosis  
and the risk of paralysis owing to inadvertent 
embolization of the anterior spinal artery. The 
anterior spinal artery arises from the bronchial 
circulation in 5% of the population; fortunately, 
the risk of paraplegia is less than 1% in  
experienced hands.80,91,92

Surgery is emergently indicated when life-
threatening pulmonary hemorrhage persists 
despite adequate medical therapy. Morbidity and 
mortality are greater for emergent lung resection 
compared with elective resection in patients who 
have been stabilized and are no longer actively 
bleeding.80

In nonmassive cases of hemoptysis, nonspe-
cific treatment with antibiotics, bed rest, and 
antitussives will usually be effective in decreasing 
the bleeding. This allows identification of the 
bleeding site and directed therapy. Local external 

beam radiation may be effective in controlling 
hemoptysis in patients with bronchogenic tumors. 
Endobronchial brachytherapy may be useful in 
patients with endobronchial tumors not respon-
sive to external radiation. In cancer patients, 
hemoptysis may be caused by PE.93 In these cases, 
the risk of further hemoptysis with anticoagula-
tion needs to be balanced against recurrent 
thromboembolism and its inherent complica-
tions. If the decision is made for anticoagulation, 
LMWHs have been associated with a lower risk of 
bleeding than warfarin therapy.94 IVC filters 
should be considered in these patients.

In patients with advanced cancer, the treat-
ment of hemoptysis should take into consider-
ation not only the cause and severity of the 
bleeding but also the patient’s life expectancy, 
quality of life, expectations, and family wishes.  
It is important to discuss the patient’s wishes 
regarding life-sustaining therapies and resuscita-
tion early in the management of disease. In 
patients with end-stage cancer, aggressive diag-
nostic and treatment modalities may not be indi-
cated. Palliation and sedation with benzodiazepines 
and intravenously administered opioids to allow 
patient comfort, in addition to emotional support 
of both the patient and family, may be the best 
approach.

In summary, hemoptysis can be a difficult 
management problem. Massive hemoptysis may 
be life-threatening. Airway protection is the vital 
first step. Bronchial artery embolization may  
be useful in controlling bleeding acutely and 
allowing directed therapy to the source of 
bleeding. Careful attention must be paid to fac-
tors such as thrombocytopenia and coagulopathy, 
which may contribute to the bleeding. DAH is a 
less common cause of hemoptysis but may also 
cause respiratory failure. 

RadiationInduced Pneumonitis

Pathogenesis
Ionizing radiation injures cells and causes cell 
death in a variety of ways. Cellular injury has  
generally been attributed to deoxyribonucleic 
acid (DNA) damage.95 Extensive single- and 
double-stranded breaks in DNA can overwhelm 
cellular repair mechanisms. Disruption of 
genomic sequences will ultimately impair vital 
cellular processes and cause cell death. Rapidly 
dividing cells are most vulnerable to this damage. 
DNA damage may not be noticeable in resting 
cells but may become apparent as these cells enter 
mitosis. The direct effects of radiation on the cell 
membrane may also induce apoptosis through 
the effects on cell membrane sphingomyelin.96 
Recent evidence suggests that radiation will  
cause the enzyme acid sphingomyelinase to con-
vert sphingomyelin to ceramide. Ceramide will  
ultimately be transported to the mitochondria, 
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where it will activate apoptosis.97 Initiation of 
apoptosis through this sequence of events may be 
most important in endothelial cells because these 
cells have high levels of acid sphingomyelinase.98 
Radiation may also damage cells by initiating 
complex inflammatory processes. Reactive oxygen 
species are generated by ionizing radiation. These 
reactive oxygen species can up-regulate expres-
sion of a variety of proinflammatory mediators, 
such as TNF and intracellular adhesion molecule 
1,99,100 and stimulate recruitment of inflammatory 
cells. Inflammation within the lung is charac-
teristically found after radiation therapy. Gene 
expression profiling indicates that profibrotic  
and growth factors, such as platelet-derived 
growth factor and transforming growth factor, 
are activated shortly after the pulmonary inflam-
matory process begins.101 These observations 
demonstrate that the acute inflammatory response 
to ionizing radiation is inextricably linked to the 
development of subsequent pulmonary fibrosis.

Clinical Manifestations
Radiation pneumonitis presents in one of two 
fundamentally different ways. Acute radiation 
pneumonitis has been defined as developing 
within 90 days of radiation therapy. Radiation-
induced pulmonary fibrosis is defined as becoming 
evident 6 months after radiation therapy and may 
progress over years. However, a clear distinction 
between these two forms of radiation pneumo-
nitis may be artificial as the pathogenesis of  
the disease suggests that acute inflammation is 
the basis for the development of fibrosis. The 
most widely accepted method for categorizing  
the severity of acute radiation pneumonitis and 
radiation-induced pulmonary fibrosis has been 
developed by the Radiation Therapy Oncology 
Group (RTOG) (Table 5).102

It is difficult to precisely define the incidence 
of the two forms of radiation pneumonitis.  
Following radiation therapy, radiographic and 
pulmonary function testing may show subtle 
abnormalities in a substantial number of patients, 
but most will not have symptoms related to  
these changes. These effects have been clearly 
documented in a prospective study of patients 

receiving radiation therapy for management of 
lung cancer. Standard measures of lung function, 
the forced expiratory volume in 1 second (FEV1) 
and the diffusing capacity for carbon monoxide 
(DLCO), decreased between 10 and 15% over the 
6 months following treatment.103 Interestingly, 
the FEV1 tended to improve by 12 months,  
but the DLCO remained decreased. The reduc-
tion in the DLCO may be the most sensitive  
indicator of radiation pneumonitis. It can reflect 
changes in the lung interstitium related to either 
fibrosis or inflammation. It is also sensitive to a 
reduction in lung perfusion related to endothelial 
cell injury, which has also been demonstrated  
following thoracic radiation.104 Changes in  
DLCO, a physiologic test, nicely reflect the  
pathogenesis of radiation pneumonitis, which 
involves both endothelial damage and interstitial 
inflammation.

Symptomatic radiation pneumonitis may 
affect more than 30% of treated patients, but 
most will have transient symptoms that resolve 
without treatment.105–107 In these patients, the 
usual presenting complaint is shortness of breath. 
Dry, nonproductive cough may also be described. 
Hypoxia, sometimes to a severe degree, will com-
monly accompany these symptoms. Probably less 
than 10% of patients receiving radiation therapy 
will develop more problematic pulmonary 
involvement (RTOG grades 3 and 4). Fortunately, 
respiratory failure is unusual.108

The diagnosis of radiation pneumonitis is 
usually established by the chest radiograph. Inter-
stitial changes, typically described as reticulonod-
ular shadows, are found corresponding to the 
radiation field or portal. In the classic example  
of the radiographic findings of radiation pneu-
monitis, the interstitial changes have sharp edges 
with a geometric shape (Figure 1). The shape  
does not correspond to lung anatomy, again 
emphasizing the relationship to the radiation 
portal. However, in unusual cases, radiographic 
changes may be found diffusely, or “out of (the 
radiation) field.” ARDS, reflecting diffuse lung 
disease, has been described in patients following 
localized lung radiation. In these cases, radiation 
may have induced a lymphocyte-mediated  
hypersensitivity reaction against lung antigens.109

Radiation pneumonitis occurs primarily in 
patients with lymphoma, lung cancer, bone 
marrow transplantation, esophageal cancer, and 
breast cancer who may receive ionizing radiation 
to the thorax. The risk of developing radiation 
pneumonitis is most clearly related to the dose of 
radiation received, the volume of lung irradiated, 
and the treatment schedule. The role of these  
factors is demonstrated by the following clinical 
observations. Upper hemibody irradiation with  
a dose of 8 Gy results in a high risk of life- 
threatening pulmonary complications, and a 
single-fraction dose of 10 Gy to the entire lungs  
is nearly always fatal.110 The threshold dose for 
causing radiation pneumonitis seems to be 20 to 
25 Gy administered in 1.8 to 2 Gy per dose frac-
tions. This threshold dose is well below the usual 
curative intent dose administered to patients with 
lung cancer, which is between 63 and 70 Gy.111 
Tangential radiation of the breast after lumpec-
tomy or the chest wall after mastectomy results  
in very low risk of radiation pneumonitis.112 Daily 
treatments of 1.8 to 2 Gy seem to pose minimal 
risk,113 whereas daily treatment sizes of greater 
than 2.67 Gy present greater risk. Continuous 
hyperfractionated accelerated radiotherapy, 
which involves using smaller doses of radiation 
therapy given two to three times per day, may also 
effectively reduce the risk of radiation pneumo-
nitis.114,115 Almost certainly genetic factors play a 
role in determining the susceptibility of patients 
to developing radiation pneumonits, but future 
work is needed to more fully understand this 
interaction.

Understanding the relationship among radi-
ation dose, lung volume irradiated, and treatment 
schedule was an essential step in developing more 
sophisticated methods to minimize the risk of 
radiation pneumonitis. Three-dimensional CT-
based conformal treatment planning is currently 
used to determine the ideal radiation dose and 
portal. The ideal radiation dose is defined as  
the maximal dose that can be delivered to the 
tumor while simultaneously minimizing radia-
tion delivered to surrounding normal tissue. 
Based on the results of chest CT, a dose-volume 
histogram is constructed that essentially graphs 

Table 5  Severity Categorization of Radiation Pneumonitis and Radiation Fibrosis

 Grade 0 Grade 1 Grade 2 Grade 3 Grade 4 Grade 5

Radiation No adverse Mild symptoms of dry Persistent cough requiring Severe cough refractory to Severe respiratory insufficiency Death
 pneumonitis  effects  cough or dyspnea  narcotic antitussives/dyspnea  narcotic antitussives or  with requirement for
    with minimal effort  dyspnea at rest, radiographic  continuous oxygen or
     evidence of pneumonitis,  assisted ventilation
     intermittent oxygen needs, 
     or requirement for steroids
Radiation fibrosis No adverse Asymptomatic or mild Moderate symptomatic fibrosis Severe symptomatic fibrosis, Severe respiratory insufficiency, Death
  effects  symptoms: dry cough,   dense radiographic changes  oxygen required or assisted
   slight radiographic    ventilation
   changes
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the cumulative dose going to the lung versus  
the tumor. Cases that may benefit most from this 
approach are those tumors that are situated  
adjacent to radiosensitive tissue, such as the heart, 
esophagus, and spinal cord. Limiting this 
approach in lung cancer is the frequent combina-
tion of tumor and atelectasis. Distinguishing 
between tumor and either atelectatic lung or 
postobstructive pneumonia may be difficult. This 
approach does allow the average radiation dose to 
be calculated for normal lung; this can be a useful 
guide to the probability of radiation pneumo-
nitis.116 The risk of radiation pneumonitis 
increases from 10% in portions of lung receiving 
less than 10 Gy to 50% in portions of lung 
receiving, on average, over 30 Gy.117

Management
Treatment of acute, symptomatic radiation pneu-
monitis is based on the use of corticosteroids. 
Although randomized controlled clinical trials 
have not demonstrated the value of this approach, 
nonrandomized clinical studies support the use 
of corticosteroids in patients with grade 2 or 
greater severity disease.118 The dose and duration 
of therapy vary, with tapering adjusted by indi-
vidual response. For patients with grade 3 severity,  
prednisone given at 1 mg/kg is the usual starting 
dose, which should be tapered by reductions of 
no more than 10 mg every 2 weeks. Recurrence  
of symptoms is common during the tapering  
process and requires dose escalation. Corticoste-
roids should not be used to prevent acute radia-
tion pneumonitis. Patients with grade 3 severity 
radiation pneumonitis or fibrosis should be  
carefully evaluated for use of chronic oxygen  
supplementation and ventilatory assist devices.

There has been considerable interest in  
developing pharmacologic approaches to prevent 
radiation pneumonitis. Amifostine (Ethyol,  
Medimmune) is a drug approved for use as a radi-
ation protector, but only for patients receiving 
radiation therapy for cancers of the head and  

neck region. It may act as a scavenger of reactive 
oxygen species. The drug may be preferentially 
taken up by normal cells, protecting them from 
reactive oxygen species generated by irradiation. 
Small clinical trials in patients with advanced 
non–small cell lung cancer suggest that amifos-
tine may prevent acute radiation pneumonitis, 
but further long-term trials are needed to clearly 
demonstrate this benefit.119,120 Pentoxyfilline 
(Trental, Aventis) was also found in a small 
double-blind randomized trial to protect against 
radiation pneumonitis.121 The protective effects 
of pentoxyfilline may occur by interference with 
TNF signaling. There is active interest in a variety 
of other classes of drugs as protective agents. 
Angiotensin-converting enzyme inhibitors have 
been shown in preclinical studies with rodents  
to have promise in protecting against radiation 
pneumonitis, but the mechanism of action is 
unclear.122 Future studies will be directed at inhib-
itors of cytokines and other mediators of the 
inflammatory and fibrotic response.

In summary, radiation pneumonitis occurs 
through the effects of ionizing radiation on 
normal lung and endothelial cells. Factors predis-
posing patients to radiation pneumonitis relate to 
the amount of normal tissue being exposed to 
irradiation, the total dose, and the dosing schedule. 
Modern radiotherapy techniques have success-
fully reduced the risk of radiation pneumonitis by 
carefully adjusting the radiation portal according 
to three-dimensional visualization of the tumor 
obtained by CT scans. Radiation pneumonitis can 
usually be controlled with corticosteroids, but 
severe toxicity still may occur. There is promise 
for the development of pharmacologic approaches 
to prevent radiation pneumonitis. 

ChemotherapyRelated Lung  
Disease

Pathogenesis and Risk Factors
The mechanism by which chemotherapeutic 
agents cause lung damage is not well understood. 

This is in large part because so many different 
chemotherapeutic drugs, with multiple different 
modes of action, have been implicated as causes 
of lung injury. Finding a common mechanism 
among the various classes of chemotherapeutic 
agents implicated in causing lung damage has not 
been possible. Further complicating the relation-
ship between drug and lung injury is the possi-
bility that the drug itself may not be causing the 
injury; rather, the lung damage may be caused  
by a metabolite of the drug.

A possible common theme for chemo-
therapy-induced pneumonitis is that the alveolar 
epithelial cell seems to be the target cell for injury. 
One possible mechanism for chemotherapeutic 
agents to damage this cell is through enhanced 
apoptosis. Apoptosis pathways can be initiated 
through interaction of an anticancer drug with 
the cell surface molecule Fas ligand. Alternatively, 
chemotherapeutic agents may trigger apoptosis 
through interactions with cytochrome c in the 
mitochondria. A key intermediate step leading to 
cell death in both the Fas ligand and the mito-
chondrial apoptosis pathways is activation of the 
caspase cascade.123 Toxic drug metabolites may  
be an alternative way for chemotherapeutic agents 
to damage alveolar epithelial cells. Biotransfor-
mation of drugs usually occurs through oxida-
tion. This process can produce reactive oxygen 
species; accumulation of these reactive oxygen 
species may cause cell death through oxidative 
stress and lipid peroxidation. This observation 
may be particularly relevant to the alveolar epi-
thelial cell because of its exposure to ambient  
air. Hyperoxia has been clinically implicated as 
being associated with an increased susceptibility 
to chemotherapeutic drug–induced lung toxicity. 
Hyperoxia will also increase the production of 
reactive oxygen species.123 Toxic drug metabolites 
may also trigger an immune response.124 What-
ever mechanism is responsible for the initial  
alveolar epithelial cell injury, the inflammatory 
response also triggers increased production of 
growth factors, particularly members of the epi-
dermal growth factor family. Activation of growth 
factors is probably critical for epithelial cell repair 
but may also be responsible for initiation of  
pulmonary fibrosis.123

Other important issues in the pathogenesis 
of chemotherapy-induced lung disease are the 
relationship of genetic factors with risk and the 
enhanced risk associated with either combined 
chemotherapy and radiation therapy or concom-
itant administration of multiple drugs that have 
pulmonary toxicity. The importance that genetic 
factors might play in the susceptibility of popula-
tion groups to chemotherapy-induced pneumo-
nitis became apparent with the introduction of 
gefinitib, an epidermal growth factor receptor 
tyrosine kinase inhibitor, into Japan. The reported 
incidence of interstitial lung disease following the 
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FIguRE 1  A computed tomographic scan of a patient with acute radiation pneumonitis (left) with subsequent 
development of radiation-induced pulmonary fibrosis (right). Note the sharp line demarcating the parenchymal 
infiltrate from the normal-appearing lung and the geometric shape of the infiltrate, both of which are  
characteristic features of radiation pneumonitis.
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use of gefinitib in Japan was 1.9%, which is higher 
than reported rates for the rest of the world. 
Whether part of this increase in risk was due to 
unsuspected, preexisting lung disease in patients 
treated with gefinitib is still unclear.125 Combined 
administration of chemotherapy and radiation 
therapy seems to increase the risk of lung injury.126 
Chemotherapy given prior to the initiation of 
radiation therapy (neoadjuvant chemotherapy) 
seems not to increase the risk of radiation pneu-
monitis, but concomitant administration of che-
motherapy and radiation therapy is associated 
with a substantially higher risk of radiation pneu-
monitis.102 Chemotherapeutic agents that seem  
to be associated with this increased risk include 
gemcitabine, bleomycin, and anthracyclines.127–129 
Another chemotherapeutic agent that possibly 
might increase the likelihood of radiation pneu-
monitis is paclitaxel.130 There is concern that 
taxine-containing regimens pose a greater risk  
of inducing radiation pneumonitis than platin-
vinca and platin-etoposide regimens.102 The 
simultaneous use of multiple drugs that are  
associated with pulmonary toxicity may also be  
a significant hazard. The combination of gem-
citabine and bleomycin seems to be associated 
with an unacceptably high rate of pulmonary  
toxicity.131 Interestingly, amiodarone has been 
associated with enhancing the pulmonary toxicity 
of cyclophosphamide.132

Clinical Manifestations
Chemotherapy-induced lung injury may present 
in multiple different ways, ranging from acute 
respiratory failure to the more insidious develop-
ment of dyspnea and nonproductive cough. 
Although the symptoms and radiographic mani-
festations of chemotherapy pneumonitis are often 
nonspecific, in general, lung injury associated 
with the use of chemotherapeutic agents will usu-
ally fall into one of six different types.133 These six 
different categories are differentiated definitively 
by histologic means, but the diagnosis may often 
be suspected by the combination of clinical and 
radiographic findings.

Diffuse alveolar damage has been associated 
most commonly with bleomycin.134,135 Clinically, 
it may present with an acute to subacute course, 
with symptoms of dyspnea and nonproductive 
cough developing over weeks. Radiographic 
changes are most clearly seen on chest CT, which 
demonstrates diffuse ground-glass opacities. His-
tologically, it is characterized by hyaline mem-
brane formation in alveolar spaces along with 
alveolar and interstitial edema. Hypersensitivity 
pneumonitis has been related to the use of meth-
otrexate and cyclophosphamide.133,136 In some 
cases, it may present in a similar way clinically  
to diffuse alveolar damage, with an acute to sub-
acute onset of symptoms. However, it may also 
present in a more indolent fashion. Radiographic 

abnormalities may consist of ground-glass opaci-
ties, especially with the more acute onset of symp-
toms; with chronic presentation, it is more likely 
that poorly defined nodular opacities will be 
found on a chest radiograph or CT scan. The  
histologic appearance of hypersensitivity pneu-
monitis shows granulomas, indicating an immu-
nologically mediated disorder. Bronchoalveolar 
lavage will reveal high numbers of lymphocytes.

Probably the most common form of chemo-
therapy-induced pneumonitis, confirmed histo-
logically, is nonspecific interstitial pneumonitis.137 
It has most commonly been associated with 
methotrexate. This form of drug-related lung 
injury tends to present over a longer time course. 
Radiographic changes are often described as 
patchy, but diffuse ground-glass opacities may 
also be seen in more severe cases. As the disease 
progresses, chest CT will begin to show such  
evidence of pulmonary fibrosis as a reticular pat-
tern and peripheral traction bronchiectasis with 
honeycombing. Lung biopsy will show infiltra-
tion of interstitial spaces with fibrosis and a 
mononuclear inflammatory process. Bronchiol-
itis obliterans organizing pneumonia, formerly 
known as BOOP and now referred to as crypto-
genic organizing pneumonia, has been described 
with methotrexate, cyclophosphamide, bleo-
mycin, and busulfan.135,137 The clinical symptoms 
usually progress in a more chronic fashion, sim-
ilar to nonspecific interstitial pneumonits. Radio-
graphically, patchy infiltrates are seen either 
peripherally or peribronchially. Histologically, 
nonspecific inflammation and fibrosis are found 
in the interstitial spaces and plugs of loose con-
nective tissue with immature fibroblasts are seen 
within respiratory bronchioles.

Unusual forms of chemotherapy-induced 
pneumonitis include eosinophilic pneumonia 
and pulmonary edema. Eosinophilic pneumonia 
has been described in association with the use of 
methotrexate.134,135 The clinical presentation may 
be either acute or subacute, and respiratory failure 
may occur. Bilateral airspace consolidation, char-
acteristically involving the lung periphery, is the 
typical radiographic appearance. The alveoli, and 
often the interstitium, are filled with eosinophils. 
Peripheral eosinophilia may not be apparent, but 
bronchoalveolar lavage will show a very high  
percentage of eosinophils. Diffuse capillary leak 
syndrome may cause acute pulmonary edema. 
Capillary leak has been associated with cytosine 
arabinoside and docetaxel; it has been clearly 
described in the all-trans retinoic acid syn-
drome.138 Patients present within days of begin-
ning all-trans retinoic acid with respiratory 
distress, pleural and pericardial effusions, and 
bilateral, diffuse airspace consolidation on a  
chest radiograph or CT scan. Lung histology is 
nonspecific, with alveoli filled with proteinaceous 
material.

Management
Treatment is based on first establishing the  
diagnosis. Usually, the onset of symptomatic che-
motherapy-induced lung injury and associated 
radiographic abnormalities and changes in pul-
monary function tests coincide temporally with 
the use of the drug. Unfortunately, serial mea-
surements of the DLCO do not always predict  
the development of drug-induced lung disease.131 
Disease recognition should prompt discontinua-
tion of the offending agent, which may be suffi-
cient to allow reversal of the disease. The standard 
approach to treatment of symptomatic chemo-
therapy pneumonitis is the use of corticosteroids. 
With severe forms presenting with respiratory 
failure, high-dose corticosteroids (methylpred-
nisolone at a dose of 250 mg four times per day) 
is most often advised.133 In less severe cases, as 
with radiation-induced pneumonitis, the use of 
prednisone 1 to 2 mg/kg/d is an accepted approach. 
Tapering is a slow process, often taking months, 
and may be complicated by recurrences of symp-
toms. Immunosuppressive agents, such as aza-
thioprine, have been used as corticosteroid-sparing 
agents in patients suffering from intolerable side 
effects, but the value of these agents has never 
been demonstrated. Interest in developing  
pharmacologic approaches to either preventing 
or treating chemotherapy-induced lung disease  
is high.

In summary, chemotherapeutic agents can 
damage the lungs in a variety of ways, with the 
alveolar epithelial cells appearing to be most vul-
nerable. Chemotherapy-induced lung damage 
may develop acutely or insidiously. Presenting 
symptoms are usually dyspnea and nonproduc-
tive cough with either ground-glass opacifications 
or reticulonodular infiltrates found on CT. His-
tologic abnormalities vary widely, but fibrosis 
may be an ultimate end point. Early recognition 
and timely withdrawal of the offending agent, 
along with corticosteroids, are usually effective in 
controlling the disease.

Conclusion

Noninfectious pulmonary problems in the patient 
with cancer range widely in type. This chapter has 
reviewed the major types that should be consid-
ered. These problems are associated with meta-
static spread of the cancer (to the pleura, causing 
effusions and pneumothorax, or to the airways, 
precipitating hemoptysis), systematic procoagu-
lant effects of the cancer (promoting the risk for 
VTE), and side effects of the treatments (radio-
therapy and/or chemotherapy) used to treat the 
primary disease. Unfortunately, many of these 
noninfectious pulmonary problems are associ-
ated with an overall poor prognosis. Sensitivity  
to this issue in cancer patients suffering from 
noninfectious pulmonary problems should be an 
important aspect of the management approach.
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the improved outcomes include advances in criti-
cal care and invasive MVS,6 targeted therapy for 
septic shock,5 better treatments for malignancies, 
improved ventilatory strategies for MVS,3 better 
support of nonpulmonary organ failures,5 and 
noninvasive positive pressure ventilation 
(NIPPV).8–13 This chapter explores the etiologies 
of ARF in oncology patients, problems with 
airway management in cancer patients, conven-
tional MVS, lung-protective strategies for venti-
lating patients with ARDS, and how NIPPV has 
been used in treating cancer patients with ARF. A 
pragmatic algorithm is also presented that will aid 
interested clinicians in their approach to the adult 
oncology patient who requires MVS.

Incidence of and Indications for 
MVS in Oncology Patients

Various studies have reported the incidence of 
MVS that was required in adult oncology patients 
who were admitted to an ICU. However, because 
of the general nihilistic attitude toward this 
aggressive modality,3 the actual need for ventila-
tory assistance in the cancer patient who develops 
ARF may be far greater than the reported inci-
dence. Kress and colleagues documented the  
need for MVS in 46% of 44 lung cancer patients 
who were admitted to a university hospital ICU.3 
This was similar to the 54% incidence noted by 
Azoulay and colleagues in a group of 120 patients 

Acute respiratory failure (ARF) is the most 
common diagnosis among adult cancer patients 
who require admission to the intensive care unit 
(ICU).1,2 Recent reports noted that approximately 
501,3,4 to 87%5 of oncology patients with ARF will 
require mechanical ventilatory support (MVS). 
Advances in our understanding of ARF and MVS, 
especially in the spectrum of acute lung injury 
(ALI) and acute respiratory distress syndrome 
(ARDS),6 have been applied to patients in the 
ICU and resulted in significant improvements in 
their survival. These encouraging techniques have 
been adopted for use in cancer patients with ALI/
ARDS with the expectation of improved survival. 
The majority of diseases that precipitate ARF in 
cancer patients are potential causes of ARDS/ALI 
(Table 1). However, the precise number of cancer 
patients who develop ARDS is not known.2  
One series of 153 patients who suffered from 
hematologic and solid neoplasms and developed 
ARF documented a 30% incidence of ARDS  
and a 35% incidence of other causes of acute 
hypoxe mic and ventilatory failure.3 A more recent 
series documented a 20% incidence of ARDS 
among 203 cancer patients with ARF.1

Until the past decade, most clinicians and 
experts maintained a very pessimistic attitude 
toward the outcome of using MVS in oncology 
patients after the development of ARF. A review 
of the literature prior to 1999 disclosed mortality 
rates between 72 and 98% in this group of 
patients.3 The mortality for patients with hemato-
logic malignancies who required MVS exceeded 
80%, whereas it was slightly lower (70%) in 
reports of patients with solid malignancies.  
The requirement for MVS in oncology patients 
who were admitted to an ICU significantly 
increased the risk of mortality in recent series  
(p < .05), raising the odds ratio of dying by  
3.55 to 13.7 (Table 2).3–5 However, more recent 
studies have evoked a less nihilistic opinion 
because of better survival rates, especially  
in hematologic patients who required MVS  
(Table 3).3,5–7 Some of the proposed reasons for 

Table 1  Causes of Acute Respiratory Failure in 
Oncology Patients

Underlying malignancy
 Progression of the original malignancy 
 Airway obstruction from the malignancy
 Lymphangitic carcinomatosis*
 Pulmonary leukostasis*
 Pulmonary hemorrhage*
 Tumor emboli*
 Paraneoplastic syndromes
 Postoperative respiratory failure
Treatment-related complications
 Radiation-induced lung injury*
 Chemotherapy-induced pneumonitis*
 Transfusion-associated lung injury*
 Chemotherapy-induced cardiomyopathy
 Chemotherapy-induced tumor lysis  
  syndromes*
 Chemotherapy-induced neutropenia and  
  resulting infections* 
Acute respiratory distress syndrome/acute  
 lung injury
 Pulmonary infections*
 Bacterial, fungal, mycobacterial, viral
 Nonpulmonary sepsis*
 Aspiration*
 Any of the above conditions marked with  
  an asterisk
Miscellaneous
 Venous thromboembolic disease
 Renal failure
 Gastrointestinal bleeding with aspiration

Table 2  Effect of Mechanical Ventilatory Support on the Risk of Mortality in Oncology Patients  
Admitted to the Intensive Care Unit

Study Year No. of Patients Odds Ratio 95% Confidence Intervals Population

Kress et al3 1999   44 13.7 1.6–120.6* Bone marrow transplant  
      only
Kress et al3 1999   77 10.0 3.4–29.9* Neutropenic patients
Azoulay et al4 2000 120     3.55 1.09–1.44* Solid tumors
Darmon et al5 2005 100     6.36 1.76–22.94* Hematologic and solid  
      tumors

*p < .05.
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with solid tumors who presented with ARF, of 
whom 27% had lung cancer.4 Azoulay and col-
leagues extended their findings in a later study to 
include hematologic malignancies in addition to 
solid tumors.1 They also included patients who 
were prescribed noninvasive MVS. The require-
ment for MVS was similar to that in their earlier 
study (56%), with an additional 17% of patients 
treated with NIPPV alone.1 NIPPV was used alone 
in 33% of 100 patients with hematologic and solid 
malignancies reported by Darmon and col-
leagues.5 An additional 54% of these patients were 
intubated for MVS. In 80 patients with leukemia 
who developed ARF, 41% required MVS com-
pared with 53% of 47 patients with lymphoma.3 
As noted earlier in this chapter, the need to insti-
tute MVS significantly increased the risk of mor-
tality in all patient groups (see Table 2).

ARF is the most common diagnosis for 
oncology patients who were admitted into an 
ICU. Collating the data from three studies that 
involved 568 patients, the incidence of ARF was 
40%.3–5 The only recent study that provided 
detailed information concerning the etiology of 
ARF in cancer patients was Azoulay and col-
leagues’ analysis of 203 cancer patients with ARF.1 
The majority (91%) of these patients had a hema-
tologic malignancy, and 35% were neutropenic 
when admitted to the ICU. Infectious pneumonia 
was the cause of ARF in 58% of the patients, and 
multilobar radiologic involvement was present in 
79% of all the subjects. Bacterial pneumonia was 
the most frequent infection (29.5%) and was 
associated with a statistically increased risk of 
mortality (p = .04) by univariate analyses but not 
multivariable analyses. Pneumocystis pneumo-
nia, viral pneumonia, tuberculosis, and invasive 
aspergillosis were also diagnosed. The odds ratio 
of dying by multivariable analysis for patients 
with aspergillosis was significantly increased 
(3.78; p < .05). Twenty percent of their patients 
met the criteria for the diagnosis of ARDS.  
Noninfectious etiologies for ARF included  
congestive heart failure (12.3%), isolated alveolar 
hemorrhage (6%), toxic pneumonia (4%),  
pulmonary infiltration by malignant cells (8%), 
and no definite diagnoses despite an invasive 
diagnostic workup (21%). Patients with no  
definite diagnosis also had an increased risk of 

dying (p < .01 by univariate analysis), whereas 
those who developed congestive heart failure had 
a lower risk of mortality by both univariate and 
multivariable analyses (p=.01). Although the 
authors did not comment on the incidence of ALI 
(which is a diagnosis that has a less impaired level 
of oxygenation compared with ARDS), it is likely 
that this was present in a significant number of 
their patients. Therefore, the remainder of this 
chapter focuses on caring for adult oncology 
patients with ARF who require MVS, especially in 
the presence of ALI and ARDS.

Airway Management

Upper Airway Obstruction
Upper airway obstruction is a medical emergency 
in any patient group and must be dealt with as 
soon as possible.14 The causes of upper airway 
obstruction in cancer patients are similar to  
those in noncancer patients (Table 4), except the 
prevalence of obstruction in cancer patients is 
higher. Physicians with experience in these disor-
ders, especially otolaryngologists, should be con-
sulted early. The initial management is important, 
and a diagnosis should be made if at all possible. 

Early symptoms and signs include shortness of 
breath, difficulty in breathing, anxiety, increased 
pulse rate, heart rate, blood pressure, and  
stridor. Later manifestations include increasing 
stridor, little movement of air, abnormal menta-
tion including agitation, use of accessory muscles 
of respiration, and arterial desaturation. The 
obstruction is now severe, and reestablishing the 
airway is urgent and vital. The most experienced 
physician on the team should attempt the rees-
tablishment of the airway as quickly as possible. 
Finally, if reestablishment of the airway fails,  
the pulse slows and the blood pressure drops as 
the patient’s heart begins to stop. At this point, 
even if the patient is finally resuscitated, brain 
damage can occur if hypoxia is prolonged.14

If the cancer itself is the cause of the obstruc-
tion, then the airway may be maintained while the 
cancer is treated. Successful treatment allows the 
patient to be safely extubated. It is important to 
explain to patients or their health care surrogate 
that if treatment fails, withdrawal of life support 
becomes a possibility. In these patients, it is 
expected that a cancer is obstructing the airway, 
but infection and bleeding are also common 
causes of airway obstruction. A diagnosis should 
be made as soon as possible as the treatment of 
cancer, infection, or hemorrhage is different. 
Major bacterial infections include Streptococcus 
sp, Staphylococcus aureus (which often may be 
methicillin resistant), and Haemophilius influen-
zae. Sometimes fungal infections may occlude  
the airway, usually when immunity recovers. 
Antibiotics, antivirals, antifungals, treating the 
coagulopathy, and, if necessary, drainage are the 
definitive treatments. Massive bleeding can 
occlude the airway, and reestablishment of the 
airway is performed before attention to the  
primary lesion is given. Laryngeal abnormalities 
should be diagnosed as soon as possible, espe-
cially preextubation.15,16 If the latter necessitates 
reintubation, a tracheostomy is performed to 
allow the edema and other damage to resolve 
itself. In these cases, decannulation is performed 
only after inspection of the larynx, usually 2 weeks 
later. Otolaryngology should be involved in  
every step. Most patients are intubated, but some 
can be treated conservatively. However, if they  
are not intubated immediately, they must be  
carefully observed in the ICU with a tracheos-
tomy, difficult airway, or cricoidotomy tray at the  
bedside. 

Translaryngeal Intubation
After the patient has failed noninvasive mechani-
cal ventilation or if it is decided to intubate 
directly, an endotracheal tube (ET tube) is inserted 
into the trachea. The ET tube can be inserted 
through the nose or mouth. It is sometimes easier 
to insert the ET tube through the nose when the 
patient is awake, obese, or combative. Cancer 

Table 3  Survival Rates in Recent Studies of Oncology Patients Who Required Mechanical Ventilatory  
Support

Study Year No. of Patients Survival (%)  Population

Kress et al.3 1999 153 33 Hematologic and solid tumors
Azoulay et al.4 2000   65 46 Solid tumors
Lin et al.7 2003   81 15 Bronchogenic carcinoma 
Depuydt et al.6 2004 166 35 Mixed tumors; 16% NIPPV
Darmon et al.5 2005   87 45 Hematologic and solid tumors; 34% NIPPV

NIPPV = noninvasive positive pressure ventilation.

Table 4  Causes of Upper Airway Obstruction

Nasopharyngeal
 Benign masses
 Malignant masses
Oropharyngeal
Infective
 Angioedema
 Stevens-Johnson syndrome
 Toxic epidermolysis
 Trauma
 Obstructive sleep apnea
Laryngeal
 Infectious
Iatrogenic
 Related to intubation
Miscellaneous
 Sarcoid
 Functional
 Neoplastic
 Wegener’s granulomatosis
 Angioedema
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patients are preferably intubated through the 
nose because they have low platelet counts. The 
prevalence of sinusitis and subsequent ventilator-
associated pneumonia is increased in the nasally 
intubated patient.17,18

Tracheostomy
The exact timing of tracheostomy is controver-
sial. In patients in whom long-term mechanical 
ventilation or other reasons for long-term trache-
ostomy is suspected, tracheostomy is performed 
as early as possible. In most patients, trache-
ostomy is performed at some time during the  
ventilation of patients who fail to wean easily. 
Prolonged translaryngeal intubation has the  
disadvantages and complications of injury to  
the mouth, larynx, and trachea, as well as the  
dangers of self-extubation and malposition,  
parasinusitis, extreme physical discomfort, and 
needing increased sedation.19–23 

A tracheostomy provides a relatively stable, 
well-tolerated airway. It makes oral feedings  
possible, enhances communication, permits ear-
lier ambulation, and facilitates pulmonary toilet 
and oral hygiene. Unfortunately, tracheostomy  
is associated with such complications as stomal 
infection, pneumothorax, subcutaneous emphy-
sema, hemorrhage, tracheal stenosis, tracheoma-
lacia, granulation tissue, and, rarely, death. 

Most recent studies support the American 
College of Chest Physicians recommendations on 
the timing of tracheostomies.24 Patients are treated 
for 5 days or so and assessed for extubation.  
If they will be extubated in the next day or so,  
they are left translaryngeally intubated. If they  
are not expected to be extubated soon, then a  
tracheostomy is performed.24 The advantages  
and disadvantages of early tracheostomy are  
listed in Table 5, and the disadvantages of  
translaryngeal intubation are found in Table 6.

Mechanical Ventilatory Support

Cancer patients are ventilated when they cannot 
support themselves and develop respiratory  
failure. In most cases, the patients are ventilated 
until the disease, which causes the respiratory 
failure, is treated.25 Occasionally, the respiratory 
failure is due to the cancer itself and the patient is 
ventilated until the cancer is treated sufficiently 
enough to allow the patient to breathe on his or 
her own. Patients and their families must be 
warned that if radiation, chemotherapy, or  
surgery fails, then withdrawal of life support 
should be withdrawn. Cancer patients are treated 
similarly to noncancer patients for the most  
part. However, there are some differences.  
Cancer patients are intubated through the mouth 
rather than the nose. Many of these patients  
are immunosuppressed, and bacterial and non-
bacterial pathogens are diagnosed by protected 
specimen brush, bronchoalveolar lavage (BAL), 
or mini-BAL.24

Conventional Mechanical Ventilation
Most cancer patients are ventilated using  
conventional mechanical ventilation. Patients 
can be ventilated using pressure modes (pressure 
support or pressure-regulated volume control) or 
volume modes (volume control or synchronized 
intermittent mandatory ventilation [SIMV]). The 
most commonly used mode is volume controlled 
followed by SIMV and then pressure support 
ventilation (PSV). Pressure-regulated volume 
control is used when the peak pressures in the 
airway are high.26

Volume Control Ventilation or Assist Control

The volume control or assist control ventilation is 
the most commonly used mode. The patient can 
trigger a preset volume (tidal volume [Vt]) after 
exerting enough of a negative pressure to over-
come the preset trigger sensivity. There is also a 
preset backup rate (frequency). Positive end-
expiratory pressure (PEEP) can be used with this 
mode. This is a good mode at which to rest the 
patient during ventilation. The flow rate is also 
preset. Caution must be exercised in patients with 
hyperinflated lungs as they need time to exhale 
fully before the ventilator gives the next breath. 
Increasing the flow rate to greater than 80 L per 
minute will help ensure that there is enough time 

for adequate exhalation. Assist control is the best 
mode at which to rest the patient.26

Synchronized Intermittent Mandatory  
Ventilation

If the patient is not breathing spontaneously,  
then there is no difference between assist control 
and SIMV. SIMV is also a popular ventilatory 
mode. It is used mainly with pressure support 
(see below). There is usually a preset backup rate. 
The patient can breathe on his or her own but has 
no extra support unless pressure support is also 
used. This mode is used to gradually allow the 
patient to breathe on his or her own as the rate is 
decreased. Many authors feel that this is a poor 
mode to ventilate or wean patients unless it is 
used with pressure support.26

Pressure Support Ventilation

PSV is a patient-initiated, pressure-regulated 
ventilatory mode. The ventilator senses the 
patient’s inspiratory flow and will then give a 
volume up to a preset pressure. As the patient’s 
flow rate decreases, the ventilator will cease its 
flow. Nonbreathing the patient does not trigger 
the ventilator, and the patient will become apneic 
as there is no backup rate. Here the patient can 
breathe spontaneously with pressure support. 
Pressure support can be used as a primary ventila-
tion mode provided that the patient can initiate a 
spontaneous breath. To ventilate a patient, the 
PSVmax is used. This is giving enough pressure 
support to return 10 mL/kg ideal body weight 
from the ventilator. Pressure support can be used 
with SIMV, the so-called ”SIPS” (SIMV with 
pressure support). Patients are usually ventilated 
using the assist control mode and weaned using 
the SIPS mode.26 Table 7 contrasts the ventilator 
parameter for normal lungs, hyperinflated lungs, 
and lungs with ALI or ARDS.

Ventilating the Patient with ALI or 
ARDS
Any patient who presents with bilateral infiltrates 
and a ratio of partial pressure of oxygen in arterial 
blood to fraction of inspired oxygen (FiO2) of 
between 300 and 200 (ALI) or less than 200 
(ARDS), with no evidence of heart failure, must 
be ventilated using a lung-protective strategy.25 
Patients with ALI/ARDS will have some of their 
alveoli filled with fluid, whereas others are normal. 
If the usual tidal volume is given to these patients, 
then those normal alveoli will be overdistended, 
causing a production of cytokines and further 
damage to the lung. This will further perpetuate 
the systemic inflammatory response syndrome 
(SIRS). The ARDS Network published a large 
study using lower tidal volumes, which decreased 
the all-cause mortality by 9% and decreased  
the SIRS response. Low Vt (6  mL/kg ideal body 

Table 5  Advantages and Disadvantages of 
Tracheostomy

Advantages
 Oral feedings
 Communications
 Earlier ambulation
 Oral hygiene
 Discharge from the intensive care unit
 Stable, well-tolerated airway 

Disadvantages
 Stomal infection
 Subcutaneous emphysema
 Pneumothorax
 Hemorrhage
 Tracheal stenosis and tracheomalacia
 Granulation tissue

Table 6  Complications of Translaryngeal  
Intubation

Injury to mouth, larynx, and trachea
Self-extubation
Malposition
Sinusitis
Physical discomfort
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weight) was used compared with 12 mL/kg ideal 
body weight. The plateau pressures should be as 
far below 30 cm/H2O as possible. Once the ALI/
ARDS is diagnosed, then the lower Vt is reached 
after 1 to 4 hours. If the plateau pressures are still 
above 30 cm/H2O, then the Vt can be reduced to 
4 mL/kg. Lower tidal volumes allow the arterial 
carbon dioxide pressure to rise to the so-called 
“permissive hypercarbia.” The respiratory rate 
may be increased to a maximum of 35 per minute. 
The pH is allowed to fall to 7 or more. The arterial 
oxygenation goal using this protocol is an arterial 
saturation greater than 88%. There is an arbitrary 
ratio of PEEP to FiO2. Prone positioning of 
patients with severe ARDS has fallen out of favor. 
Ideal body weight calculation for females is  
45.5 + 2.5(height in inches -60) and for males is 
50 + 2.5(height in inches -60).25

Outcomes of Cancer Patients  
Undergoing Mechanical Ventilation

The expectations and management of cancer 
patients admitted to an ICU are difficult to pre-
dict. Many patients are young and may have 
undergone chemotherapy and radiation therapy. 
Physicians may not be receptive to either apply-
ing full measures or to cease these same measures 
when appropriate. Unfortunately, most studies of 
this patient group are retrospective with hetero-
geneous populations. Azoulay and colleagues 
reported on the 30-day mortality of 120 patients 
with solid malignancies.4 This was 58.7%, with 
92% occurring in the ICU. Not surprisingly, pre-
vious surgery, pulmonary edema, and remission 
were good prognostic factors. Knaus scale D or C, 
vasopressor use, and late failure from noninvasive 
ventilation were poor prognostic factors. This is 
better than previous studies. Lin and colleagues 
studied lung cancer patients with ARF requiring 
mechanical ventilation in a tertiary care hospital.7 
The overall mortality rate was 85.2%. The adverse 
prognostic features were FiO2 greater than 0.6, 
more than two organ failures, and an APACHE 
III (Acute Physiology and Chronic Health  
Evaluation III) score greater than 70. Kress and 
colleagues documented 348 consecutive critically 
ill cancer patients from their ICU.3 They looked  
at different common types of patients and  
found that there was no mortality difference 
between leukemia, lung cancer, or lymphoma. 
Neutropenia was not an independent risk factor 

for death except when combined with mechanical 
ventilation (53%). Persistent ARF (eg, ARDS) 
and hepatic and cardiovascular failure predicted 
mortality (41%). In the bone marrow transplant 
group, the overall mortality rate was 39%. The 
mechanical ventilation and allogeneic bone 
marrow transplant groups had a higher mortality 
rate. Darmon and colleagues found that the mor-
tality of patients with newly diagnosed malignan-
cies who come to the ICU depends on the number 
and nature of the organ failure and not on the 
type of malignancy or extent of the malignancy  
at presentation.27 Finally, patients over the age  
of 60 years have a poorer prognosis. However, 
selected older patients can have better pro gnoses.28 
Therefore, cancer patients should be encouraged 
to be treated as aggressively as possible.

Noninvasive MVS

Noninvasive MVS has only recently been applied 
to oncology patients with ARF.1,5,6,8,9 Thoracic 
societies from America, Britain, and Europe have 
published consensus guidelines concerning the 
indications for noninvasive MVS (NIPPV), con-
traindications, monitoring, establishing teams to 
provide NIPPV in the hospital setting, training, 
infection control, and equipment safety.29,30 
NIPPV delivers mechanically assisted breaths via 
a tight-fitting nasal, oronasal, or full facial mask 
without requiring intubation. The oronasal mask 
is the most commonly used interface, and newer 
designs and safer anxiolytic medications have 
helped patients tolerate wearing the device for 
longer periods of time.9 The tight-fitting system 
allows high concentrations of oxygen to be deliv-
ered. In the machines that have been devoted  
to delivering NIPPV, the patient’s spontaneous  
Vt is augmented by an operator-set amount of 
pressure during inspiration. The inspiratory  
pressure commences when the machine senses a 
predetermined drop in airway pressure. When 
the inspiratory flow decelerates to a threshold 
value, the added inspiratory pressure ceases  
and the patient is able to exhale passively to an 
operator-set expiration pressure (PEEP level). 
Thus, the difference between the preset inspira-
tory and expiratory pressures is analogous to a 
pressure-supported breath delivered by a conven-
tional ventilator. Many ventilator manufacturers 
have modified their standard machines to allow 
conventional volume and pressure-positive  

pressure modes to be delivered via a mask inter-
face. NIPPV has been well established as a pre-
ferred mode of MVS in patients with exacerbations 
of chronic obstructive pulmonary disease as a 
means of avoiding intubation and the associated 
higher complication and mortality rates.11,13,29,30 
In these patients, NIPPV not only improved 
hypoxemia and hypercarbia, it also reduced dia-
phragmatic energy expenditure and dyspnea.31 
NIPPV, especially in the form of continuous pos-
itive airway pressure, has also been accepted as a 
useful adjunct in treating patients with cardio-
genic pulmonary edema. Although mortality 
rates were not significantly reduced, the time to 
resolution of the acute phase of respiratory failure 
was significantly shortened, whereas oxygenation 
improved more rapidly.11,13,32 Intubation may also 
be avoided in the subgroup of hypercarbic patients 
owing to cardiogenic pulmonary edema.11,32 How-
ever, its role in hypoxemic respiratory failure is 
not as well established.11,13,30  

Interestingly, one of the first patient  
populations with hypoxemic respiratory failure 
in which NIPPV showed statistically significant 
efficacy was in immunocompromised patients 
with diffuse radiographic pulmonary infiltrates, 
fever, and ARF.8 Greater than 50% of the 52  
adult patients who were prospectively studied by 
Hilbert and colleagues had a hematologic malig-
nancy complicated by neutropenia.8 The 26 
patients who were assigned to the NIPPV modal-
ity via a face mask and pressure-supported venti-
lator mode experienced lower mortality (relative 
risk reduction of 0.56; p = .03) and lower rates of 
intubation (p = .03). They also developed fewer  
(p = .03) fatal ICU complications, such as noso-
comial pneumonia, severe sepsis, and sinusitis. 
These observations were similar to those of 
another study that randomized 40 immunosup-
pressed solid organ transplant recipients with 
ARF to NIPPV or conventional therapy.33 The 
allure of these results led Hilbert and colleagues to 
suggest in a review that NIPPV may be the pre-
ferred mode of ventilation in immunocompro-
mised patents with ARF because of the lower rates 
of fatal infectious complications and lower over-
all mortality.9,12 However, in a later study that 
compared 26 patients with hematologic malig-
nancies who received NIPPV for ARF with 52 
case-controlled matched patients who underwent 
invasive MVS, there was no difference in in- 
hospital mortality rates (65% in both groups).6 

An accompanying editorial to the Hilbert 
and colleagues’ article warned that the indiscrim-
inate use of NIPPV in oncology patients with ARF 
may be harmful.12 This admonition was actually 
borne out in another group of patients (postextu-
bation respiratory failure) in whom NIPPV was 
originally touted to be helpful but proven to be 
harmful because its use significantly delayed  
necessary reintubation.31 The patients in Hilbert 

Table 7  Difference between Ventilation of Common Disease States

Lung Type Vt (Ideal Body Weight; mL/kg) pH Goal Oxygen Saturation Goal (%)

Normal 8–10  7.36–7.45 92–100 
Hyperinflated 8–10  7.36–7.45 92–95
ALI/ARDS 4–6  7.15–7.45 88–95
Neuromuscular disease 10  7.36–7.45 92–100

ALI = acute lung injury; ARDS = acute respiratory distress syndrome; Vt = tidal volume.
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and colleagues’ study were highly selected.8  
They excluded patients who suffered multiorgan 
failures, uncorrected bleeding diathesis, poor 
neurologic status, or hemodynamic instability. In 
addition, NIPPV was applied early in the patients’ 
treatment. This latter observation may be clini-
cally relevant as evidenced by the results of Azou-
lay and colleagues’ recent study.1 When NIPPV 
was the only means of MVS that was required,  
the mortality rate was significantly less than that 
of invasive MVS. However, late NIPPV failure  
(>3 days) and the need to change from NIPPV to 
invasive MVS both carried a statistically increased 
risk (p<.05) of in-hospital death. Various con-
ditions may preclude the successful application of 
NIPPV in oncology patients (see Table 7).13,30 
When a noninvasive MVS strategy is instituted, 
then either physiologic improvement (pH,  
oxygenation, or ventilation) or favorable changes 
in the physical examination (less tachypnea, 
improved thoracoabdominal coordination) 
should be realized within the first 1 to 3 hours if 
NIPPV is to be safely continued.13,b Continued 
use without signs of improvement has been  
shown to place the patient at risk of a worse  
outcome.12,13,30–34

Conclusions

As outlined in this chapter, the prognosis for 
adult critically ill oncology patients has signifi-
cantly improved over the past decade. The more 
favorable outcomes also extend to patients with 
ARF who require MVS.1,3,5,6 Although the deci-
sion to commence MVS is not always straight-
forward, it needs to be decided early in the  
course of a patient’s ICU admission since delayed 
intubation has been associated with signifi cantly 
increased mortality rates.1 NIPPV offers an  
alternative form of MVS that may be more 
“acceptable” when tackling the question of 
whether to be “aggressive” in the care of the indi-
vidual with ARF and an underlying malignancy. 

However, NIPPV is not a panacea.12,13,34 Indeed, 
when used in the wrong clinical setting31 (Table 8) 
or when its use is continued despite the patient 
showing no physiologic or clinical improvement 
within 1 to 3 hours,11,13,34 then the patient’s  
outcome may be negatively impacted.1,31 Figure 1 
outlines our approach to this vexing decision. 
Advances in the understanding of ARF and the 
application of MVS, along with better care of  
the airway in patients who require prolonged 
MVS, have contributed to attenuating the pessi-
mism that, until recently, pervaded the clinician’s 
thinking when treating adult oncology patients 
who developed ARF.   
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Bronchoscopy and Lung Cancer:  
Diagnostic and Therapeutic Modalities

Michael J. Simoff, MD

Bronchoscope

Initially, the fiberoptic bronchoscope was just 
that, a bundle of about 25,000 image- and light-
specific guide fibers. As recently as the early 1990s, 
the fiberoptic bronchoscope was still state of the 
art. The fibers were smaller and transmitted 
images and light better than their predecessors, 
but in many ways, they remained essentially the 
same scope. 

The next evolution to bronchoscopy was  
the addition of charge-coupled device (CCD) 
cameras to the tips of scopes, introducing digital 
technology to the bronchoscopy suite. The CCD 
cameras permitted the development of video-
bronchoscopes, which allowed bronchoscopists 
and their assistants to view the procedure on a 
television screen. As video chip technology con-
tinues to improve, the optical systems available 
with modern bronchoscopes also advance signifi-
cantly. These new developments not only provide 
improved visualization, they also allow the scopes 
to have smaller and smaller external diameters 
with larger working channels through which to 
perform procedures, creating a more flexible and 
dexterous tool for working within the airways.

The modern video bronchoscope has a  
working length of 60 cm (Figure 1). The typical 
diagnostic bronchoscope (eg, Olympus P160, 
Olympus Inc., Tokyo, Japan) has an external 
diameter of 4.2 mm with a working channel of  
2.0 mm. The working channel is a conduit through 
the length of the bronchoscope, which allows the 
passage of forceps, brushes, and laser fibers, to 
name a few. The tip of the bronchoscope can flex 
(bend up) 180° and retroflex (bend down) 130°. 
The small external diameter makes the scope 
more comfortable to the patient as it is routinely 
passed through one of the nares and more agile 
for the bronchoscopist to use. Larger fiberoptic 
bronchoscopes can be used as therapeutic and 
diagnostic tools. As an example, the Olympus 
XT160 (Olympus America Inc., Melville, NY) has 
an external diameter of 6.2 mm but provides  
a working channel of 3.2 mm. Although the  
additional 1.2 mm may not sound like a  

significant amount of additional space, it provides 
a distinct advantage to the bronchoscopist  
performing more advanced procedures or in  
the event of significant bleeding in the airways. 
Currently, some bronchoscopes are becoming 
available that use hybrid technology, using fiber-
optic bundles from the tip of the scope up to  
the handle, which is where the CCD camera chip 
is located to provide excellent digital images,  
but provide smaller external diameters and  
larger working channels and maintain improved 
flexibility.

Diagnostic Bronchoscopy

Diagnostic bronchoscopy would be defined as 
those procedures and techniques that are used to 
make the diagnosis of disease, in the case of this 
chapter, specifically lung cancer. The following is 
a brief overview of the available techniques, their 
advantages, and their limitations. This review is 
meant to provide the nonbronchoscopist with an 
understanding of the everyday techniques used to 
diagnose lung cancer. Further discussion will then 
continue toward the more modern tools and 
advanced diagnostic techniques available com-
mercially, as well as some that are just becoming 
available, to fully understand the diagnostic capa-
bilities of bronchoscopy.

Bronchoscopy has evolved tremendously over the 
past several years. It has become a more devel-
oped diagnostic tool and a more effective thera-
peutic one. This chapter discusses the great variety 
of forms that bronchoscopy has taken on in the 
diagnosis and management of lung cancer.

This topic is geared toward those physicians 
who do not practice bronchoscopy. It is impor-
tant that those physicians who send patients to 
have bronchoscopies for diagnosis or rely on the 
pathologic answer for the management of their 
patients realize the scope of diagnostic procedures 
available, their advantages, and their limitations. 
This further understanding will enhance the 
capacity for management. The therapeutics sec-
tion informs the physician managing cancer 
about interventions, which can be used in the 
event of an airway obstruction or the sequelae of 
one (eg, postobstructive pneumonia).

History

The history of bronchoscopy is actually not that 
of a diagnostic tool; rather, it is a therapeutic 
technique. In 1897, Gustav Killian, a professor of 
otorhinolaryngology at the University of Freiburg, 
Germany, successfully removed a bone splinter 
from the right mainstem bronchus of a farmer 
using a rigid bronchoscope. His techniques and 
methods improved with time and expanded to 
different physicians and countries. In 1904, Che-
valier Jackson, of Philadelphia, Pennsylvania, 
continued to advance the field of therapeutic 
bronchoscopy by improving on the equipment 
first developed by Professor Killian. It was not 
until the Ninth International Congress of Dis-
eases of the Chest in August 1966 that Professor 
Dr. Shigeto Ikeda presented his new invention, 
the bronchofiberscope.1 In the early 1970s, the 
fiberoptic bronchoscope went from a novelty to a 
routine tool in the diagnosis of diseases of the 
chest. It took about 70 years of use for the bron-
choscope to become a diagnostic tool from its 
therapeutic roots. As this chapter progresses, I 
discuss how the future of this medically historical 
tool continues to evolve.

Figure 1  Bronchoscope: Olympus flexible video-
scope.
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Airway Examination
The object from the inception of bronchoscopy 
was to look into the airways. The modern flexible 
bronchoscope makes this much easier to do than 
with the still available but much less common 
rigid bronchoscope. Typical airway anatomy 
begins just distal to the cricoid within the trachea 
and continues branching through multiple gen-
erations to the level of the respiratory bronchioles 
and, finally, the alveoli. There are usually 24 to 26 
generations of airways branching from the level 
of the trachea.2 With a typical diagnostic flexible 
bronchoscope, the bronchoscopist can visualize 
down through three to five generations of  
airways. This limitation may seem surprising to 
some, but the diameter of the airways quickly gets 
smaller with each generation of airway and 
modern bronchoscopes, with diameters of 4.2 to 
6.0 mm are currently limited purely by size. The 
use of smaller bronchoscopes, termed “thin” or 
“ultrathin” bronchoscopes, is currently being 
explored, but at this time, they would not be used 
in the “usual” bronchoscopic examination of the 
airway.

Another advantage of modern digital scopes 
is that as video technology continues to improve, 
the available CCD camera chips used to create 
visual images continue to improve, creating 
images that give detail that far surpasses previous 
generations of bronchoscopes. The improved 
optics improve the diagnostic capability of 
modern bronchoscopes by allowing broncho-
scopists the advantage of picking up more  
subtle changes of the mucosa, which often  
mask underlying sites of early cancer growth. 

What may seem obvious is that in those 
patients with lesions that are endoscopically  
visible, the diagnostic yield is greater than in those 
in whom the airway examination is otherwise 
normal. A variety of techniques can be used to 
sample both the visible and the, in essence, endo-
scopically invisible lesion. There are multiple 
techniques used by bronchoscopists to diagnose 
lung cancer. Diagnostic procedures used by the 
bronchoscopist obtain both cytologic and histo-
logic samples. A significant advantage of cytology 
is that it often requires very little cellular material 
to make a diagnosis. Histologic samples, when 
enough tissue is acquired, can help further refine 
the cell type of the cancer.

Airway Washes and Bronchoalveolar 
Lavage
After the airways have been examined, the bron-
choscopist next begins collecting samples to make 
the diagnosis of cancer. The simplest of these 
sampling methods is merely collecting the  
secretions, which are always present within the  
airways. This random collection of secretions is 
both simple and of little risk to the patient but 

usually is of very low yield as to making the diag-
nosis. The bronchoscopist may also choose to 
instill small amounts (10 to 40 mL) of saline  
into the airways before suctioning to improve  
the potential yield of this procedure. Reported 
cytologic yields of washes vary from 31.6 to 
45.1%.3,4

Bronchoalveolar lavage (BAL) is another 
technique that uses a more directed approach to 
sampling of the airways for cancer cells to make 
the diagnosis. The tip of the flexible broncho-
scope is moved into the lobe, then the segment, 
and eventually the subsegment that the broncho-
scopist suspects as the location of the cancer.  
The leading edge of the bronchoscope is thus 
placed into a “wedge” position. This wedging 
seals off the bronchial tree from that point out to 
the level of the alveoli. Instead of just collecting 
the secretions that are then in this location, the 
bronchoscopist instills 20 to 50 mL aliquots of 
normal saline into this area and then suctions 
back the instillate after allowing a short time  
for the liquid to move into the distal airways. 
Continuous suction is then used to collect the 
infused saline. Approximately 120 mL of collected 
BAL fluid is often the goal of the procedure.5 
Some bronchoscopists will routinely collect only 
35 to 50 mL of sample for diagnosis. Typically, 
returns of 40 to 60% of the infused volume are 
achieved with this procedure. The yield can be 
affected by the amount of fluid instilled, the  
site lavaged (dependent segments having lower 
yields), and how well the bronchoscope was 
wedged.6–8 BAL is only occasionally used in the 
evaluation of the patient for lung cancer. The few 
studies available report a diagnostic yield of 33  
to 69%.9–11

Cytologic Brushing
This technique uses a flexible cytology brush that 
is passed through the working channel of the 
bronchoscope and then “brushed” onto a visible 
lesion, blindly into an area of suspicion, or 
directed to a peripheral lesion under fluoroscopic 
guidance (Figure 2). Once the brush is placed  
at the location of interest, it is vigorously agitated 
in a back-and-forth manner. This motion assists 
the bristles in picking up as many cells as may be 
in the area, actually rubbing cells off the tumor. 
The brush is then removed through the working 
channel of the bronchoscope and is used to create 
slides, which are fixed with spray preservetive or 
placed in 95% ethyl alcohol to prepare them for 
interpretation. Often the brush is then placed into 
a cytologic solution so that any remaining cells 
can be removed and possibly help improve the 
cytologic diagnosis of cancer.

As in washes, and soon to be discussed in 
biopsies, endobronchial tumor (visible tumor  
in the airway) has a higher yield when using  
cytologic brushing. In cases of endobronchially 

visible tumor, the reported sensitivities vary  
from 65.9 to 84%.3,4,12,13 Cytologic brushings of 
lesions invisible to the bronchoscopist have lower 
diagnostic sensitivities, from 22 to 47%.12,13 Over-
all, cytologic techniques, including washing and 
brushings, add a significant amount to the diag-
nostic yield of bronchoscopy for lung cancer. 
Both of these techniques are relatively simple to 
perform and are low-risk procedures. 

Endobronchial Biopsy
An endobronchial biopsy is the sampling of a 
lesion that is endoscopically visible during the 
bronchoscopy. Biopsies through a bronchoscope 
are performed with flexible biopsy forceps, which 
are passed through the working channel of  
the bronchoscope. The forceps themselves have 
hinged cups with either a smooth or a serrated 
cutting edge. When open, the forceps have a 
diameter of 6 mm, allowing a reasonably sized 
biopsy specimen to be obtained. Once the forceps 
exit the distal end of the bronchoscope, there is 
no way to guide the forceps independent of the 
bronchoscope. Biopsies must therefore be per-
formed in reasonably close approximation to the 
end of the bronchoscope (1–3 cm). When the 
biopsy forceps are passed through the working 
channel of a bronchoscope, they nearly occlude 
the working channel (normal working channel 
2.0 mm, with an average forceps diameter of 1.8 
mm). As the forceps are pushed out of the bron-
choscope, secretions, tissue, and/or blood can be 
pushed out in front of the forceps, obscuring the 
bronchoscopists’ vision of the previously identi-
fied lesion that they want to biopsy. Owing to the 
size of the forceps, there is little to no room for 
suctioning away these secretions, making the pro-
cedure much more difficult (Figure 3).

It is not uncommon for the bronchoscopist 
to see a lesion in the airway that can be reached 
using forceps and/or a brush to sample for diag-
nosis. Although it may seem simple to make a 
diagnosis at this point, it is not always true. The 
reported diagnostic yield of endobronchial biopsy 
for bronchogenic carcinoma ranges from 73 to 

Figure 2  A cytology brush exiting the working  
channel of a bronchoscope.
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96%.14–19 Nonbronchoscopists may ask why the 
yield is not 100% if you can see the lesion. The 
answer is that although sometimes a lesion can be 
seen, its position in the airway makes it difficult, 
if not impossible, to direct biopsy forceps or a 
brush into the location of the lesion. Second, 
many rapidly growing cancers have necrotic 
slough and tissue on their surfaces, and the initial 
samples, or possibly all of the samples, may be of 
this material, which will not provide a histologic 
diagnosis. Lastly, owing to the fact that the “view” 
of the lesion may change as discussed above, it is 
recommended that three to five biopsies of an 
endoscopically visible lesion will give the highest 
sensitivity (90–100%) for this diagnostic proce-
dure.19,20 If less than four biopsies are performed, 
the diagnostic yield for this procedure can be 
reduced, thereby potentially not yielding a  
diagnosis.18 

Transbronchial Biopsy
The solitary pulmonary nodule or, in many cases, 
the large radiologically evident mass has to be 
biopsied for diagnosis. This requires performing 
biopsies on lesions that are not endoscopically 
visible; instead, using previously performed chest 
radiographs and computed tomographic (CT) 
scans, bronchoscopists must identify very specifi-
cally where they believe the lesion to be within the 
lung and, subsequently, which airways will lead to 
it. This procedure is known as transbronchial 
lung biopsy. Procedurally, it entails entering the 
airways with the bronchoscope, identifying the 
appropriate lobar, segmental, and subsegmental 
bronchi that will direct the biopsy forceps toward 
the previously identified lesion. Once the bron-
choscope is in place, the tip of the bronchoscope 
is advanced until it can advance no further. This 
positioning is known as a wedge position. The 
advantage of the wedge positioning is that it will 
leave the bronchoscope in one place for the 
entirety of the procedure, allowing repeated 
introduction of biopsy forceps, a cytology brush, 
or other diagnostic tools the bronchoscopist 
chooses to use. The added benefit is that if there is 

significant bleeding, it is localized and controlled 
within the airways distal to the tip of the broncho-
scope, minimizing the risk to the patient.

Once in position, many bronchoscopists will 
use fluoroscopy to assist with transbronchial 
biopsies. Fluoroscopy can be performed in a 
single plane, or, to improve accuracy, several 
planes can be used to assist in the three-dimen-
sional assessment of the lesion and the location of 
the bronchoscope in the chest. The lesion is first 
localized with fluoroscopy. The bronchoscope tip 
is then assessed for proper positioning in relation 
to the lesion. The forceps (or other diagnostic 
tool) are then watched moving toward and  
optimally directly into the desired lesion. Once  
in position, the forceps are drawn backward, 
opened, and moved into position (Figure 4). 
Many bronchoscopists like to observe the lesion 
being tugged by the forceps as the biopsy is taken 
fluoroscopically.

Many factors influence the diagnostic yield 
of transbronchial biopsy techniques. The first is 
the size of the lesion to be biopsied. As might be 
expected, the smaller the lesion, the lower the 
diagnostic yield. For those peripheral tumors less 
than 2 cm in size, the diagnostic yield is 28 to 
30%. Tumors greater than 2 cm but less than 4 cm 
in diameter have a diagnostic yield of 64%, and 
those greater than 4 cm up to 80%.21–25 The 
number of biopsies performed also influences the 
diagnostic yield of transbronchial biopsies. Diag-
nostic yields of 21 to 52% are reported when four 
or fewer biopsies were taken for a peripheral 
lesion (size indeterminate). This is compared 
with a diagnostic yield of 70 to 78% when more 
than four biopsies were taken during the bron-
choscopic procedure.26–28

As might be expected, blind biopsies into the 
lung parenchyma, even when fluoroscopically 
guided, have risks. The two greatest risks with 
transbronchial biopsies are bleeding and pneu-
mothorax. The reported risk of pneumothorax is 
3 to 5%. The use of fluoroscopy reduces the risk 
of pneumothorax versus blind procedures.29–32 

Bleeding in excess of 50 mL is considered signifi-
cant when induced by a bronchoscopic biopsy. 
There is a less than 3% risk of serious bleeding 
with transbronchial biopsies. When the proce-
dure is performed by maintaining a good wedge 
position, the risk to the patient of a poor outcome 
is significantly reduced.29,31,32 

Transbronchial Needle Aspiration
Transbronchial needle aspiration (TBNA) is 
anther technique to assist in the diagnosis of 
patients with lung cancer. This technique is used 
when the mass in question lies outside the bron-
chus. TBNA can be used to sample centrally 
located masses, lymph nodes, and peripheral 
tumors. TBNA can be used for cytologic or histo-
logic samples. A number of different types of 
needles are available for this technique, each with 
specific characteristics to maximize efficiency 
when using them. The two most common types 
of needles are the 22-gauge cytology needle and 
the 19-gauge histology needle. 

Both needles are 1.9 mm in diameter. They 
are passed through the working channel of the 
bronchoscope with the needle withdrawn into the 
needle sheath. Once the hub of the needle has 
been passed out of the end of the bronchoscope, 
the needle can be exposed. The cytology needle is 
13 mL long. The histology needle actually has a 
21-gauge needle inside its core. When projected, 
this 19- or 21-gauge needle is 18 mm long; once 
the 21-gauge needle is withdrawn, the 19-gauge 
needle is 15 mm long (Figure 5). The tip of the 
TBNA needle (any size) is then placed against  
the wall of the bronchus (in approximation to the 
node or tumor that the bronchoscopist wishes to 
sample) and is pushed through the wall as per-
pendicular to the mucosa as possible to maximize 
the depth of penetration of the needle. The initial 
concern of most newcomers to TBNA is that this 
procedure must have a high risk of the develop-
ment of pneumothorax and bleeding. This is 
actually incorrect; there are only two reported 
cases of pneumothorax in the literature, with a 

Figure 3  Biopsy forceps exiting the working channel 
of a bronchoscope.

Figure 4  Fluoroscopic image of a transbronchial 
biopsy.

Figure 5  A transbronchial needle aspiration needle 
exiting the working channel of a bronchoscope. 
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reported risk of pneumothorax of 1.4%.33,34 The 
risk of bleeding is also very small. To illustrate 
this, it is best to look at invasive cardiac and 
hemodynamic studies performed via the airways 
in the 1940s and 1950s. Large-bore needles were 
used to penetrate the bronchial wall and then 
directed into the pulmonary artery, aorta, and/or 
the left atrium to perform various imaging and/or 
hemodynamic measurements.35,36 With these  
significantly more invasive studies, there were  
no reported deaths or major complications of 
bleeding. There is actually only one reported 
hemomediastinum as a result of TBNA.37

TBNA is an excellent procedure for the diag-
nosis of lung cancer. The procedure has a degree 
of operator variability in the potential diagnostic 
yield. Reported yields in the literature vary from 
38 to 73%,38–40 and when a mucosal abnormality 
or external compression of the airway was evi-
dent, there was a reported positive aspiration 
yield of 88%.41 As pulmonologists continue to 
gain experience with this procedure, the number 
of mediastinoscopies can be reduced for the 
mediastinal staging of lung cancer. In experienced 
hands, the bronchoscopist can clearly stage the 
mediastinum, minimizing further invasive proce-
dures for our patients with lung cancer.

TBNA can also be used as part of the evalua-
tion of a solitary pulmonary nodule. The use of 
the smaller, 22-gauge cytology needle for periph-
eral lesions is the ideal tool. After the broncho-
scope is wedged, as above, the needle is passed 
through the working channel of the broncho-
scope and extended toward the lesion. The needle 
is then extended and pushed into the tumor being 
assessed. The diagnostic yield of this procedure is 
up to 35%.27 Other reports further define the yield 
as it relates to the size of the lesion. Shure and 
Fedullo differentiate between lesions less than 
and greater than 2 cm.42 The yield for TBNA when 
tumors were less than 2 cm is 33% and 76% for 
those greater than 2 cm. Another study uses the 
cutoff of 3 rather than 2 cm and found the diag-
nostic yield of tumors less than 3 cm to be 27.5% 
and 65.5% for lesions greater than 3 cm.43 

TBNA is a necessary procedure for the  
evaluation of patients with lung cancer. Overall, 
this technique is an excellent addition to the  
evaluation of patients with a lung mass or  
mediastinal lymphadenopathy, for the diagnosis 
of primary disease, and the staging necessary  
for managment.

Bronchoscopy: Putting It All Together
Individually, each of the procedures discussed 
above is good for the diagnosis of lung cancer. 
Clinically, however, most or all of these proce-
dures are used at the discretion of the broncho-
scopist performing the procedure. Aggressive 
bronchoscopists will almost always use several 
techniques to maximize the chance of making a 

diagnosis at the time of the first bronchoscopy. 
Several studies demonstrate a much greater 
opportunity to diagnose lung cancer with the 
combination of several techniques, some with up 
to 80% diagnostic yields.22,24,44–46 A combination 
of a biopsy (endobronchial or transbronchial), 
brushing, and washings (or BAL) should be con-
sidered the standard bronchoscopic approach in 
making the diagnosis of lung cancer. If there is 
lymphadenopathy on the CT scan of the medias-
tinum or hilum, TBNA should also be performed 
to maximize the chance of staging and diagnosing 
the patient with one procedure.

The procedures, which were discussed above, 
are routine in most medical centers. Those to be 
discussed below are available at only a few referral 
centers. These advanced diagnostic procedures 
are excellent additional techniques for the diag-
nosis and management of patients with lung 
cancer. As clinical experience with them contin-
ues to grow, they may become part of mainstream 
diagnostic bronchoscopy. 

Autofluorescence Bronchoscopy
Despite advancements in chemotherapeutic 
agents, radiation, and surgical techniques, the 
recurrence rate of lung cancer is 3.6 to 4% per 
year. Second primary tumors occur in 17% of 
patients within 3 years of treatment of their pri-
mary disease.47,48 With 10 to 20% of patients 
having a second primary tumor or recurrence, it 
suggests a more complicated process than a single 
tumor alone. The pathologic changes of dyspla-
sia, carcinoma in situ, and microinvasive carci-
noma are very superficial. These changes develop 
in the intraepithelial to superficial submucosal 
layers of the bronchial wall. The diagnostic yield 
of finding these subtle visible changes with stan-
dard white light bronchoscopy is actually quite 
low. To improve the yield of identifying these 
changes requires a new diagnostic tool.

Autofluorescence uses a little known and 
very weak physical property of light: fluorescence. 
Fluorescence is always present with visible light, 
but it is 10,000 times dimmer than reflected light 
and as such is not visible to the naked eye or with 
standard bronchoscopy. Autofluorescence is a 
property of the upper submucosa, the same ana-
tomic location of many early cancers. 

Autofluorescence bronchoscopy is achieved 
by stimulating certain cells within the submucosa, 
called fluorophores. The fluorophores are stimu-
lated by light of 390 to 460 nm (blue light), which 
excites them to a higher energy level. With a rapid 
decay from the excited state, light of predomi-
nantly 520 nm (green) and to a lesser extent 630 
nm (red) is released. When the airway is visual-
ized in autofluorescence, the airways appear 
green. Owing to a variety of physical characteris-
tics of light and pathologic changes secondary to 
the development of a cancer, a precancerous 

lesion, and microinvasive cancer, all appear red 
(Figure 6).

In reviewing 11 clinical studies including 
1,084 patients, the sensitivity of white light bron-
choscopy to autofluorescence bronchoscopy was 
found to be 52.4 to 84%, respectively, for the 
identification of early endobronchial lesions.49–58 
Autofluorescence is an excellent clinical tool for 
the detection of early lung cancer. As its popular-
ity continues to grow, we will find more and more 
applications for its use. Its greatest limitation  
lies in the fact that only several generations of  
the airways can currently be examined with a 
bronchoscope; therefore, we can see only some of 
the problems that exist.

Endobronchial Ultrasonography and 
Endobronchial Ultrasonography–
Directed Transbronchial Biopsy
Endoluminal ultrasonography has been estab-
lished as a routine diagnostic procedure in many 
fields of medicine owing to its diagnostic advan-
tages over traditional radiologic evaluations.59 
This is especially true of gastrointestinal endos-
copy. Ultrasound imaging is generated owing to 
the difference in resistance of various tissues to 
ultrasound waves (impedance). The different 
impedance of various soft tissues has made ultra-
sonography an indispensable diagnostic tool in 
medicine. 

Two techniques exist to perform endobron-
chial ultrasonography (EBUS) within the airways. 
The first is the use of a 20 MHz transducer that 
uses a saline-filled balloon to eliminate an  
air-transducer interface, allowing delivery of the 
ultrasound waves to the tissue. This technique 
allows a 360° image of the parabronchial and 
paratracheal structures. Under favorable condi-
tions, structures at a distance of up to 4 cm from 
the probe can be visualized.

The second technique uses a 7.5 MHz linear 
array transducer, which is built into the tip of a 
flexible bronchoscope. As the bronchoscopist is 
inspecting the airways, he or she can put the ultra-
sound probe up against the wall of the airway and 
visualize structures (eg, lymph nodes, tumors, 
blood vessels). This bronchoscope has another 
advantage in that a specially designed transbron-
chial needle can be used to sample lesions under 
direct ultrasound visualization. This broncho-
scope is, in essence, the same as the endoscopic 
ultrasound gastroesophagoscopes used by gastro-
enterologists. By visualizing the target tissue and 
watching its sampling, it is hoped that greater and 
greater yields can be obtained with diagnostic 
bronchoscopy. Indications for the use of EBUS 
can be reviewed in Table 1.

EBUS has been used in the evaluation of 
patients with small radiologically invisible tumors, 
in which the physicians will use endobronchial 
therapy alone to manage the disease.60–62 EBUS is 
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also used in the localization of peripheral tumors, 
which are not endoscopically visible, to improve 
the yield of transbronchial biopsy procedures.63,64 
The use of the 20 MHz system has been shown to 
improve identification of mediastinal lymph 
nodes, also improving yields of TBNA.65,66  
The use of directional ultrasonography has not 
been studied enough to demonstrate its potential 
addition to the technique of blind TBNA. Lastly, 
EBUS has been used to differentiate between 
tumor approximation and tumor invasion of 
mediastinal structures. In a prospective study, it 
was demonstrated that differentiation of external 
tumor invasion versus impression of the tracheo-
bronchial wall by EBUS was reliable in 90% of 
patients compared with contrast CT (50%).67 
This may help influence the management of lung 
cancer patients who were initially thought to be 
unresectable, allowing them the opportunity to 
go to the operating room for a more definitive 
therapy.

Overall, EBUS is not yet a routine tool in 
most institutions. Its acceptance and popularity 
continue to grow in face of the advances  
being made in this tool and the corresponding 
bronchoscopes. The use of this technology will 
continue to grow with respect to managing  
cancer of the chest.

Future Techniques
Despite continued advancement in diagnostic 
techniques and treatment protocols, lung cancer 
remains the number 1 cancer killer. With this in 
mind, we must continue to look forward in our 
goal of discovering, diagnosing, and treating this 
disease. A few of the novel diagnostic tools being 
clinically explored are now discussed. The first 
tool is electromagnetic navigation. Electromag-
netic navigation is a new technology to allow 
improved manipulation throughout the airways 
to approach a peripheral lung lesion. This  
technology incorporates the merging of CT  
with three-dimensional generation imaging, an 
electromagnetic field formed around the  
patient’s body, and a directional probe, which is 
bronchoscopically placed into the airways.

Electromagnetic navigation is currently 
entering more complete clinical trials. The tech-
nology is very exciting for the sampling of  
not only peripheral lesions but also adding the 
capacity of potentially using therapeutic modali-
ties at the time of the original biopsy. There is  
also promise for mediastinal node sampling to be 
enhanced with concurrent use of this very excit-
ing tool. There is limited clinical experience at 
this time with external navigation systems, but, in 
the future, this technology will very likely play an 
important part in the diagnosis and, it is hoped, 
management of lung cancer.68

Another area of possible future advancement 
in bronchoscopy is that of “optical biopsies.” 
Optical biopsying is actually a variety of tech-
niques that fall under this very unusual heading. 
An optical biopsy is actually the use of structural 
imaging technology, which depends predomi-
nantly on the scattering properties of light at  
a tissue interface. This technology includes  
optical coherence tomography (OCT), confocal 
microscopy, and light-scattering spectroscopy.

OCT is discussed here as it has entered the 
phase of clinical trials. This technology is in many 
ways analogous to ultrasonography, but instead 
of sound, it measures the intensity of back-
reflected infrared light. As it is light, there OCT 
does not require direct contact with tissue or a 
transducing medium and can be performed 
through air, which is ideal for the lungs. In 
essence, OCT performs a high-resolution assess-
ment of tissue microstructure. The images pro-
duced are equivalent to a low to moderate 
mechanical-level biopsy obtained during diag-
nostic procedures at the micron scale of resolu-
tion. The goal would be to “look” at a mass in the 
airways and diagnose it as a cancer to being ther-
apy at the time of the original bronchoscopy, 
without having to wait for sample processing.69,70

Electromagnetic navigation and OCT are 
two of the potential tools being developed for the 
bronchoscopic diagnosis of lung cancer. The 
future would have us looking toward early, more 
complete diagnosis and staging, with possible 
nonsurgical approaches to the treatment and cure 
of the solitary pulmonary nodule.

Therapeutic Bronchoscopy

Setting for Intervention
Most of the estimated 173,770 new cases of lung 
cancer diagnosed in the United States in 2004, 
accounting for 13% of all new cancer cases, will be 
in an advanced stage.71 Central airways disease 
can be in the form of bulky endobronchial  
disease, endobronchial extension of cancer, or 
extrinsic compression of the airways by the tumor 
or lymphadenopathy. Shortness of breath, 
hemoptysis, and cough are frequent complaints 
of patients with lung cancer. Those patients with 
an endobronchial component to their disease 
may benefit from a bronchoscopic intervention 
as part of the management of their disease. 

Not all endobronchial disease causes com-
plete obstruction of the airways. Sometimes 
patients have partial obstruction, which often has 
a less severe symptom complex. As these patients 
enter treatment programs, the endobronchial 
component of their disease, in response to these 
treatments, can lead to more complicated con-
cerns. External beam radiotherapy can induce 
endobronchial inflammation and swelling,  
further compromising the airways. Radiation or 
chemotherapy can lead to necrosis of the endo-
bronchial component of the cancer. The inflam-
mation and necrotic tissue can cause further 
airway compromise by inducing airway obstruc-
tion, lung collapse, and possible postobstructive 
pneumonia. Therefore, endobronchial techniques 
should be considered throughout the manage-
ment of lung cancer patients.72,73 Many studies 
not only demonstrate improvement in clinical 
symptoms and quality of life, they also suggest 

Figure 6  A, White light bronchoscopic image of carcinoma in situ. B, Bronchoscopic autofluorescence of 
carcinoma in situ. The normal airway is seen as green; the red/brown discoloration in the center of the image 
is the carcinoma in situ.
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Table 1  Indications for Endobronchial  
Ultrasonography

Endobronchial cancer
 Intraluminal extension
 Invasion/impression
 Early cancer depth of invasion
 Vascular invasion

Mediastinal and hilar nodal staging
Mediastinal mass evaluation
Peripheral lesions
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increased overall survival with the use of  
endobronchial management techniques.74–87

Lastly, when all management options have 
been used, end-stage patients will often develop 
compromise of their airways as the cancer  
continues to progress. 

Endobronchial management options may 
help relieve some of their symptoms, allowing 
them freedom from shortness of breath as they go 
home in conjunction with hospice or other pallia-
tive therapies.88–90 

Most endobronchial techniques are per-
formed on an outpatient basis. Unless a patient 
presents with respiratory failure, many of the  
procedures performed provide immediate  
relief of symptoms. This rapid symptomatic 
improvement allows patients to return home  
with an improved quality of life or better prepares 
them to continue treatment at their local pro-
grams. Although interventional procedures are 
not definitive therapies, they often provide partial 
to total relief of the strangling sensation produced 
by complete airway occlusion. 

Interventional pulmonology is the practice 
of advanced techniques via a bronchoscope and 
thoracoscope. The direction of this chapter again 
concentrates on bronchoscopic techniques. Pro-
grams that include endobronchial procedures 
need an armamentarium of therapeutic modali-
ties rather than a single invasive approach to 
manage patients with complicated lung cancer. 
As each patient’s anatomy differs, the manner in 
which the patient’s cancer leads to symptoms 
varies. Several procedures used in conjunction 
(ie, laser and stenting) may be necessary to pro-
vide the most efficacious management of the dis-
ease. Offering a multitude of modalities allows 
the best selection of approaches for the 
patient.88,89 

The following sections discuss a variety of 
techniques and tools available to the interven-
tionalist for the endobronchial management of 
lung cancer. In many cases, no one technique  
is better than the others; most often, some combi-
nation of these techniques offers the greatest  
benefit to the patient. 

Bronchoscopy 
Since the inception of flexible fiberoptic bron-
choscopy in the late 1960s in Japan and in 1970 in 
the United States, the flexible bronchoscope has 
become the most widespread tool for evaluating 
and diagnosing diseases of the airways and lungs.1 

The rigid bronchoscope, the flexible broncho-
scope’s predecessor, was in many regards forgot-
ten as a tool until interventional pulmonology 
evolved in the 1980s. Interventional pulmonolo-
gists reevaluated this tool and found its properties 
advantageous to the procedures that are currently 
performed. A survey in 1991 by the American 
College of Chest Physicians reported that only  

8% of responding pulmonologists used a rigid 
bronchoscope.91 

Overall, concurrent use of the flexible bron-
choscope with the rigid bronchoscope is  
necessary for the practice of interventional pulm-
onology. The rigid bronchoscope offers many 
advantages to the interventional pulmonologist, 
one of which is the superior control of the  
airway achieved with its use. Ventilation is per-
formed through the scope itself rather than 
around the flexible bronchoscope. The larger-
bore rigid bronchoscopes allow optical systems, 
large-caliber suction cathe ters, and the laser to 
pass through the scope simultaneously. Large 
rigid biopsy forceps are used through the rigid 
bronchoscope, which can provide more signifi-
cant tissue biopsies and assist in mechanical  
debulking of lesions. However, the rigid broncho-
scope is a more difficult tool to use that requires 
additional training. In addition, rigid bronchos-
copy is most commonly performed in the operat-
ing room requiring general anesthesia, making 
the logistics of its use difficult for many. Overall, 
in difficult airway conditions, rigid bronchoscopy 
is an excellent technique for the management of  
endobronchial disease. 

The rigid bronchoscope can be used not only 
as a delivery device of therapeutic tools; the scope 
itself can be used as a tool in the management of 
endobronchial disease. The distal end of the bron-
choscope has a beveled end. This edge can be used 
to shear large sections of endobronchial tumor 
away from the airway wall in a technique often 
referred to as “applecoring.” Mathisen and Grillo 
described their experience with 56 patients with 
endobronchial obstruction from the trachea to 
the distal mainstem bronchi.92 After an applecor-
ing application of the rigid bronchoscope, they 
reported an improvement in 90% of their patients. 
Only 3 of the 56 patients had more than minor 
bleeding with this procedure. Although this  
procedure is technically difficult, applecoring 
combined with the use of larger biopsy forceps 
allows the tumor to be quickly resected from the 
obstructed airway. 

Ablative Techniques
This includes all of those technologies used in  
the debulking and/or resection of endobronchial 
cancer. They include laser, electrocautery,  
argon plasma coagulation, cryotherapy, and  
photodynamic therapy. Each is discussed below.

Laser Therapy 

Laser is an acronym derived from light amplifi-
cation by stimulated emission of radiation.  
Lasers have many medical uses, including the 
endobronchial management of lung cancer. The 
most common laser used within the bronchi is 
the neodymium:yttrium-aluminum-garnet (Nd:
YAG) laser. The potassium-titanyl-phosphate 

and diode lasers are also occasionally used. As in 
all lasers, the Nd:YAG laser delivers a very specific 
wavelength of light, 1,064 nm. This wavelength 
allows the laser energy to be conducted via a 
quartz monofilament and thus can be easily used 
with either the rigid or the flexible bronchoscope. 
Normally, the Nd:YAG laser is used at 30 to 60 
watts, but it has a wide range of power outputs, up 
to 100 watts. Depending on the energy level used, 
the laser can affect tissue several millimeters to 
several centimeters in depth (Figure 7).

The predominant tissue effects of Nd:YAG 
lasers are thermal necrosis and photocoagulation. 
Of these, photocoagulation is the most commonly 
used effect. Using lower energy levels, the surface 
of the tumor is heated, causing shrinkage of the 
tumor and diminishing the blood flow to that 
region. By devascularizing the tumor, more rapid 
mechanical debulking can be performed, with 
improved control of bleeding. 

Thermal necrosis uses higher energy levels to 
destroy tissue, causing the formation of eschar. 
The problem with this approach is that most 
tumors are significantly vascular, and in destroy-
ing tissue with laser energy, large blood vessels 
can also be destroyed. These blood vessels may 
then perforate with the tissue destruction, leading 
to significant hemorrhage and an increase rather 
than a decrease in morbidity and mortality with 
this procedure. Despite this, cautious use of the 
thermal necrosis technique of laser therapy can be 
safely and efficiently used in the airway.

Ablative therapy with a laser can be per-
formed via flexible or rigid bronchoscopy. The 
majority of interventionalists use rigid broncho-
scopy as the predominant tool for the perfor-
mance of laser procedures when possible owing 
to the ease of the debulking part of the procedure. 
Using the flexible bronchoscope, the Nd:YAG 
fiber can be passed through the working channel, 
and thereby energy can be delivered to areas that 
cannot otherwise be reached with the rigid  
bronchoscope.74–87,92 

The reported success rate of symptom  
palliation using laser energy in the endobronchial 
management of lung cancer is high. Reports of 

Figure 7  A laser fiber exiting the working channel of 
a bronchoscope.
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clinical improvement rates range from 84 to 92% 
following laser bronchoscopy.78,81,93–95 Further 
review of the literature identifies studies that 
demonstrate improved survival in patients treated 
with laser bronchoscopy.80,84,85,96 Brutinel and col-
leagues compared 25 historical controls (ie, 
patients who would have been candidates for laser 
management but did not receive it secondary to 
the unavailability of the procedure at the time of 
their management) with 71 patients treated with 
laser bronchoscopy as part of the treatment pro-
gram.80 The authors reported 76 and 100% mor-
tality rates at 4 and 7 months, respectively, in the 
control population. In the group treated with 
laser bronchoscopy, survival rates at 7 months 
and 1 year were 60% and 28%, respectively. 
Although no definitive randomized studies are 
available, review of historical studies would sug-
gest improved survival in patients treated with 
endobronchial techniques. 

Electrocautery

Electrocautery is another ablative technique avail-
able to the interventional pulmonologist. Simi-
larly to laser, thermal energy is used to cauterize 
and/or cut through tissue. This thermal effect is 
secondary to the resistance of tissue to the flow of 
electrical current. This phenomenon leads to 
tissue temperatures elevating to 160°F (71°C), 
with cellular or tissue destruction. Electrocautery 
delivers electrical energy via one of several intro-
ducer devices to cut and/or destroy tumor cells. 
The various tools of electrocautery can be intro-
duced through a rigid or flexible bronchoscope 
(the bronchoscope must be grounded to prevent 
the physician operator from receiving electrical 
energy). The tools include a blunt probe for  
delivering higher-level electrical energy and 
destroying tissue; a “hot” forceps, which can  
cauterize before debulking or biopsying; a snare 
that cauterizes as it cuts; and an electrosurgical 
scalpel for resecting tumor. Electrocautery tech-
niques continue to gain popularity, and its use 
continues to spread.97 

Argon Plasma Coagulation

Argon plasma coagulation (APC) is another elec-
trically based technique. Instead of using one of 
the varieties of contact probes available for elec-
trocautery procedures, the APC is a form of non-
contact electrocautery. Argon gas is ionized as it 
exits the delivery catheter. This ionized argon gas 
then acts as a conductor for the electrical energy 
being delivered. The advantages of this system are 
that the electrical energy can be used to “paint” 
the surface of the tumor, cauterizing the entire 
surface quickly (similar to a laser). Depending on 
the energy level used, the cauterizing effects  
of APC can penetrate 3 to 5 mm of the tumor  
surface. The added benefit to this tool is that the 

argon, being a gas, flows as any gas and therefore 
can form eddies around corners. When the proper 
orientation of flow across an obstruction is used, 
this eddying allows cautery around corners to 
maximize the surface area being covered.98

Cryotherapy

Cryotherapy differs from the other ablative tech-
niques thus far discussed in its use of cold rather 
than heat to destroy tissue. A probe is placed 
through a bronchoscope and then onto or directly 
into an obstructing tumor mass. The probe tip  
is cooled by the use of either liquid nitrogen  
(-196°C) or nitrous oxide (-80°C). Tissue freez-
ing causes destruction of all cells in an area of 
approximately 1 cm in diameter around the probe 
tip. Vascular thrombosis occurs with the super-
cooling of tissue, minimizing bleeding during 
resection of the tumor. 

Overall, cryotherapy is an excellent technique 
for tumor ablation. One of the limiting factors to 
the use of cryotherapy is that the tissues destroyed 
with the freezing take 24 to 36 hours to die and 
necrose. This therefore requires repeating the 
bronchoscopy in 36 to 48 hours to remove the 
necrosed tissue. In many cases, repeat treatments 
with cryotherapy are performed at the time of  
the second bronchoscopy, requiring a third  
debulking. Although cryotherapy is effective at 
tumor destruction and management, the neces-
sity of repeated procedures makes this a more 
time-consuming procedure to perform, limiting 
its usefulness in the management of symptomatic 
bulky endobronchial disease.99 

Photodynamic Therapy 

Photodynamic therapy (PDT) is an important 
adjunctive modality to the management of  
endobronchial lung cancer. PDT can be used  
with bulky disease, but most interventionalists 
feel that it is of limited benefit in this role.100,101 
The most suitable lesions for PDT are in situ  
carcinomas or those limited to 4 to 5 mm of 
microinvasion.102 

PDT requires that a photosensitizing drug be 
intravenously administered to the patient 48 to 72 
hours prior to the procedure. Porfimer sodium 
(Photofrin) is the most common agent currently 
used for this. This photosensitizer penetrates  
all cells systemically. Photofrin is not cleared as 
quickly in cancer cells as in the other cells of the 
surrounding tissue 48 to 72 hours after injection 
and is therefore found in higher concentrations in 
cancer cells as opposed to the endothelium sur-
rounding the tumor.102,103 An argon dye laser is 
then used to provide a 630 nm wavelength of light 
energy to activate the intracellular porfimer 
sodium. The laser energy is transmitted via a flex-
ible quartz fiber, which can be used through a 
flexible or rigid bronchoscope. The fiber tip can 

be placed in close approximation to the tumor 
with a directed or cylindrically diffused laser 
delivery, or it can be imbedded into the tumor to 
provide the energy needed to start the intracellu-
lar activation of the porfimer sodium. This reac-
tion leads to cellular destruction by a variety of 
mechanisms. Tissue necrosis then ensues as the 
cancer cells die over the next 24 to 36 hours.102–104 

As the neoplastic tissue necrotizes, it must be 
removed by repeated bronchoscopies. Flexible 
bronchoscopy is commonly performed daily or 
every other day for up to 1 week to remove the 
necrotic tissue. The necrosis of bulky tumor can 
be dangerous to the patient if the necrotic tissue 
separates from the bronchial wall and occludes 
the airway. In some programs that use only PDT, 
patients remain intubated following the proce-
dure for 1 to 2 days secondary to this concern. If 
necrotic tissue is removed over the first 24 to 48 
hours, a second laser application to the cancer can 
be performed, thus improving the cancer tissue 
destruction. PDT is an excellent therapeutic 
modality for patients with early-stage cancers. It 
destroys neoplastic tissue effectively and is an 
outstanding therapeutic modality in carcinoma 
in situ and microinvasive cancers. PDT is a neces-
sary tool in our armamentarium of endobron-
chial treatments, but the time delays and multiple 
steps of management make it a more cumber-
some therapy for the management of late-stage 
endobronchial lung cancer.104

A great limitation to the use of PDT is that 
the drug stays not only in tumor cells for an 
extended period of time but also in the skin and 
cells of the eyes. This therefore makes patients 
photosensitive, not only to the argon laser but 
also to any source of white light, most signifi-
cantly sunlight, which contains light with wave-
lengths of 630 nm. Patients must therefore stay 
out of all forms of white light for at least 6 weeks 
to prevent damage to their skin and/or eyes. If a 
patient were to have advanced disease, this limita-
tion to the patient’s life seems very cumbersome 
indeed. Owing to PDT’s excellent management  
of early disease, the inconvenience may well be 
worth it.

Endobronchial Prosthesis 
Endobronchial prostheses are most often referred 
to as stents, which can be used in several clinical 
situations: intrinsic, extrinsic, or mixed endo-
bronchial obstruction. Stents work well in con-
junction with other modalities, such as laser and 
mechanical debulking of tumors. Currently, there 
is no one perfect stent. The stents clinically avail-
able are composed of Silastic rubber, metal alloys, 
and hybrids of materials. The advantages and  
disadvantages of each stent type are noted in 
Tables 2 and 3. 
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Silastic Stents 

In 1990, Dumon reported the use of what is now 
referred to as the Dumon stent (Bryan Corp., 
Woburn, MA).105 Developed in 1987, it is a Silas-
tic stent with evenly spaced studs along its outside 
walls (Figure 8). These studs not only assist in 
maintaining placement of the stent in the airway, 
they also allow the clearance of secretions around 
the walls of the stent. Although the use of expand-
able wire mesh stents is increasing, the Dumon 
stent remains the most commonly used stent 
worldwide. 

When placed endobronchially, the Dumon 
stent is effective in maintaining the structural 
integrity. Its solid walls prevent tumor growth 
from reobstructing airways. Endobronchial 
tumors are often debulked, and then a stent is 
placed to relieve the airways obstruction. This can 
be performed prior to the initiation of radiother-
apy and/or chemotherapy. This may afford the 
patient a clinical advantage owing to the improved 
ability to breathe. Patients may be able to tolerate 
more aggressive treatment programs owing to 
their improved ability to breath.

Another advantage of the Dumon stent is its 
ease of removal. This can be significant when 
endobronchial procedures are used early in the 
management of cancer patients. After definitive 
therapies have been used (radiation, chemother-
apy), reevaluation of the airway can be performed, 
and the stent can be left in place, removed (if 
deemed of no further clinical advantage), or 
replaced with a larger stent that would further 
improve the caliber and stability of the airway. 
The disadvantages of the Dumon stent are the 
potential for migration and the need for a rigid 
bronchoscope for placement. The migration 
issue, although often referred to, occurs less often 
when an experienced interventional endoscopist 
places the stent.105–111 In regard to the need for 
rigid bronchoscopy, the number of interventional 
pulmonologists using this technique is small but 
continues to grow.

Other Silastic stents include the Hood stent 
(Hood Laboratories, Decatur, GA) and the hybrid 
Rüsch Y stent (Rüsch Inc, Duluth, GA). The Hood 
stent is similar to the Dumon stent in design and 
use. The Hood stent (Figure 9) is placed in the 
same manner as the Dumon stent.112 

The Rüsch Y stent (Figure 10) is a Silastic 
stent with stainless steel C-rings that artificially 
replicate the cartilage. The posterior wall of the 
stent is made of a thinner Silastic plastic to make 
it more functional, similar to the membranous 
trachea itself. The three available sizes of this stent 
are designed to traverse the entire length of the 
trachea with branches into the right and left 

mainstem bronchi. The Rüsch Y stent requires 
rigid bronchoscopy and a special delivery  
device. This stent is difficult to place and remains 
uncommon in clinical practice. 

Metallic Stents 

Metal stents, such as the historical Gianturco 
(Cook Inc, Bloomington, IN), Palmaz (Johnson 
& Johnson Interventional Systems, Warren, NJ), 
and Wallstent (Schneider Inc, Minneapolis, MN) 
stents, as well as the commonly used Ultraflex 
(Boston Scientific, Natick, MA) stent and soon  
to be released Alveolus stent (Alveolus Inc., 
Charleston, SC), have been used in the  
endobronchial management of lung cancer. 

The advantage of metal stents is the relative 
ease of placement via a flexible bronchoscope 
with or without fluoroscopic assistance. This ease 
of placement allows some bronchoscopists to use 
these stents as their sole modality in the manage-
ment of endobronchial disease. This practice, 
however, limits the options to patients that may 
otherwise be available if all interventional modal-
ities are considered. The wire mesh design of 
many of the original metal stents did not prevent 
the tumor from growing through the stent over 
time. The Ultraflex and Alveolus stents are both 
available covered. The wrap is applied to the out-
side of the wire mesh to prevent tumor invasion 
through the stent.106,107,113–115 

Table 2  Advantages and Disadvantages of Silastic 
Stents 

Advantages 
 Removable and replaceable 
 No growth through stent 
 Low cost 
 Low likelihood of granulation tissue formation 

Disadvantages 
 Potential for migration/dislodgment 
 Rigid bronchoscopy needed for placement 
 Possible secretion adherence 

Table 3  Advantages and Disadvantages of Metal 
Stents 

Advantages 
 Easy to place 
 Good wall–internal diameter relationship 
 Powerful radial force 
 Excellent conformity for irregular tracheal or  
  bronchial walls 
 Good epithelialization 

Disadvantages 
 Permanent 
 Tumor regrowth (noncovered) 
 Possible migration of covered stents 
 Significant granulation tissue stimulation 
 Epithelialization affecting wall mechanics and  
  secretion clearance 
 Radial force causing necrosis of bronchial wall,  
  erosion, fistulae, perforation

Figure 8  A, Dumon tracheobronchial stent. B, Dumon Y stent.

A B

Figure 9  Hood bronchial stent.

Figure 10  Rüsch Y stent.
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The Ultraflex stent is made of nitinol, a  
titanium and nickel alloy, which has little  
bioreactivity. This stent has an excellent inner to 
outer diameter and conforms well to various 
airway shapes, maintaining an equal pressure 
along the entire length of the stent. The Ultraflex 
stent is available in a variety of lengths and  
diameters. It is available in both covered and  
noncovered forms. The covered stent uses a poly-
urethane wrapping around all but the proximal 
and distal 1 cm of the stents. The covered version 
of this stent is excellent for use in the palliation  
of airway obstruction in lung cancer patients 
(Figure 11).

The Alveolus stent is also a wire mesh stent. 
At the time of the writing of this chapter, this 
stent is not commercially available, although it 
should be in the near future. This stent is also 
made of nitinol but is completely covered,  
preventing all tumor ingrowth. This stent’s  
design characteristics make it very promising,  
but no clinical studies exist to validate its use 
(Figure 12).

Stents are effective tools for the endobron-
chial management of lung cancer. The choice of 
which stent to use should be made carefully, 
weighing the advantages and disadvantages of 
each so that the proper tool is used in all situa-
tions. Multiple stent types need to be available to 
the endoscopist to allow the proper choice for the 
appropriate clinical situation. 

Conclusion

Bronchoscopy has expanded the bounds of the 
innovative thinkers who created this wonderful 
technique. The goal of this chapter was to intro-
duce the techniques and technologies of both 
diagnostic and therapeutic bronchoscopy. Both 
areas continue to evolve, with the goal of new 
innovative thinkers being the earliest conceivable 
detection of lung cancer, with the opportunity to 
treat it more aggressively and, it is hoped, more 
successfully.
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Direct Neurologic Complications  
of Cancer

Robert Cavaliere, MD
David Schiff, MD

Neurologic complications of systemic cancer are 
common and widely recognized. The entire neur-
axis, from the muscle to the cerebral hemispheres, 
is susceptible to the adverse effects of cancer and 
its treatments. The consequences of neurologic 
complications of cancer can be considerable, as 
the resulting pain and functional and cognitive 
dysfunction may result in significant degradation 
of quality of life. As advances in therapies for  
systemic cancer improve patient survival, an 
increasing incidence of neurologic complications 
can be expected. Patients may present to the med-
ical system at any level, from the office of the pri-
mary care physician or oncologist to the emergency 
room. It is essential that all clinicians become 
familiar with common neurologic complications 
of cancer. The focus of this chapter is common 
direct neurologic complications of systemic 
cancer that affect the peripheral and central ner-
vous systems. Typical presentation, diagnostics, 
and therapies will be reviewed. Indirect neuro-
logic complications of cancer and its therapies are 
covered in other chapters in this volume.

Plexopathy

Brachial Plexus
The brachial plexus is an anastomotic collection 
of nerves formed by the nerve roots of the fifth 
cervical through first thoracic spinal segments. 
The malignant involvement of the brachial plexus 
occurs by two mechanisms, compression by a 
mass or infiltration by cancer cells. The former 
arises by metastases to axillary lymph nodes  
or direct extension of apical lung tumor, both of 
which lie in close proximity to the lower trunk of 
the brachial plexus. The most common malig-
nancies to do so are breast and lung cancers, 
accounting for approximately 70% of cases of 
malignant plexopathy.1,2 Both lesions tend prefer-
entially to involve the lower trunk of the plexus 
derived primarily from C8 and T1 spinal seg-
ments. Lymphomas occasionally infiltrate the 
brachial plexi.3,4 Pain is the most common and 

significant symptom. It commonly involves the 
shoulder region and radiates down the medial 
aspect of the arm into the fourth and fifth  
digits of the hand. Muscle weakness and sensory 
loss may also be present (Table 1). A Horner’s  
syndrome is present in approximately 50% of 
patients.1

Lumbosacral Plexus
Colorectal tumors, genitourinary tumors and  
sarcomas are the most common cancers to impact 
the lumbosacral (LS) plexus.5,6 Tumors invade  
the plexus by direct extension from the primary 
site in a majority of cases although metastases 
from extra-abdominal malignancies occurred  
in 27% of cases.5 Similar to neoplastic brachial 
plexopathy, the predominant symptom among 
patients with neoplastic LS plexopathy is pain. 
Weakness and sensory abnormalities are common, 
the distribution dependant on the extent of plexus 
involvement (see Table 1).7 Symptoms are  
typically unilateral.6 Incontinence is rare, and its 
presence suggests epidural extension of tumor.5

Diagnosis
Electrophysiologic evaluation, including nerve 
conduction studies and electromyography, may 
help localize the disease as well as help differen-
tiate it from other disease processes such as radia-
tion plexopathy.8,9 CT scanning of the plexi has 
been employed in the work-up of patients with 
suspected neoplastic plexopathies, identifying 
abnormalities in 89% and 74% of patients with 
brachial and LS plexopathy respectively6,10.  
There are several limitations of this technique, 
including beam hardening artifact from sur-
rounding bone, limited separation vascular  
structures from nerve bundles, and single-plane 
imaging.11 Magnetic resonance imaging (MRI) 
provides much better anatomic detail and has 
become the imaging modality of choice. The most 
common finding with both CT and MRI is a mass 
either in or near the plexus.10,11 Increased T2 signal 
adjacent to the brachial plexus is occasionally 
seen on MRI.11 Often, imaging is sufficient to 

Table 1  Neurologic Deficits Associated with 
Injuries of the Plexus

Lower Brachial Plexus
Muscle Weakness Finger Flexion
 Wrist Flexion
 Grip and intrinsic  
  muscles of hand
Sensory Loss Inner border of arm
 Inner border of forearm
 Inner border of hand
Horner’s Syndrome Ipsilateral ptosis
 Ipsilateral miosis
 Anhidrosis
Posture “Claw hand deformity”

Upper Brachial Plexus
Muscle Weakness Shoulder abduction
 Flexion at elbow
 External rotators of the  
  arm
 Supination of forearm
Sensory Loss Outer surface of upper  
  arm
Reflex Depressed bicep and  
  brachioradialis
Posture “Waiter’s tip”

Lumbar Segment of Lumbosacral Plexus
Muscle Weakness Hip flexion
 Leg extension
 Leg Adduction
Sensory Loss Inguinal region
 Lateral, anterior and  
  medial thigh
 Medial lower leg
Reflex Depressed patellar reflex

Sacral Segment of Lumbosacral Plexus
Muscle Weakness Dorsiflexors and plantar  
  flexors of ankle
 Inversion and eversion  
  of foot
 Hip abduction
 Hip extension
Sensory loss Outer leg
 Dorsum and sole of foot
 Posterior thigh
Reflex Depressed ankle jerk

Adapted from Brazis PW.7
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fluid that has been collected at night, on week-
ends, or even during the workday to be refriger-
ated prior to processing. Such delays may decrease 
the yield of cytology relative to immediate pro-
cessing by a cytopathologist.17 Variations in CSF 
composition at different levels of the neuraxis  
in the absence of a CSF block have been demon-
strated.17–21 The extent of disease may partially 
account for the variation.15,20 CSF collected from 
an Ommaya reservoir or ventricular shunt may 
be falsely negative in the presence of more caudal 
disease, such as in the brain stem or spinal cord.21 
Conversely, fluid obtained from the lumbar  
cistern via a lumbar puncture may be falsely  
negative in a patient with cerebral or brain stem 
disease.22 CSF obtained in the vicinity of a radio-
graphic abnormality or clinically defined lesion 
may have a greater yield.17,18 Often, an insufficient 
volume of CSF is submitted for cytopathologic 
review. A minimum of 10 cc is recommended  
for cytology alone.17 Flow cytology, especially in 
patients with hematological malignancies, may 
further increase the yield of CSF analysis. Other 
testing with potential benefit includes testing for 
tumor markers and immunohistochemistry.15,23

Neuroimaging is a valuable tool in the  
evaluation of patients with suspected LMM, par-
ticularly in those with a coagulopathy or elevated 
intracranial pressure prohibiting lumbar punc-
ture. In addition, in the appropriate clinical  
context, typical radiographic findings may be  
sufficient to establish the diagnosis, even in the 
absence of positive cytology. Previously, cranial 
computerized tomography (CT) and spinal 
myelography were frequently utilized. MRI is 
now the method of choice as it is readily available, 
has better sensitivity and is less invasive. Lepto-
meningeal or subependymal linear or nodular 
enhancement is the most common finding. This 
may take the form of enhancement of the sulci 
within the cerebral hemispheres, or of the folia  
in the cerebellum. Enhancement may outline the 
brainstem or spinal cord. Frequently, enlarge-
ment of the cranial nerves or roots and matting  
of the cauda equina is evident. Hydrocephalus  
is often present. MRI also has the advantage of 
detection of coexistent parenchymal or spinal 
epidural disease that may require additional 
intervention.22,24,25 MRI demonstrates leptomen-
ingeal seeding in approximately 75% and 36  
to 46% of patients with and suspected LMM,  
positive and negative cytology respectively.22,26

CSF flow studies are often performed in 
patients with LMM, especially when intrathecal 
(IT) chemotherapy is planned. Flow abnormali-
ties may be detected that were otherwise not pre-
dicted based on conventional imaging and clinical 
evaluation.27,28 Only 31% to 42% of patients with 
flow abnormalities had hydrocephalus.27,28 On 
occasion, flow studies may detect asymptomatic 

establish the diagnosis. Nine percent of MR scans, 
however, are normal, and surgical exploration  
is often necessary.1,2,11 More recently, positron 
emission tomography (PET) has been employed 
and may help confirm metastases in patients  
with indeterminate MRI.12–14 Experience with this 
modality is limited to small case series, and more 
research is necessary to evaluate its utility. Spine 
imaging may also be indicated, as coexistent  
epidural disease is present in approximately 50% 
of cases.1,5 Restaging with systemic imaging to 
evaluate for active disease outside of the plexus 
should be considered.1 Hydronephrosis should be 
ruled out in patients with LS plexopathy; it was 
detected in 44% of cases in one series.5

Treatment
Depending on tumor type, a variety of treatment 
modalities have been used, including radiation, 
chemotherapy, and steroids. Response to treat-
ment, however, has been poor. Pain control is 
improved in only 15% of patients with LS and 
46% of patients with brachial lesions. Only rarely 
do patients improve neurologically.1,10 Supportive 
treatment, including pain management with  
opioids, is essential to ensure patient comfort.

Leptomeningeal Metastases

Once thought to be rare, infiltration of the lepto-
meninges by tumor is increasing in incidence, 
estimated to be approximately 4 to 15%, 7 to 
15%, and 5 to 15% in patients with solid tumors, 
lymphoma, and leukemias, respectively.15 The 
reported incidence of leptomeningeal metastases 
(LMM) varies depending on method of case 
ascertainment (Table 2).

The clinical presentation of LMM is variable 
and dependant on the area of the nervous system 
involved. Multifocality is typical (Table 3).15,16 
Headache and back and neck pain arise from 
meningeal irritation and may be non-localizing. 
Headaches may also be secondary to hydrocepha-
lus resulting from obstruction of cerebrospinal 
fluid (CSF) flow or impaired CSF reabsorption. 

Nerve root involvement may cause neuropathic 
type pain in a radicular distribution. Limb weak-
ness may result from involvement of the cerebral 
hemispheres and spinal cord (upper motor distri-
bution) or cauda equina and nerve roots (lower 
motor neuron distribution). Often patients have 
a cauda equina syndrome including paraparesis 
and bowel or bladder function disturbance.  
Cerebral hemispheric dysfunction may result 
from underlying brain irritation, compression,  
or strokes (secondary to vascular compression or 
infiltration).

Diagnosis
CSF analysis is an essential component of the 
evaluation of patients with suspected LMM. 
Nearly all patients with LMM have CSF abnor-
malities, the most common finding being elevated 
protein often with a lymphocytic pleocytosis. 
Occasionally, opening pressure is elevated, and 
glucose is low. Although suggestive of LMM in 
the appropriate clinical setting, these findings are 
not diagnostic. The identification of malignant 
cells within the CSF is considered the gold  
standard. Cytology is positive on the first analysis 
in approximately 54 to 91% of cases. The yield 
increases to approximately 76 to 100% by the 
third analysis.17 The yield of additional lumbar 
punctures is small. In about 10% of cases, cytol-
ogy remains negative. The variability may be 
accounted for by several factors, including the 
method by which fluid is collected and processed 
and case ascertainment. It is not uncommon for 

Table 2  Frequency of LMM by Cancer Type

Cancer Type Frequency  Proportion if
 of LMM (%) all cases LMM

Lung  10 to 26%
NSCL 1–5
SCLC 6
Breast 1–2 12 to 34%
Melanoma 5 17 to 25%
GI 1  4 to 14%
Unknown  1 to 7%
 Primary

Adapted from Hitchins RN et al,33 Chamberlain MC and 
Kormanik,42 Boogerd W et al,30 Fizazi K et al,40 and 
Chamberlain MC.15

Table 3  Signs and symptoms of LMM

Symptoms Signs

Cerebral symptoms
Headache Mental change
Mental change Seizures
Difficulty walking Papilledema
Nausea/Vomiting Diabetes Insipidus

Cranial Nerve
Diplopia Ocular nerve palsies
Hearing loss Facial weakness
Vertigo Diminished hearing
Vision loss Diminished facial  
  sensation
Facial numbness Lingual weakness
Dysphagia Diminished gag
Hoarseness Optic neuropathy

Spinal symptoms
Lower motor neuron  Reflex asymmetry
 weakness
Paresthesias Weakness
Radicular pain Sensory loss
Back or neck pain Positive straight leg raise
Bowel or bladder  Decreased rectal tone
 dysfunction
 Nuchal rigidity

Adapted from Wasserstrom WR et al.16
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areas of disease.27 The presence of flow abnormal-
ities is associated with a worse prognosis and may 
interfere with the distribution of drugs adminis-
tered intrathecally.15,27–29 Once identified, areas  
of CSF block can be corrected with radiation  
in about 50% of cases, thus restoring flow and 
improving survival.15,27,28

Treatment
The disseminated nature of LMM is such that  
the entire neuraxis must be treated. Craniospinal 
radiation effectively targets not only the lepto-
meninges, but also the parenchyma of the CNS 
and vertebral column. As such, coexistent disease 
in the structures is treated as well. Craniospinal 
radiation, however, is associated with significant 
toxicity, including severe myelosuppression,  
that may limit the delivery treatments to systemic  
disease. In addition, large areas of the gastrointes-
tinal tract are included in the treatment field, 
resulting in mucosal damage and notable  
morbidity. As such, radiation therapy (RT) is 
generally reserved for the focal treatment of  
bulky disease, symptomatic regions, or areas of 
CSF block. Doing so may palliate symptoms, 
especially pain, or restore normal CSF flow 
dynamics.15,27,30–33

Systemic or IT delivery of chemotherapy is 
commonly used to treat LMM. A notable advan-
tage of systemic chemotherapy is the treatment of 
coexistent active systemic disease. In addition, the 
distribution of the agents is not dependant on the 
normal flow of CSF. In fact, therapeutic levels of 
medications have been detected both proximal 
and distal to known CSF blocks.34 Systemically 
delivered chemotherapy may penetrate bulky  
disease more effectively than agents delivered 
intrathecally. Intravenous administration of che-
motherapy obviates the need for repeated lumbar 
punctures or placement of an Ommaya reservoir, 
the latter of which is associated with significant 
complications.34,35 A wider array of agents is  
available for systemic delivery than IT delivery.  
The blood-brain barrier, however, limits the  
penetration of most chemotherapies used to treat 
malignancies that most commonly metastasize to 
the leptomeninges. The impact of this barrier is 
debatable, as the blood-brain barrier is known to 
be disturbed in this setting.

IT chemotherapy, delivered via an Ommaya 
reservoir or repeated lumbar punctures, is per-
haps the most common treatment employed. 
Cytotoxic agents administered directly into the 
CSF bypass the blood brain barrier that excludes 
agents given systemically. Also, systemic toxicity 
is reduced without compromising effective  
treatment of leptomeningeal disease. Repeated 
lumbar punctures, however, are inconvenient 
and uncomfortable. Placement of an Ommaya 
reservoir requires a surgical procedure and is 

associated with short and long-term complica-
tions, including infection, hemorrhage, catheter 
malfunction, and peri-catheter necrosis. Further-
more, CSF dynamics are frequently disturbed  
in the setting of LMM and homogenous  
distri bution of medication cannot be ensured. 
Neurotoxicity may occur in areas of trapped che-
motherapy.27,29 Alternatively, insufficient levels of 
chemotherapy may be achieved at other sites.

Methotrexate (MTX), cytosine arabinoside 
and thiotepa are the agents available for Intrathe-
cal (IT) administration. Traditionally, they have 
been given as single-dose injections 2 days per 
week during an induction phase. Depending on 
the response, the frequency of administration is 
tapered during a consolidation phase. The opti-
mal duration of therapy is unknown. The short 
half-life and rapid clearance of these medications 
has raised the concern that the exposure of tumor 
cells to cytotoxic levels of the agents is insuffi-
cient, particularly distant from the injection site.36 
Alternative schedules have been developed in 
which IT chemotherapy is given on several con-
secutive days, thereby ensuring a steady drug  
level is maintained for an adequate period of 
time.15 However, the frequent injections required 
may be difficult and inconvenient for the patient. 
Recently, a lipid-encapsulated version of cytosine 
arabinoside (DepoCyt, Enzon Pharmaceuticals, 
Bridgewater, NJ) was developed that effectively 
increases the half-life such that cytotoxic levels 
are maintained for 14 days.

Several retrospective and prospective trials 
have been performed evaluating the effectiveness 
of IT therapy. Most trials differed in their inclu-
sion criteria, treatment methods and schedules, 
and criteria for diagnosis and response. Thus, 
comparisons of the results are difficult. Nonethe-
less, some conclusions can be drawn. Approxi-
mately 20 to 30% of patients die during early 
phases of treatment.30,35,37 The agents all appear to 
have equal efficacy, although there is a trend 
towards better survival and longer time to disease 
progression with DepoCyt in the treatment of 
both solid and hematologic tumors.38,39 Clinical 
response rates vary between 9 and 69%. Cytologic 
response rates are about 25 to 50%. Melanoma 
and non-small cell lung cancer are relatively more 
resistant, and breast cancer, small cell lung cancer, 
and lymphomas are more responsive. Duration 
of response is short, and median survival remains 
only 4 to 5 months with aggressive therapy. One 
study of MTX in breast cancer patients suggested 
a benefit of IT therapy on a concentration, versus 
time, schedule.40 Most studies failed to demon-
strate a benefit when multiple agents were admin-
istered simultaneously33,41 although Kim and 
colleagues, in a small retrospective study, noted 
improved survival and response rate among those 
treat with MTX, cytosine arabinoside, and hydro-
cortisone, compared to MTX alone.31 Patients 
with normal CSF flow dynamics have better 

responses.28,42 Toxicity is similar among the agents 
and includes headache and nausea. Arachnoiditis 
is common and can be minimized with the 
administration of dexamethasone several days 
prior to and after IT treatment.15 As the agents are 
cleared into systemic circulation, systemic toxic-
ity may occur. IT MTX is occasionally associated 
with mucositis and myelosuppression. Folinic 
acid is generally given in conjunction with MTX 
to minimize this complication.

Systemic chemotherapy, particularly MTX, 
is occasionally given to treat LMM. MTX pene-
trates the CNS poorly when given at standard 
doses. When given at high doses, however, cyto-
toxic concentrations are obtained within the CSF. 
In addition, clearance from the CSF is slower  
relative to IT administration of MTX.34 Signifi-
cant hematologic and gastrointestinal toxicity can 
be prevented with folinic acid rescue. Few studies 
have been published reviewing the effectiveness 
of this intervention in the treatment of LMM, 
although the data available are encouraging.34

Although systemic chemotherapy is gener-
ally thought to penetrate the CNS poorly, patients 
with LMM treated with a variety of chemothera-
peutic regimens specifically directed at the under-
lying systemic malignancy have a better response 
than those who do not receive systemic treat-
ment.30,40,43 Bokstein and colleagues compared 
patients treated prospectively in two separate 
trials differing only in the use of IT chemother-
apy.35 Exclusion of IT chemotherapy did not 
change the overall response to treatment, the 
median survival or the proportion of long-term 
survivors. The rates of early and delayed IT  
treatment-related complications were decreased 
significantly.

Survival of patients with LMM is poor. 
Untreated, patients succumb to their illness 
within 1 to 2 months. Even with aggressive man-
agement, survival is typically less than 6 months. 
Patients with hematological malignancies are 
more responsive than those with solid malig-
nancies.44 Patients with better prognostic features, 
including little neurologic disability, limited  
systemic or parenchymal CNS disease, and higher 
performance status may benefit more from  
treatment.

Epidural Spinal Cord Compression 
(ESCC)

ESCC is a common problem among patients with 
systemic cancer. A recent population-based study 
reported an incidence of 2.5% of patients preced-
ing death. The cancers with the greatest propen-
sity to cause this problem are multiple myeloma 
and prostate carcinomas. However, reflecting the 
higher incidence within the population, breast, 
prostate, and lung cancer account for most cases,  
approximately 20% each.45,46
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ESCC results most commonly from the 
growth of metastases present within the vertebral 
body into the spinal canal. Alternatively, the 
resulting bony destruction results in compression 
fractures. Less commonly, lesions in the paraspi-
nal region grow into the spinal canal through  
the neural foramina. Any segment of the spinal 
column can be involved, although thoracic and 
lumbar segments are most often involved.  
Multiple lesions are common, occurring in  
one-third of patients.47,48

Pain is the most common symptom, affect-
ing almost all patients with this condition. It is  
usually the first symptom and may precede decline 
in neurologic status by weeks to months. Pain  
is progressive and severe and occasionally posi-
tional, with exacerbation in the supine position.  
It is often localized to the symptomatic vertebral 
segment. A coexistent radiculopathy is often asso-
ciated with neuropathic discomfort in the limbs. 
As the disease progresses, focal deficits develop, 
including lower extremity weakness and, ulti-
mately, loss of ambulation. As a result, there is 
significant decline in performance status and 
quality of life. As neurologic status at presenta-
tion is strongly predictive of functional outcome, 
it is imperative that a high index of suspicion is 
present such that the appropriate diagnostic and 
therapeutic interventions can be instituted in a 
timely manner.

Diagnosis
The cornerstone of diagnosis is the radiographic 
detection of a lesion within the spinal canal.  
The imaging modality of choice is MRI. MRI is a 
non-invasive means of imaging the entire spinal 
axis thereby detecting not only the clinically sus-
pected lesion but also other lesions less clinically 
apparent.49 It provides superior anatomic detail 
of the spinal cord and surrounding structures, 
such as leptomeninges, vertebral body, and bone 
marrow. Alternative or coexistent non-malignant 
pathology that may be present can be seen.49  
Certain patients, including those with metallic 
objects such as artificial heart valves, cannot 
receive MRIs. A high-quality MR image necessi-
tates that the patient remain still during the study 
to prevent movement artifact. The pain associ-
ated with ESCC, often exacerbated by recum-
bancy, may limit the ability of the patient to 
tolerate the exam. This is particularly true given 
the duration of an MRI study, which is typically 
longer than myelography. Otherwise, few other 
contraindications exist, and the procedure is  
generally well tolerated.

Alternatively, CT myelography, which, prior 
to MRI, was the imaging modality of choice,  
may be performed. It requires the injection of a 
dye directly into the epidural space via a lumbar 
puncture. The dye is than allowed to diffuse 
caudal and rostral to the injection site, after which 

a CT is performed. The dye forms a “cast” of the 
epidural space that may be deformed by a lesion, 
malignant or non-malignant, extending into it. 
Myelography, however, is invasive and, in the 
presence of a complete block, requires a second 
cervical injection to visualize the rostral extent of 
the lesion. Although CT allows visualization of 
anatomic structures, it is less sensitive and more 
limited than MRI.50

Treatment
ESCC is a true neurologic emergency. Without 
treatment, it follows a relentless course resulting 
in significant pain and progressive neurologic 
deterioration culminating in death. A delay in 
therapy may result in rapid, irreversible loss of 
function. Treatment is palliative as most patients 
succumb to their underlying systemic disease. 
Median reported survival remains approximately 
6 months, although certain patients may survive 
longer. Prognostic factors have been elucidated 
and scales established to assist the clinician in 
identifying appropriate patients for more aggres-
sive surgery.51,52 Prognostic factors include under-
lying tumor histology, medical and neurologic 
status at presentation, extent of systemic disease, 
and number of vertebral metastases.

Although corticosteroids have long been 
used to treat patients with ESCC, it was not until 
recently that their benefit was demonstrated in  
a prospective, randomized clinical trial.53 In this 
study, successful treatment, defined as retained 
ability to walk in pretreatment ambulatory 
patients and recovery of ambulation of non-
ambulatory patients, was demonstrated in 81%  
of those who received dexamethasone compared 
to 63% of those who did not. At 1 year, a signifi-
cantly greater percentage of treated patients 
remained ambulatory. The high-dose regimen 
tested in this study, however, is associated with 
significant toxicity.54,55 Subsequently, a second 
study randomized patients to either a 100  mg or 
10 mg bolus of dexamethasone followed by 16  mg 
daily. No difference was found in pain control, 
ambulation, or continence.56 The optimal dose of 
steroids in ESCC remains unknown. High-dose 
regimens are typically reserved for patients  
with notable neurologic deficits or those pro-
gressing rapidly, while less symptomatic patients 
are treated more conservatively.46 Occasionally, 
steroids can be avoided entirely.57

RT is routinely used in the treatment of 
patients with ESCC. Besides effectively control-
ling pain, it preserves ambulation in 90% of 
ambulatory patients. In addition, 30 to 40% of 
paraparetic and 10% of paraplegic patients regain 
ambulation. Several regimens have been evalu-
ated, although none have been found to be supe-
rior.58 Generally, the treatment field includes one 
uninvolved spinal segment above and below the 
lesion.

Response to treatment may be dependant on 
the degree of radio-responsiveness of the under-
lying tumor. Breast carcinoma, lymphoma,  
multiple myeloma, and small cell lung cancer are 
among the tumors responsive to RT. Conversely, 
melanoma, sarcoma, and renal cancer are consid-
ered relatively resistant. A smaller proportion  
of patients are ambulatory at completion of RT  
in the latter group, and responses are less dura-
ble.59–61 The effectiveness of radiation therapy may 
be diminished in patients with structural disease 
such as vertebral body collapse and compression 
by bony fragments.62,63 Such patients are often 
treated with surgery to stabilize the spine and 
relieve the compression.

Radiation is generally well tolerated. The 
presence of hematological precursors sensitive to 
radiation within the spinal canal increases the risk 
of bone marrow suppression if sufficient spinal 
segments are included within the treatment field. 
Other innocent bystanders include the mucosal 
lining of the gastrointestinal tract, made up of 
rapidly dividing cells that, when extensively irra-
diated, may result in mucositis and diarrhea. In 
addition, patients are at risk of radiation-induced 
myelopathy especially those treated with large 
fractions. This complication is rare, however, 
even in those retreated with RT for a loco-regional 
recurrence.64–66

Though surgery is frequently employed in 
the treatment of ESCC, its role is controversial. 
Laminectomy had long been the procedure of 
choice. Laminectomy, however, provides only 
limited exposure to the anterior elements of the 
spine that are most frequently involved by metas-
tases. In addition, removal of posterior support 
elements in the setting of vertebral body disease 
further destabilizes the spine. This results in 
potential instability and increases the risk of 
future complications. Not surprisingly, early 
studies did not demonstrate benefit when lami-
nectomy was performed in conjunction with 
radiation therapy.67,68 With the advent of modern 
instrumentation, surgeons can implant a variety 
of devices that provide necessary support. Studies 
of posterior approach surgeries, including  
laminectomy, that incorporate instrumentation  
have demonstrated improved results with 60 to 
70% of non-ambulatory patients regaining ambu-
lation.69,70 Other surgical approaches have been 
attempted as well.51,71–77 These frequently include 
an anterior approach through body cavities, 
which provides a direct route to the vertebral 
body for decompression and stabilization. Among 
the advantages relative to the posterior approach, 
the anterior approach permits minimal removal 
of uninvolved bone and reconstruction of the 
often diseased and unstable, weight-bearing, 
anterior column. With modern imaging, sur-
geons can now determine the extent of disease 
within the spine as well as the structures involved. 
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Hence, the type of surgery employed may now be 
tailored to the individual case. Modern reports of 
such techniques have been encouraging, with 60 
to 82% of patients having improvement in their 
neurologic status.71–73,76,77 Only recently, however, 
has modern surgery has been compared to RT. 
Patchell and colleagues reported a randomized 
control trial of surgery and postoperative RT 
versus RT alone for patients with a single level  
of compression.78 Fifty-six percent of patients in 
the surgery-plus-radiation group regained the 
ability to walk, versus 19% of those who received  
radiation alone. Those who received surgery  
were ambulatory for 126 days, versus 35 days who 
were only treated with radiation. Narcotic use was  
significantly lower in those who were operated 
on. The authors concluded that surgery plus  
radiation was more effective then radiation 
alone.

Surgery, like every invasive procedure, is 
associated with complications. Most modern  
surgical series report about a 30% complication 
rate.71,73,77,79 Many of the complications are medi-
cal, including pneumonia, gastrointestinal bleed-
ing, and pulmonary embolus. About 12 to 20% of 
patients sustain wound dehiscence or infection or 
failure of instrumentation.70,76–78 Frequently, such 
complications require a second surgery. None-
theless, surgical mortality remains low, with most 
series reporting a 30-day mortality of less than 
7%.71,72,75–77,79 Preoperative RT increases the risk  
of wound and instrumentation failure.72,76,78,79 
Patients with poor performance status may also 
be at higher risk of complication.72,79

Cerebral Metastases

Cerebral metastases represent the most common 
complication of systemic cancer. Although any 
malignancy can metastasize to the brain, the most 
common to do so are melanoma and lung cancer. 
However, given the relatively higher incidence 
within the population, non-small cell and  
breast cancer account for the majority of cases  
(Table  4).80,81 Hematological malignancies only 
rarely metastasize to brain parenchyma.

Any region of brain can be involved by 
metastases. The most common locations are  
the cerebral and cerebellar hemispheres. Usually 
lesions are located at the gray white junction.  
In the CT era, approximately 50% of patients 
with metastatic disease had solitary lesions.81 This 
undoubtedly is an overestimate as MRI is more 
sensitive in detecting lesions. In a recent study, 
31% of patients with solitary lesions on contrasted 
head CT had multiple lesions on MRI.82 Typical 
symptoms include headache and focal neurologic 
deficits, the latter dependant on the region of 
brain involved by the lesion. Patients can also 
present with seizures, altered mental status, cog-
nitive decline, and behavioral changes. Occasion-
ally, metastases are asymptomatic and detected 
only on staging imaging. Symptoms may be acute 
or subacute in onset. Most commonly, cerebral 
metastases develop over the course of one’s  
illness. Occasionally, cerebral metastases, most 
commonly from a lung primary, may represent 
the first symptom of a systemic malignancy.

MRI is the preferred diagnostic imaging 
modality. Typically, lesions enhance following 
the administration of gadolinium, either in a ring 
or homogenous pattern. Usually, surrounding T2 
signal abnormality is present, occasionally result-
ing in significant mass effect and shift. Metastases 
in the cerebellum may result in compression of 
the fourth ventricle and secondary hydrocepha-
lus. CT scanning is also used in the evaluation of 
patients with suspected metastases, although it is 
less sensitive than MRI. MRI provides better ana-
tomic detail for surgical planning, is less suscep-
tible to bony artifact, is able to visualize smaller 
lesions, and provides superior visualization of the 
posterior fossa.82–84

Once detected, systemic staging is indicated 
to establish the extent of disease. Usually, a CT  
of the chest, abdomen, and pelvis is performed. 
Occasionally, PET scanning is employed in 
patients with cerebral metastases of unknown 
primary. In one study, PET scanning identified 
the primary tumor in 24% of patients.85 However, 
survival was not altered by the discovery of  
the primary tumors. More research is necessary to 
define the role of this imaging modality.

Prognostication is important in the treat-
ment planning of patients with cerebral metas-
tases. Several factors have been identified to 
correlate with outcome, including extent of  
systemic disease, patient age and performance 
status, and underlying tumor histology. Recursive  
partitioning analysis has stratified patients  
based on prognostic factors into three classes  
(Table 5).86

Treatment
Corticosteroids, usually dexamethasone, may 
provide rapid although transient, palliation by 
reducing the surrounding edema.87 The optimal 

dose is unknown, although lower doses have been 
shown to be as effective as higher doses.88 Fur-
thermore, lower doses are associated with fewer 
side effects. In the event of impending herniation, 
larger doses may be required. Once patients are 
symptomatically improved, steroids should be 
tapered to the lowest effective dose.

Patients with seizures require an antiepilep-
tic medication. Phenytoin is most often used 
because it is effective and can be rapidly loaded. 
Phenytoin, however, is highly protein-bound  
and interacts with the cytochrome P-450 system 
thereby predisposing to drug interactions. The 
use of antiseizure medications in patients who 
have not had a seizure is controversial. Several 
studies have failed to demonstrate a statistically 
significant reduction in patients who subse-
quently develop seizures.89,90 Thus, patients may 
unnecessarily be exposed to possible side effects 
and complications of these medications. As such 
the prophylactic use of antiseizure medications is 
not recommended.91

More definitive treatment directed at the 
metastases involves surgery, radiation and  
sometimes chemotherapy. Which interventions 
are employed depends on a number of factors, 
including status of systemic disease, patient  
performance status, previous treatments, and 
number and location of metastases.

Radiation Therapy

Radiation therapy has been the mainstay of  
therapy for patients with metastatic deposits 
within the CNS. Traditionally, treatment has been 
delivered to the whole brain. Several treatment 
schedules and doses have been assessed although 
none has been found to be superior to the 
others.92–94 A commonly utilized treatment plan is 
30 gray divided in 10 fractions delivered over 2 
weeks. Early studies reported that approximately 
40 to 50% of patients had improvement in their 

Table 4  Proportion of Cerebral Metastases by 
Primary Cancer Type

Cancer Type Proportion of cases (%)

Lung 40 to 64
Non-small cell 24 to 49
Small Cell 15
Breast 14 to 17
Unknown Primary  5 to 8
Melanoma  4 to 11
Gastrointestinal  3 to 6
Genitourinary  2 to 6

Adapted from Zimm S et al80 and Nussbaum ES et al.81

Table 5  Recursive Partitioning Analysis (RPA) 
of Prognostic Factors in Patients with Cerebral 
Metastases

RPA Class Prognostic Factors Median 
  Survival

Class I KPS1 > 70; Age < 65;  7.1 months
  Primary tumor  
  controlled; No  
  additional 
  metastases
Class II KPS > 70; Age > 65;  4.2 months
  Primary 
  uncontrolled; 
  Additional 
  metastases
Class III KPS < 70 2.3 months

KPS = Karnofsky Performance Status. Adapted from 
Gaspar L et al.86
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neurologic status and that 60 to 90% of specific 
symptoms improve.92,94 However, more recent 
studies failed to show such a significant clinical 
benefit. In a prospective study of 85 symptomatic 
patients with metastases from solid tumors, 19% 
improved and 55% died or progressed 1 month 
following radiation therapy. Furthermore, there 
was a statistically significant decline in perfor-
mance status with a trend toward worse quality  
of life.87 Assessment of the response to whole 
brain radiation therapy (WBRT) is difficult to 
separate from the effects of dexamethasone given 
concomitantly.

Surgery

Until recently, the disseminated nature of  
metastatic malignancies has limited surgery to 
palliative interventions directed at symptomatic 
lesions. Early retrospective studies have demon-
strated a benefit of resection of solitary metas-
tases, although interpretation was limited by 
selection bias. Two prospective, randomized trials 
performed in the CT era, however, demonstrated 
a survival advantage when resection of a solitary 
metastasis was performed in conjunction with 
radiation compared to radiation alone.95,96 
Patients who underwent resection remained 
independent for a significantly longer period of 
time and had better local control of the metastatic 
disease. Patients with active extracranial disease, 
however, did not benefit from surgery, and over-
all survival approximated that of those treated 
with radiation alone in this group.96 Age was a sig-
nificant, independent prognostic factor in both 
studies. A third prospective randomized trial 
failed to demonstrate an advantage to resection of 
a solitary metastases, although ten of 43 patients 
randomized to radiation alone underwent resec-
tion. In addition, a greater proportion of patients 
had active systemic disease.97 Nonetheless, the 
weight of the evidence supports resection of  
solitary cerebral metastases in patients with  
controlled systemic disease.

The use of surgery in patients with multiple 
metastases is less clear. Patients with a dominant 
lesion causing significant mass effect or symp-
toms are frequently resected. One retrospective 
study assessed the impact of resection of up to 
three lesions on survival.98 Survival of patients 
who underwent gross total resection of all lesions 
closely approximated that of patients with soli-
tary lesions. This intervention has yet to be tested 
in a prospective fashion, and surgery in patients 
with multiple metastases should be reserved for 
select cases.

The role of WBRT following the resection of 
a solitary metastasis remains a matter of debate. 
The only prospective study published to date 
found that postoperative WBRT reduced the rate 
of failure both in the vicinity of, and distant to, 

the resected lesion. In addition, patients were less 
likely to die of neurologic causes. However, there 
was no difference in overall survival or the time in 
which patients remained functionally indepen-
dent.99 Yet the potential toxicity of WBRT may 
outweigh the benefit. One study reported an 11% 
incidence of dementia in one-year survivors with 
metastatic disease treated with WBRT.100 Patients 
reported in this study, however, were treated with 
unconventional treatment regimens that included 
high-dose fractions. Furthermore, several patients 
were treated with methotrexate, a medication 
with higher CNS toxicity, especially when given 
in conjunction with radiation therapy. On further 
analysis, none of the patients treated with con-
ventional treatment schemes developed cognitive 
disturbances. In addition, it is difficult to separate 
the effects of treatment from the underlying 
tumor. Most patients with metastatic disease  
may not survive long enough to suffer from this 
delayed complication, although the acute and 
subacute toxicities of radiation therapy and the 
inconvenience of daily treatment sessions remain 
problematic. Alternatively, careful radiographic 
surveillance for patients who choose to defer radi-
ation therapy may detect recurrences early, prior 
to development of symptoms and associated  
performance decline, such that they can then be 
treated with additional focal therapies or WBRT. 
This is particularly true since MRI, which is more 
sensitive than CT and capable of detecting smaller 
lesions, has become readily available.

Stereotactic Radiosurgery

Stereotactic radiosurgery (SRS, Elekta, Stock-
holm, Sweden), as delivered by Gamma Knife  
or a modified linear accelerator, is an emerging 
technology that accurately delivers high doses of 
radiation to a target in a single treatment session. 
As a treatment modality, it has several advantages 
over both conventional surgery and radiation 
therapy. Neurosurgeons are often limited by the 
anatomic constraints of the central nervous 
system. As such, even patients with solitary lesions 
may not be candidates for resection. Surgical 
resection entails a craniotomy that is associated 
with significant mortality and morbidity and 
requires a several-day hospitalization. SRS, 
although not risk-free, is less invasive and, in 
many facilities, done as an outpatient  
procedure. Patients with a surgically inaccessible 
solitary lesion or multiple metastases can be 
treated in a single session. Unfortunately, SRS 
does not provide tissue for pathological examina-
tion. As many as 11% of cancer patients with a 
solitary cerebral lesion suspected to be a metasta-
ses based on preoperative imaging are found to 
have an alternative pathological diagnosis.95 Also, 
larger lesions, which may be amenable to surgery, 
are less responsive to SRS, and their treatment is 
associated with greater toxicity.101

Relative to WBRT, SRS has several distinct 
advantages. The precision with which radiation is 
delivered with SRS, as well as the steep dose gradi-
ent, spares the normal surrounding brain tissue 
thereby minimizing CNS toxicity. In addition, 
even radioresistant tumors are sensitive to the 
high doses of radiation delivered by SRS.102–104 
Fractionation of conventional WBRT requires 
daily visits to a treatment facility, which may be 
difficult and inconvenient for both the patients 
and their caregivers. Recurrent lesions can be 
retreated without significant toxicity. However, 
SRS is a focal treatment strategy similar to surgery 
and does not treat micrometastases not visualized 
on head CT or MRI. The addition of WBRT to 
surgical resection reduces failure distant from 
surgical site to 14% from 37%.99 The cost of  
SRS at present is significantly greater than that of 
WBRT.

Solitary Metastases
Several studies have demonstrated the effective-
ness of SRS in the treatment of solitary metasta-
ses.103,105–107 When employed with WBRT, local 
control rates of 80 to 85% at 1 year and median 
survival of 56 weeks are similar to that reported in 
trials of surgical resection followed by WBRT95,99 
and exceed control rates of patients treated either 
with surgery99 or WBRT alone.95,103 Randomized, 
prospective trials comparing surgery to SRS have 
not been performed, and retrospective reports 
have yielded conflicting results. Binda and  
colleagues demonstrated superior survival among 
patients treated with conventional surgery108 
whereas others reported similar survival between 
the two groups.109,110 Local control appears better 
with surgery, and patients die less often from neu-
rologic causes.108,109 Short-term toxicity is mini-
mized with SRS relative to surgery103,109 although 
one study found the contrary.108 Long-term mor-
bidity, however, may be greater in patients treated 
with SRS.109

Multiple Metastases
SRS can be used to treat patients with multiple 
metastatic deposits, a distinct advantage over 
conventional surgery. Two prospective, random-
ized trials of WBRT with or without SRS that 
included patients with multiple lesions demon-
strated significantly improved local control and 
time to brain failure in patients treated with 
SRS.105,111 Although there was no difference in 
overall survival, patients treated with SRS required 
lower steroid doses and had a better performance 
status.105 Alternatively, retrospective studies of 
patients with multiple metastases demonstrated 
similar local control when patients were treated 
with SRS with or without WBRT. As expected, 
failure at sites distant from the originally treated 
lesions was greater in patients treat with SRS 
alone.112,113 As such, SRS appears to be an effective 
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intervention in patients with multiple cerebral 
metastases.

The role of upfront WBRT in patients treated 
with SRS is a matter of debate. Several retrospec-
tive reviews have been undertaken to address this 
question, although no prospective, randomized 
studies have been reported to date.106,112,114 The 
addition of WBRT does not appear to improve 
survival relative to SRS alone. Intracranial con-
trol, however, is better with upfront WBRT, 
although a greater proportion of patients initially 
treated with SRS alone received salvage therapy at 
recurrence.112,114 This difference may account for 
the similar survival between the two groups.  
The results of an interim analysis of a prospective  
randomized trial support the findings of the pre-
viously reported retrospective series. Although 
survival and preservation of Karnofsky Perform-
ance Score (KPS) was equivalent between the two 
groups, in- and out-of-field failure was more 
common when treated with SRS alone.115

Chemotherapy
The role of chemotherapy in the treatment of  
cerebral metastases is the least well studied of all 
treatment modalities. Like WBRT, chemotherapy 
would treat the whole brain. Although it is now 
recognized that chemotherapy is associated with 
cognitive impairment, presumably it is less toxic 
than WBRT, thereby serving as an effective  
alternative. The intact blood-brain barrier (BBB) 
excludes many chemotherapeutics used to treat 
systemic disease. In the presence of metastatic 
lesions, however, the BBB is leaky as indicated  
by the presence of enhancement on imaging.  
BBB disruption with mannitol and intra-arterial 
chemotherapy have been attempted to bypass this 
barrier, although their role has yet to be defini-
tively established. Occasionally, chemotherapy is 
given at high doses, such that the concentration 
gradient across the BBB is sufficient for agents to 
cross it. The most common agent to be delivered 
in this manner is methotrexate with folinic acid 
rescue. More recent, intracavitary chemotherapy 
in the form of Gliadel wafers has been employed. 
Novel agents, such as temozolomide, which are 
capable of penetrating the blood-brain barrier, 
are also promising .116–118

Chemotherapy has most extensively been 
evaluated in the treatment of small cell lung 
cancer, a tumor with known chemosensitivity. 
Most often, it has been used in the setting of 
recurrence following RT.119,120 One randomized 
trial of teniposide versus teniposide with WBRT 
found patients treated with both modalities to 
have a higher response rate and longer progres-
sion-free survival. Overall survival was identi-
cal.121 Small series have reported the utility of 
chemotherapy in the treatment of breast cancer, 
non-small cell lung cancer, and melanoma.122–127 
Thus far, data are limited, and the role of  
chemotherapy has yet to be defined.

Conclusion

The neurologic complications of cancer are not 
uncommon. As therapies for systemic disease 
improve, one can expect an increased incidence 
of these conditions. Clinicians must be familiar 
with these conditions so that therapeutic inter-
ventions that palliate and cure patients can be 
instituted.
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Radiation therapy is one of the cornerstones of 
cancer therapy and is often used in combination 
with surgery and chemotherapy as a multimodal-
ity approach to improve tumor control. While 
high doses of radiation can sterilize cancer cells, 
normal tissue tolerance to radiation limits the 
total dose that can safely be administered. The 
pathophysiology of radiation injury is not fully 
understood but likely represents a constellation 
of responses from vascular, stromal and epithelial 
cells. Experimental and clinical data have been 
used to establish the clinical limits of prescribed 
dose. Normal tissue toxicity is directly related to 
the total dose, the dose per fraction, the number 
of fractions, and the volume of tissue irradiated as 
well as the time interval between fractions. As the 
total dose, volume treated or dose per fraction 
increases, the likelihood of normal tissue damage 
increases. Conversely, as the interval between 
delivered fractions decreases, toxicity will increase. 
The TD5/5 and TD5/50, (the tolerance dose at  
5  years where 5% and 50% of the population 
would express injury, respectively); are used to set 
dose limitations. Most dose response curves for 
normal tissue toxicity are sigmoidal in shape. As a 
result, a small increase in prescribed dose can lead 
to a large (exponential) increase in normal tissue 
toxicity. Patient factors, such as age and comor-
bid illnesses, including diabetes and hyperten-
sion, predispose patients to normal tissue toxicity. 
The addition of chemotherapy to radiation treat-
ment lowers the threshold for radiation-induced 
damage to normal cells. There is also a genetic 
basis for the heterogeneity of normal tissue toxic-
ity. For example, individuals with diseases such as 
Fanconi’s anemia and ataxia telangiectasia are 
hypersensitive to radiation. There is little doubt 
that other unidentified genes also play a signifi-
cant role in determining which patients manifest 
normal tissue toxicity at a given dose/volume 
level.

New techniques, such as three-dimension–
conformal, intensity-modulated, and stereotactic 
radiation therapy are designed to spare normal 
tissues while treating the tumor to higher doses, 
thereby improving local control and cure. Inten-
sity-modulated radiation therapy uses multiple 
blocking patterns to vary the radiation beam 

intensity to conform to the target and avoid 
normal structures, while stereotactic radiation 
uses many focused slender beams of radiation 
that intersect within the target to deliver the  
prescribed dose of therapy. These exciting tech-
nologic improvements allow radiation to be 
sculpted in elegant ways. The use of dose volume 
histograms allows physicians to graphically visu-
alize the total dose received to various volumes of 
different tissue and provide quantitative data for 
planning therapy. Modifications to the plan are 
then made to provide maximum dose to the target 
tissues while sparing normal tissues. Radiosensi-
tizers and radioprotectors are also under explora-
tion to improve therapeutic ratios by increasing 
the cancer cell’s susceptibility to radiation while 
protecting normal tissues.

CNS Toxicity of the Brain

The critical target of radiation, which is respon-
sible for cell death, is thought to be deoxyribo-
nucleic acid (DNA). Irradiation of cells causes 
single- and double-strand DNA breaks that, if not 
repaired, result in cell death. Radiation also results 
in induction of various genes and altered protein 
expression, which serve to enhance repair or  
facilitate apoptosis. Multiple cell types, including 
subependymal cells, oligodendroglial cells and 
endothelial cells undergo apoptosis following 
radiation; this forms the basis of many acute 
effects. After injury, the progenitor cells must 
repopulate before differentiating into functional 
cells. While DNA damage occurs instantaneously 
after exposure, the latency to expression of injury, 
or of a tumor response, varies with the number 
and cycling time of surviving clonogens. How-
ever, the latency time to injury is not an indicator 
of the severity of the injury, and there is little  
correlation between acute and late radiation 
damage to normal tissue. For example, lympho-
cyte progenitor cells have a rapid division and 
turnover rate so the expression of injury is 
observed within days after irradiation. On the 
other hand, organs and tissues with a slow prolif-
eration rate, like the kidney, heart, and brain, may 
take a year or more before damage is clinically 
apparent.1 

Normal tissues are made up of many differ-
ent stem cells, each with their own inherent cell 
kinetics, leading to different latency periods for 
expression of injury. Clinical toxicity of the brain 
has been separated temporally into acute,  
subacute, and late effects based on the time period 
to the clinical manifestation of the injury. Acute 
effects of radiation have been described in a few 
instances at autopsy, while most pathologic and 
radiographic changes reported are for late effects. 
Toxicities are related to treatment techniques, 
which include partial brain, whole brain and  
stereotactic radiosurgery.

Acute Effects
The mechanistic basis of acute effects of radiation 
is unclear although radiation-induced cerebral 
edema appears to be a major cause. Edema results 
in increased intracranial pressure, headaches, 
nausea, fatigue, or an intensification of present-
ing tumor signs and symptoms. The correlation 
of imaging studies with the severity of acute effects 
of radiation (increased edema) is weak. Nonethe-
less, acute toxicities almost always resolve with 
corticosteroid administration, supporting edema 
as the etiology. Compromise of the blood-brain 
barrier is one hypothesis for the pathogenesis  
of radiation-induced cerebral edema. Animal 
studies suggest the blood-brain barrier disruption 
is caused by radiation–induced apoptosis of 
endothelial cells.2,3 Other common, even univer-
sal, acute toxicities of whole or partial brain  
radiation include alopecia, blockage of the eusta-
chian tubes, fatigue, and skin erythema. Serous 
otitis media frequently resolves spontaneously 
with time; however, histamine blockers or even a 
myringotomy may be required. Skin erythema  
is treated with supportive care, including  
water-based lotions and aloe.

Partial Brain Toxicity
Both low- and high-grade astrocytomas are  
frequently treated with portals that not only 
include the tumor itself but also a margin of 1 to 
2  cm (in order to cover microscopic tumor infil-
trating into normal brain) to a dose of 54 to 60 
gray (Gy) (1.8 to 2.0 Gy per fraction) combined 
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with chemotherapy and/or surgery. Partial brain 
irradiation is generally well tolerated, with most 
patients experiencing no severe toxicity; however, 
mild toxicities occur, including skin erythema 
(34%), otitis (5%), vomiting (8%), lethargy (7%) 
and headache (25%).4,5 The North Central Cancer 
Treatment Group (NCCTG) and Radiation  
Therapy Oncology Group (RTOG) prospectively 
compared two different doses of postoperative 
radiation therapy, 50.4  Gy versus 64.8  Gy for the 
treatment of low-grade gliomas. Interestingly, 
there was no difference in acute toxicities between 
the treatment arms. However, late toxicity, as  
discussed subsequently, was significantly higher 
for the patients receiving the higher dose.6

Whole Brain Toxicity
Whole brain radiotherapy (WBRT) using two  
lateral opposed fields is commonly used as a  
palliative regimen for patients with brain metas-
tases to alleviate symptoms such as headaches. 
Since the life expectancy of these patients is short, 
WBRT is given in larger fractions over a shorter 
time period than treatment schedules employed 
for primary central nervous system (CNS) tumors. 
A standard WBRT schedule is 30  Gy in 10 frac-
tions (ie, each fraction is 300  cGy). In contrast to 
partial brain irradiation, all patients treated with 
WBRT experience complete alopecia and skin 
erythema. Typically, the alopecia resolves over a 
period of several months, although pretreatment 
hair density is seldom recovered. Since both 
eustachian tubes are included in WBRT fields, 
eustachian tube dysfunction is also common.

When the dose per fraction of WBRT is esca-
lated, severe acute complications can occur. For 
example, half of the patients treated with a whole 
brain radiation dose of 15  Gy given in 2 fractions 
over 3  days experienced symptoms ranging from 
severe headaches to pyrexia and cerebral hernia-
tion.3,6,7 A single dose of 10  Gy to the whole  
brain has been reported to cause severe toxicity 
including death.8

Stereotactic radiosurgery uses multiple non-
coplanar small beams that intersect within the 
target to produce highly conformal dose distribu-
tions while reducing the dose to normal tissues. 
Stereotactic radiosurgery can either be given as 
primary treatment or as a boost in addition to 
fractionated therapy. Single fraction stereotactic 
radiosurgery was studied in patients previously 
treated with external beam radiotherapy for either 
solitary brain tumors or metastasis. The incidence 
of severe acute toxicities was related not only to 
the prescribed dose but also tumor size. Patients 
with a tumor diameter of 31 to 40  mm had severe 
acute toxicities in up to 17% of cases at a dose of 
18  Gy, while those with smaller tumor diameters, 
less than 20  mm, had no severe acute toxicities at 
24  Gy.5,8,9 The RTOG randomized 333 patients 
with 1–3 brain metastases between WBRT alone 

or combination with stereotactic radiosurgery. In 
the group treated with WBRT and stereotactic 
radiosurgery, most toxicities were mild (43%) or 
moderate (18%) with only one severe toxicity. 
Patients receiving WBRT alone had similar tox-
icities although no severe toxicities were noted.10 
Stereotactic radiosurgery can be used safely in 
combination with WBRT provided appropriate 
doses are used.

Subacute Toxicity
Subacute toxicity presents a few weeks to a few 
months after completion of radiation therapy. 
Symptoms include fatigue, decreased concentra-
tion, and exacerbation of presenting signs and 
symptoms of the tumor itself. Subacute effects  
of radiation are indistinguishable from tumor 
progression on imaging studies; however, the 
radiation effects resolve on subsequent scans.11

Somnolence syndrome is most frequently 
reported in the pediatric population and repre-
sents a constellation of one or more effects, such 
as fatigue, anorexia, headache, nausea and vomit-
ing, irritability, fever, dysphagia, dysarthria, and 
ataxia. Up to 60% of children treated with WBRT 
for acute lymphoblastic leukemia have experi-
enced this syndrome. The syndrome is typically 
self-limited, lasting anywhere from 2  days to  
8  weeks. However, there have been reports of 
fatality from subacute radiation toxicity. Findings 
at autopsy revealed gliosis, necrosis, and dimin-
ished numbers of oligodendroglial cells. Neurons 
and axons are preserved.12 The etiology of  
somnolence syndrome is thought to be related  
to either demyelination or vascular damage. 
Interestingly, the likelihood of patients experi-
encing somnolence syndrome does not appear to 
be dose-related.13 Prophylactic steroids appear to 
decrease the likelihood of somnolence syndrome. 
Thirty-two acute lymphoblastic leukemia pediat-
ric patients treated with WBRT (18  Gy in 9  
fractions) were randomized between two prophy-
lactic doses of dexamethasone. Patients receiving 
2  mg and 4  mg of dexamethasone during radia-
tion therapy had 64% and 17.6% incidences of 
somnolence syndrome, respectively.14 

Late Toxicity
Late radiation toxicity manifests several months 
to years after the completion of treatment. The 
probability of severe complications increases with 
dose and the volume of brain irradiated. The 
TD5/5 of normal brain is 50  Gy if two-thirds of  
the brain is irradiated, and 60  Gy if one-third  
of the brain is irradiated.15 Complications also 
increase if radiation is given concurrently with 
chemotherapy.15,16 The principal late effects 
include radiation necrosis, white matter injury, 
brain atrophy, and vascular injury.

Most cases of severe radiation necrosis occur 
when small volumes of brain are taken to high 

doses, either with stereotactic or partial brain 
techniques. Focal radiation necrosis is usually 
confined to the volume receiving high doses  
of radiation. Computed tomography reveals  
low-density white matter changes with irregular 
enhancement, associated with surrounding 
edema and various degrees of mass effect. These 
changes are difficult to differentiate from tumor 
progression or from tumor-associated necrosis 
(Figure  1A, 1B).17 MRI demonstrates increased 
gadolinium uptake with necrosis with increased 
perilesional signal abnormality on T2 and FLAIR 
sequences. The abnormal signal intensity is usu-
ally periventricular but it can extend out to the 
cortex.18 Positron emission tomography (PET) 
and single photon emission computed tomogra-
phy (SPECT) can sometimes distinguish between 
metastatic brain tumor and glioma recurrences 
versus radiation necrosis.19–21

Pathologically, radiation necrosis may be 
described as yellow-brown with a waxy appear-
ance on gross examination. Coagulation and 
fibrinoid necrosis with edema and dystrophic  
calcium deposits are seen histologically. Plaques 
of demyelination in the white matter and  
ischemic infarction are often noted. Radiation-
induced infarcts demonstrate irregular reactive 
astrocytes, glitter cell accumulation, gliosis and 
vascular granulations. Blood vessel occlusion 
from medial fibrosis and organized thrombi  
are causes of cerebral infarction and necrosis. 
Ganglion cells are generally well preserved.  
(Figures  1C to 1E).22

Clinically, radiation necrosis causes symp-
toms related to mass effect and increased intra-
cranial pressure, such as headache, ataxia, and 
nausea. Seizures and focal deficits, such as hemi-
paresis, hemisensory loss, and aphasia, are also 
seen. Treatment includes the use of high doses of 
corticosteroids, and surgery may be necessary to 
evacuate the necrotic mass. Surgical decompres-
sion can shorten the time the patient requires  
steroids and therefore lessens the side effects  
associated with long-term corticosteroid use.23 
Radiation necrosis is most commonly seen follo w-
ing stereotactic radiosurgery or when partial  
brain doses are above 60  Gy. Shaw and colleagues 
noted an incidence of radionecrosis of 5% and 
11% at 6 and 24 months, respectively, in patients 
treated with radiosurgery following previous 
external beam radiation.24 Of the 16 patients  
with radionecrosis, 15 required operation. In 
low-grade glioma patients randomized to 50.4  Gy 
versus 64.8  Gy external beam radiation, the  
two-year actuarial incidence of severe radiation 
necrosis was 2.5% and 5%, respectively.25

White matter injury is the most common late 
radiation injury and typically extends beyond  
the high-dose volume of irradiation. Magnetic 
resonance imaging (MRI) studies have found that 
50% of patients show a significant alteration in 
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white matter signaling. High-grade lesions are 
associated with radiation to large volumes and 
higher doses, and, therefore, have a greater likeli-
hood of white matter injury. The frequency of 
white matter changes is very high. In one series, 
100% of 33 patients treated with conventional 
radiation to a median dose of 54  Gy in 1.8  Gy 
fractions for primary brain tumors expressed 
white matter changes on MRI 6 to 25  years after 
treatment. Patients with confluent white matter 
changes reported significant physical, cognitive 
and social impairment. The addition of chemo-
therapy increased the severity of white matter 
injury. However, not all severe white matter 
changes are clinically expressed.26,27 Pathology 
reveals white matter pallor and reactive astrocy-
tosis. Clinically, symptoms range from mild 
fatigue and personality changes, to dementia. 
Intellectual impairment and learning disabilities 
are most commonly seen in children.28 

Leukoencephalopathy is a syndrome charac-
terized by white matter changes associated with 
the symptoms of lassitude, dysarthria, cognitive 
dysfunction, and seizures. More severe CNS 
damage manifests as ataxia, confusion, memory 
loss, dementia, and death. This syndrome usually 
appears within 4 years after completion of radia-
tion therapy. It was first described in children 
with acute lymphatic leukemia (ALL) who were 

treated after radiation with intrathecal metho-
trexate. The syndrome is now also recognized in 
adults. Imaging reveals white matter injury ini-
tially near the ventricles with progression to the 
entire cerebral white matter. MRI demonstrates 
an increase in T2 signal throughout the white 
matter. Calcifications may be scattered or con-
fluent.29 The clinical course is slowly progressive; 
however, stabilization has been described.30

One of the most widely recognized long-term 
complication of CNS radiation is a deterioration 
of cognitive function; however, other therapies, 
including medication, chemotherapy, surgery, 
and comorbid illnesses, as well as the tumor itself, 
contribute to the decline of intellectual ability. 
Isolating and quantifying the role of radiation 
therapy in cognitive decline has been extremely 
difficult.

Many retrospective studies examining the 
impact of radiation on cognitive dysfunction  
were methodologically flawed in that no pretreat-
ment baseline cognitive testing was performed.  
Typically these studies compared neurocognitive 
function in long-term survivors of brain tumors 
treated with radiation therapy or surgery alone. 
Cognitive impairment has been reported in 
patients receiving high-dose radiation therapy  
for low- and high-grade gliomas, and from lower-
dose radiation therapy such as prophylactic  

cranial irradiation for lung cancer, as well as radi-
ation for the pediatric malignancies.31,32 In a study 
of surgically treated, low-grade glioma patients, 
28 patients who received radiation and 23 treated 
with surgery alone were alive and eligible for  
neuropsychological testing. The group receiving 
postoperative radiation therapy demonstrated 
significantly decreased neuropsychological per-
formance compared with the cohort treated with 
surgery alone. However, 19 of the 28 patients 
treated with radiation therapy received whole 
brain radiation to a dose of 40  Gy followed by a 
boost of 20 to 28  Gy. This study strongly suggests 
that whole brain radiation therapy to a dose of  
40  Gy followed by a boost leads to significant 
neurocognitive impairment.33 However, in cur-
rent practice, whole brain irradiation to a dose of 
40  Gy is rarely used, and patients are now treated 
with focal irradiation. Another study compared 
the neurocognitive outcomes of patients with 
low-grade glioma, about half of whom were 
treated with radiation therapy (90% with focal 
radiation) and half with surgery only, to patients 
with low-grade non-Hodgkin’s lymphoma/
chronic lymphocytic leukemia patients and 
healthy controls. Low-grade glioma patients had 
a decreased ability in all neurocognitive domains 
compared to low-grade hematologic patients or 
healthy controls. The authors concluded that  

Figure 1  Computed tomography reveals low-density 
white matter changes with irregular enhancement, 
associated with surrounding edema and various 
degrees of mass effect (A, B). Blood vessel occlusion 
from medial fibrosis and organized thrombi are 
causes of cerebral infarction and necrosis. Ganglion 
cells are generally well preserved (C, D, E).
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the tumor itself, and not the radiation therapy, 
was felt to have the most deleterious affects on 
neurocognitive outcome, although radiotherapy 
resulted in some long-term memory deteriora-
tion.28,29,34

Komaki and colleagues prospectively evalu-
ated the cognitive function of patients receiving 
prophylactic cranial irradiation (PCI) (total dose 
of 25  Gy in 10 fractions over 2  weeks). Prior  
to PCI administration, 29 out of the 30 patients 
had preexisting cognitive dysfunction. Almost all  
the cognitive dysfunction was due to disease, as 
opposed to other factors, such as substance abuse 
or previous history of neurologic disease. Neuro-
psychological testing 6 to 20  months later showed 
no significant differences from the pretreatment 
state.35 Thus, WBRT at a dose of 25  Gy as opposed 
to 40  Gy with a boost does not appear to cause 
any significant decline in cognition. Neurocogni-
tive function was also determined in patients  
with non-small cell lung carcinoma treated with 
PCI (30  Gy in 15 fractions over 3  weeks). Impair-
ments of attention and visual memory in both 
those treated with PCI and in the control group 
were noted, but there were no significant differ-
ences in neurocognitive functioning between the 
two treatment groups. However, MRI imaging 
revealed white matter abnormalities of higher 
grades in those receiving PCI.36 Although it is 
extremely difficult to dissect the role of radiation 
therapy in the production of neurocognitive  
deterioration, the bulk of the evidence suggests 
that the whole brain can tolerate between 25 and 
30  Gy without significant impairment. However, 
when the whole brain receives an excess of 30  Gy, 
the risk of neurocognitive dysfunction increases 
dramatically. The principal reason for neurologic 
deterioration in most cases is the tumor itself. 
When fraction sizes exceed 2  Gy, the risk of  
radiation-induced neurocognitive deterioration 
increases.

In addition to dose and fraction size, age  
is also a predictive factor for neurocognitive  
dysfunction. Pediatric cases are often treated with 
lower-dose irradiation in comparison to adults in 
the hope of reducing long-term sequela, includ-
ing cognitive effects. Ris and colleagues reported 
the intellectual outcome in 43 pediatric patients 
treated with craniospinal radiation therapy with 
adjuvant chemotherapy for medulloblastoma. 
Diminished functioning from baseline was found 
in verbal IQ, nonverbal IQ and full-scale IQ. 
Young children were more negatively affected, 
and patients with higher baseline functioning  
suffered sharper declines than those with lower 
baseline scores.37

Other causes of neurocognitive decline, 
including paraneoplastic disorders, endocrine 
dysfunction, nutritional deficits, medication,  
dep ression, and cancer, per se, should be 
addressed. Improved radiation techniques and 

the use of smaller treatment fields suggest the  
role of RT in contributing to neurocognitive 
decline is small. Although there is no treatment 
for radiation-induced cognitive dysfunction, the 
concerns of late neurocognitive dysfunction are 
not a strong reason for omitting RT for the  
treatment plan in cases in where there is evidence 
that radiation therapy has been beneficial.38

Cerebrovascular effects of radiation therapy 
occur frequently after treatment to the parasellar 
region. Pathologic changes after radiation therapy 
are similar to severe atherosclerosis. Moyamoya 
disease results from occlusion of the internal 
carotid artery typically affecting the anterior and 
middle cerebral branches of the circle of Willis. 
The disease presents with multiple and diffuse 
ischemic or hemorrhagic vascular insults causing 
dementia or death, which can occur years after 
irradiation. Patient factors such as underlying 
comorbid disease (including neurofibromatosis), 
surgery, and tumor encasement of vessels also 
impact the development of vasculopathy.39,40 
Angiograms show a characteristic “puff of smoke” 
or blush at the base of the brain from the  
collateral blood vessel formation.41 

Spinal Cord

Radiation myelopathy is a dreaded but rare  
complication following radiation treatment for 
either primary spinal cord malignancy, spinal 
cord metastasis, or after definitive treatment for a 
thoracic, head and neck, or upper abdominal 
malignancy. Myelopathy may involve the white 
or grey matter and typically results in a chronic 
progressive course.42 Clinically, spinal cord 
myelopathy occurs in a subacute (early delayed) 
or late fashion with either sensory or motor symp-
toms. Fractionated radiation therapy has a TD5/5 
for spinal myelopathy of 57 to 60  Gy and a TD5/50 

of 68 to 73  Gy.43 The spinal cord is rarely treated 
beyond a conservative dose of 50  Gy to limit  
the frequency of spinal cord injury. Neurotoxic 
chemotherapy agents such as methotrexate,  
cisplatin, cytarabine, taxanes, and vinblastine 
may reduce the tolerance of the spinal cord  
to radiation. Intrathecal chemotherapy during  
radiation therapy is contraindicated because of 
the overlapping spinal cord toxicity.44 

Early Spinal Cord Toxicity
Subacute myelopathy is marked by sensory 
changes, including paresthesias. The latency 
period for subacute myelopathy is 1 to 6  months 
and symptoms gradually improve without  
specific treatment over 2 to 9  months. Lhermitte’s 
sign is described as an electrical shock with  
flexion of the neck. It is thought that the flexion 
of the neck elongates the spinal cord, and this  
tension results in the clinical symptoms. Only 
with a long latency period does the appearance of 

Lhermitte’s sign foretell of permanent spinal cord 
injury.12 From a cohort of 1,112 patients with 
malignancies of the upper respiratory system 
treated with radiation therapy, 40 patients (3.6%) 
developed Lhermitte’s sign with a mean time  
of development of 3  months and duration of  
6  months. No patient progressed to transverse 
myelitis. An increased risk for the development of 
Lhermitte’s sign in patients receiving more than  
2  Gy per fraction (one fraction per day) or a total 
of more than 50  Gy to the spinal cord has been 
noted.45 Pathologically, early radiation injury to 
the spinal cord results in focal areas of demyelin-
ation, fibrinoid necrosis of blood vessels, and 
edema.22 Positron emission tomography may 
demonstrate increased activity. MRI, although 
sensitive enough to diagnose demyelination  
associated with multiple sclerosis, does not show 
any pathologic change in patients with transient 
or chronic Lhermitte’s sign. Recovery from spinal 
injury has been associated with an increase in  
PET signaling.42,46

Late Spinal Cord Toxicity
Late radiation injury to the spinal cord generally 
occurs months to years after treatment. The 
median latency period is 20  months with 75% of 
cases occurring within 30  months of treatment. 
The latency period is dose-dependent, with 
shorter periods for patients receiving higher 
doses. Children have shorter latency periods than 
adults. Patients undergoing repeat radiation  
therapy to the same segment of spinal cord are at 
particularly high risk of damage and have a mean 
latency period of only 5  months.12

Signs and symptoms of myelitis may be 
insidious or acute onset, with functional deficits 
ranging from paresthesias to severe sensory and 
motor changes, urine and bowel incontinence, 
and paresis. Brown-Séquard syndrome, which 
consists of motor weakness and pyramidal tract 
signs on one side with a decrease in temperature 
and pain sensations on the contralateral side, can 
precede a complete myelopathy. On the other 
hand, some patients present with both extremi-
ties equally affected. Radiation-induced cord 
changes are generally irreversible, and many die 
from secondary complications.12 

Delayed late radiation myelopathy is a result 
of demyelination and axonal loss of the sensory 
and motor tracts. Pathology reveals white matter, 
tumor-like masses of cord necrosis with spongi-
form degeneration and vascular lesions leading to 
telangiectasia, fibrinoid necrosis, edema, focal 
hemorrhage, and hemorrhagic necrosis. Neurons 
are usually spared. Calcifications may be present 
in older lesions, and, with time, the cord may 
contract. The etiology of radiation injury is  
multifactorial. Vascular damage with resultant 
infarction, parenchymal radiation injury (includ-
ing damage to oligodendrocytes and astrocytes), 
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as well as damage to the spinal cord–blood barrier 
all contribute to the pathogenesis of spinal cord 
myelitis.22 

Radiographic imaging of eight patients, 
treated to an accidental mean dose of 136  Gy  
and who developed late spinal myelopathy, 
revealed a high-intensity signal on T2-weighted 
MRI images as well as gadolinium enhancement 
on T1-weighted MRI images.46 However, some 
patients with myelopathy have no abnormality on 
MRI.47 Myelography is often normal, but there 
may be expansion or attenuation at the level of 
irradiation. Cerebral spinal fluid evaluation may 
reveal a mildly elevated protein, but most often is 
normal without the presence of abnormal cells.12 
Myelin basic protein levels are increased.48 

In order to qualify for a diagnosis of radia-
tion myelopathy, several criteria must be met: (1) 
history of prior radiation treatment at or above 
the level of deficit; (2) the radiation dose must be 
high enough to cause the deficit; (3) the latency 
period must be appropriate; (4) other potential 
etiologies, such as tumor metastasis and cord 
compression, or a paraneoplastic syndrome, must 
be excluded.12

There is no effective treatment for radiation-
induced myelopathy. Prevention, therefore, is 
critical. Steroids have been used to slow progres-
sion and anticoagulation in those with radione-
crosis, in order to reverse radiation-induced 
small-vessel endothelial injury, and have led  
to clinical improvement in some patients.49 If 
neurologic decline is due to hemorrhage into  
the spinal cord, the patient may recover slowly 
and future avoidance of nonsteroidal anti- 
inflammatory drugs and anticoagulants is  
prudent.3

Cranial Nerves

Cranial neuropathies from radiation therapy are 
rare since tolerance of the cranial nerves is higher 
than that of the brain or spinal cord. Injury to  
cranial nerves is typically expressed 1 to 20  years 
post-radiation, and recurrent malignancy must 
be ruled out. Myokymic discharges can be seen on 
EMG due to hyper-excitability of demyelinated 
axons.50,51 Most reported cases have been associ-
ated with stereotactic as opposed to external beam 
radiotherapy. The most common tumor site 
treated with external beam in which cranial nerve 
damage has been observed is carcinoma of the 
nasopharynx, where a 1 to 5% incidence of  
cranial nerve palsy has been noted.52 The etiology 
of cranial neuropathy is thought to be due to 
either fibrotic encasement, vasculitis, or direct 
radiation damage.53 

Radiation-induced olfactory nerve dysfunc-
tion is difficult to diagnose because of its close  
ties to the function of taste, which is often altered 
during and after radiation therapy. Patients  
sometimes report a pungent smell which may be 

due to stimulation of the olfactory receptors by 
the free radicals and ozone formed in the nasal 
mucosa during therapy.54 Patients also report a 
transient decreased ability to smell when radia-
tion fields include the olfactory nerves.55,56 

Radiation can affect visual function through 
multiple mechanisms, including production of 
dry eye syndrome, cataract formation, glaucoma, 
retinopathy, or by directly damaging the optic 
nerve.57 Damage to the lacrimal gland from doses 
of 40 to 50  Gy, which are commonly used in treat-
ment of head and neck carcinomas, may result  
in a dry eye leading to corneal opacification, 
ulceration, and, ultimately, in loss of vision. Dry 
eye syndrome has a latency period of 6 to 10 
months.12 Occasionally, enucleation is necessary 
to alleviate the pain produced by dry eye syn-
drome. Cataract formation can occur with doses 
of fractionated radiation as low as 5  Gy and has  
a latency period of up to 3  years.58 Retinopathy  
is seen after 45 to 50  Gy and is expressed 1.5 to  
3  years after high-dose radiation therapy. The 
clinical characteristics are strikingly similar to 
diabetic retinopathy, with occlusion of small  
vessels, neovascularization, hemorrhage, retinal 
ischemia, cotton wool spots, and retinal arterial 
narrowing.59 Secondary angle closure glaucoma 
may result from neovascularization.12 During 
radiation therapy some patients complain of 
seeing visual lights, which is completely benign. 
Optic neuropathy is thought to be caused by 
microangiopathy, which may lead to complete 
visual loss. In order to make a diagnosis of optic 
neuropathy, the following criteria must be met: 
(1) irreversible visual loss with visual field defects; 
(2) absence of visual pathway compression due to 
recurrence or progression of tumor, radiation-
induced neoplasm, arachnoidal adhesions around 
the chiasm, radiation retinopathy or any other 
obvious cause; (3) absence of optic disc edema; 
and (4) optic nerve atrophy must coincide  
temporally with the onset of visual loss.60–62 Radi-
ation-induced optic neuropathy is characterized 
by bilateral or monocular painless blindness  
and diplopia. MRI reveals enhancement of the 
optic nerve, and, pathologically, the nerve show 
demyelination and gliosis.3,58 

There is no specific treatment for optic  
neuropathy, although steroids, anti-coagulants 
and hyperbaric oxygen have been tried.63 Preven-
tion of radiation damage by decreasing dose to 
the eye whenever possible can reduce the likeli-
hood of visual loss. However, for tumors such as 
pituitary adenomas, optic gliomas, and ocular 
lymphomas, complete shielding of the involved 
optic structures may not be possible.

Oculomotor, abducens, or trochlear nerve 
palsies usually present with a prior history of  
radiation to the sella turcica or parasellar region, 
and patients complain of intermittent diplopia or 
blurred vision. Neuromyotonia, characterized by 

spontaneous spasm of eye muscles secondary to 
spontaneous discharges of the ocular nerves has 
been described.64 Demyelination is thought to be 
the etiology of radiation neuropathy, and there  
is no treatment; however, in the case of neuro-
myotonia, membrane-stabilizing agents such as 
carbamazepine have been used with success.65.

Trigeminal nerve palsy occurs in 15 to 29% 
of patients treated with radiosurgery for acoustic 
neuroma, with a median onset of 5  months.66 
Symptoms include facial nerve pain progressing 
to numbness, which differentiates this syndrome 
from trigeminal neuralgia. Atrophy of the mus-
cles of mastication may occur. Tumor recurrence 
involving the trigeminal nerve must be ruled out. 
Full or partial spontaneous improvement is seen 
in approximately one-half of patients.67 

Facial nerve palsy is rarely seen with external 
beam but it does occur following radiosurgical 
procedures for acoustic neuroma cases, where 
incidences vary from 17 to 67%.68 Facial nerve 
palsy has a median onset of 6 months, and 
approximately one-half of patients have sponta-
neous partial or full recovery.69.

Taste is also a function of the seventh cranial 
nerve, through the chorda tympani nerve, and is 
frequently affected during the treatment of head 
and neck carcinomas with external beam radia-
tion. Cancer patients often have some alteration 
in taste before the initiation of treatment, due 
either to general malnutrition or vitamin defi-
ciency. Patients begin to notice a loss of taste after 
two weeks of radiation therapy and one-half to 
two-thirds of patients have partial to complete 
taste loss 2 months after completion of radiation 
therapy. At 12 to 24  months, most have partial 
recovery. Xerostomia and mucositis can contrib-
ute to perceived loss of taste. The perception of 
sweet had the fastest recovery, with sour having 
the slowest rate of recovery. After 12 to 24  months, 
bitter and salt were still the qualities most 
impaired. The TD5/50 for loss of taste is in the 50  
to 60  Gy range.70,71

Radiation-induced acute hearing loss from 
external beam treatments is usually from a serous 
effusion which resolves spontaneously. Late 
acoustic nerve palsy is difficult to diagnose because 
it can also be due to normal aging, trauma to the 
eustachian tube, or tympanic membrane perfora-
tion.72 Kwong and colleagues reported on senso-
rineural hearing loss in 132 patients treated for 
nasopharyngeal carcinoma with irradiation and 
cisplatin. Twenty-two percent had evidence of 
hearing loss, with higher frequencies affected the 
most; however, it is unclear how much was due to 
the cisplatin.73 Late acoustic nerve damage has 
been reported in 33 patients treated for supraten-
torial brain tumors. Seventy-seven percent of 
patients treated for vestibular schwannomas  
with radiosurgery have hearing preservation.  
Significantly reduced sensorineural hearing loss 
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was found for all frequencies tested in both air  
(28 of 33  patients) and bone conduction (15 of  
33 patients). Patients treated to less than 54  Gy 
did not have severe hearing loss. Vestibular  
function was also reduced in three patients,  
with two patients having symptoms of balance 
disturbances.74 

The remaining cranial nerves (glossopharyn-
geal, vagus, spinal accessory, and hypoglossal) all 
course through the neck and are all potentially 
susceptible to encasement by radiation fibrosis 
after treatment for head and neck cancer, which 
can lead to dysfunction.75 Radiosurgery of acous-
tic neuromas or vestibular schwannomas can 
result in damage to the nerves depending on the 
volume of the lesion and the dose prescribed. 
Patients with dysfunction of the ninth and tenth 
cranial nerves complain of dysphagia, dysphonia 
and, in severe cases, dyspnea due to abnormal 
glottic closure. Xerostomia can also contribute to 
dysphagia, and a trial of pilocarpine may prove 
beneficial.76 Although xerostomia affects the  
perception of poor swallowing, it does not alter 
the physiologic aspects of bolus transport.77 
Axonal degeneration from microvascular damage 
and direct Schwann cell injury have also been 
implicated in the damage of nervous tissue from 
radiation therapy.78 Treatment includes sup por-
tive care and palliative procedures such as gas-
trostomy tubes for dysphagia, and a laryngoplasty 
or tracheostomy to relieve hoarseness of voice or 
dyspnea, and reduce the risk of aspiration.

Peripheral Nerves

When peripheral nerves are damaged by radia-
tion, symptoms include pain, paresthesias, and, 
rarely, weakness. Of all peripheral nerves the  
brachial and lumbosacral plexi are the most  
frequently damaged. The etiology is largely  
speculative; however, demyelination of axon 
fibers, fibrosis, and nerve ischemia from  
radiation-induced vasculature damage have  
been hypothesized.

Brachial plexopathy is seen in 1.8 to 5% of 
patients treated for breast, lung, lymphoma, and 
other tumors involving the upper extremity. 
Latency periods range from 1  month to 18  years.79 
Radiation doses higher than 50  Gy, the use of 
chemotherapy, and extensive axillary node dis-
section are predisposing factors.80 Before attribut-
ing the damage to radiation, other causes must  
be ruled out, such as tumor recurrence, vascu-
lopathy with subclavian occlusion, or surgical 
structural damage. EMG studies show abnormal 
motor and sensory nerve conduction with  
myokymic discharges, which are helpful in distin-
guishing radiation-induced plexopathy from 
paraneoplastic causes.81 Clinically, radiation  
neuropathies present as paresthesias but may 
progress to weakness and sensory loss to full  
paresis. Although pain may be a prominent  

feature; the severity is usually less in radiation 
plexopathy compared with neoplastic plexopa-
thy. MRI may reveal either increased or decreased 
T2 signal with a decreased T1 signal.82 If radia-
tion-induced fibrosis is the basis of nerve damage, 
enhancement with gadolinium is seen. Thera-
peutic options for radiation-induced plexopa-
thies are limited. No treatment exists that will 
restore full function. Surgery with neurolysis, 
grafting of the latissimus dorsi or omentoplasty 
may be of some benefit. Hyperbaric oxygen, 
which has been successful in the treatment of 
osteoradionecrosis and hemorrhagic cystitis, is 
not useful.83

Lumbosacral plexopathy presents with lower 
extremity weakness and sensory loss, which may 
remain stable for years or professes to paralysis. 
Often, foot drop is the first presenting symptom. 
EMG reveals myokymic discharges, suggesting 
radiation damage instead of tumor recurrence. 
The etiology of lumbosacral plexopathy is thought 
to be similar to brachial plexopathy. Like brachial 
plexopathy, the latency period for lumbosacral 
plexopathy is long.84,85 Lumbosacral plexopathy  
is most commonly seen in patients treated for 
endometrial, bladder, and other pelvic tumors, 
including rectal carcinoma.86,87 As with brachial 
plexopathy, it is essential to exclude tumor recur-
rence before attributing the damage to radiation. 
Post-radiation therapy lumbosacral polyradicu-
lopathy can also demonstrate nodular and  
leptomeningeal enhancement of the cauda equina 
and conus medullaris on MRI.88

Clinically, lumbosacral plexopathy is com-
monly bilateral, and the pain is milder in  
comparison to tumor-associated plexopathy. 
Incontinence is not typically a feature of radia-
tion-induced plexopathy.89 No effective treatment 
exists; however, supportive care with pain man-
agement and occupational/physical therapy are 
helpful to improve quality of life.90.

Second Malignancies

One of the most serious late complications of 
radiation therapy is the induction of a secondary 
malignancy. Radiation-induced tumors include 
benign and malignant processes including menin-
giomas, schwannomas, sarcomas, and gliomas. 
Typically radiation-induced lesions are high-
grade and have an aggressive natural history.91

Criteria to support a diagnosis of a radiation-
induced tumor include: (1) the tumor must have 
a different histology than the original tumor; (2) 
the tumor must develop within/adjacent to the 
radiation field; (3) a minimum period of several 
years must have elapsed since the radiation was 
received; and (4) the patient must not suffer from 
underlying genetic disease that favors the devel-
opment of tumors, such as von Recklinghausen’s 
disease or Li-Fraumeni syndrome. Confirmation 
of the presumed diagnosis must always be made 

by biopsy.92 Fortunately, radiation-induced CNS 
neoplasms are rare, with 34 cases of sarcomas  
and 312 cases of meningiomas reported as of 
1995. The overall relative risk of developing a 
second neoplasm is 1 to 3% with a latency of 15 to 
30  years.93,94. Factors that may increase the risk  
of a secondary malignancy include the use of  
chemotherapy, young age, and genetic predispo-
sition. Secondary tumors may arise from both 
low- and high-dose radiation therapy.3,77,95,96 
Radiation-induced tumors of the peripheral  
nervous system have also been described.76,79,97–100

endocrine Dysfunction

Loss of endocrine function is common when 
radiation therapy is delivered to the base of  
skull, pharynx, or directly to the hypothalamus- 
pituitary axis. In general, the hypothalamus is 
more sensitive than the anterior pituitary. Poste-
rior pituitary dysfunction has not been reported.101 
The time to develop an endocrine abnormality 
can vary from a few months to 10 or more years 
following radiation therapy.102

The different hypothalamic-pituitary axes 
respond to irradiation with varying degrees of 
sensitivity. The growth hormone axis is the most 
sensitive, while the prolactin axis is the least sensi-
tive. Growth hormone deficiency after irradiation 
has been reported after doses as low as 12 to 
24  Gy. Abnormalities of growth can be subtle and 
may only manifest at puberty. In children, a high 
index of suspicion is prudent, and it is advisable 
to test for growth hormone (GH) deficiency every 
6  months after therapy. To diagnose GH defi-
ciency in children treated with spinal irradiation, 
it is necessary to measure growth velocity of long 
bones such as the femur, which is outside of the 
radiation field. When a decrease in growth rate is 
noted, growth hormone deficiency cannot be 
assumed. Further testing is necessary to rule out 
competing diagnoses, such as thyroid disease and 
malnutrition, before more definitive growth  
hormone testing is pursued.10381 Recombinant 
human growth hormone can restore the normal 
velocity of growth in children; however, catch-up 
growth may not occur.104 Adults do not often 
have clinical symptoms from growth hormone 
deficiency, although a decrease in lean muscle 
mass can be seen.105 Growth hormone replace-
ment in adults after radiation therapy, therefore, 
remains controversial.106,107

After doses of 50  Gy to the hypothalamic-
pituitary axis, 29 to 35% will have gonadotropin 
deficiency. Gonadotropin dysfunction may lead 
to precocious puberty in children.24,108,109 Adults 
may experience infertility, abnormal menses, and 
decreased libido. The diagnosis of gonadotropin 
deficiency is based on elevated serum LH and 
FSH levels. A gonadotropin releasing hormone 
test may also be of use. Females with complete 
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gonadotropin deficiency require estrogen and 
progestin replacement, while those with a partial 
deficiency need periodic progestin administra-
tion to induce menses. Males require androgen 
replacement.

TSH deficiency leading to hypothyroidism 
presents with lethargy, weight gain, cold sensitiv-
ity and other signs of decreased thyroxin. Chil-
dren may also demonstrate a decreased growth 
rate. Data are limited as to a threshold dose.  
Pediatric series report an incidence of 3 to 6% 
after doses of 40 to 50  Gy to the hypothalamic-
pituitary axis. In adults, the incidence is 60 to 
65% after doses of 50 to 57  Gy.110,111 Treatment 
consists of thyroxin replacement and monitoring 
of therapy with serum TSH, T4, and T3 levels.

Symptoms of adrenocorticotropic hormone 
(ACTH) deficiency include lethargy, fasting 
hypoglycemia and dilutional hyponatremia. Inci-
dences range from 19 to 35% after a dose of more 
than 50  Gy to the HPA axis and latency time 
varies from 5 to 15 years.112,113 Random cortisol 
levels below 18  mg/dL suggest the diagnosis and 
further testing can be pursed with an insulin 
hypoglycemic challenge and metyrapone. Treat-
ment consists of replacement with hydrocorti-
sone.114

Prolactin is controlled by the hypothalamic 
neurotransmitter dopamine. When the hypothal-
amus is damaged, the inhibitory effects of  
dopamine on prolactin are released and hyper-
prolactinemia results. Prolactin functions to initi-
ate lactation and regulate cyclic ovulation in the 
female.115 Hyperprolactinemia is seen after doses 
of 50  Gy to the HPA axis, with an incidence  
of 50%, and results in menstrual irregularity, 
galactorrhea, and infertility in the female. Treat-
ment consists of dopamine agonists such as  
bromocriptine, which will reduce prolactin 
levels.116
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Neurologic Complications of  
Chemotherapy

Denise M. Damek, MD

Despite differing mechanisms of action and 
modes of administration, the final common 
pathway of chemotherapeutic agents is the reduc-
tion or cessation of abnormal cancer cell prolif-
eration. Consequently, normal body tissues with 
rapid cell turnover are the most susceptible to 
chemotherapy-related toxicity. Neurotoxicity is 
not commonly seen for several reasons. First of 
all, in the adult central nervous system, active cell 
turnover is limited to neuroglial cells, macro-
phages, and endothelial cells. In addition, the 
central nervous system is protected by a blood-
brain barrier which effectively excludes many 
large molecules and hydrophilic compounds. The 
peripheral nervous system is similarly protected 
by a blood-nerve barrier. The blood-brain barrier 
can be circumvented by directly administering 
chemotherapy into the cerebrospinal fluid or 
brain, providing a drug in large doses systemically 
or intra-arterially, or utilizing agents to disrupt 
the blood-brain barrier. Prior or concurrent brain 
irradiation, or the presence of structural lesions 
within the brain, may increase drug penetration 
into the central nervous system. As such, neuro-
toxicity is variable and depends not only on  
the drug itself, but also upon the dose provided, 
the route of administration, and concomitant or 
prior therapies. In some instances, neurotoxicity 
is dose-limiting.

Not all neurotoxicity is the result of direct 
chemotherapy action on the nervous system. 
Chemotherapy-mediated alteration of electro-
lytes, fluid balance, the coagulation system,  
the immune system, and body organ function 
may cause or exacerbate central and peripheral 
nervous system dysfunction.

This chapter addresses the neurologic com-
plications of some of the most commonly used 
chemotherapy agents (Table 1). Central and 
peripheral nervous system toxicity is discussed 
(Table 2). Neurologic complications related to 
radiation are addressed in another chapter in this 
volume (see Chapter 42, “Neurologic Toxicity of 
Radiotherapy”).

Chemotherapy-Induced Toxicities of 
the Peripheral Nervous System 

Peripheral Neuropathy
Peripheral neuropathies result from altered func-
tion and structure of peripheral nerves. Depending 
on the underlying cause, there may be selective 
involvement of motor, sensory, or autonomic 
nerve fibers; or more diffuse involvement of all 
fibers. Toxins such as chemotherapy cause peri-
pheral neuropathy through axonal degeneration, 
primary neuronal degeneration, or segmental 
demyelination.

Axonal degeneration is the most common 
cause of peripheral neuropathy. Here, a toxin  
acts at multiple sites along nerve axons, ultimately 
causing degeneration of the nerve axon and 
myelin sheath beginning at the most distal part of 
the nerve and progressing proximally towards the 
nerve cell body. Descriptively, these neuropathies 
are often referred to as dying-back neuropathies 
or length-dependent peripheral neuropathies. 
The clinical presentation is a symmetrical, distal 
to proximal graded loss of sensory and motor 
function. The sensory loss occurs in a stocking-
glove distribution. By the time the sensory abnor-
mality reaches the level of the knees, symptoms 
are often recognized in the hands. If large sensory 
nerve fiber involvement predominates, symptoms 
include loss of proprioception and gait ataxia. 
Small fiber involvement leads to paresthesias,  
and loss of pin and temperature sensation. Distal 
muscle weakness and atrophy occur when motor 
nerves are affected. Likewise, loss of ankle jerks 
occurs first, followed by other reflexes (depending 
on the degree of proximal spread). Axonal regen-
eration can occur, albeit slowly. Recovery may be 
significantly delayed and is often incomplete.

In primary neuronal degeneration, a toxin 
damages or destroys the dorsal root ganglion neu-
rons, which are the sensory nerve cell bodies. 
Degeneration of the entire peripheral and central 
axonal processes follows. Clinically, there is 
prominent loss of ability to localize the extremi-
ties in space (proprioception), diffuse areflexia, 
and ataxia. Neuronal regeneration does not occur. 

As such, symptom recovery is contingent upon 
the degree of damage to the dorsal root ganglion 
cells. Recovery is poor, but incomplete reversal of 
some symptoms may occur over a long interval.

With segmental demyelination, toxins injure 
and break down either the myelin sheath or the 
Schwann cells along the entire length of nerve 
fibers with relative sparing of the underlying 
axons. This most commonly occurs in the setting 
of immune-mediated inflammatory processes, 
but occasionally can be mediated by toxins. The 
functional correlate of demyelination is nerve 
signal conduction block, resulting in motor weak-
ness and mild sensory loss. Sensory modalities 
relayed via small-diameter myelinated fibers or 
unmyelinated fibers, such as temperature and 
light touch, are generally spared. Remyelination 
of nerve fibers and clinical recovery can occur 
within days to weeks.

Many neuropathies present towards the end 
of therapy or after completion of chemotherapy, 
limiting the clinician’s ability to impact symp-
tomatology with drug cessation. For this reason, 
the early detection of neuropathy prior to the 
development of symptoms is paramount. Unfor-
tunately, the use of electrophysiologic testing, in 
particular nerve conduction studies, to identify 
high risk patients, or for the early detection of 
peripheral neuropathy, has for the large part been 
disappointing. However, a decrease in sensory 
nerve action potentials (SNAPs) may be used to 
monitor the severity of a neuropathy objectively 
in some cases.1

Platinum Compounds

The main neurologic complication of cisplatin is 
a cumulative dose-dependent sensory neuro-
pathy. Cisplatin almost exclusively affects the 
large myelinated sensory nerves, both clinically 
and by objective measurement of nerve conduc-
tion studies.2 Subclinical signs of cisplatin  
neuropathy, primarily absent ankle jerks and 
decreased vibratory function, are seen at cumula-
tive doses >200 mg/m2. Some patients perceive 
sensory symptoms after cumulative doses  
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Table 1  Chemotherapeutic Agents Causing Neurotoxicity

Chemotherapeutic Mechanism of Action Mode of Use
Agent and  Administration
Drug Class

Alkylating Agents   
Platinum-based   
 Cis-platinum Inhibits DNA synthesis by the formation of IV, IA Head and neck, breast, testicular, and ovarian CA, sarcomas, 
  DNA cross-links   bladder, gastric, lung esophageal, cervical, and prostate CA, 
    myeloma, melanoma, small cell lung cancer, osteosarcoma, 
    Hodgkin’s and non-Hodgkin’s lymphoma, neuroblastoma
 Carboplatin Covalently binds to DNA bases and disrupts IV, IA Ovarian cancer. Lung, head and neck, endometrial, esophageal, 
  DNA function   bladder, breast, cervical, CNS tumors, germ cell tumors,
    osteogenic sarcoma, and high-dose therapy with stem cell/bone 
    marrow support
 Oxaliplatin Binds to DNA, RNA, or proteins IV Advanced colorectal carcinoma. Head and neck cancer, 
    non-Hodgkin’s lymphoma, ovarian cancer

Nitrosoureas   
 Carmustine Interferes with DNA function by alkylation IV, implantable  CNS tumors, multiple myeloma, Hodgkin’s and non-Hodgkin’s
 (BCNU)  and formation of DNA cross-links  wafer  lymphoma, melanoma, lung and colon carcinoma
 Lomustine Inhibits DNA and RNA synthesis via PO CNS tumors, Hodgkin’s and non-Hodgkin’s lymphoma,
 (CCNU)  carbamylation of DNA polymerase,   melanoma, renal carcinoma, lung and colon carcinoma
  alkylation of DNA, and alteration of RNA
  proteins

Mustards   
 Ifosfamide Inhibits DNA synthesis by the formation of IV Lung cancer, Hodgkin’s and non-Hodgkin’s lymphoma, breast
  (with mesna)  DNA cross-links   CA, acute and chronic lymphocytic leukemias, ovarian CA,
    sarcomas, pancreatic and gastric carcinomas
 Cyclophosphamide Inhibits DNA synthesis by the formation of IV Hodgkin’s and non-Hodgkin’s lymphoma, Burkitt’s lymphoma, 
  DNA cross-links   leukemia (CLL, CML, AML, ALL), mycoses fungoides, multiple 
    myeloma, neuroblastoma, retinoblastoma, sarcomas, breast, 
    testicular, endometrial, ovarian, and lung CA. Conditioning 
    regimens for bone marrow transplant
 Melphalan Inhibits DNA and RNA synthesis by the PO, IV Palliative treatment of multiple myeloma, nonresectable epithelial
  formation of carbonium ions and DNA   ovarian carcinoma, neuroblastoma, rhabdomyosarcoma, breast
  cross-links   CA

Other   
 Thiotepa Inhibits DNA, RNA, and protein synthesis by IV, IT,  Superficial bladder tumors, breast and ovarian adenocarcinoma, 
  the cross-linking of DNA  intravesicular  lymphoma, sarcoma, CNS leptomeningeal disease and 
    metastases
 Procarbazine Mechanism of action is unclear; methylates PO Hodgkin’s and non-Hodgkin’s lymphoma, CNS tumors, 
  nucleic acids, inhibits DNA, RNA, and protein   melanoma, lung cancer, multiple myeloma
  synthesis, may damage DNA directly and
  suppress mitoses

Plant Alkaloids
Vincas   
 Vincristine Disrupts the formation of the mitotic spindle by IV Leukemia, Hodgkin’s and non-Hodgkin’s lymphoma, Wilms’
  binding to tubulin and inhibiting microtubule   tumor, neuroblastoma, rhabdomyosarcoma
  formation

Podophyllins   
 Etoposide (VP-16) Delays transit of cells through the S phase and IV Lymphoma, lung, testicular, bladder, and prostate CA, hepatoma, 
  arrests cells in the late S or early G2 phase.   rhabdomyosarcoma, uterine CA, neuroblastoma, mycosis
  Inhibits topoisomerase II and appears to cause   fungoides, Kaposi’s sarcoma, histiocytosis, gestational
  DNA strand breaks.   trophoblastic disease, Ewing’s sarcoma, Wilms’ tumor, and 
    CNS tumors

Others   
 Paclitaxel  Promotes microtubule assembly and distorts IV Breast, lung (small cell and non-small cell), and ovarian cancers
  mitotic spindles
 Docetaxel  Inhibits DNA, RNA, and protein synthesis by IV Breast and non-small cell lung cancer
  stabilization of microtubules
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Table 1  Continued

Chemotherapeutic Mechanism of Action Mode of Use
Agent and  Administration
Drug Class

Antimetabolites   
Antifolates   
 Methotrexate Folate antimetabolite. Inhibits DNA synthesis by IV, IT Trophoblastic neoplasms, leukemias, breast, head and neck, and
  inhibiting purine and thymidylic acid synthesis   lung carcinoma, osteosarcoma, soft-tissue sarcomas, GI tract, 
    esophageal, and testicular CA, lymphomas

Cytidine Analogs   
 Cytarabine Inhibits DNA synthesis by incorporating into IV, IT Leukemias, lymphomas
  DNA and inhibiting DNA polymerase

Fluorinated Pyrimidines   
 Fluorouracil Pyrimidine antimetabolite. Interferes with DNA IV, topical Breast, colon, head and neck, pancreas, rectum, and stomach CA. 
  synthesis by blocking the methylation of   Used topically to treat skin cancer.
  deoxyuridylic acid

Purine Analogs   
 Fludarabine Inhibits DNA synthesis by inhibition of DNA IV Chronic lymphocytic leukemia, non-Hodgkin’s lymphoma
  polymerase and ribonucleotide reductase

Others   
 Hydroxyurea Mechanism is unclear. Thought to inhibit DNA PO CML, acute leukemia, radiosensitizing agent in the treatment of
  synthesis by inhibition of ribonucleoside   CNS tumors, head and neck tumors, uterine, cervix, and
  diphosphate reductase   non-small cell lung cancer
 Gemcitabine Pyrimidine antimetabolite. Inhibits DNA IV  Adenocarcinoma of the pancreas, non-small cell lung cancer
  synthesis by inhibition of DNA polymerase
  and ribonucleotide reductase

Antineoplastic Antibiotics   
Anthracyclines   
 Doxorubicin Inhibition of DNA and RNA synthesis by IV Leukemias, lymphomas, multiple myeloma, sarcoma, 
  intercalation between DNA base pairs   mesotheliomas, germ cell tumors of the ovary and testes, 
    neuroblastoma, head and neck, thyroid, lung, breast, stomach, 
    pancreas, liver, ovary, bladder, prostate, and uterine CA

Antineoplastic Enzymes   
 l-Asparaginase Inhibits protein synthesis through the depletion IV, IM,  Acute lymphocytic leukemia, lymphoma
  of asparagine  subcutaneous

Antineoplastic Biologics   
Cytokines   
 Interleukin-2 Promotes differentiation, and proliferation, and IV, Subcutaneous Renal cell CA, melanoma, multiple myeloma, colorectal CA, 
  recruitment of T and B cells, natural killer cells,   non-Hodgkin’s lymphoma
  and thymocytes; stimulates lymphokine- 
  activated killer cells and tumor-infiltrating 
  lymphocytes
 Interferon Stimulates the immune system against tumor Subcutaneous Chronic myelogenous leukemia, hairy cell leukemia, Kaposi’s
  cells; direct and indirect cytotoxic activity;   sarcoma, malignant melanoma, follicular non-Hodgkin’s
  increases the expression of tumor-associated   lymphoma
  antigens

Anti-angiogenesis Agents   
 Thalidomide Inhibits tumor necrosis factor-alpha; inhibits PO Multiple myeloma, Waldenström’s macroglobulinemia, CNS
  fibroblast growth factor and vascular   tumors, Kaposi’s sarcoma
  endothelial growth factor-induced angiogenesis
 Suramin  Inhibits a number of growth factors and enzymes IV Chemosensitizing agent for various solid tumors; investigational
  essential to cell proliferation. May also have   use in prostate cancer and many other cancer types
  anti-angiogenic activity

ALL = acute lymphoblastic leukemia; AML = acute myelogenous leukemia; CA = cancer; CLL = chronic lymphocytic leukemia; CML = chronic myelogenous; CNS = central nervous system;  
DNA = deoxyribonucleic acid;  GI = gastrointestinal; IA = intra-arterially; IM = intramuscularly; IV = intravenously; PO = oral.

>300 mg/m2,3,4 but almost all patients have evi-
dence of neuropathy at cumulative doses greater 
than 500 to 600 mg/m2.5 Symptom onset is often 
delayed and may not manifest until after comple-
tion of therapy.6 In fact, symptoms can worsen in 
the weeks to months following discontinuance of  

the drug.7 The first symptoms are paresthesias 
and numbness of the feet, progressing to  
involve the lower and upper extremities. Loss of 
proprioception results in gait ataxia. Muscle 
cramps are frequently reported during symptom 
pro gression and gradually resolve after symptom  

stabilization.7 Lhermitte’s sign is occasionally 
present. Autonomic symptoms, while reported, 
rarely occur.3,8,9 Somatosensory-evoked responses 
(SSER) may facilitate early detection of cisplatin 
neuropathy by showing a slight impairment of 
nerve conduction prior to the presence of 
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abnormal signs or symptoms.10; however, clinical 
applicability has yet to be demonstrated. SSER 
may be more accurate than conventional electro-
physiologic studies in evaluating the progression 
of cisplatin neuropathy.

Cisplatin preferentially accumulates in the 
dorsal root ganglia, dorsal roots, and peripheral 
nerve, and appears to remain there indefinitely in 
an acutely neurotoxic state.10,11 Platinum levels in 
the dorsal root ganglia correlate with cumulative 
cisplatin doses and possibly symptom severity.10 
However, the mechanism of cisplatin-induced 
neuropathy remains unknown. Prior exposure  
to platinum compounds is generally thought  
to be a major risk factor for the development  
of peripheral neuropathy. However, no substan-
tial neurotoxicity was reported with re-treatment 
of cisplatin in one study.12 Components of the 
neuropathy, including muscle cramps and Lher-
mitte’s sign, are self-limited symptoms. The 
remaining neuropathic features, in particular the 
sensory deficits, are often permanent. However, a 
small percentage of patients show slow gradual 
symptom improvement.

The role of neuroprotective agents in pre-
venting or ameliorating cisplatin-induced neuro-
toxicity is unclear. One randomized, double-blind, 
placebo-controlled trial of Org-2766, a synthetic 
corticotropin(4-9) analogue, in patients treated 
with cisplatin for ovarian cancer found that 
treated patients showed stable vibratory percep-
tion thresholds and less prominent neurologic 
deficits compared to untreated patients.13  
However, this result was not duplicated in a later 
study.14 Less impairment of sensory nerve con-
duction abnormalities was seen in gastric cancer 
patients given glutathione with cisplatin chemo-
therapy.15 Amifostine, a thiol prodrug, has shown 
mixed results in three clinical trials.16–18 Despite 
some initial promising results, to date, none of 
these therapies has shown unequivocal benefit.

At standard doses, carboplatin causes pares-
thesias in approximately 5% of patients. How-
ever, high-dose carboplatin can cause a sensory 
neuropathy similar to that produced by cisplatin.

Oxaliplatin-induced peripheral neuropathy 
is indistinguishable from that produced by cispl-
atin. Peripheral neuropathy develops following 
long-term drug administration, presumptively 
corresponding to the cumulative dose provided. 
Oxaliplatin-induced neuropathy symptomati-
cally may respond to temporary cessation of  
the drug. Forty percent of patients have complete 
symptom resolution 6 to 8 months following ces-
sation of therapy.19 Anecdotal evidence suggests 
some symptomatic benefit with carbamazepine 
and amifostine.20,21

Thalidomide

Peripheral neuropathy usually occurs following 
prolonged administration of thalidomide. Up to 
70% of patients treated for more than 6 months 

have signs and symptoms of peripheral neuro-
pathy.22 Peripheral neuropathy can be dose- 
limiting. Clinical trials utilizing a variety of daily 
doses report a frequency of mild neuropathic 
symptoms of 13 to 41%, and severe neuropathic 
symptoms of 5 to 20%.23 The incidence of peri-
pheral neuropathy is higher in elderly patients, 
patients with preexisting neuropathy, and those 
treated with additional neurotoxic chemotherapy. 
The risk is greater when the cumulative dose 
exceeds 50 g.24 Genetically determined alterations 
in drug metabolism (ie, “slow acetylators”) may 
be more susceptible to toxicity due to slower drug 
excretion.22

Clinical symptoms initially relate to small 
fiber sensory nerve involvement, with paresthe-
sias and numbness of the toes and fingers that 
extends proximally. Later, large fiber involvement 
is seen with abnormal vibratory perception, deep 
pressure sensation, and poor position sense. 
Eventually ataxia, progressive gait disturbance, 
and postural tremor are seen. If the neuropathy is 
severe, pyramidal tract damage, proximal muscle 
weakness, and muscular atrophy develop. Mag-
netic resonance imaging (MRI) of the spinal cord 
of patients with neuropathy show signal abnor-
malities in the posterior columns, consistent with 
degeneration of the posterior columns.25 Symptom 
improvement typically occurs within 3 weeks of 
discontinuance of the drug; however, the extent 
of recovery is variable.22 Discontinuance of the 
drug at the onset of neuropathic symptoms 
increases the probability of recovery. Likewise, 
better recovery is generally seen in younger 
patients and those treated with lower cumulative 
doses of thalidomide.26 

Vincristine

Vincristine causes significantly more neuro-
toxicity than the other vinca alkaloids. Peripheral 
neuropathy is rarely seen with vindesine sulfate 
and vinblastine treatment; however, it may  
complicate vinorelbine therapy in 20 to 25% of 
patients. Approximately 50% of individuals 
treated with a typical dose of vincristine (2 mg/
dose limit) develop paresthesias of the fingers  
and toes. If single doses in excess of 2 mg are  
provided, the incidence of symptomatic neuro-
pathy is approximately 90%.27 In fact, a mixed  
sensorimotor polyneuropathy is dose-limiting 
for vincristine.

Muscle cramps affecting the arms and legs 
may be the first manifestation of neuropathy and 
may be the last symptom to resolve. Typical  
progression of signs and symptoms includes the 
early development of paresthesias in fingers and 
toes, loss of ankle reflexes, and then symmetrical 
length-dependent distal sensory and motor  
deficits. Impairment of fine motor skills often 
precedes clinically detectable weakness of the 
hands and feet. Vibratory sensation is generally 
spared. As symptoms progress, gait ataxia may 

occur. Autonomic neuropathy is common, occur-
ring in as many as one-third of patients.28 Bowel 
motility dysfunction, manifesting as colicky 
abdominal pain and constipation, paralytic ileus, 
or megacolon, may precede the development of 
sensory or motor symptoms.27 Orthostatic hypo-
tension, urinary retention from an atonic bladder, 
impotence, and disturbed heart rate occur infre-
quently. Cranial nerve involvement occurs in 
approximately 10% of cases. Laryngeal nerve 
paresis is the most commonly described. Patients 
present with hoarseness generally after several 
courses of vincristine. Symptom resolution occurs 
4 to 6 weeks following discontinuance of the 
drug.29 In addition, diplopia, facial nerve palsy, 
ophthalmoplegia,30 and sensorineural hearing 
loss31 have been reported.

Risk factors for developing vincristine neu-
rotoxicity include single doses greater than 2 mg, 
frequent vincristine administration, poor nutri-
tional state, advanced age, liver dysfunction, and 
concurrent neurotoxic drugs.32 Individuals with 
preexisting abnormalities of peripheral nerve, 
such as the demyelinating type of Charcot-Marie-
Tooth disease (hereditary motor and sensory 
neuropathy type I) can develop a severe, often 
irreversible and sometimes fatal neuropathy.30,33

There is no clearly effective treatment for 
vincristine-induced neuropathy other than dis-
continuance of the drug. Overall, the long-term 
prognosis for recovery is good. If vincristine is 
discontinued, when paresthesias first appear, 
symptoms promptly resolve. Mild symptoms 
generally resolve within a couple of months after 
drug cessation.27 However, when prominent, 
motor weakness may take months to regress, and 
sensory symptoms may linger for years.34 

Paclitaxel

The occurrence and severity of peripheral  
neuropathy with the taxanes is single-dose and 
cumulative-dose–related.35–37 Paclitaxel-induced 
neuropathy is the best characterized. Symptoms 
manifest following cumulative doses of 100 
to 200 mg/m2.36 At a single paclitaxel dose of  
135 mg/m2, approximately 2% of patients develop 
paresthesias of the hands and feet,38 but following 
a dose of 250 mg/m2, approximately 60% of 
patients develop neuropathic symptoms.28  
Neuropathy is the dose-limiting toxicity when 
paclitaxel doses >250 mg/m2 are administered  
in combination with granulocyte colony- 
stimulating factor.39,40

Paclitaxel and docetaxel produce a predo-
minantly sensory neuropathy. The pathophy-
siologic mechanism of paclitaxel-induced 
neuropathy is thought to be related to microtu-
bule aggregation in neurons, axons, and Schwann 
cells, which leads to demyelination and abnormal 
axoplasmic transport.35 Unlike the sensory neu-
ropathy elicited by cisplatin, all sensory modali-
ties are affected. Within 48 hours of treatment, 
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patients develop paresthesias, numbness, and 
pain in the feet and hands. Pruritus can be a 
prominent feature. The rapid onset of symptoms 
and early pre sence of hand symptoms suggests 
preferential involvement of dorsal root ganglia 
and/or myelin sheath.41 Fine motor skills are often 
compromised, but weakness is not generally seen.
However, some patients may develop disabling 
proximal muscle weakness mimicking myo-
pathy.42 Arthralgia and myalgias, especially in the 
legs, can often be seen 2 to 7 days after the drug  
is given.43 Rare autonomic neuropathy has been 
reported.44 In addition, Lhermitte’s sign can 
develop following docetaxel administration.37 
Symptoms are usually reversible after discontinu-
ation of the drug, and may even resolve despite 
continued therapy.28 However, there are reports 
of permanent neuropathy.45 Predisposing factors 
include high-dose cycles, high cumulative doses, 
diabetes mellitus, and preexisting neuropathy.28 

Suramin

Suramin produces a predominantly motor 
peripheral neuropathy in up to 40% of  
patients whose blood levels of the drug exceed 
350 µg/ml.28. Patients commonly describe pares-
thesias of the face and limbs followed by rapid 
onset of proximal muscle weakness that can pro-
gress to quadriplegia with bulbar and respiratory 
muscle weakness. The presentation is similar to 
acute inflammatory demyelinating polyneuro-
pathy (AIDP) or Guillain-Barré syndrome. The 
underlying pathogenic mechanism is thought to 
be conduction block in peripheral nerves due to 
demyelination. Symptoms resolve after the drug 
is discontinued. Unlike the other neuropathies, 
this neuropathy can be prevented through careful 
monitoring of suramin blood levels.

Bortezomib

The clinical spectrum of bortezomib-induced 
peripheral neuropathy is not yet fully defined. 
Bortezomib causes a painful peripheral neuro-
pathy in approximately 40% of patients.46 This 
symptom may be dose-limiting, and, currently, 
dose adjustments are recommended for disabling 
neuropathic symptoms, which occur in approxi-
mately 15% of patients.46 Nerve conduction 
studies in a small number of patients were con-
sistent with axonal degeneration.46 Symptom 
improvement is seen following discontinuance of 
the drug, but the time course of recovery or extent 
of recovery remain largely unknown.

Other Chemotherapeutic Agents

Various other chemotherapy drugs can produce 
peripheral neuropathy. A reversible peripheral 
neuropathy characterized by distal paresthesias, 
decreased deep tendon reflexes, and myalgias  
is fairly common during procarbazine therapy. 
High-dose cytarabine, particularly when given  

in combination with other potentially neurotoxic 
drugs, rarely causes an axonal and/or demyelin-
ating peripheral neuropathy.28 Fludarabine can 
cause a mild peripheral neuropathy generally  
presenting with paresthesias or weakness. In addi-
tion, high-dose etoposide rarely causes a rever-
sible axonal sensory neuropathy.47 Furthermore, 
peripheral neuropathies rarely occur as a compli-
cation of treatment with high-dose ifosfamide, 
fluorouracil, and gemcitabine hydrochloride.

Muscle Weakness/Arthralgia
Muscle weakness and arthralgia most commonly 
occurs in the setting of sensorimotor neuropathy, 
such as that seen with vincristine and paclitaxel. 
However, a chemotherapeutic-agent–induced 
primary muscle disorder has been implicated  
in some cases. A toxic myopathy was implicated 
in one patient following paclitaxel administration 
on the basis of clinical signs and symptoms,  
electrophysiologic studies, and muscle biopsy 
findings of accumulation of acid phosphatase  
in lysosomes.26 Dose dependent weakness and 
fatigue can occur 1 to 2 months from the onset  
of thalidomide therapy.22 Furthermore, steroid-
induced myopathy is a common and well- 
recognized complication of long-term steroid 
provision. Muscle aching and pseudoarthritis are 
frequent manifestations of steroid withdrawal.

Peripheral Nerve Hyperexcitability
Acutely, oxaliplatin can produce a unique syn-
drome that resembles neuromyotonia. Sensory 
manifestations are the most prominent, and gen-
erally develop within hours or days of therapy. 
Patients report fairly dramatic paresthesias and 
dysesthesias of the hands, feet, and perioral region. 
Pharyngo-laryngo-dysesthesias cause a subjective 
sense of difficulty in breathing. Cold exposure 
may trigger or exacerbate these symptoms. Motor 
nerves or muscle may also be affected, presenting 
as jaw tightness and pain, eye pain, ptosis, leg 
cramps, visual field abnormalities, and voice 
changes. Symptoms usually resolve spontane-
ously over hours to days. However, repeated drug 
administration may produce more severe and 
more prolonged symptoms.21 Electrophysiologic 
examination findings are identical to those seen 
in neuromyotonia, which is produced by exces-
sive nerve excitability of peripheral nerve axons.21 
Oxaliplatin may produce a transient chan-
nelopathy, acting as a direct toxin against either 
voltage-gated potassium or sodium channels in 
axons.21 

Chemotherapy-Induced Toxicities of 
the Central Nervous System

Toxic and Metabolic Encephalopathy
Toxic and metabolic encephalopathies are a group 
of neurologic disorders characterized by altered 

mental status attributable to the presence of an 
exogenous or endogenous drug or toxin, or non-
brain organ failure. Chemotherapeutic agents or 
their metabolites may act as direct toxins. Alter-
natively, they may cause electrolyte or fluid imbal-
ance, renal or liver dysfunction, or other metabolic 
derangements. Symptoms do not distinguish 
causative agents in acute encephalopathy. The 
hallmark of acute encephalopathy is confusion, 
disorientation, and altered behavior. Symptoms 
range from simply appearing depressed and  
withdrawn to an agitated delirium and florid  
hallucinations. Seizures may represent the only 
manifestation of acute encephalopathy or may 
accompany other symptoms. Motor system 
abnormalities may include increased tone,  
tremor, multifocal myoclonus, muscle cramps, 
asterixis, and weakness. Widespread neurologic 
dysfunction can be seen.

Ifosfamide

The reported incidence of high-dose ifosfamide- 
and mesna-induced encephalopathy ranges 
widely from 8 to 14% to greater than 50%.48–50 A 
transient confusional state is most commonly 
seen, but in some patient groups more severe 
symptoms of confusion, visual hallucinations, 
cerebellar dysfunction, seizures, cranial nerve 
palsies, extrapyramidal signs, and, occasionally, 
coma occur. Symptoms manifest hours to several 
days post drug administration. Diffuse slow wave 
activity is frequently seen on electroencephalo-
graphy (EEG) following treatment, even in 
asymptomatic patients.49,51 EEG findings are  
consistent with a diffuse encephalopathy of toxic 
or metabolic origin. Symptoms typically resolve 
spontaneously after several days.52 However, irre-
versible deficits and death have been reported.52–54 
Successful rechallenge with ifosfamide has been 
reported.51 Accumulation of a metabolite of ifos-
famide, Chloracetaldehyde, has been implicated 
as the responsible toxic agent. Risk factors for 
encephalopathy include short infusion times  
(24-hour),51 renal dysfunction,49 low serum 
albumin,49,48 presence of pelvic tumor,49 under-
lying brain disease,55 phenobarbital use,56 and 
previous ifosfamide-induced encephalopathy.

Other Chemotherapeutic Agents

An acute encephalopathy can complicate the 
treatment course of many other chemo therapeutic 
agents. The resultant symptoms are indistinguish-
able from those of a metabolic encephalopathy. 
Paclitaxel can cause a severe acute encephalo pathy 
at doses in excess of 600 mg/m2 with stem cell 
support.57 Likewise, high-dose therapy with 
methotrexate, lomustine, and etoposide can  
produce an acute encephalopathy. In addition, 
encephalopathy can occur following standard 
dose treatment with cisplatin, vincristine, aspara-
ginase, procarbazine, 5-fluorouracil, cytarabine, 
interleukin-2 (IL-2), and tamoxifen.
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Toxic Leukoencephalopathy
Neuroimaging and neuropathology have  
identified cerebral white matter as a target of  
chemotherapy-Induced toxicity. Toxins may affect 
any component of the white matter, including 
myelin, nerve axons, oligodendrocytes, astrocytes, 
and blood vessels; however, myelin often bears the 
brunt of the damage.58 This acute or delayed 
structural change in cerebral white matter is called 
leukoencephalopathy. White matter injury has 
been associated with a number of chemothera-
peutic agents including methotrexate, carmus-
tine, cisplatin, cytarabine,  
fluorouracil, levamisole, fludarabine, thiotepa, 
interleukin-2, and interferon-a.58 Both the route 
of administration and the dose administered 
influence the development of leukoencephalop-
athy. Less than 10% of patients treated with  
intravenous methotrexate develop leukoence-
phalopathy; however, this complication is seen  
in up to 40% of patients receiving intrathecal 
methotrexate.59,60 Likewise, cytarabine and  
thiotepa may produce a leukoencephalopathy 
when administered intrathecally. On the other 
hand, cisplatin and carmustine can cause leukoen-
cephalopathy when injected intra-arterially.  
Con ventional doses of fludarabine, cytarabine, 
and 5-fluorouracil are rarely associated with  
cerebral white matter changes on MRI. However, 
high-dose therapy with these same agents may 
produce profound white matter changes.58.

A wide and diverse range of signs and symp-
toms have been reported.61 The most prominent 
clinical manifestation is the presence of neuro-
behavioral changes, which can range from a mild 
chronic confusional state with inattention, 
memory loss, and emotional dysfunction, to a 
devastating white matter dementia syndrome, 
abulia, stupor, and coma. Focal neurologic defi-
cits such as hemiparesis, visual loss, and sensory 
deficits are frequently described. Notably absent 
are signs of cortical gray matter involvement, 
such as aphasia and seizures.

The diagnosis of toxic leukoencephalopathy 
requires clinical symptoms of white matter dys-
function and correlative neuroradiographic  
white matter abnormalities. Magnetic resonance 
imaging offers better resolution of white matter 
than other neuroimaging methods and is the 
imaging method of choice. Characteristic T2-
weighted imaging findings are diffuse, increased 
signal intensity within the white matter, often 
extending from the ventricles to the cortical med-
ullary junction. A scalloped lateral margin results 
from the sparing of the subcortical arcuate fibers 
and overlying cortex. In patients with intraven-
tricular catheters, radiographic findings are fairly 
localized to white matter adjacent to the catheter 
path.62 In patients with more widespread toxin 
exposure, the extent of radiographic involvement 
is variable. In some cases, white matter changes 

can be seen on MRI in asymptomatic patients. 
The clinical significance of this is uncertain, but  
it may be a harbinger for the development of 
symptomatic leukoencephalopathy if additional 
treatment is provided.

The spectrum of neuropathologic findings  
in toxic leukoencephalopathy ranges from patchy 
intramyelinic edema with preservation of myelin, 
to widespread edema and demyelination with 
preservation of axons, and to destruction of  
oligodendrocytes, axonal loss, and necrosis.63 
However, the most common findings are gliosis, 
macrophage infiltration, and demyelination. The 
distribution of lesions and corresponding symp-
tomatology is variable, ranging from isolated 
optic nerve involvement to multifocal white 
matter lesions, to confluent symmetrical  
subcortical white matter involvement.61

Drugs delivered directly into the ventricles 
can flow back along the reservoir catheter path 
and can accumulate in the white matter.62 This 
complication can occur with properly placed 
catheters or a misplaced catheter tip that is 
directed into the brain parenchyma. Rarely, this 
may occur in patients with an indwelling intra-
ventricular catheter who receive only systemic 
chemotherapy. In addition, factors such as 
increased intracranial pressure, the presence of 
widespread leptomeningeal tumor, or obstruc-
tion of cerebrospinal fluid outflow may increase 
drug concentrations within the ventricular 
system. The provision of intra-arterial drug is 
particularly conducive to vascular injury. Even 
though the route of drug delivery may predispose 
to toxicity, it does not elucidate the mechanism of 
white matter injury. The pathogenesis largely 
remains unknown, but most certainly consists  
of a variety of mechanisms. Proposed mecha-
nisms include a direct toxic effect on myelin,  
disruption of myelin synthesis via injury to  
oligodendrocytes, cerebral edema secondary  
to breakdown of the blood-brain barrier, or 
reversible axonal swelling secondary to metabolic 
deterioration.58,64 

Many patients fully recover; however, others 
may experience a progressive course with devas-
tating sequelae. The prognosis depends largely on 
the extent of white matter injury and whether or 
not that injury is reversible or irreversible. If the 
nerve axons remain spared, and tissue necrosis 
has not occurred, the prognosis for recovery is 
favorable. Discontinuance of the inciting toxin 
early on in the disease process before irreversible 
damage has occurred remains critical. Often, 
however, chemotherapeutic-induced toxic leuko-
encephalopathy symptoms do not manifest until 
after the completion of therapy. This limits the 
value of early detection and cessation or altera-
tion of drug therapy. Several therapeutic inter-
ventions have been tried with variable success. 
These include corticosteroids, anticoagulation 

therapy, and ventriculoperitoneal shunting, and 
leucovorin for methotrexate-induced toxicity.58

Methotrexate-Induced Mild  
Leukoencephalopathy

Methotrexate (MTX) can cause acute or subacute 
neurotoxicity that is characterized by somno-
lence, confusion, and focal neurologic deficits. 
Focal symptoms present with a stroke-like onset 
and include hemiparesis, aphasia, and hemisen-
sory loss. Even though this syndrome is more 
commonly associated with high-dose MTX treat-
ment, intrathecal and low-dose methotrexate 
therapy can also produce transient neurologic 
symptoms.65 Prior to the routine use of leucov-
orin rescue in conjunction with methotrexate 
therapy, reported incidences of this syndrome 
approached 15%.66 Since then, however, the  
incidence is approximately 3%.67

Symptoms commonly occur within 24 hours 
of drug administration, but can manifest up to  
2 weeks following therapy. Evaluation usually 
reveals normal head CT, either normal MRI or 
diffuse periventricular high signal on T2-weighted 
images, normal cerebrospinal fluid (CSF),  
and generalized slowing on EEG. Restricted diffu-
sion (high-intensity signal on diffusion-weighted 
imaging with decreased apparent diffusion coef-
ficient) in the periventricular deep white matter 
bilaterally was reported in one case.64 Abnormal 
signal on T2-weighted MR images can be found 
in asymptomatic patients or patients with mini mal 
symptoms following MTX treatment.68–71 The 
severity of the white matter insult on MRI does 
not correlate with clinical symptomatology.70 
Most patients fully recover within 72 hours;  
however, a chronic leukoencephalopathy has 
been reported.72 Even though additional cycles 
have been provided without symptom recur-
rence,67,73 the syndrome may recur with drug 
rechallenge.

The mechanism remains unknown, but an 
underlying vascular etiology induced or worsened 
by metabolic disturbance has been proposed. 
Proposed mechanisms include MTX-induced 
altered neurotransmitter levels secondary to  
inhibition of tetrahydrobiopterin synthesis,66 
increased adenosine,74 or increased homocysteine 
levels.65

Methotrexate-Induced Disseminated  
Necrotizing Leukoencephalopathy

In some cases, rapid severe neurologic deter-
ioration occurs following MTX treatment  
characterized by personality changes, confusion, 
somnolence, ataxia, spasticity, seizures, dementia, 
and even coma and death. CT and MRI demon-
strate extensive white matter damage.71,75 This 
imaging abnormality in conjunction with rapid 
clinical deterioration represents disseminated 
necrotizing leukoencephalopathy (DNL), a rare 
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complication of MTX. DNL is associated with 
both intravenous and intrathecal methotrexate 
and cranial irradiation. Characteristic histopa-
thologic findings include discrete or confluent  
foci of demyelination, scattered areas of coagula-
tive necrosis, astrocytosis, and, occasionally,  
dystrophic calcification.75 

Chronic Methotrexate-Induced  
Leukoencephalopathy

Leukoencephalopathy is the most common 
delayed central nervous system (CNS) effect of 
MTX. It is associated with multiple prior doses  
of intra-CSF or high-dose intravenous MTX, 
prior or concurrent provision of whole brain irra-
diation, and age greater than 60 years at the time 
of methotrexate treatment. The most significant 
risk factor is the provision of cranial irradiation 
before or during MTX therapy. The risk for  
leukoencephalopathy is less than 2% in patients 
receiving intravenous MTX alone, compared to 
approximately 45% in patients receiving intra-
thecal and intravenous MTX and brain irra-
diation.76 Combined chemoradiotherapy for the 
treatment of primary central nervous system lym-
phoma demonstrates an overwhelming risk of 
dementia in patients more than 60 years of age.77,78 
However, treatment approaches without the use 
of radiation have not reported this complica-
tion.79,80 Symptoms manifest months to years  
following methotrexate provision and include 
personality or behavioral change and global cog-
nitive impairment, often progressing to severe 
dementia, quadriplegia, gait apraxia, and inconti-
nence. Coma and death can eventually occur. 
Brain imaging studies show diffuse white matter 
hyperintensities most prominent in the corona 
radiate, cortical atrophy, and ex-vacuo ventricu-
lomegaly. The histopathologic spectrum seen in 
chemotherapy/radiation-induced leukoencepha-
lopathy ranges from myelin pallor with foamy 
macrophages and gliosis to severe vasculitis and 
necrosis.81,82 The prognosis of patients developing 
late neurotoxicity is poor, with a 50% risk of  
death at 12 months despite continued remission 
of cerebral lymphoma.

Carmustine

Carmustine (BCNU)-mediated encephalopathy 
has been observed months following intravenous 
doses greater than 1,200 mg/m2.83,84 More signifi-
cant, however, is the neurotoxicity associated 
with intra-arterial BCNU. Once quite popular, 
intracarotid infusion of BCNU has been largely 
abandoned due to unacceptable toxicity. Patients 
frequently reported ipsilateral eye, neck, and head 
pain following the procedure. Infraophthalmic 
carotid artery infusion is associated with the  
formation of retinal and choroidal emboli and 
thrombosis, producing optic neuropathy and 

retinopathy.85 Subclinical retinal rod and cone 
dysfunction was also documented in the majority 
of patients in one series.86 More significant, how-
ever, was the fairly common development of a 
potentially life-threatening necrotizing leukoen-
cephalopathy.87–89 In one series, delayed cerebral 
necrosis occurred in 80% of patients receiving 
supraophthalmic intra-arterial carotid BCNU 
infusions.85 Generally 1 to 6 months following 
intra-arterial BCNU therapy, patients presented 
with seizures, altered mental status, and focal 
neurologic deficits. Unrelenting symptom pro-
gression leading to coma and death was often 
seen. Imaging revealed predominantly non-
enhancing white matter edema and mass effect 
within the vascular territory of the injected artery. 
Pathological examination of brain tissue in 
patients succumbing to the disorder revealed 
either miliary foci of necrosis and mineralizing 
axonopathy or more diffuse confluent necrotizing 
leukoencephalopathy changes within the white 
matter of the treated vascular distribution.

Cisplatin

Encephalopathy as a complication of cisplatin 
therapy is more common with intra-arterial  
drug administration than intravenous drug 
administration. Cisplatin-induced encephalo-
pathy is often characterized by focal brain  
dysfunction, in particular cortical blindness, and 
seizures. Imaging findings resemble reversible 
posterior leukoencephalopathy syndrome.90 
Symptoms occur during, immediately after, or as 
long as 10 days following cisplatin infusion. Drug-
induced encephalopathy must be differentiated 
from that precipitated by the hydration preceding 
cisplatin treatment, electrolyte imbalance (hypo-
magnesemia and hypocalcemia), nephropathy,  
or hyponatremia secondary to syndrome of  
inappropriate anti-diuretic hormone secretion 
(SIADH). In almost all reported cases, sponta-
neous symptom resolution occurs. Limited infor-
mation exists on recurrence with subsequent 
doses, but at least one report details readministra-
tion of drug without syndrome recurrence.91

Cytarabine

Encephalopathy is a well-recognized complica-
tion of high-dose intravenous cytarabine  
(ara-C). In contrast, intrathecal cytarabine- 
mediated encephalopathy is uncommon.92 Symp-
toms ranging from an altered level of consciousness 
to coma have been reported.93–95 Focal neurologic 
deficits may accompany diffuse cerebral symp-
tomatology, including visual loss, anosmia, hemi-
paresis, and myelopathy. Some have suggested 
that the appearance of focal neurologic deficits 
early on in the treatment course may be predic-
tive of those at risk for severe neurotoxicity.95  
Persistent dementia may follow concomitant 
radiation therapy and high-dose cytarabine.96

Fludarabine

A delayed progressive encephalopathy may occur 
at fludarabine doses greater than 40 mg/m2 per 
day.28 Cortical blindness, dementia, coma, and 
death can develop. Autopsy shows a diffuse  
necrotizing leukoencephalopathy. Toxicity may 
increase when fludarabine is combined with  
cytarabine.

Multifocal Inflammatory Leukoenceph-
alopathy Associated with 5-Fluorouracil 
and Levamisole
5-Fluorouracil (5-FU) given in combination with 
levamisole rarely produces a multifocal inflam-
matory leukoencephalopathy. Symptom onset 
generally begins 6 weeks to 5 months after initia-
tion of therapy.97 Over a period of several weeks, 
patients develop encephalopathy and focal  
neurologic deficits such as hemiparesis, ataxia, 
aphasia, and sensory loss. Acutely, neurologic 
signs and symptoms correlate with multiple  
contrast-enhancing periventricular white matter 
lesions.98–102 Even though these lesions appear 
similar radiographically to the acute demyelin-
ating lesions of multiple sclerosis, in the cancer 
population, they may be mistaken for brain 
metastases or infectious etiologies. In some cases, 
201thallium chloride single photon emission com-
puted tomography may provide a noninvasive 
method of distinguishing between a malignant 
and nonmalignant process. In other cases, stereo-
tactic brain biopsy may be necessary to establish a 
definitive diagnosis. The histopathologic findings 
are indistinguishable from multiple sclerosis and 
include areas of demyelination, perivascular lym-
phocytic infiltration, and relative axonal sparing.99 
Discontinuance of chemotherapy and the provi-
sion of corticosteroids results in gradual symptom 
resolution over weeks to months. Likewise, 
sequential imaging studies show loss of enhance-
ment followed by a decrease in lesion size.98,99,103 
Continued radiographic improvement was seen 
for at least 18 months in one reported case.98 It 
remains unclear whether or not the combination 
of 5-FU and levamisole, 5-FU alone, or levami-
sole alone is causative. Patients rechallenged with 
5-FU alone did not experience syndrome recur-
rence.104,105 Likewise, there are reports of patients 
tolerating continued levamisole therapy without 
5-FU or with reduced doses of 5-FU.99 One 
reported patient deteriorated with continued 
levamisole therapy.106 The pathogenesis of this 
multifocal inflammatory demyelinating syn-
drome is unknown. Proposed mechanisms 
include an immune-mediated process, as well as  
a levamisole-induced cell-mediated reaction to  
5-FU-induced direct myelin damage.

Encephalopathy can occur with 5-FU alone, 
manifesting weeks to months following initiation 
of 5-FU therapy and quickly resolving after  
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discontinuance of the drug.107 In addition, there is 
one report of an acute onset, severe encephalo-
pathy progressing to coma within 72 hours in a 
patient treated with a 5-FU-based chemotherapy 
regimen who was later found to have a severe 
dihydropyrimidine dehydrogenase (DPD)  
deficiency.108 Brain MRI was normal. Prompt 
symptom resolution coincided temporally with 
the provision of infusional thymidine. DPD is  
the rate-limiting enzyme responsible for 5-FU 
catabolism. DPD-deficient patients are often 
asymptomatic and remain undiagnosed until 
they present with unusually severe 5-FU medi-
ated toxicities. It is estimated that severe DPD 
deficiency may occur in as many as 3% of cancer 
patients.109,110 As such, patients should be appro-
priately evaluated for DPD if any untoward side 
effects of 5-FU manifest.

Interferons

Most CNS toxicities are seen with Interferon-a 
(IFN-a) and IFN-c. Neurobehavioral symptoms 
are the most common. Typically within the first 
week of therapy, patients manifest somnolence, 
personality changes, cognitive slowing, and  
headache.111 Symptoms appear to be dose- 
related, although age may also be a predisposing 
factor.112,113 Imaging studies are often normal, but 
may demonstrate periventricular white matter 
changes or non-specific white matter changes.111 
Electroencephalography demonstrates diffuse 
slow wave activity.114 Typically symptoms resolve 
without any specific intervention; however, some 
patients demonstrate persistent or progressive 
neurobehavioral symptoms.115,116

Interleukins

High doses of IL-2 and IL-1 have been associated 
with a mild diffuse encephalopathy characterized 
by headache, depressed mood, delusions, halluci-
nations, and mild cognitive dysfunction. Symp-
toms completely resolve within several weeks  
of the discontinuance of therapy. More signifi-
cant, however, is the rare recognition of a severe 
leukoencephalopathy following intraventricular 
or intravenous IL-2 treatment. The pathogenesis 
is unknown, but IL-2–stimulated release of neu-
roendocrine hormones and cytokines has been 
implicated.117

Reversible Posterior  
Leukoencephalopathy Syndrome
Reversible posterior leukoencephalopathy syn-
drome (RPLS) is a reversible encephalopathy with 
distinct clinico-radiographic features. It is char-
acterized by subacute onset of headache, cortical 
blindness, altered mental status, and seizures 
associated with symmetrical parieto-occipital 
region white matter edema. Hypertension  
inconsistently heralds symptom onset. There  

is increasing recognition of RPLS as a com-
plication of hematopoietic stem cell transplanta-
tion in both childhood and adult cancers. In 
addition, there are case reports of RPLS in  
adults during cytotoxic chemotherapy with 
single-agent90,118 and multiple-agent chemothera-
peutic regimens 119–121 utilizing cisplatin, cytara-
bine, doxorubicin, cyclophosphamide, vincristine, 
ifosfamide, and etoposide. RPLS has not been 
linked with a particular drug or mode of drug 
administration. This entity is also recognized with 
non-oncologic diagnoses such as renal failure, 
acute hyper tension, fluid overload, eclampsia, 
and immunosuppressive drug therapy.122,123 The 
primary mechanism is thought to be loss of  
cerebral autoregulatory vascular control with 
subsequent microvascular infarction, petechial 
hemorrhage, and fluid transudation. Control of 
hypertension, cerebral edema, and other inciting 
factors leads to complete or near complete 
symptom resolution within days to weeks.

Cognitive Dysfunction
A growing body of literature supports the hypo-
thesis that adult cancer patients experience cog-
nitive deficits associated with cancer treatments 
including cranial irradiation, conventional che-
motherapy, high-dose chemotherapy and hema-
topoietic transplantation, and biologic response 
modifiers. Patients often use the term “chemo-
brain” to describe their symptoms. The majority 
of published studies focus on the cognitive effects 
of adjuvant chemotherapy or high-dose chemo-
therapy with stem cell transplantation for the 
treatment of breast cancer. These retrospective, 
post-chemotherapy reports identify a subgroup 
of patients in which cognitive decline could be 
attributable to chemotherapy. The reported  
incidence of chemotherapy-related cognitive dys-
function in these studies ranges from 16 to 75%. 
Cognitive deficits may be seen during or shortly 
after treatment 124–126, approximately 2 years fol-
lowing treatment 127–129, and 10 years following 
completion of therapy.130 The development of 
cognitive deficits has not been linked to a partic-
ular drug. Cisplatin may have a long-term effect 
on cognitive function.131 In addition, implicated 
breast cancer regimens consist of numerous che-
motherapeutic agents, including 5-fluorouracil, 
epirubicin, cyclophosphamide, thiotepa, carbo-
platin, methotrexate, doxorubicin, paclitaxel,  
and vinblastine.

In four small studies of women receiving 
chemotherapy for breast cancer utilizing the  
High Sensitivity Cognitive Screen, the incidence 
of moderate or severe cognitive dysfunction 
ranged from 16 to 50%.126–129 Memory and  
concentration appear to be especially vulnerable  
to the effects of cancer therapy; however,  
subtle dysfunction has been reported in several 
cognitive domains, including verbal and  

nonverbal memory, information processing 
speed, and visuospatial processing. Patients 
receiving chemotherapy consistently score lower 
on performance tests compared to patients treated 
with local therapy. However, even so, they gener-
ally score within the normal range when com-
pared with published norms. As such, while 
meaningful to an individual patient, the cognitive 
effects of chemotherapy are relatively subtle.

Few prospective studies have been reported. 
No differences in Mini Mental Status Exami-
nation (MMSE) scores were seen in one  
hetero geneous cancer patient group comparing 
pretreatment and approximately 4 months into 
treatment.132 However, the MMSE is a screening 
measure designed to capture fairly gross cognitive 
dysfunction, such as dementia, and is not sensi-
tive to subtle cognitive abnormalities. One  
prospective, randomized, longitudinal trial evalu-
ated formal neuropsychometric testing pre- 
chemotherapy, and at 1- and 2-year intervals 
following chemotherapy. Overall, the reported 
results were consistent with previously reported 
conclusions that a subgroup of patients do expe-
rience subtle, but meaningful cognitive decline 
following chemotherapy.

The mechanism by which chemotherapy 
causes subtle cognitive deficits is unknown, and 
may differ from one chemotherapeutic agent to 
another. Likewise, it is uncertain if a particular 
chemotherapy drug or specific combinations of 
drugs are causative. Cognitive deficits might be 
attributable to a direct toxic effect on cerebral 
gray and white matter, microvascular injury,  
or secondary injury as a consequence an  
immunologic-mediated inflammatory response 
stimulated by the chemotherapy agent(s).

Drowsiness
Numerous chemotherapy drugs are associated 
with drowsiness and fatigue. However, it is often 
unclear whether or not these symptoms reflect 
inherent drug effect, or the side effects from a 
multitude of confounding factors. In some cases, 
the drug is clearly causative. Thalidomide is the 
prototypic example. Somnolence is the most 
common acute side effect of thalidomide, noted 
in approximately 50% of patients. This dose-
dependent symptom is generally mild and may be 
ameliorated by timing drug administration near 
bedtime. Many patients develop tachyphylaxis to 
this side effect after 2to 3 weeks of therapy. 
Rebound insomnia after cessation of thalidomide 
has been reported.133

Seizures
Chemotherapy-related seizures may occur as  
an isolated symptom or as part of a generalized 
encephalopathy. They may represent a direct 
effect of the drug, or result from a drug-induced 
metabolic derangement or a chemotherapy  
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drug-anticonvulsant medication interaction.  
Seizures may accompany chemotherapy-induced 
aseptic meningitis. In addition, they have been 
reported in association with intra-arterial chemo-
therapy injection. Structural brain lesions and a 
preexisting history of seizures are risk factors. 
However, in this setting, the contribution of  
the chemotherapeutic agent(s) is often unclear. 
Seizures have been reported with cisplatin, vin-
cristine,134 5-FU,135 l-asparaginase,136 cytarabine,28 
and thalidomide.22

Most often, seizures are related to metabolic 
abnormalities. Cisplatin is a notorious cause of 
metabolic derangements. Approximately 60% of 
patients receiving cisplatin develop hypomagne-
semia and secondary hypocalcemia from impaired 
magnesium reabsorption in the proximal renal 
tubule.137 Hyponatremia secondary to SIADH 
may occur.138 In addition, seizures can also result 
from water intoxication/cerebral edema due to 
the hydration before and after cisplatin infusion.

Chemotherapeutic agents can also alter the 
pharmacokinetics of enzyme-inducing anticon-
vulsant medications. Cisplatin can decrease phe-
nytoin levels, and doxorubicin and cisplatin can 
reduce carbamazepine and valproic acid levels.139 
Furthermore, 5-FU and high-dose tamoxifen  
can cause elevations in phenytoin levels and  
subsequent drug toxicity.139

Cerebellar Syndromes
Acute cerebellar syndromes are caused by only a 
few drugs, mainly cytarabine and 5-fluorouracil. 
Cerebellar syndromes caused by high dose ara-C 
and 5-fluorouracil have in common a dose-related 
incidence, symptom resolution with discontinu-
ance of the drug, and the occasional presence of a 
transient ocular palsy.

Cytosine Arabinoside (Cytarabine, Ara-C)

High-dose ara-C is associated with an irreversible 
cerebellar syndrome as well as reversible cere-
bellar abnormalities. Dose-limiting cerebellar 
toxicity occurs at cumulative doses exceeding  
48 g/m2; however, individual doses >3g/m2 may 
be more significant than the cumulative dose. 
Regimens providing 3 g/m2 every 12 hours for 8 
to 12 doses produce an acute or subacute cere-
bellar syndrome in 10 to 25% of patients.93,140,141 
Additional risk factors include renal insuffi-
ciency,142 abnormal liver function (elevated trans-
aminase, total bilirubin, or alkaline phophastase),93 
age over 50 years,93,94 and underlying neurologic 
dysfunction. Of these, renal insufficiency seems 
to be the most significant.142

Several days after initiating therapy, patients 
may develop subtle signs of cerebellar dysfunc-
tion, including a mildly unsteady gait, nystagmus, 
or other oculomotor abnormalities. Extra-
cerebellar symptoms including somnolence,  
confusion, and, rarely, seizures may precede or 

coincide with the initial cerebellar dysfunction. If 
treatment is continued, progressive and poten-
tially disabling gait ataxia, appendicular ataxia, 
and dysarthria may develop. Following cessation 
of ara-C, maximal symptom recovery occurs 
within two weeks. The degree of recovery is 
inversely proportional to the severity and extent 
of cerebellar symptoms seen. Patients with a full 
cerebellar syndrome or significant disability, gen-
erally have irreversible symptoms. Conversely, if 
only some features of a full cerebellar syndrome 
develop and symptoms are mild, complete 
symptom recovery is often seen. If no significant 
cerebellar toxicity is seen, a second course can  
be safely administered.93 Imaging studies may  
initially show white matter abnormalities within 
the cerebellum, and later demonstrate cerebellar 
atrophy. Pathologically, Purkinje cell drop- 
out, loss of neurons in the dentate nucleus, and 
proliferation of Bergmann cells is seen.140 

5-Fluorouracil

5-Fluorouracil–induced neurotoxicity is rare with 
conventional drug dosing. However, with high-
dose therapy (>15 mg/kg/week), an acute  
cerebellar syndrome indistinguishable from that 
produced by ara-C is seen in approximately 2% of 
patients.143 The concomitant provision of allopu-
rinol, N-phosphonoacetyl-l-aspartate (PALA), 
thymidine, and levamisole may enhance 5-FU 
neurotoxicity.28 Symptoms generally manifest 
weeks to months following initiation of chemo-
therapy and are reversible with discontinuation 
of the drug or a reduction in the dosage. If  
additional 5-FU is provided, symptoms may 
recur.144,145

Movement Disorders
Movement disorders are rarely reported in  
conjunction with chemotherapeutic agents. 5-
Fluorouracil may cause focal dystonia and  
parkinsonian symptoms, likely due to basal gan-
glia dysfunction.146,147 Reversible athetosis, ataxia, 
and parkinsonian symptoms have been reported 
following vincristine administration.148,149 Addi-
tionally, one patient who received high doses of 
cytarabine developed a parkinsonian syndrome 
that resolved within 12 weeks of drug discontinu-
ance.150 Cytarabine is also associated with painful 
leg, moving toes syndrome.28

Visual Symptoms
There is increasing recognition of eye and visual 
pathway toxicity from chemotherapeutic agents. 
Of the orbital structures, the retina seems particu-
larly vulnerable; but chemotherapy-related tox-
icity can involve any component of the eye. Visual 
toxicity often accompanies more widespread 
cerebral dysfunction, manifesting as visual field 
deficits or cortical blindness. Intrathecal drug 

administration is associated with optic neuro-
pathy. In addition, retinopathy is a prominent 
complication of intracarotid drug administra-
tion. Visual complications range from transient 
eye irritation to irreversible blindness. When 
studied prospectively, subclinical abnormalities 
are often reported. This underscores the need for 
surveillance ophthalmologic examinations in 
patients receiving drugs with known ocular tox-
icity. Overall, the majority of ocular symptoms 
are mild, and, often, visual function is maintained 
following treatment.

Cisplatin

Intravenous cisplatin rarely causes papilledema, 
retrobulbar neuritis, or retinal cone dysfunc-
tion.151,152 In addition, the focal neurologic symp-
toms seen with cisplatin-induced encephalopathy 
may include homonymous hemianopia and  
cortical blindness. More commonly, visual  
symptoms complicate intra-arterial cisplatin 
infusion.

Intra-arterial infusion of cisplatin into the 
common carotid artery produces cranial neuro-
pathies in approximately 6% of patients.153 Any 
cranial nerve may be affected by itself or in com-
bination. Ocular toxicity is in part contingent 
upon placement of the intra-arterial catheter. If 
drug is delivered proximal to the origin of the 
ophthalmic artery (infraophthalmic), clinically 
significant ipsilateral visual loss occurs in up to 
60% of cases.86 Ipsilateral and, sometimes, bila-
teral retinal infarcts and frank retinal necrosis 
may occur.86. There is one report of a patient 
developing a cavernous sinus syndrome following 
intra-arterial cisplatin infusion.85 Supraoph-
thalmic intra-arterial carotid drug delivery spares 
ocular complications, but is associated with cere-
bral toxicity. Visual symptoms are particularly 
common and include cortical blindness and visual 
field deficits. Additional complications include 
headache (HA), confusion, and seizures.154 Many 
patients will recover within a few weeks; however, 
some patients remain blind or have permanent 
visual field deficits.

Nitrosureas

Oral lomustine (CCNU) when used in conjunc-
tion with low-dose cranial irradiation and/or  
possibly multi-agent chemotherapeutic regimens, 
may cause damage to ocular structures. Patients 
generally present with sudden-onset total blind-
ness followed in a few weeks by optic atrophy. 
Pathology from one reported case showed severe 
demyelination, axonal loss, and hyalinized  
vessels. Ocular structure damage due to low-dose 
cranial irra diation is exceedingly rare, further 
implicating CCNU as contributing factor.68

Retinal infarcts can occur following high-
dose intravenous or intracarotid carmustine 
(BCNU). The mechanism is likely fibrinoid 
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necrosis of vessels and necrotizing  
vasculitis.84,88,155

5-Fluorouracil

5-FU can cause oculomotor abnormalities, in 
particular vergence disturbances, and optic neu-
ropathy.111,156 Symptoms generally precede the 
development of typical features of 5-FU cerebellar 
neurotoxicity. Patients present with diplopia 
attributable to poor fusional capacity as a conse-
quence of convergence and divergence weakness. 
Extraocular muscle paresis may occur later in the 
clinical course. Discontinuance of drug facilitates 
complete or near complete recovery in most 
patients. Recurrent oculomotor abnormalities 
may occur if additional 5-FU is provided.156  
Generally, each subsequent episode increases in 
severity and duration. Symptoms likely represent 
5-FU–mediated neurotoxicity at the level of the 
brainstem.156 Additional ocular toxicities include 
a presumed toxic optic neuropathy. Fluorocitrate, 
a breakdown product of 5-FU metabolism  
and potent inhibitor of Krebs cycle, has been 
implicated in the pathogenesis of this  
syndrome.157 

Cyclophosphamide

Blurring of vision, interfering with a patient’s 
ability to read, can occur minutes to hours  
following the provision of high-dose cyclophos-
phamide therapy.158 Recovery generally mirrors 
time to onset, and complete symptom resolution 
is seen hours to days. Continuation of cyclophos-
phamide therapy does not result in symptom 
recurrence. No abnormalities have been detected 
on ophthalmologic examination, but often  
symptoms have resolved prior to evaluation.

Cytarabine

Cytarabine rarely produces reversible ocular  
toxicity, including blurred vision, photophobia, 
burning eye pain, blindness, Horner syndrome, 
and reversible bilateral lateral rectus palsies. Optic 
nerve damage from intrathecally administered 
cytarabine, when severe, can result in blindness.

Vincristine

Visual loss is occasionally reported when vin-
cristine is used in conjunction with multiple  
chemotherapeutic agents.159–162 In addition,  
vincristine may cause cortical blindness.163  
Spontaneous recovery was seen in all of the 
reported cases. However, one patient developed 
recurrent symptoms with repeated vincristine 
administration.

Methotrexate

High-dose, intrathecal methotrexate therapy, 
often in conjunction with cranial irradiation  

and/or multiple chemotherapeutic agents, may 
produce visual loss.164–166 No cases have been 
reported with intravenous methotrexate.

Tamoxifen

Infrequently, tamoxifen produces ocular toxicity 
involving the cornea, retina, or optic nerve. 
Ocular symptoms are more common in patients 
treated with high daily doses or high cumulative 
tamoxifen doses, but have been reported with 
standard doses as well.167 Symptoms may be 
reversible if recognized early on in the disease 
process.

High-dose Multidrug Chemotherapy

High-dose multidrug chemotherapy regimens 
provided with hematopoietic stem cell support, 
in particular in breast cancer patients, have been 
associated with cognitive dysfunction and oph-
thalmologic disorders, including retinopathy, 
optic neuritis, and, rarely, cortical blindness.81 
Patients report decreased visual acuity, visual  
field abnormalities, or frank visual loss. Ocular 
symptoms can involve one or both eyes  
simultaneously or sequentially.81 

Hearing Loss
Cisplatin

Cisplatin commonly produces dose-dependent 
ototoxicity due to peripheral receptor (hair cell) 
loss in the organ of Corti. Transient tinnitus is 
often the first symptom to appear, but persistent 
tinnitus is uncommon, affecting only about 7% of 
patients.168 Subclinical high-frequency hearing 
loss (4,000 to 8,000 hertz[Hz]) is detected by 
audiometry in approximately 70% of patients. 
However, symptomatic hearing loss within fre-
quencies important for speech discrimination 
(500 to 3,000 Hz) is less frequent, occurring in 
roughly 10% of patients.168.

Prior cranial irradiation,169 concurrent pro-
vision of ototoxic drugs,168,170 young age, and the 
presence of a CNS neoplasm potentiate cisplatin-
induced hearing loss. The risk of substantial 
hearing loss is proportional to the cumulative  
cisplatin dose, and is nominal at cumulative doses 
<540 mg/m2.169,171 Furthermore, the presence of 
high-frequency hearing loss is fairly predictive of 
the risk of hearing loss within speech frequencies. 
If high-frequency hearing loss is present, a patient 
is at substantial risk of developing symptomatic 
hearing loss with the provision of two to four 
additional courses of cisplatin if no cranial irra-
diation has been provided, or with the provision 
of one additional course of cisplatin if the patient 
was previously treated with cranial irradiation.169 
As such, routine hearing screening is recom-
mended at doses exceeding 360 mg/m2.171 
Recovery of hearing loss is unlikely169,171; however, 

acceptable hearing thresholds can often be 
achieved with hearing aids. Thus, the develop-
ment of ototoxicity does not necessarily mandate 
discontinuance of cisplatin therapy in those 
patients with clear anti-tumor benefit from the 
drug.

Cisplatin may also cause a vestibulopathy, 
which may or may not be associated with hearing 
loss. Symptoms include vertigo and ataxia. 
Patients frequently complain of difficulty walking 
in the dark and on uneven surfaces. Patients with 
abnormal or asymmetric vestibular function prior 
to initiating chemotherapy may be particularly at 
risk.172 Vestibulopathy seems to be cumulative-
dose–dependent with the greatest risk occurring 
at cumulative doses >400 mg/m2.172 Prior use  
of aminoglycosides may exacerbate the  
vestibulopathy.168,172

Aseptic Meningitis
Aseptic meningitis is a well-recognized and usu-
ally transient complication of intra-cerebrospinal 
fluid (intra-CSF) chemotherapy. It has also been 
reported following intravenous cytarabine.28 This 
side effect occurs in 5 to 40% of patients after 
intra-CSF methotrexate administration, and in 
approximately 10% of patients following intra-
CSF cytarabine administration. Symptoms are 
more frequent following lumbar injection com-
pared to intrathecal injection. Symptoms of head-
ache, nuchal rigidity, back pain, nausea or emesis, 
fever, and lethargy generally manifest 2 to 4 hours 
after intra-CSF drug administration and last 12 to 
72 hours. Seizures and subacute encephalopathy 
are rarely seen.92,173 Aseptic meningitis may follow 
the first, or any subsequent, intra-CSF drug injec-
tion, although, once it occurs, patients usually do 
not experience difficulty with continued injec-
tions. CSF evaluation reveals a lymphocytic pleo-
cytosis and elevated protein. This syndrome 
differentiates itself from bacterial meningitis by 
time of onset relative to injection. Once symp-
toms occur, only supportive care is indicated. 
However, the concurrent provision of corticoste-
roids, either injected intrathecally with the  
chemotherapeutic agent or orally is preventative.

Stroke and Other Vascular  
Complications
Cerebrovascular complications of chemotherapy 
may be the result of a direct toxic insult to blood 
vessels, or represent an indirect effect of chemo-
therapy on the vascular system. For instance, 
doxorubicin-induced cardiomyopathy and sub-
sequent thrombus formation can lead to stroke. 
Stroke is most commonly seen in the setting of 
multidrug regimens, making it difficult to deter-
mine the primary culprit. The pathogenic mecha-
nisms appear quite diverse, and in many cases 
unknown.
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Cisplatin

Cisplatin has been associated with vascular  
toxicity including myocardial infarction, cerebro-
vascular ischemic events, hypertension, and 
Raynaud’s phenomenon. Vascular complications 
are most common when cisplatin is administered 
in combination with other agents, but they have 
also been reported following cisplatin mono-
therapy.174–178 Some patients present during the 
course of chemotherapy. However, in others, 
strokes occur months following completion of 
therapy.178 Angiograms may be normal or show 
focal vessel occlusion. It is unclear whether  
vascular toxicity results from cisplatin-induced 
endothelial injury, hypomagnesemia-induced 
vasospasm, or coagulopathy. Other agents  
provided concomitantly with cisplatin as part of 
multidrug regimens may also contribute to  
vascular toxicity.

Carmustine

Intra-arterial infusion of BCNU is associated with 
a vasculopathy of the carotid, ophthalmic, retinal, 
and choroidal arteries, with arterial emboli or 
thrombosis, or both, in up to 80% of patients.85

l-Asparaginase

Cerebral venous and dural sinus thrombosis, 
cerebral venous infarction, and/or cerebral hem-
orrhage occur in 1 to 2% of patients treated with 
l-asparaginase.179 Arterial infarcts are notably 
absent.179,180 These vascular complications are 
more frequent at higher drug doses; however, a 
clear dose-dependency has not been established. 
l-asparaginase hydrolyzes asparagine to aspartic 
acid, depleting asparagine and inhibiting protein 
synthesis. This leads to the depletion of plasma 
proteins, including those involved in coagulation 
(anti-thrombin III, protein C and S, fibrinogen, 
and factors IX and XI) and fibrinolysis (plas-
minogen).181 Elevation of serum prothrombin 
time (PT), partial thrombin time (PTT), and 
thrombin time is routinely seen during treatment 
in most patients but is not thought to have clinical 
significance.180 Hemorrhagic events generally 
occur early on in the course of therapy, and 
thrombotic events are typically seen after 5 days 
to several weeks of therapy.179 On occasion, 
thrombotic complications do not manifest until 
treatment is completed. Presenting signs and 
symptoms of cerebral venous and dural sinus 
thrombosis include severe headaches, seizures, 
altered mental status, focal neurologic deficits, 
and papilledema. Routine imaging studies may 
implicate venous sinus thrombosis or demon-
strate secondary complications, such as venous 
infarcts or cerebral hemorrhage. However, defin-
itive diagnosis is typically established by CT  
venogram or MR venogram demonstrating clot 
in cerebral sinuses.

Treatment is controversial. In the absence  
of hemorrhage, most recommend heparin  

anticoagulation, but others provide fresh frozen 
plasma to prevent clot extension.179,181 Most 
patients, even those with cerebral hemorrhage, 
fully recover.179 No patient has ever been reported 
to have a second cerebrovascular event with  
continued l-asparaginase therapy, either with  
or without prophylactic pretreatment, but many 
propose prophylactic pretreatment with fresh 
frozen plasma or heparin.

Bleomycin

Bleomycin, especially when used as part of a  
cisplatin-based chemotherapy regimen, has been 
rarely associated with delayed cerebral and myo-
cardial infarcts. It is unclear which drug is specifi-
cally at fault, although bleomycin is thought to  
be the main culprit. The specific mechanism is 
unknown, although hypomagnesemia may be a 
risk factor.28

Other Chemotherapy Agents

Other chemotherapeutic agents have been rarely 
associated with cerebrovascular disorders.  
Cerebral infarcts are rarely reported with 5- 
fluorouracil.182 Likewise, there is one reported 
case of carboplatin-induced thrombotic micro-
angiopathy that resulted in numerous small  
cortical infarcts, coma, and death.28 Necrosis  
and hemorrhagic cerebral infarcts occasionally 
follow intracarotid doxorubicin injection  
when provided in conjunction with osmotic 
blood-brain-barrier opening.28

Spinal Cord Syndromes
Lhermitte’s Sign

Lhermitte’s sign, characterized by paresthesias or 
electrical shock–like sensations in the back and 
extremities precipitated by neck flexion, is seen in 
20 to 40% of patients receiving cisplatin. In some 
cases, arm abduction precipitates distal paresthe-
sias, suggesting traction on a demyelinated bra-
chial plexus.28 Symptoms typically develop during 
or after several weeks of treatment.183 A sensory 
neuropathy often precedes the development of 
Lhermitte’s sign. Rare reports of myelopathy 
exist.184 Proposed mechanisms include transient 
demyelination of the posterior columns170 or toxic 
insult to the central processes of the dorsal root 
ganglion cells, which travel in the dorsal col-
umns.181 Lhermitte’s phenomenon is generally 
not associated with chemotherapeutic agents 
other than cisplatin, although two patients did 
develop Lhermitte’s sign following docetaxel 
administration.37

Myelopathy

One of the most emphasized complications of 
intrathecal chemotherapy is myelopathy, which is 
reported for both methotrexate and ara-C, either 
alone or in combination. Even though this  

complication is rare, it has the potential for severe 
and persistent neurologic disability and even 
death. In fact, the provision of intrathecal vincris-
tine is contraindicated due to the occurrence of 
fatal myeloencephalopathy.185

Methotrexate   Methotrexate-induced mye-
lopathy is generally seen following several intra-
thecal treatments. Symptoms typically manifest 
half an hour to 48 hours following intrathecal 
drug, but can be delayed for 2 weeks.186 Clinically, 
patients present with back or leg pain, followed  
by progressive weakness of the legs, ascending 
sensory loss, and sphincter dysfunction. In severe 
cases, progressive quadriplegia, brainstem dys-
function, and death can occur. Concurrent provi-
sion of radiation, presence of active CNS leukemia, 
or frequent MTX treatments appear to increase 
risk. Gadolinium enhancement of the anterior 
nerve roots of the cauda equina has been reported 
in three patients presenting with progressive, flac-
cid weakness of the lower extremities.187 Elevated 
CSF IgG synthesis and myelin basic protein has 
been reported.187,188 Symptoms are often transient, 
but variable clinical improvement is seen.189,190 
The pathologic changes are maximal in the outer 
one-third of the spinal cord, similar to the 
expected penetration of intrathecal drug. Vacuo-
lar myelin loss, axonal swelling, and necrosis  
in the absence of inflammation is reported.191  
The pathogenesis is unknown, but may be an 
idiosyncratic drug reaction.28 

Cytarabine   Rarely, intrathecal cytarabine 
administration causes a transverse myelopathy 
identical to that seen with intrathecal methotrex-
ate. Symptoms present acutely generally weeks to 
months following initiation of intrathecal cytara-
bine.192. In two reported cases, clinical symptoms 
and pathologic changes extended beyond the 
spinal cord into the brainstem producing a 
locked-in syndrome in one patient193 and edema, 
cerebrospinal fluid outflow obstruction, and a 
herniation syndrome in another patient.188 Risk 
factors for the development of myelopathy include 
concurrent intravenous ara-C, prior or concur-
rent intrathecal (IT) MTX, or prior or concurrent 
radiation therapy to the spinal cord, and daily 
drug administration.92 Most patients recover 
spontaneously, but symptoms may be irreversible 
and fatalities have been reported.92,192–195 Histo-
pathologically, widespread spinal cord and nerve 
root demyelination, white matter microvascuol-
ization, and axonal swelling are seen.192,196,197
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Paraneoplastic Neurologic Disorders
Steven Vernino, MD, PhD

The term paraneoplastic literally means “around 
or near cancer.” Paraneoplastic syndromes are 
remote medical complications of cancer that 
cannot be attributed to direct effects of the neo-
plasm or its metastases. Paraneoplastic syndromes 
can affect almost any organ system. In a broad 
sense, common problems like fatigue, opportu-
nistic infections, and side effects of chemotherapy 
and radiation could be considered paraneoplastic 
syndromes. Other paraneoplastic disorders are 
related to inappropriate production of secreted 
compounds by the tumor, leading to hypercalce-
mia, hyponatremia, hyperadrenalism, or cancer-
associated coagulopathy. Organs distant from the 
tumor can also be affected when a malignancy 
stimulates tissue-specific autoimmunity. The 
most dramatic example of cancer-related autoim-
munity is the paraneoplastic neurologic disorder 
(PND).

Patients can spontaneously mount an effec-
tive anti-cancer immune response, particularly 
when malignancy cells spread early to regional 
lymph nodes. The immune response to cancer is 
certainly important, and there is great interest in 
developing treatments that stimulate anti-tumor 
immunity. In several clinicopathologic studies, 
tumors that are heavily infiltrated with lympho-
cytes have a better prognosis.1,2 However, in rare 
cases, a vigorous anti-tumor immune response 
may become misdirected and cause damage in 
remote tissues, including the nervous system.

Paraneoplastic neurologic disorders have 
been recognized for over 50 years, since the first 
descriptions of sensory neuronopathy and limbic 
encephalitis.3,4 Recent evidence indicates that 
most of the recognized PNDs are a consequence 
of an autoimmune response to cancer. A prevail-
ing theory is that this occurs when tumor cells 
inappropriately express onconeural proteins  
that are usually restricted to the nervous system. 
Tumors of neuroendocrine lineage, small-cell 
lung carcinoma for instance, often express  
neuronal nuclear, cytoplasmic or membrane  
proteins.5–7 These neuronal antigens expressed  
in an abnormal environment may stimulate  
paraneoplastic neurologic autoimmunity through 
a variety of mechanisms. In addition to tumor  
factors, many patients with PND have a personal 
or family history of other autoimmune  
conditions. Cytotoxic T-cells are thought to be 

the principal effectors,8 presumably by recogniz-
ing autoantigens in the context of MHC Class I 
on both tumor cells and neurons. Antibodies 
against the same or similar antigens may be  
produced as well, but these autoantibodies are 
usually not directly pathogenic. The autoimmune 
attack on the nervous system, although misdi-
rected, is characteristically highly specific for  
one or more cell types or regions of the nervous 
system. In other words, these syndromes are not 
associated with systemic or widespread neuro-
logic inflammation. When reported, the neuro-
pathologic findings in PND are often rather 
non-specific (Figure 1).9,10

General Principles

PND can affect any part of the nervous system 
and often affects multiple levels of the nervous 
system simultaneously (Table  1). Some PNDs 
have unique clinical characteristics and should be 
easily recognized (eg, paraneoplastic cerebellar 
degeneration, sensory neuronopathy, and limbic 
encephalitis). However, similar or identical syn-
dromes may also occur, in the absence of cancer, 
as idiopathic autoimmune disorders or due to 

other causes.11,12 Furthermore, the presentation of 
PND may be indistinguishable from common 
neurologic disorders (eg, peripheral neuropathy, 
myasthenia gravis, motor neuron disease, and 
myelitis). In these cases, the association with 
cancer may be under-recognized because of the 
absence of clinical suspicion.

Because PND can affect any part of the  
nervous system, the symptoms and signs of the 
disease can be quite varied. However, certain fea-
tures are typical. Most PNDs have a subacute and 
progressive course. The neurologic symptoms 
typically develop over weeks or months, but can 
progress more rapidly (over a few days) in some 
cases. The median age of onset is around 65 years, 
but with a wide range. There is a strong female 
predominance (about 2:1) even when cases of 
gender-specific tumors (breast, ovary, and testes) 
are not considered.13,14 In the majority of cases, 
there is no prior history of cancer, and the neuro-
logic illness precedes the diagnosis of cancer.  
Misdiagnosis or delay in diagnosis of PND is 
common. The initial intensive search for malig-
nancy may be unrevealing, which may put the 
diagnosis of PND in question. In some cases, 
non-specific symptoms (fever, fatigue, anorexia, 

FiGure 1  Neuropathologic findings in paraneoplastic limbic encephalitis. The pathological changes in para-
neoplastic disorders of the central nervous system are non-specific. Common findings regardless of the site of 
pathology include (A) perivascular lymphocytic infiltration, gliosis and (B) microglial nodules. The lymphocytic 
infiltrate is composed predominantly of T-cells. Similar findings can be seen in viral encephalitis. Adapted from 
Vernino et al.10
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breast carcinoma. Usually, the onset of symptoms 
precedes the diagnosis of cancer or heralds a 
cancer recurrence. Autoantibodies reactive 
against the cytoplasm of cerebellar Purkinje cells 
(Purkinje cell antibody-type I [PCA-1] or “anti-
Yo”) may be found in the serum or cerebrospinal 
fluid (CSF) as markers of these tumors. Imaging 
of the breast and pelvis and measurement of 
tumor biomarkers should be performed but  
may be normal. Thus, when PCA-1 antibodies are 
found, exploratory laparotomy is usually war-
ranted, even if imaging is negative.28 A poorly dif-
ferentiated adenocarcinoma may be identified 
involving the fallopian tube or peritoneal wall 
even if the ovaries are pathologically normal or 
surgically absent. PCD may also occur in the con-
text of other malignancies (small-cell lung carci-
noma or Hodgkin’s lymphoma) with different 
antibody markers (Table 2). The pathological 
outcome of PCD is a near complete loss of cere-
bellar Purkinje cells. Early in the disease course, 
imaging of the cerebellum is usually unremark-
able. Later, cranial MRI and CT show diffuse cer-
ebellar atrophy which corresponds to permanent 
neuronal loss.

Limbic encephalitis

Paraneoplastic limbic encephalitis (PLE) is  
characterized by the triad of short-term memory 
impairment, temporal lobe seizures and psychi-
atric symptoms (commonly depression, psycho-
sis or a change in personality). Two-thirds of 
patients have overt seizures (usually complex  
partial temporal lobe seizures) that may be dif-
ficult to control, and all patients show abnormali-
ties on electroencephalography.29 The differential 
diagnosis includes primary psychiatric illness, 
viral encephalitis, Creutzfeldt-Jacob disease,  
vasculitis, and non-paraneoplastic autoimmune 
encephalopathies.30 PLE may stabilize or partially 
improve following treatment of the cancer or 
treatment with immunomodulatory therapies, 
but most patients are left with residual memory  
impairment and seizures.

The pathology of PLE is focused in the 
anteromedial temporal cortex, hippocampus, and 
amygdala, although adjacent limbic structures 
(eg, the hypothalamus and insular cortex) may be 
involved, and the process may be quite asymettri-
cal.29 MRI typically shows non-enhancing signal 
changes in the mesial temporal lobes (Figure 2). 
Later in the disease course, marked hippocampal 
atrophy is associated with permanent cognitive 
impairment and epilepsy.

The most common tumors associated  
with PLE are small-cell lung carcinoma (SCLC), 
testicular cancer, breast cancer, and thymoma. 
Again, the syndrome usually occurs when the 
cancer is occult and limited in stage. A variety of 

and weight loss) and findings (such as hyponatre-
mia, anemia, or elevated sedimentation rate) may 
support the suspicion of occult malignancy. In 
patients with a previous history of cancer, the 
neurologic illness may herald cancer recurrence. 
When found, the tumors tend to be limited in 
stage and respond well to treatment.15 In fact,  
several reports suggest that patients with PND 
have a favorable cancer survival compared to 
those with identical tumors without PND.16–19 On 
the other hand, the neurologic response to treat-
ment tends to be poor (with some exceptions for 
specific syndromes) and patients are often left 
with significant neurologic disability.16,20,21 

Overall, paraneoplastic neurologic disorders 
are quite rare (estimated at 0.01% of cancer 
patients).22 Certain malignancies are more likely 
to be associated with PND. About 30% of patients 
with thymoma have some form of neurologic 
autoimmunity, mostly myasthenia gravis.23  
Small-cell carcinoma, most commonly arising in 
the lung, is associated with one or more PNDs in 
up to 3% of cases.24,25 Other malignancies with 

definite PND associations include gynecologic 
malignancies, arising from the breast, ovary,  
fallopian tube, and peritoneum, Hodgkin’s and 
non-Hodgkin’s lymphoma, testicular cancer, and 
neuroblastoma. PND occurs at a much lower  
frequency in patients with non-small cell lung, 
renal cell, uterine, and melanotic skin cancers. 
Many of the most common malignancies (adeno-
carcinoma of the colon or prostate, transitional 
cell bladder carcinoma, and skin carcinomas) are 
highly unlikely to be associated with PND. Case 
report associations of these cancers with neuro-
logic disease could be coincidental due to the high 
frequency of these malignancies. When one of 
these tumors is found in a patient with suspected 
PND, the search for a second malignancy should 
continue. Alternatively, the pathology of the 
tumor should be carefully examined for the pos-
sibility of mixed pathology with small-cell neuro-
endocrine features. Common primary tumors of 
the adult nervous system (glioma or meningioma) 
are essentially never associated with PND— 
it would also be very difficult to dissociate para-
neoplastic phenomena from direct effects of  
the tumor. All PND are rare, but several syn-
dromes are distinctive enough to warrant specific  
attention.

Paraneoplastic Cerebellar  
Degeneration

Paraneoplastic cerebellar degeneration (PCD) 
begins as mild unsteadiness of walking, which 
progresses to a severe cerebellar ataxia over a few 
weeks or months. In some cases, a more acute 
onset may be misdiagnosed as brainstem or  
cerebellar stroke. More insidious onset may lead 
to a diagnosis of an inherited and degenerative 
cause. The typical presenting features are dis-
abling incoordination of gait, trunk and limbs 
and an ataxic dysarthria. Often, severe vertigo 
and motion sickness with nausea, diplopia, nys-
tagmus and oscillopsia are early complaints. As a 
result, within a few months, most patients will 
lose the ability to walk or even sit independently, 
lose the ability to write, or feed themselves, and 
lose the ability to communicate effectively.19,20 
Dramatic tremors of the limbs and head  
(titubation) are typical. However, the syndrome 
usually remains restricted to the cerebellum. 
Strength, sensation, and cognition are not 
affected. Symptoms often stabilize spontaneously, 
but unfortunately, the usual outcome is irre-
versible severe ataxia and loss of independence.  
Severe depression is a commonly associated 
comorbidity.

It is estimated that 50% of patients with sub-
acute, severe, adult-onset ataxia have an underly-
ing malignancy. Many of the non-paraneoplastic 
cases are probably idiopathic autoimmune  
disorders.26,27 PCD is more common in women 
since the classical association is with ovarian or 

Table 1  Paraneoplastic Neurological Syndromes

Brain
Cerebellar degeneration19,20

Limbic encephalitis3,29

Brainstem encephalitis32 
Opsoclonus-myoclonus11,48

Chorea10

Eye and Cranial nerve
Optic neuritis33

Retinal degeneration49

Ageusia/anosmia10,42

Subacute hearing loss23

Spinal cord
Myelopathy50

Myelitis with rigidity and spasms (“stiff-person”  
 and “stiff-limb” syndromes)51,52

Motor neuronopathy53,54

Nerve
Sensory neuronopathy (Pure Sensory  
 Neuropathy)4,13

Sensorimotor peripheral neuropathy (subacute or  
 chronic)36

Painful or pruritic sensory neuropathy37

Pure motor neuropathy
Polyradiculoneuropathy (Guillain-Barré  
 Syndrome)55

Mononeuritis multiplex
Brachial plexitis
Autonomic neuropathy, gastrointestinal  
 dysmotility13,56

Neuromuscular junction / muscle
Lambert-Eaton myasthenic syndrome57

Myasthenia Gravis23

Dermatomyositis58

Neuromyotonia59

Multifocal Disorders  
 (Encephalomyeloneuropathies)
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autoantibody markers are associated with PLE, 
including antineuronal nuclear antibody-type 1 
(ANNA-1) and anti-Ma (see Table 2). The auto-
antibody findings are very useful in directing  
the search for occult malignancy, but up to 30% 
of patients with PLE and cancer have negative 
antibody studies.29 In those cases, a search for 
malignancy must be conducted according to the 
patient’s individual cancer risk factors.

Brainstem encephalitis

This syndrome is characterized by prominent  
eye movement abnormalities (vertical gaze  
palsy, ophthalmoplegia, double vision, complex 

nystagmus or other involuntary eye movements) 
often associated with disorders of sleep and  
wakefulness (including excessive somnolence or  
central sleep apnea). Other cranial nerve findings 
include ptosis, facial weakness, flaccid dysarthria, 
dys phagia, subacute hearing loss, and jaw or 
eyelid dystonia.31,32 Symptoms of brainstem 
encephalitis may also occur in combination with 
those of PLE, PCD, or opsoclonus-myoclonus. 
Brain MRI may be normal or may show brain-
stem abnormalities involving the medulla, pons, 
midbrain, or even rostrally into the hypothala-
mus and medial thalamus. Several different  
cancers have been associated with this syndrome, 
including SCLC, testicular, and breast cancer.

Opsoclonus-Myoclonus

Opsoclonus describes involuntary, random,  
high-amplitude, conjugate eye movements often 
associated with diffuse or focal myoclonus (invol-
untary brief muscle contraction causing jerks of 
the trunk or limbs). This syndrome was initially 
described in children with neuroblastoma (also 
known as “dancing eyes, dancing feet” syndrome). 
However, less than half of patients with  
opsoclonus-myoclonus have cancer. Other  
causes include viral encephalitis, drug intoxica-
tion and idiopathic autoimmune cause. Patients 
without cancer often make a good recovery and 
respond to treatment. Children with opsoclonus- 
myoclonus may also respond to well to adreno-
corticotropic hormone, prednisone and other 
immunomodulatory treatments. In children with 
neuroblastoma, the neurologic symptoms often 
improve following treatment of the tumor, and 
the cancer survival rate is excellent. However, 
many children are left with some degree of inco-
ordination or other neurologic deficits. In adults, 
this syndrome may coexist with features of PCD, 
PLE or brainstem encephalitis. In this situation, 
the presence of underlying malignancy (lung or 
breast cancer) is much more likely.

Paraneoplastic Chorea

Common movement disorders, such as essential 
tremor and parkinsonism, are very unlikely to 
occur as paraneoplastic neurologic manifesta-
tions of occult malignancy. However, the sub-
acute onset of generalized or focal chorea may 
represent a paraneoplastic neurologic disorder. 

Table 2  Neuronal Paraneoplastic Autoantibodies

Antibody Antigen(s) Tumor Associated syndromes

Neuronal nuclear and cytoplasmic antibodies*
ANNA-1 (anti-Hu)13,21 HuD, HuC, Hel-N1 SCLC Encephalomyelitis, sensory neuronopathy, autonomic and  
    sensorimotor neuropathies, ataxia
CRMP-5 (anti-CV2)42 CRMP-5 (66kD) SCLC or thymoma Encephalomyelitis, chorea, neuropathy, optic neuritis
PCA-1 (anti-Yo)19 CDR34 and CDR62 Ovarian or breast cancer Paraneoplastic cerebellar degeneration
Anti-Ma 32 Ma1 and Ma2 Lung, breast or testicular  Limbic and brainstem encephalitis
Amphiphysin 60 Amphiphysin Lung or breast cancer Encephalomyelitis, neuropathy, stiff-person syndrome
PCA-2 61 Unknown (280kD) SCLC Encephalomyelitis
ANNA-2 (anti-Ri)31 Nova  Lung or breast cancer Ataxia, opsoclonus-myoclonus, neuropathy
PCA-Tr (anti-Tr)62 Unknown  Hodgkin lymphoma Paraneoplastic cerebellar degeneration
ANNA-3 63 Unknown (170kD) SCLC Encephalomyelitis
Recoverin Recoverin SCLC Cancer-associated retinopathy

Ion channel antibodies
P/Q-type VGCC 43 Neuronal Ca++ channels SCLC (60%) Lambert-Eaton syndrome
N-type VGCC 43 Neuronal Ca++ channels Lung or breast cancer Encephalomyelitis, neuropathy
Muscle AChR 23 Muscle acetylcholine receptor Thymoma (15%) Myasthenia gravis
Ganglionic AChR 64 Neuronal acetylcholine receptor SCLC (15%) Autonomic neuropathy
VGKC 65 Neuronal K+ channels Thymoma or SCLC Neuromyotonia; limbic encephalitis
mGluR1 66 Metabotropic glutamate receptor Hodgkin lymphoma Paraneoplastic cerebellar degeneration

* Alternate nomenclature is indicated in parentheses
AChR = acetylcholine receptor; ANNA = antineuronal nuclear antibody; CDR = cerebellar degeneration related protein; CRMP-5 = collapsing response mediator protein antibody; mGluR1 = 

metabotropic glutamate receptor, type 1; PCA = Purkinje cell antibody; SCLC = small-cell lung carcinoma; VGCC = voltage-gated calcium channel; VGKC = voltage-gated potassium channel.

FiGure 2  Radiographic features of paraneoplastic limbic encephalitis. (A) Bilateral signal abnormality in the 
medial temporal/hippocampal cortex is the most typical finding. (B) The changes can be subtle, restricted and 
unilateral in some cases. The characteristic abnormalities are best appreciated on coronal fluid-attenuated 
inversion recovery (FLAIR) magnetic resonance imaging.29 (C) Findings on axial FLAIR findings can be easily 
missed, as in this case, which shows swelling and mild signal change in the left mesial temporal lobe (arrow-
head). (D) Gadolinium contrast enhancement is usually not conspicuous. When seen, the contrast-enhancing 
region (arrowhead) reflects only a small portion of the affected limbic cortex.29

g–
g–
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Chorea (or choreoathetosis) refers to involun-
tary, random, and coordinated but purposeless 
movements of one or more parts of the body. The 
patient may be unconcerned by or even unaware 
of the movements, and observers may attribute 
the movements to simple restlessness. Choreic 
movements of the body and limbs are often 
described as writhing and are much slower than 
myoclonic jerks. Chorea of the face (orofacial 
dyskinesia) can consist of excessive pursing of  
the lips or blinking and may be associated with a 
strained voice. Chorea in adults can have many 
causes, but subacute onset in a patient over 60 
years old and association with other neurologic 
symptoms (vision loss, limbic encephalitis or 
neuropathy) should strongly raise the possibility 
of a paraneoplastic disorder.10 Additionally, 
unlike other causes, paraneoplastic chorea may 
present asymmetrically.

Paraneoplastic chorea appears to be the result 
of a “striatal” encephalitis. Cranial magnetic reso-
nance imaging (MRI) may show characteristic 
transient non-enhancing signal abnormalities in 
the striatum, which consists of the caudate and 
putamen (Figure 3).10 The most commonly asso-
ciated malignancy is SCLC often associated with 
collapsing response mediator protein (CRMP-5) 
autoantibodies in serum and CSF.

Paraneoplastic Vision Loss

Progressive vision loss can occur as a paraneo-
plastic phenomenon although the exact incidence 
is unknown since non-specific visual complaints 

in cancer patients are fairly common. Subacute 
unilateral vision loss in the elderly must raise  
the possibility of ischemic, infectious or non- 
paraneoplastic inflammatory optic neuropathy. 
Paraneoplastic vision loss can present in a similar 
way with painless generalized or scotomatous loss 
of acuity, abnormalities of color vision or photo-
sensitivity. Most cases start as monocular vision 
loss that becomes bilateral within weeks or 
months. Two forms of paraneoplastic vision loss 
are recognized. Cancer-associated retinopathy 
(CAR) is associated with an abnormal electroret-
inogram and positive visual symptoms (sparkling 
lights, shimmering scotomata or color distor-
tion). Classically, CAR is associated with SCLC 
and with antibodies against any of several retinal 
antigens (most commonly the photoreceptor 
protein recoverin). Paraneoplastic optic neuritis, 
on the other hand, is often associated with a  
swollen, leaky optic disc, SCLC, and CRMP-5 
antibodies.33 

encephalomyelitis with rigidity
Stiff-person syndrome, first described in 1956,34 is 
a rare disorder characterized by muscle rigidity 
and spasms characteristically affecting the  
axial muscles. Patients have an inability to relax 
their muscles, hyperlordotic posture due to invol-
untary back extension, and exaggerated muscle 
responses to cutaneous and auditory stimuli.  
This classic form of stiff-person syndrome is more 
common in women and often associated with 
antibodies against glutamic acid decarboxylase 
(GAD)35 and with autoimmune diabetes. These 
patients usually do not have cancer and do not 
have any other paraneoplastic autoantibodies. 
They have a chronic disorder that may respond to 
immunosuppression or to treatment with high 
doses of benzodiazepines.

A similar disorder may occur in a paraneo-
plastic context. Various terms, including  
paraneoplastic stiff-person syndrome or enceph-
alomyelitis with rigidity, have been used to  
differentiate this entity from the classic syndrome. 
The best described association is with breast 
cancer and autoantibodies against amphiphysin, 
although the syndrome can occur with other  
cancers, and antibody tests may be negative 
despite a paraneoplastic cause. Clinical features 
that should increase the suspicion of a paraneo-
plastic disorder include stiffness and spasms that 
affect one limb much more than the axial muscles 
(sometimes referred to as “stiff-limb” syndrome), 
presence of diffuse rigidity coexisting with brain 
or spinal cord signs (encephalomyelitis with 
rigidity), the absence of GAD antibodies, and the 
lack of a response to benzodiazepines.

Sensorimotor Peripheral Neuropathy

Autonomic neuropathy and pure sensory  
neuropathy represent recognized paraneoplastic 

syndromes of the peripheral nerves and ganglia 
and are discussed separately below. Signs and 
symptoms of a peripheral sensorimotor neuro-
pathy (numbness in the feet and fingers or distal 
weakness) are very common in cancer patients. 
The incidence of paraneoplastic peripheral  
neuropathy, however, is unknown since cancer 
patients often have several plausible reasons  
to develop neuropathy including nutritional  
deficiencies and exposure to chemotherapeutic 
agents. Nevertheless, neuropathy may present 
well in advance of the cancer diagnosis and  
is arguably the most common paraneoplastic  
neurologic syndrome. In many cases, the charac-
teristics of a paraneoplastic peripheral neuro pathy 
are those of a mixed sensory and motor  
length-dependent axonal neuropathy indistin-
guishable from those of non-paraneoplastic 
causes that are commonly encountered in the 
neurology clinic. One study estimated that 4.5% 
of patients with unexplained adult onset axonal 
sensorimotor neuropathy have a malignancy.36 A 
few clinical features should increase the suspicion 
of PND. The onset of paraneoplastic neuropathy 
tends to be more rapid, with progression of symp-
toms, signs, and electrophysiologic changes over 
weeks or months. Pain is typical, and there may 
be unusual manifestations (such as intense itch-
ing reported in association with breast cancer).37 
On electrophysiological studies, there may be  
evidence of more widespread nerve involvement 
affecting nerve roots as well as peripheral nerves. 
Analysis of CSF may show mild abnormalities.

Paraneoplastic peripheral neuropathy has 
been associated with a number of cancers  
(small-cell and non–small-cell lung cancer, breast 
cancer and thymoma) and with several autoanti-
body markers (see Table 2), notably ANNA-1, 
CRMP-5 and N-type calcium channel antibodies. 
However, antibody studies can be negative in 
many patients with paraneoplastic peripheral 
neuropathy.36 

A demyelinating polyneuropathy occurs 
commonly in patients with the rare osteosclerotic 
form of plasmacytoma as part of the polyneuro-
pathy, organomegaly, endocrinopathy, M pro-
tein, and skin changes (POEMS) syndrome.38 
There are no specific antibody tests, although 
serum protein electrophoresis can detect the 
monoclonal protein, and a radiographic bone 
survey may reveal an osteosclerotic focus.  
Treatment of the tumor in these cases can lead  
to improvement in the neuropathy.

Paraneoplastic Sensory  
Neuronopathy

Progressive neuropathy that exclusively affects 
the sensory nerves has been termed pure sensory 
neuropathy, sensory ganglionopathy, or sensory 
neuronopathy. About 20% of cases of sensory 

FiGure 3  Radiographic features of paraneoplastic 
chorea. In many cases of paraneoplastic chorea,  
cranial T2-weighted and fluid-attenuated inversion 
recovery magnetic resonance imaging demonstrates 
signal abnormalities in the striatum (caudate and 
putamen). These areas do not enhance with gado-
linium and show no changes on diffusion-weighted 
imaging.10
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neuronopathy are paraneoplastic; the remainder 
are associated with systemic autoimmune disease 
(notably Sjögren syndrome) or toxin exposure or 
remain idiopathic. Initial symptoms may com-
mence in the upper or lower extremity and con-
sist of distal pain, numbness, and paresthesias, 
which can be asymmetric. Clumsiness and gait 
unsteadiness develops because of marked loss of 
joint position sense. This sensory ataxia is distinct 
from ataxia due to a cerebellar disorder; speech 
and eye movements are normal. When the patient 
closes the eyes, the loss of balance and coordina-
tion becomes much worse, and slow wandering 
movements of the digits or limbs (pseudoathe-
tosis) may be seen. Muscle stretch reflexes are  
usually absent. Often, the disorder progresses 
relentlessly over weeks or months and leads to 
significant disability—inability to walk or attend 
to basic needs. Because of marked insensitivity, 
the patient may be unaware of serious injuries to 
the extremities.

The pathological correlate of paraneoplastic 
sensory neuronopathy is destruction of neurons 
and inflammation in the dorsal root ganglia.  
Any of several paraneoplastic antibodies may be 
found, but the typical correlation is with ANNA-1 
(anti-Hu) antibody. SCLC is the most commonly 
associated tumor. Typically, the neurologic syn-
drome precedes the diagnosis of cancer, and the 
detection of cancer is often delayed by over a year 
despite close surveillance.

Paraneoplastic Autonomic  
Neuropathy

In other cases, paraneoplastic autoimmunity can 
specifically target the neurons and nerves of the 
autonomic nervous system and spare the motor 
and sensory nerves. The autonomic nervous 
system has myriad functions, including regula-
tion of body temperature, blood pressure, heart 
rate, urination, digestion, and sexual function. 
Complete or partial autonomic failure can be a 
troublesome or even life-threatening problem. 
Autonomic dysfunction has many causes, but 
many cases of subacute autonomic failure have an 
autoimmune basis, and some of these patients 
have an underlying malignancy. Common symp-
toms are syncope (due to orthostatic hypoten-
sion), heat intolerance (due to anhidrosis),  
dry mouth, severe constipation, and vomiting.  
The latter symptoms are due to abnormalities of  
gastrointestinal motility. A common presentation 
of paraneoplastic autonomic neuropathy is  
unexplained gastroparesis or intestinal pseudo-
obstruction. This presentation of PND may be 
unrecognized as the patient undergoes extensive 
and unrevealing gastrointestinal evaluations. 
When autonomic symptoms occur in concert 
with another neurologic syndrome (like PLE or 
sensory neuronopathy), a paraneoplastic cause 
should be strongly suspected.

The most common association is with SCLC 
and ANNA-1 (anti-Hu) antibodies. Many patients 
with SCLC and autonomic failure who do not 
have ANNA-1 have antibodies against the neuro-
nal ganglionic acetylcholine receptor.39 Mild 
abnormalities of autonomic function (dry mouth 
and impotence) are also present in a majority of 
patients with the Lambert-Eaton syndrome.

Myasthenia Gravis and  
Lambert-eaton Syndrome

These two disorders differ from the disorders 
described above in two important respects. First, 
these diseases are directly caused by antibodies 
that are also a specific diagnostic marker, and 
second, patients often respond well to treatment. 
Myasthenia gravis (MG) is the prototypical auto-
immune neurologic disorder. Patients present 
with fatiguable weakness that usually affects the 
eyes (causing ptosis and diplopia). Antibodies 
against acetylcholine receptors (AChR) at the 
neuro muscular junction cause the disease and 
can be detected in the serum in about 85% of  
MG patients. MG is generally not thought of as a 
paraneoplastic disorder, yet up to 15% of patients 
with MG have thymoma. MG has also been rarely 
associated with SCLC. The possibility of thymoma 
should be considered in any patient with a new 
diagnosis of MG, and certain antibody results 
should increase the suspicion of thymoma.23 The 
incidence of thymoma is highest when the onset 
of MG is at an older age. When present, thymoma 
can usually be detected with routine computed 
tomography of the chest. Although histologically 
benign, thymoma should be resected if possible 
since untreated thymoma can be invasive and 
locally metastatic. Unlike other PND, MG will 
usually respond to immunosuppressive drugs 
(such as steroids and azathioprine) and to symp-
tomatic treatment with acetylcholinesterase 
inhibitor (pyridostigmine) to improve neuro-
muscular transmission. Most MG patients will 
need some form of long-term treatment for  
MG even after thymectomy. Paraneoplastic MG 
is very difficult to control unless the thymoma is 
removed.

Like MG, Lambert-Eaton syndrome (LES)  
is an antibody-mediated disorder. Antibodies 
against P/Q-type voltage-gated calcium channels 
on the motor nerve terminal lead to inefficiency 
of neuromuscular transmission. LES is a paraneo-
plastic disorder associated with SCLC in about 
60% of adult patients. Patients with paraneo-
plastic LES usually present after age 40 with  
complaints of generalized weakness and fatigue.  
Back and proximal leg pain may be a prominent  
feature leading to a misdiagnosis of lumbar spinal 
stenosis. On examination, muscle weakness may 
be minimal and out of proportion to the patient’s 
complaints. A consistent finding is decreased or 

absent tendon reflexes. Many patients also have 
mild autonomic symptoms, consisting of dry 
mouth, constipation and impotence (in men). 
When LES is associated with SCLC, features of 
other neurologic syndromes may coexist, and 
other paraneoplastic antibodies may be detected 
in addition to calcium channel antibodies. If the 
cancer is found and treated, the symptoms of LES 
generally improve although rarely remit com-
pletely. Immunosuppression and other drugs 
(pyridostigmine and 3,4-diaminopyridine) are 
usually effective in improving strength.

Laboratory Findings

Since PND usually predates the diagnosis of 
cancer, and routine laboratory tests in patients 
with these disorders are usually normal, diagnosis 
of PND depends on clinical suspicion. In some 
cases, mild elevation of erythrocyte sedimenta-
tion rate, C-reactive protein or antinuclear  
antibody may provide a non-specific indicator of 
ongoing inflammation and autoimmunity. Ana-
lysis of CSF may be normal or show only mild 
lymphocytic pleocytosis and elevated protein. 
Oligoclonal bands and increased CSF immuno-
globulin c synthesis rate are seen in a minority of 
cases. The advent and expansion of paraneoplas-
tic serological testing in neurology has been a 
great help in diagnosing PND.

Paraneoplastic Autoantibodies 

The use and interpretation of antibody testing in 
suspected PND is an area of much confusion and 
intellectual debate. Furthermore, the number of 
antibodies associated with autoimmune neuro-
logic disorders has been growing steadily. Many 
small laboratories offer testing for individual 
paraneoplastic antibodies, but the major refer-
ence laboratories have moved toward offering 
comprehensive testing panels to improve sensi-
tivity and to relieve the clinician from the burden 
of having to keep up with this evolving field.  
Conceptually, it is useful to consider paraneo-
plastic antibodies in two distinct groups because 
the implications of testing differ.

Antibodies against Neuronal Nuclear 
and Cytoplasmic Antigens
The first group consists of antibodies directed 
against intracellular antigens in the nucleus  
or cytoplasm of neurons (see Table  2). In some  
cases, the protein antigen has been definitively 
identified, and testing using Western blot against 
recombinant protein is available. In other cases, 
the antibody is defined descriptively based on  
the pattern of immunohistochemical staining  
of brain sections. In most cases, the antibodies 
have been shown to recognize antigens both in  
neurons and in the appropriate tumor cells. It is 
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unlikely that these antibodies are directly patho-
genic since their specific antigens are intracellular 
and not readily accessible in living neurons.  
Furthermore, the antibodies often bind to a wide 
variety of neurons (ANNA-1, for example, binds 
to the nuclei of all neurons) even though the asso-
ciated clinical syndromes are usually restricted to 
a specific region or cell type of the nervous system. 
These antibodies are important as surrogate 
markers of a specific immune response to cancer. 
Because of these characteristics, neuronal nuclear 
and cytoplasmic antibodies are highly specific  
for the presence of cancer and also predictive  
of the cancer type. Nearly 90% of patients with 
ANNA-1 antibodies have SCLC,13 and over 90% 
of patients with PCA-1 have cancer (76% ovarian 
or related peritoneal tumors and 13% breast 
cancer).40 Thus, finding a neuronal nuclear or 
cytoplasmic antibody in a patient with a neuro-
logic syndrome should mandate a thorough eval-
uation for occult malignancy and close oncologic 
follow-up if cancer is not detected on the initial 
search. The antibody specificity helps direct the 
search for cancer by predicting the most likely 
cancer.

On the other hand, individual neuronal 
nuclear and cytoplasmic paraneoplastic antibod-
ies are not very specific for a particular neurologic 
syndrome. These antibodies also may be found  
in a small but significant proportion of cancer 
patients who have no neurologic symptoms.41 
Each antibody can be associated with several dis-
tinct syndromes or with unique presentations in 
individual patients. For example, PCA-1 antibod-
ies are usually associated with PCD, but can also 
be associated with motor neuropathy. ANNA-1 
and CRMP-5 antibodies have been associated 
with nearly every recognized paraneoplastic  
neurologic syndrome.21,42 Additionally, individual 
neuronal and nuclear cytoplasmic antibodies are 
not sensitive diagnostic tools. The most common 
paraneoplastic antibody, ANNA-1, is found in 
only 25% of patients with PLE and proven SCLC.29 
Even when the most complete battery of paraneo-
plastic antibodies is obtained, as many as 30% of 
patients with a subacute neurologic syndrome 
and cancer have no paraneoplastic antibody 
detected.14,29 Thus, negative antibody tests cannot 
exclude a PND.

Ion Channel Antibodies
The other group of antibodies that may be associ-
ated with PND are antibodies against neuronal 
ion channels (see Table 2). The implications of 
ion channel antibody results are very different 
than the nuclear and cytoplasmic antibodies 
described above. Ion channel antibodies are  
usually very sensitive and quite specific for a par-
ticular neurologic disorder, but not specific for 
paraneoplastic disease. For example, antibodies 
against neuronal P/Q-type voltage-gated calcium 

channels are found in nearly all patients with the 
Lambert-Eaton myasthenic syndrome, but only 
about 60% of adult patients with LES have 
cancer.43 Hence, the antibody is a marker of the 
disease but not a marker of cancer. Likewise, 
myasthenia gravis is highly associated with muscle 
AChR antibodies, but MG is a paraneoplastic  
disorder associated with thymoma in only 15% of 
patients.

Voltage- and ligand-gated ion channels are 
integral to the proper functioning of all neurons, 
but they are relatively low in abundance in the cell 
membrane. Thus, ion channel antibodies are gen-
erally not detectable using tissue immunohisto-
chemistry. These antibodies are detected using 
more sensitive and quantitative methods. Ion 
channel antibodies are also unique in that they 
may be directly pathogenic. Muscle AChR anti-
bodies are the cause of MG, and P/Q-type calcium 
channel antibodies cause LES.

evaluation and Treatment

The evaluation of a PND requires an initial clini-
cal suspicion. These disorders usually precede a 
diagnosis of cancer, and the cancers are typically 
very limited in stage and usually asymptomatic. 
Some of the clinical syndromes should immedi-
ately raise the possibility of PND in the clinician’s 
mind. However, many patients with PND have 
atypical, unusual, or multifocal neurologic com-
plaints that are impossible to localize neuroana-
tomically. Thus, it is appropriate to consider a 
paraneoplastic cause in nearly every unexplained 
subacute neurologic syndrome. The presence of 
cancer risk factors or constitutional symptoms, 
such as unexplained weight loss, should increase 
the suspicion further.

Testing for paraneoplastic antibodies can 
help confirm the diagnosis of PND and help direct 
the search for occult malignancy. Negative para-
neoplastic serology, however, cannot be used to 
“rule-out” a PND. If there is a prior history of 
cancer, specific cancer risk factors, or high suspi-
cion based on the neurologic syndrome, one 
should proceed with cancer screening even with-
out serological confirmation.

The cancer work-up starts with a detailed 
medical history and a complete medical examina-
tion, including palpation of lymph nodes, breasts, 
and testes, plus rectal and pelvic examination. 
The search for suspected lung cancer would start 
with computed tomography (CT) of the chest. If 
the chest CT is indeterminate or normal, positron 
emission tomography (PET) has been shown to 
be more sensitive for detecting small foci of malig-
nancy (Figure 4).14,44 If initial imaging studies are 
normal, repeat examination and chest CT should 
be performed at 3-month intervals. For suspected 
pelvic gynecologic malignancies, evaluation  
starts with bimanual pelvic examination, CT, or 

ultrasonography of the abdomen and pelvis, and  
measurement of the serum CA-125 tumor marker. 
In some situations, it is necessary to proceed with 
exploratory laparotomy even if screening studies 
are normal. Breast cancer evaluation requires 
physical examination and mammography  
(supplemented by ultrasonography or MRI). 
Evaluation for testicular cancer includes physical 
and ultrasound examination of the testes, tumor 
markers (a-fetoprotein and b-hCG) and CT  
of the abdomen and pelvis. Suspicious findings 
on the imaging studies should be subjected to 
biopsy to confirm the cancer diagnosis and guide  
treatment.

Tumor therapy is the standard approach to 
treating PND. A complete oncologic remission 
can be associated with stabilization or improve-
ment in the neurologic syndrome.14 Hence,  
early tumor diagnosis and prompt institution of  
therapy is critical. Even though these patients may 
have a poor performance score due to their neu-
rologic deficits, aggressive tumor treatment offers 
the best chance of a favorable neurologic out-
come. In addition to eliminating the tumor as  
the stimulus for the autoimmune syndrome, 
many chemotherapy regimens also provide direct 
immunosuppressive effects. These cancers are 
often found at a limited stage and are held in 
check by a vigorous anti-tumor immune response. 
Hence, the oncologic outcome in patients with 
PND is better than in patients with similar 
tumors.16–19 Once a tumor remission is achieved, 
the serum titers of paraneoplastic antibodies tend 
to decline slowly over time but may never  
normalize. A relapse of neurologic symptoms or 
onset of a new unexplained neurologic syndrome 
may herald tumor recurrence. A rise in the para-
neoplastic antibody titer can also signal the return 
of cancer, but monitoring of paraneoplastic serol-
ogy over time is not efficient or reliable for this 
purpose. Standard oncologic follow-up and imag-
ing studies according to the type of malignancy  
is important, especially if immunosuppression is 
used to treat the PND. Theoretically, treatments 
that impair cytotoxic T-cell function would  
facilitate tumor growth. However, immunosup-
pression has thus far not been associated with 
increased risk of cancer recurrence in small  
treatment studies for PND.16,45

In cases of PND where cancer cannot be 
identified, despite an exhaustive search, or where 
the neurologic symptoms progress despite cancer 
remission, immunomodulatory therapies can be 
applied.16 These might include corticosteroids, 
immunosuppressants, intravenous immuno-
globulin, or plasma exchange.45 The role of these 
immunomodulatory therapies in combination 
with standard cancer treatment is not known.

Some PND syndromes typically respond to 
treatment better than others. Paraneoplastic  
disorders of the neuromuscular junction  
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(myasthenia gravis and LES) are antibody  
mediated disorders and respond well to plasma 
exchange, intravenous immunoglobulin or  
long-term immunosuppression (eg, prednisone,  
azathioprine). In general, other disorders of the 
peripheral nervous system (paraneoplastic neu-
ropathies) are more likely to improve than those 
of the central nervous system.46 Paraneoplastic 
sensory and sensorimotor neuropathies may sta-
bilize or improve modestly after cancer treatment, 
but residual deficits are the rule. Paraneoplastic  
autonomic disorders can sometimes improve 
dramatically after treatment.39

Among common central nervous system 
paraneoplastic disorders, limbic encephalitis  
and opsoclonus-myoclonus are most amenable to 
treatment.11,46 In combination with cancer treat-
ment, high-dose steroid treatment may be useful 
in promoting recovery in these disorders. Typical 
paraneoplastic cerebellar degeneration, on the 
other hand, rarely responds to treatment.16 Even 
with effective cancer treatment and adjunctive 
immunosuppression, the best outcome of PCD is 
an arrest of neurologic progression. Patients and 
their families need to understand the inherent 
difficulties in treating these disorders and set  
reasonable expectations. Median survival for 
PND of the central nervous system is 2 to 4 years 
from the onset of neurologic symptoms.14

Because PND is so devastating and because 
an autoimmune etiology is likely, immunomodu-
latory therapies are often utilized. However, very 
few prospective studies have been performed to 
establish the efficacy or futility of such treatments. 
Based on retrospective data, it is generally thought 
that immunomodulatory treatment is ineffective, 
and that treatment of the underlying malignancy 
is the only available treatment for these disor-
ders.11,13,21,46,47 Yet, there have been individual  
case reports of neurologic improvement using 
corticosteroids, intravenous immunoglobulin, 
plasma exchange, protein A immunoabsorption, 
rituximab, tacrolimus, mycophenolate mofetil, 

or cyclophosphamide. Based on a few systematic 
prospective case series,16,45 immunomodulatory 
treatments may lead to a stabilization or mild 
improvement of disability in patients who are still 
ambulatory, but offer little benefit to those with 
severe disability. Syndromes limited to the peri-
pheral nervous system seem to be more likely to 
respond than those affecting the CNS.

Symptomatic therapies are also important 
for the management of patients with PND. 
Patients with PLE need anticonvulsants to con-
trol their seizures. Patients with myoclonus or 
chorea can benefit from clonazepam or neurolep-
tics.10 Paraneoplastic neuropathies are often asso-
ciated with significant pain that might benefit 
from analgesics, tricyclic antidepressants, or  
anticonvulsants (gabapentin or carbamazepine). 
Neuromuscular junction disorders can respond 
to acetylcholinesterase inhibitors (pyridostig-
mine) or 3,4-diaminopyridine (for LES). Most 
importantly, PND is psychologically devastating 
to patients and their families. Patients are faced 
not only with a progressive and disabling neuro-
logic syndrome but also with a new diagnosis of 
cancer and an uncertain future. Severe depression 
is a common factor, which may interfere with  
the patient’s treatment. This must be recognized 
and addressed. Finally, rehabilitation services are 
important. If the neurologic syndrome can be  
stabilized, physical and occupational therapies 
can help these patients reestablish some degree of 
independence.

Summary

Paraneoplastic neurologic syndromes represent  
a rare, but severe immunologic complication  
of certain malignancies (most notably small-cell 
lung carcinoma, ovarian cancer, and thymoma). 
Clinical manifestations can be quite varied and 
multifocal in the nervous system. Several distinct 
clinical syndromes are recognized including  
sensory neuronopathy, cerebellar degeneration, 

limbic encephalitis, and Lambert-Eaton myas-
thenic syndrome. These disorders are usually 
associated with a subacute onset and significant 
disability. Typically, the neurologic presentation 
antedates the diagnosis of malignancy, and the 
cancer, when found, tends to be localized and 
responsive to treatment. Diagnosis depends on 
clinical suspicion, serology for paraneoplastic 
antibodies, and a focused search for cancer.  
Current treatments for the neurologic symptoms 
are effective in only a minority of cases. Optimum 
management includes early diagnosis, treatment 
of cancer to remission, immunosuppression, 
symptomatic therapies, and compassionate  
support.
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Neuropathic Pain
Leslie J. Blackhall MD, MTS

Neuropathic pain is defined as pain due to an 
injury to, or dysfunction of, the nervous system. 
In patients with cancer, neuropathic pain can 
occur from the tumor itself, infiltrating or com-
pressing neural structures, or as a consequence of 
cancer treatment. The pathophysiology of neuro-
pathic pain is complex, and may involve both 
peripheral and central mechanisms. For example, 
patients with peripheral nerve damage from  
chemotherapy may manifest hyperesthia (hyper-
sensitivity to noxious stimuli), allodynia (pain  
to stimuli that normally do not cause pain), and 
spontaneous pain (pain occurring in the absence 
of any stimulation). In these cases, damage to the 
sensory neurons may cause spontaneous ectopic 
activity, due to focal demyelination producing 
exposure of sodium channels1 and accumulation 
of inflammatory mediators and cytokines that 
sensitize nociceptor terminals so that they respond 
to normally innocuous stimli.2 Neuroma forma-
tion in regenerating afferent nerves can cause an 
accumulation of sodium channels and an increase 
in ectopic activity. Peripheral nerve injury may 
cause disinhibition in the dorsal root ganglia 
through multiple mechanisms, including a reduc-
tion in GABA (down-regulated on injured nerves) 
and an up-regulation of cholecystokinin recep-
tors. This disinhibition can lead to exaggerated or 
even spontaneous firing of dorsal horn neurons. 
Central neurons can become sensitized as well,  
as in the phenomenon known as “wind up”  
where repetitive C-fiber input causes increased 
central response to subsequent stimuli (mediated 
through the NMDA receptors). Finally, patients 
with phantom limb pain may have cortical  
reorganization as well.

The diagnosis of neuropathic pain in cancer 
may be obvious, or more subtle as part of a mixed 
pain complex in which nociceptive and neuro-
pathic components are both present. In the latter 
case, neuropathic pain may be identified by the 
quality of the pain. Patients with this type of pain 
complain of burning, shooting, or radiating pain. 
Paroxysms of pain, often described as having  
an “electric shock” quality, may be present.  
Allodynia, hyperesthesia and paresthesias are 
characteristic of neuropathic pain, and patients 
may report a paradoxical feeling of numbness and 
pain in the same area.

Treatment of Neuropathic Pain in 
Cancer

Cancer-related neuropathic pain is common,  
and may be more severe and difficult to treat than 
other types of cancer-related pain. Epidural spinal 
cord compression, leptomeningeal disease, bra-
chial plexus infiltration and lumbosacral plexo-
pathies are examples of neuropathic syndromes 
that will often require aggressive pain manage-
ment. While treatment of the underlying disease 
with radiation, surgical decompression or che-
motherapy may provide relief of pain, not all 
patients will respond to these treatments, and 
even those who respond may have a prolonged 
lag time before their pain improves. Radiation, 
surgery, and chemotherapy may themselves cause 
neuropathic pain (see “Treatment-Related Neu-
ropathic Pain Syndromes” below for a discussion 
of treatment related pain). Finally, at the end of 
life, patients with these syndromes may not be 
candidates for further treatment of their primary 
disease. For these reasons, the symptomatic treat-
ment of neuropathic pain is an important issue  
in cancer care. In the following section, we  
will discuss the pharmacologic management of  
neuropathic pain, with emphasis on medications 
specific for treatment of neuropathic pain. It is 
important to remember, however, that opioids, 
even those without specific efficacy for neuro-
pathic pain, have an important place in the man-
agement of neuropathic pain, and will almost 
always be required in treating moderate to severe 
pain.3,4 This is especially true because patients 
with cancer-related neuropathic pain will often 
have other types of cancer pain syndromes.  
Treatment-related pain syndromes may be a  
special case, and these are discussed in a later  
section (see “Treatment-Related Neuropathic 
Pain Syndromes” below).

As we discuss the medications commonly 
used for neuropathic pain, it should be noted that 
most of the evidence for the efficacy of these 
agents has been for nonmalignant conditions. In 
general, this section has been organized by class of 
drug (eg, antidepressant, anticonvulsant). How-
ever, another and potentially more useful way  
of thinking about medications for neuropathic 
pain is by mechanism of action.5,6 Thus, mode of 

action, where known, has been discussed in each 
section and is also shown in Table 1.

Although it is beyond the scope of this  
chapter to discuss neurosurgical and anesthetic 
techniques for the treatment of cancer-related 
pain, patients who do not respond to pharmaco-
logic treatment, or who are unable to tolerate  
the side effects of treatment, may benefit from 
nerve blocks, epidural or intrathecal medica-
tions,7 or even to neurosurgical approaches  
such as cordotomy.8 Referral to a specialist in 
cancer-related pain syndromes is recommended 
in difficult cases like these.

Tricyclic Antidepressants.

Mechanism of Action
A tricyclic antidepressant (TCA) acts as a  
modulator of descending inhibitory pathways via 
inhibition of reuptake of norepinephrine and 
serotonin (imipramine, amitriptyline, clomip-
ramine), or, in some cases, norepinephrine alone 
(desipramine and maprotiline).5,6 Successful 
treatment of pain is independent of improvement 
of depression, and usually occurs at dosages below 
those prescribed for antidepressant effects.

Efficacy in Specific Conditions
In studies of painful polyneuropathies (usually 
diabetic), TCAs have been shown to be effective, 
with a number needed to treat (NNT) (ie, the 
number of patients needed to treat to obtain at 
least 50% pain relief for one patient) of 3.0 across 
13 separate studies.6,9 Balanced reuptake inhibi-
tors have generally been more effective for this 
condition than those inhibiting the reuptake  
of NE alone, with a NNT of 2.0 for the balanced 
reuptake inhibitors, versus 3.4 for the selective 
NE reuptake inhibitors. This situation may be 
reversed in postherpetic neuralgia, where data for 
effectiveness is fairly strong and the NNT overall 
is about 2.3. These agents, amitriptyline in par-
ticular, may be effective for both lancinating and 
steady pain, and may also be effective in neuro-
pathic pain caused by peripheral nerve injury. 
Some caution is needed in generalizing the results 
of studies done mainly on benign peripheral  
neuropathy (primarily of diabetic origin) to 
cancer-related peripheral neuropathies (usually 
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neuropathic pain for many years. More recently, 
however, TCAs have fallen out of favor because of 
their many adverse side effects. Judicious choice 
of TCA may allow them to be used effectively, 
however. Newer antidepressants, such as venla-
faxine and duloxetine, show promise in treating 
neuropathic pain, with an improved side effect 
profile. More data are needed on their use in 
cancer-related pain.

Gabapentin

Mechanism of Action
The mechanism of action is still unclear for  
this agent, although evidence points to central 
mechanisms, perhaps at the level of the spinal 
cord, where it acts to inhibit the calcium channel  
current.5,6

Efficacy in Specific Conditions
Early evidence for the effectiveness of gabapentin 
for neuropathic pain, in the form of case studies, 
led to randomized controlled trials of this agent 
for specific conditions. Well-designed studies 
have found gabapentin to be effective for diabetic 
peripheral neuropathy,27 postherpetic neural-
gia,28,29 and other neuropathic pain syndromes.30 
Improvement has also been seen in phantom limb 
pain.31 Doses used in one study, which showed  
a positive effect for gabapentin, were much higher 
than those used for the management of seizures, 
with patients requiring up to 3,600 mg/day.32

Because of the success of gabapentin in  
treating nonmalignant neuropathic pain, and its 
relatively favorable side-effect profile (see “Side 
Effects” below) it has become widely used in treat-
ing cancer patients with a variety of neuropathic 
pain syndromes.33 One study looked at the  
efficacy of gabapentin as an adjuvant to opioid 
therapy in cancer patients with a variety of  
neuropathic pain syndromes, including brachial 
plexopathy, sciatic neuropathy, and radiculo-
pathy from meningeal disease. In this uncon-
trolled trial, 20 of 22 patients experienced 
significant improvement following addition of 
gabapentin.34

Side Effects
Gabapentin is generally well tolerated. The most 
common side effects of this medication are  
sedation, ataxia, and dizziness. Peripheral edema, 
abdominal cramping, and nausea are less 
common. The central nervous system (CNS) side 
effects of gabapentin mainly occur during  
the titration phase and may be ameliorated by  
starting with lower doses and titrating slowly.

In summary, gabapentin is increasingly used 
as a first line agent for cancer-related neuropathic 
pain, either alone or in combination with opioids. 
Because patients with advanced cancer are  
frequently debilitated and already suffering from 

caused by chemotherapeutic agents). Several 
studies on TCAs in the treatment of HIV-related 
peripheral neuropathy, for example, have failed 
to show benefit.10,11

Several studies have looked specifically at 
TCAs in cancer-related neuropathic pain. In a 
study of radiation-induced mucositis pain in head 
and neck cancer, the TCA nortriptyline hydro-
chloride provided effective relief in 8 of 19 
patients; 11 of 19 required the addition of mor-
phine to provide effective relief.12 In a study of 
postmastectomy pain, 8 of 15 patients had more 
than 50% reduction in pain intensity with ami-
triptyline (average dose 50  mg). Unfortunately, 
most of the good responders did not wish to con-
tinue the medication because of side effects, espe-
cially sedation.13 These authors suggested using a 
less sedating TCA.

Side Effects
Side effects of TCAs are generally related to their 
anticholinergic effects and include sedation,  
dizziness, weight gain, orthostatic hypotension, 
dry mouth, urinary retention, constipation, 
arrhythmias and confusion. (Some of these side 
effects, in particular, weight gain and sedation, 
can be useful in cancer patients; and amitripty-
line, in particular, may be prescribed at night for 
patients with neuropathic pain and difficulty 
sleeping). TCAs can lower the seizure threshold 
and should be used with caution in liver disease. 
Overdose can be fatal, usually secondary to  
cardiac complications. Drug interactions are 
common and include imidazoles such as Diflucan 
(increased blood levels of TCAs), carbamazepine 
(decreased blood levels of TCA and carbamaze-
pine). The risk of dose-limiting side effect may be 
reduced in TCAs by choice of agent. Desipramine 
has fewer anticholinergic side effects but, as  
an NE inhibitor, it may be less effective than  
amitriptyline. If avoidance of sedation is desired, 

then nortriptyline is a good choice. It is a  
major metabolite of amitriptyline and has fewer 
sedating side effects.14 

Other Antidepressants
Since the use of TCAs for pain control has been 
limited by the high incidence of side effects,  
the newer, better-tolerated antidepressants have 
been studied as treatments for neuropathic pain. 
Although there are far fewer data for SSRIs than 
for TCAs, it appears that they are relatively inef-
fective compared to TCAs for this indication,4,15 
although there is some evidence for paroxetine16 
and citalopram.17 Bupropion has also shown some 
efficacy in the treatment of neuropathic pain  
syndromes.18,19

Two newer antidepressants that have shown 
particular promise in treating neuropathic pain 
are venlafaxine and duloxetine. Both of these 
agents inhibit reuptake of serotonin and norepi-
nephrine, although venlafaxine affects the NE 
system more weakly and mainly at higher doses.20 
These agents presumably work through the same 
mechanisms as the TCAs, but have a better side 
effect profile. Several articles have presented  
evidence for the use of venlafaxine for diabetic 
neuropathy.20–23 One article looked at the use of 
perioperative venlafaxine for the prevention of 
postmastectomy pain syndrome and found it  
to be effective in preventing postoperative chest 
wall, arm and axilla pain24; otherwise, reports 
have mainly focused on nonmalignant pain  
syndromes.

Duloxetine is an antidepressant related to 
venlafaxine, but with more robust NE inhibition 
and has been studied for the treatment of painful 
physical symptoms associated with depression.25,26 
Data on cancer-related neuropathic pain are  
lacking, but in theory, this agent is promising.

In summary, antidepressants, especially the 
TCAs have been the mainstay of treatment for 

Table 1  Medications to Combat Neuropathic Pain NMDA = N-methyl-D-aspartic acid

Location of Action Mechanism of Action Medication

Peripheral nervous system Sodium channel blocker Lidocaine (patch and systemic),  
   mexiletine, lamotrigine,  
   carbamazepine, oxcarbazepine,  
   topiramate
Peripheral nervous system Depletion of substance P Topical capsaicin
Central nervous system (spinal cord) Calcium channel blocker Gabapentin, levetiracetam
Central nervous system (spinal cord) NMDA receptor blocker Ketamine, methadone
Central nervous system (brain,  Norepinephrine and/or TCAs, venlafaxine, duloxetine,
 modulating descending inhibitory   serotonin reuptake  paroxetine, citalopram,
 pathways)  inhibition  bupropion, tramadol
Central nervous system (brain,  Opioid receptors Opioids (including methadone),
 modulating descending inhibitory    tramadol
 pathways)

Adapted from Beydoun A, Backonja M.5 
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fatigue for a variety of reasons, it is our clinical 
experience that the aggressive titration schedules 
used in studies on nonmalignant neuropathic 
pain syndromes are not appropriate in this popu-
lation. For these patients, tolerance to gabapen-
tin-related sedation may be improved by starting 
at doses as low as 100  mg three times a day and 
titrating up each dose by 100  mg every day or two 
until pain is improved or intolerable side effects 
occur.

Lamotrigine is a newer antiepileptic agent 
that has been studied for its use in nonmalignant 
neuropathic pain syndromes. Its mechanisms of 
action are unknown although it probably acts as 
both a sodium channel modulator in the periph-
eral nervous system (PNS) and a calcium channel 
inhibitor at the level of the spinal cord.5 Specific 
data on its use in cancer patients are lacking;  
however, it has been shown to benefit patients 
with trigeminal neuralgia,35 HIV-associated neu-
ropathy,36,37 diabetic neuropathy,38 and post-
stroke pain.39 Adverse effects are similar to those 
seen in gabapentin, including somnolence,  
dizziness, and ataxia, but are more common with  
this agent than with gabapentin. Rarely, severe 
rash—and even Stevens-Johnson syndrome—
may occur. Slow titration is required to avoid the 
more severe CNS side effects.

Carbamazepine and oxcarbazepine have also 
been used for neuropathic pain. The mechanism 
of action is probably the same as that of lamotrig-
ine. Carbamazepine is an agent that has long been 
used to treat trigeminal neuralgia and has been 
the drug of choice for that condition.40,41 The use 
of this medication has been limited, however, by 
its side effects which commonly include sedation, 
dizziness, ataxia, and nausea, as well as rare, but 
potentially fatal, hematological effects. Oxcar-
bazepine is a metabolite of carbamazepine, which 
appears to have similar benefits, with an improved 
side effect profile.42 As with many agents, data 
from patients with cancer-related pain are not yet 
available.

Other anticonvulsants, including pregaba-
lin,43 topiramate,44 and levetiracetam45,46 have also 
been used for neuropathic pain, and are likely  
to find increasing use for this indication. Clonaz-
epam is probably not effective for neuropathic 
pain.47 

NMDA Receptor Antagonists 

Ketamine is an anesthetic agent whose mode of 
action in the treatment of neuropathic pain is 
NMDA receptor antagonism, acting at the level of 
the spinal cord. The NMDA receptor is involved 
in central sensitization and in opioid tolerance, so 
NMDA receptor antagonists have been used as 
single agents for the treatment of pain and also to 
improve efficacy of opioid medications.

Efficacy in specific conditions
Although ketamine has been studied for peri-
pheral neuropathy,48 post-amputation pain49 and 
postherpetic neuralgia,50 its utility for these  
conditions has been limited by the severe and 
near-universal side effects, including sedation 
and even hallucinations. However, this agent has 
found a niche in the treatment of intractable, 
opioid-resistant cancer-related pain. Most of the 
evidence for the use of ketamine in this setting is 
anecdotal, including case reports,51–54 open-label 
audits,55 and other uncontrolled trials,56 with rela-
tively few randomized controlled trials.57–59 Like 
the case reports, those trials showed the efficacy  
of ketamine in cancer patients with neuropathic 
pain. Hallucinations and sedation, however, were 
frequently reported in all studies.

The importance of ketamine in cancer pain 
management becomes clear when one looks at the 
patients treated in the case reports. These patients 
were suffering from very advanced cancer nearing 
the end of life, with serious complications of their 
disease, such as spinal cord compression, which 
caused severe neuropathic pain. They were gener-
ally on very high-dose opioids and multiple adju-
vant medications without significant relief, and 
their pain greatly improved, albeit at the frequent 
cost of sedation, with ketamine. One such report, 
for example, describes a patient with neuropathic 
pain from cervical cancer.52 Despite 1,000  mg/day 
of oral morphine and 200  mcg/hr of transdermal 
fentanyl and numerous adjuvant analgesics,  
she was experiencing severe pain, reported as 8 to 
9 out of 10 on a numeric rating scale. This patient 
responded to IV ketamine in conjunction with  
IV morphine. This patient is characteristic of 
many of the case reports concerning intravenous  
ketamine for patients near the end of their lives. 
Oral ketamine has also been used for cancer-
related neuropathic pain, in the outpatient set-
ting.56 Seven of nine patients improved on oral 
ketamine in this study, although three withdrew 
because of side effects, including sedation and 
feelings of unreality.

Side Effects
As discussed above, side effects include sedation, 
hallucinations, dizziness, and feelings of unreal-
ity. These side effects are frequent and may be 
severe. They appear to be dose-related. Several of 
these studies reported the concomitant use of 
haloperidol, diazepam, or midazolam to prevent 
or treat hallucinations or dissociative symp-
toms.52,58 Dose reduction also generally results  
in improvement or elimination of these side 
effects.55

In summary, ketamine is an effective treat-
ment for severe neuropathic cancer pain. For 
selected patients, it can be extremely beneficial, 
providing relief in desperate situations. Because 
of the potential for severe side effects, however, 

IV ketamine should be reserved for those patients 
whose symptoms are refractory to other medica-
tions and should generally be given under the 
supervision of a clinician experienced in cancer 
pain management. The starting dose should be 
low: 0.1 to 0.15  mg/kg/hour continuously, with 
gradually increasing doses while monitoring for 
CNS side effects and using haloperidol, diazepam, 
or midazolam if necessary. For patients close to 
the end of their lives, especially those who are not 
expected to survive the hospitalization, a contin-
uous infusion can be maintained intravenously or 
subcutaneously. Other patients may benefit from 
the transition to oral ketamine,53,54 and there is 
evidence that, for some patients, a “burst” of IV 
ketamine may provide continued pain relief even 
after it has been discontinued.55

Methadone

Mechanism of Action
Methadone is an opioid finding increasing use for 
the treatment of neuropathic pain in cancer.  
It acts at both the µ-opioid and d-opioid recep-
tors. It also is an NMDA receptor antagonist, 
which has led to interest in its use in neuropathic 
pain. The methadone marketed in this country is 
a racemic mixture of the d and l isomer; it is the d 
isomer that blocks the NMDA receptor.60 It may 
also inhibit the reuptake of norepinephrine and 
serotonin.61

Efficacy in Specific Conditions
Because of its long, and highly variable half-life, 
methadone has been considered a second-line 
agent for the treatment of cancer-related pain. 
Recently, however, there has been increasing 
interest in this agent, especially for neuropathic 
pain. Methadone has the advantage of being inex-
pensive, well-absorbed orally, and dosed two  
or three times a day. Since it lacks neuroactive 
metabolites, it can be used in renal failure.  
Its mechanism of action has led to interest in its 
use for neuropathic pain; however, there is little 
evidence to support the idea that methadone is 
superior to morphine or other opioids for this 
indication, and scant data to suggest that metha-
done is more effective for neuropathic pain than 
for other types of pain.

Several studies on methadone have showed 
efficacy for cancer pain treatment comparable to 
morphine.62–65 Other studies have shown metha-
done to be efficacious in patients with cancer pain 
who are poorly responsive to morphine.66,67

None of the studies cited above focused  
specifically on methadone’s effect on neuropathic 
pain. One study, which attempted to examine  
this issue by looking retrospectively at the ratio  
of morphine and hydromorphone to methadone 
during opioid rotation for the treatment of 
cancer-related neuropathic and non-neuropathic 
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pain, did not find a difference in the equianalgesic 
ratios for these two indications, suggesting no 
greater efficacy for methadone in neuropathic 
cancer pain than in non-neuropathic pain.68 

Side Effects
Side effects are similar to those of other narcotics, 
including confusion, sedation, constipation,  
diplopia, dizziness, dry mouth, nausea, and  
respiratory depression with overdose.

In summary, methadone is increasingly used 
in the management of cancer pain, especially in 
patients with neuropathic pain, and is used by 
some clinicians as a first-line agent for that  
indication. There is currently a paucity of data to 
support its specific use for neuropathic pain as 
compared to other types of cancer-related pain. 
That said, it is an effective agent for cancer-related 
pain of all types, and may have particular utility in 
patients who are poorly responsive to morphine. 
It can be used safely as long as attention is paid  
to its unique characteristic, in particular its long 
and variable half-life, which makes equianalgesic 
conversion difficult.69,70

Topical Agents

Lidocaine 5% Patch
Mechanism of Action

Lidocaine is a sodium channel antagonist. Such 
antagonists have been shown to bind to abnormal 
sodium channels with high affinity, and reduce 
the frequency of ectopic discharges. The rationale 
for the use of the lidocaine patch is to deliver  
this drug locally to an area of nerve damage, while 
reducing or eliminating systemic side effects.

Efficacy in Specific Conditions

The lidocaine 5% patch has been mostly studied 
as an agent for postherpetic neuralgia. Several 
well-designed trials have found it to be safe  
and effective for this indication.71–73 Other focal 
peripheral neuropathic pain syndromes can be 
treated by the lidocaine patch as well.74 The NNT 
for this study was 4.4, which is comparable to 
other treatments for this condition. The major 
indication for this agent is a focal peripheral  
neuropathy, especially with a component of allo-
dynia. In terms of cancer-related pain, it seems 
reasonable to consider this agent for postmastec-
tomy pain and post-thoracotomy pain, as they fit 
this definition, despite a lack of specific studies for 
these indications.

Side Effects

Side effects are mild and mainly consist of local 
reactions to the patch, including rash, pruritus, 
and sweating.

In summary, the lidocaine 5% patch is an 
easy-to-use agent with few side effects. It is a  
first-line agent for the treatment of postherpetic 

neuralgia, and may be combined with other 
agents for more severe pain syndromes. It  
effectively relieves allodynia, and should be  
considered for patients with postmastectomy, 
post-thoracotomy, and other postsurgical pain  
syndromes where focal peripheral neuropathic 
pain is present.

Topical Capsaicin
Mechanism of Action

Topical capsaicin is an agent derived from  
red peppers whose mode of action is felt to be 
depletion of substance P from sensory fibers.

Efficacy in Specific Conditions

Capsaicin applied topically has been studied for 
postherpetic neuralgia in a 0.025% concentra-
tion.75 In this open-label uncontrolled trial, 56% 
of 23 patients reported good or excellent pain 
relief after 4 weeks. A burning sensation after 
application of the drug was common, however, 
and led to a 1/3 drop-out rate. A randomized  
controlled trial of 0.075% capsaicin for this indi-
cation also showed significant improvement.76 
Studies on the efficacy of this agent for diabetic 
and other peripheral neuropathies have been 
mixed, with some reporting improvement77,78 and 
others no improvement compared to placebo.79,80 
Several articles have specifically addressed the use 
of topical capsaicin for postmastectomy pain syn-
drome. Two open-label studies showed improve-
ment with this agent.81,82 A randomized controlled 
trial of 0.075% capsaicin had somewhat more 
mixed results, with no improvement in “steady 
pain,” but significant improvement in stabbing 
and overall pain, compared to vehicle cream.83 

Side Effects

Side effects are mainly local in nature. The most 
common is a burning sensation, and it may be 
severe enough to cause discontinuation of the 
agent. Rash has been reported as well. Rarely, 
coughing and sneezing may occur.

In summary, capsaicin is a topical agent that 
may be effective in some types of cancer-related 
neuropathic pain syndromes. It is less useful as a 
topical agent than lidocaine only because of the 
burning sensation it frequently causes.

Antiarrhythmics

Systemic Lidocaine
Mechanism of Action

Lidocaine acts as a sodium channel blocker,  
suppressing ectopic discharges from injured nerve 
endings.

Efficacy in Specific Conditions

Intravenous lidocaine has been described for the 
treatment of neuropathic pain for many years. 

Acute postoperative pain,84 phantom limb pain,85 
and peripheral nerve injury86 are conditions  
in which there is some evidence of efficacy for  
lidocaine. One randomized, double-blind study 
comparing a 30-minute infusion of intravenous 
(IV) lidocaine to saline for diabetic peripheral 
neuropathy showed a reduction in symptoms 
(such as pain and sleep disturbance) lasting from 
days to several weeks.87 A similar trial comparing 
IV lidocaine to saline for postherpetic neuralgia 
showed reduction in pain as measured by visual 
analog scores in the lidocaine group, with efficacy 
similar to morphine.88

Case reports have documented efficacy of 
lidocaine in neuropathic cancer pain.89,90 One 
recent paper reviewed the use of intravenous  
lidocaine in an inpatient hospice unit. Sixty-one 
patients who had pain characterized as opioid 
refractory (ineffective pain relief despite the 
equivalent of 200 mg/d of oral morphine or more) 
were studied. Most of these patients were diag-
nosed with neuropathic pain (78%). The under-
lying diagnoses of these patients are not discussed, 
although, nationwide, cancer patients make up 
the majority of those enrolled in hospice care. Of 
these patient, 80% were deemed to have a “major” 
response to lidocaine, usually delivered as a bolus, 
followed by continuous IV infusion if response to 
the bolus was noted. Major response was defined 
as a decrease of at least 3 points on an 11-point 
pain scale. In this group of terminally ill patients 
(78% of whom died prior to discharge), the major 
side effect was sedation. One patient died sud-
denly, although sudden in this context is a relative 
term, and the cause of death was not clear.91

Side Effects

Side effects may be severe, which is why this drug 
is not a first-line agent. They include confusion, 
sedation, disorientation, lightheadedness, and 
cardiac arrhythmias. CNS side effects are not 
uncommon, especially in older patients. These 
are less concerning if the medication is given as a 
“burst” and not continued indefinitely.

Mexiletine Hydrochloride
The success of lidocaine in treating some types of 
neuropathic pain led to interest in other agents in 
this class. Mexiletine hydrochloride, a structural 
analog of lidocaine, which can be given orally, has 
received attention as a treatment for neuropathic 
pain.

The mechanism of action is the same as that 
for lidocaine.

Efficacy in Specific Conditions

Several studies found mexiletine hydrochloride to 
be beneficial for the treatment of diabetic periph-
eral neuropathy.92–94 In at least one study, patients 
with stabbing and burning pain sensations were 
most likely to experience benefit from treatment 
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with this agent.94 Other studies have not found 
mexiletine hydrochloride to be effective in the 
treatment of diabetic peripheral neuropathy,95 
and its use for the treatment of other peripheral 
neuropathies, such as those associated with HIV 
disease, has been disappointing.96,97 Adverse 
effects were not uncommon in all studies, 
although serious cardiac side effects were quite 
rare, perhaps because they tended to exclude 
patients with cardiac histories, or even abnormal 
EKGs.

Aside from its general use in the treatment  
of peripheral neuropathies, mexiletine hydro-
chloride has been studied for cancer-related pain  
syndromes. One randomized, placebo-controlled 
study examined the use of intraoperative regional 
block and 6 days of oral mexiletine hydrochloride 
postoperatively, given alone or in combination, 
on immediate and chronic pain in patients  
undergoing surgery for breast cancer. While both 
regional block and oral mexiletine hydrochloride 
seemed to provide some immediate benefit  
in reducing postoperative pain, development of 
chronic postmastectomy pain syndrome was not 
affected by mexiletine hydrochloride or regional 
block given in this manner.98 Open-label studies99 
and case reports100 have had mixed results in the 
treatment of neuropathic pain in patients with 
advanced cancer.

Side Effects

As mentioned above, serious arrhythmias are a 
known side effect of drugs in this class, and, for 
this reason, they should generally not be used in 
patients with serious cardiac disease, including 
heart failure and known arrhythmias. Confusion, 
sedation, and dizziness are also side effects of this 
and similar medications. Gastrointestinal side 
effects, including nausea, diarrhea, vomiting, and 
abdominal pain, are common. Side effects tend to 
increase as dose increases. This is unfortunate, as 
at least some studies have shown dose-dependent 
improvement in pain.

In summary, lidocaine and its oral analog 
mexiletine hydrochloride are drugs that have 
shown some benefit in the treatment of neuro-
pathic pain, including cancer-related neuropathic 
pain. Because of their potentially serious side 
effects, they are considered second- or third-line 
agents. Some would recommend a trial of  
intravenous lidocaine, and, if benefit is seen,  
continue ongoing treatment with mexiletine 
hydrochloride.101 

Tramadol
Mechanism of Action

Tramadol is a unique agent that is a relatively 
weak (compared to opioids) agonist at µ-opioid 
receptors. It is also a relatively weak inhibitor  
of the norepinephrine and serotonin reuptake 
(compared to antidepressants). Because of the 

latter property, this agent has attracted interest as 
a treatment for neuropathic pain.

Efficacy in Specific Conditions

Tramadol has shown benefit in the treatment  
of diabetic neuropathy,102,103 postherpetic neural-
gia104 and other painful polyneuropathies.105 The 
latter study is of particular interest because it 
showed not just generalized relief of pain but also 
specific relief of allodynia, a symptom that has 
been thought to be relatively opioid-resistant, 
perhaps indicating specific efficacy of this  
agent for neuropathic pain. With respect to 
cancer-related pain, one open-label, non-placebo 
controlled study on the use of a slow-release 
preparation of tramadol on cancer-related pain 
found that 71% of patients reported good to  
complete pain relief at 6 weeks.106 Although this 
study looked at all types of cancer-related pain, 
more than 40% of these patients had a neuro-
pathic cause of their pain. Two other studies 
compared morphine to tramadol for cancer-
related pain.107,108 Both studies found morphine to 
be more efficacious for this indication; however, 
neither looked specifically at neuropathic pain 
and therefore could not answer the question of 
whether tramadol might have specific action on 
cancer pain of neuropathic origin.

Side Effects

Side effects are similar to those of other µ- 
receptor agonists, but less severe107,108 including 
dizziness, sedation, confusion, constipation, 
nausea and vomiting, dry mouth, and urinary 
retention. Sweating is also common.

In summary, tramadol is an agent with a 
unique mode of action, with both opioid effects 
and effects related to NE and SE reuptake  
inhibition. It is a relatively weak opioid and, for 
this reason, is less likely to be effective for very 
severe cancer-related pain; however, there is some 
evidence it may have specific efficacy for neuro-
pathic pain. Its side effect profile is relatively 
favorable, and it has a lower abuse potential than 
other opioids. Some of the studies cited above 
have used doses greater than the 400  mg/day  
generally recommended for this drug.106

Treatment-Related Neuropathic Pain 
Syndromes

The following section will discuss neuropathic 
pain syndromes that are caused by treatments for 
cancer. Emphasis will be on mechanism of action, 
diagnosis and prevention, as well as general  
guidelines for treatment.

Post-thoracotomy Chest Pain
Cause and Incidence

Persistent pain following thoracic surgery for 
lung cancer (and other conditions) is probably 

related to injury to the intercostal nerves,  
which produces a neurogenic pain syndrome, 
often including radiating pain, allodynia, and 
other sensory disturbances. Post-thoracotomy 
pain, defined as postoperative pain of at least 2 
months duration where other causes of pain have 
been excluded,109 is a common occurrence, with 
most studies finding an incidence of > 50% at  
6 months110–112 (although some studies have found 
lower rates).113,114 Patients undergoing surgery for 
malignancy may be more likely to develop chronic 
pain than those have surgery for other reasons.115 
For most patients, the pain will be mild; however, 
a subset will have severe and difficult-to-control 
pain.114 

Prevention

Several factors have been shown to correlate with 
an increased likelihood of chronic pain following 
thoracotomy, including increasing age and female 
gender. Intensity of acute postoperative pain  
has been shown to correlate with the presence of 
chronic pain in most studies.112,116 This observa-
tion has led to studies on preemptive analgesia: 
attempts to improve or eliminate acute post-
operative pain and to prevent the development of 
chronic pain. One study found that preoperative 
thoracic epidural analgesia (TEA) (using bupiva-
caine and morphine), combined with epidural 
patient-controlled anesthesia (PCA) postopera-
tively reduced perioperative and chronic pain, 
compared to postoperative pain control only 
using IV PCA.110 Other studies have supported 
the clinical utility of preemptive analgesia to pre-
vent post-thoracotomy pain,117 while some have 
not.113 Other aspects of the surgical procedure 
have been studied as well. Preemptive analgesia of 
the skin,118 muscle-sparing surgery,119 and video-
assisted thoracic surgery (VATS)120,121 have not 
been shown to reduce the incidence of chronic 
postoperative pain. One study reported that the 
use of intracostal sutures led to a decreased pain 
experience at up to three months postoperatively 
compared to the usual pericostal sutures.122 

Treatment

Treatment of established chronic post- 
thoracotomy pain should be individualized;  
however, many would start with the lidocaine 5% 
patch74. Capsaicin cream is another possibility,  
as this agent has almost no systemic side effects; 
however, the local reactions to this agent are more 
severe than with lidocaine. If local agents are inef-
fective or incompletely effective, TCAs have been 
a first-line treatment (see “Tricyclic Antidepres-
sants” above). However, because of the relatively 
unfavorable side-effect profile, many would now 
institute a trial of gabapentin. If the pain is severe 
or refractory enough to warrant a narcotic, tra-
madol is a reasonable first choice. It is important 
to note that post-thoracotomy pain usually begins 
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days to, at most, weeks following surgery, and 
pain that starts after this time frame, or that  
worsens after initially improving, should raise 
suspicion for recurrent disease.

Postmastectomy Pain
Cause and Incidence

The breast, axilla, and upper arm are innervated 
by a variety of nerves: the lateral cutaneous branch 
of the T2 (the intercostobrachial nerve), T3, and 
T4 provide innervation to the anterior chest wall 
and upper back, the torso, and nipple. Sympa-
thetic innervation for the cutaneous structures of 
the breast is provided by the medial and lateral 
branches of the ventral ramus of the 3rd to 6th 
intercostal nerves.

 Because of the number of different types of 
procedures performed on breast cancer patients 
(mastectomy, lumpectomy, sentinel node biopsy, 
axillary node dissection, reconstructive proce-
dures etc.), as well as the frequent association of 
these procedures with chemotherapy and/or radi-
ation, classifying the causes and incidence of pain 
following surgery for breast cancer is complex. 
While both nociceptive pain (due to damaged 
muscles or ligaments) and neuropathic pain can 
result in pain following surgery for breast cancer, 
neuropathic pain is more likely to persist long 
after wound healing has occurred. By all accounts, 
this type of pain is common following surgery for 
breast cancer.

One article distinguishes four pain syn-
dromes: phantom breast pain, intercostobrachial 
neuralgia, neuroma pain, and other nerve injury 
pain.123 Phantom breast pain is the painful sensa-
tion that a removed breast is still present (non-
painful breast phantoms occur as well). One 
prospective study interviewed patients 3 weeks 
and 1 year after mastectomy with a prevalence  
of 13.3% for painful breast phantoms (PBP) at  
3 weeks, and 12.7% at one year.124 Other studies 
have found higher rates, up to 44%.123,125 PBP is 
often described as knife-like, or shooting.

Intercostobrachial neuralgia, usually known 
as postmastectomy pain syndrome (PMP) con-
sists of pain in the axilla, medial upper arm, and 
anterior chest wall, and is often caused by nerve 
damage during axillary node dissection.126,127 
Lumpectomy as well as mastectomy can result  
in damage to the intercostobrachial nerve. PMP  
is usually described as a continuous aching or  
burning, with intermittent shooting or shock-like 
sensations. Allodynia and hyperesthesia are 
common. It is often worsened by movement. 
Estimates of the prevalence of this syndrome vary 
widely. In one study, 20% of patients undergoing 
treatment of breast cancer at outpatient oncology 
centers had symptoms whose history and charac-
teristics were consistent with postmastectomy 
syndrome.128 Of those reporting pain, half 
reported that the pain interfered with daily chores, 

and half reported sleep disturbances. A retrospec-
tive questionnaire found that 43% of responders 
reported a intercostobrachial-type (postmastec-
tomy) pain syndrome.129 Pain was severe enough 
to affect sleep in a third of these women. Younger 
women were more likely than older women to 
experience pain following breast surgery in this 
study.

Neuroma pain can occur in the scars from 
either mastectomy or lumpectomy, but may be 
more common in patients undergoing mastec-
tomy and radiation than those who have had a 
modified radical mastectomy.130 Estimates of  
the prevalence of neuroma pain range from 23 to 
49%.123

Other nerve-injury pain can occur during 
surgery even when the intercostobrachial nerve 
has been spared; estimates of these types of  
injuries are not available. Breast reconstruction, 
especially procedures involving implants, seems 
to increase the risk of chronic pain following  
mastectomy for breast cancer.131

Prevention

As with the post-thoracotomy syndrome and 
other postoperative pain syndromes, preemptive 
analgesia to prevent or diminish perioperative 
pain has been proposed as a means of decreasing 
the incidence of chronic pain following surgery 
for breast cancer. One study evaluated the use  
of a single 1,200  mg dose of gabapentin given  
preoperatively. Acute movement-related pain, 
and morphine consumption were reduced in the 
study group, but chronic postmastectomy pain 
was not evaluated.132 One well-designed study 
found that venlafaxine given for two weeks peri-
operatively significantly reduced the incidence  
of PMP at 6 months. Interestingly, this effect 
occurred despite the fact that acute pain was not 
reduced in the study group.133

Treatment of Established Postmastectomy Pain

Amitriptyline is effective in the treatment of PMP; 
however, as mentioned above, many women will 
not tolerate this medication because of its adverse 
effects.13 If a trial of a TCA is desired, nortripty-
line should probably be tried first because it is less 
sedating.14 Venlafaxine has also been shown to be 
somewhat effective in the treatment of PMP.134  
As mentioned above, topical agents, such as lido-
caine 5% patch74 and capsaicin,81,82 can be effec-
tive, usually with minimal side effects, especially 
in patients with allodynia. The use of other medi-
cations, including gabapentin and opioids, will 
need to be individualized, depending on severity 
of pain and the patient’s tolerance of various side 
effects.

Phantom Limb Pain
Cause and Incidence

Phantom limb pain (PLP) is the sensation of pain 
in a limb that has been amputated. As compared 

to stump pain, which is experienced at the site of 
the stump, the patient with phantom limb pain 
actually feels that the toe, or foot or other portion 
of the amputated limb is hurting. (This should 
also be distinguished from non-painful phantom 
sensations.) Incidence of this puzzling condition 
is from 50 to 80% in various studies.135–139 The 
pain is usually intermittent and described in terms 
common in neuropathic pain, such as shooting, 
stabbing, and burning. It is usually perceived as 
being localized in distal parts of the amputated 
limb. Almost all patients with this syndrome 
develop pain within days of surgery.140 It tends  
to decrease or disappear over time, and patients 
often experience a process known as “telescop-
ing” where the phantom limb initially experi-
enced as the full size of the missing part becomes 
smaller, with the most distal part (the foot  
or hand) shrinking back towards the stump. A 
minority, however, will have long-lasting, severe 
pain.141

The pathophysiology of phantom limb pain 
is complex and includes both peripheral and cen-
tral factors. Because manipulation of the stump 
often causes pain in the phantom limb, some have 
theorized that neuromas formed at the site of  
severed nerve endings generate abnormal impulses 
in the CNS, leading to phantom pain. This theory 
is bolstered by the observation that phantom limb 
pain more often occurs in patients with observ-
able stump pathology,142 and may be improved by 
local injection of lidocaine into the stump.143 
Unfortunately, however, stump revision, includ-
ing removal of neuromas, has had limited success 
in improving phantom limb pain, which suggests 
other mechanisms of action as well, including 
sensitization of dorsal horn neurons in the spine, 
mediated through NMDA receptors,144 and  
cortical reorganization.145

Few consistent risk factors for the develop-
ment of phantom limb pain have been found. 
Cause of amputation does not seem to correlate 
with development of painful phantoms; however, 
several studies have shown that pain in the limb 
prior to amputation is a risk factor for phantom 
limb pain after amputation.144,146

Prevention

Preemptive epidural analgesia may reduce  
phantom limb pain,147,148 underlining the need for 
patients undergoing amputation to have their 
pre- and perioperative pain control maximized. 
Ongoing tissue damage (such as that caused by 
residual or recurrent tumor) near the stump also 
seems to predispose to, and increase the severity 
of, PLP. Patients with increasing PLP syndromes 
should be evaluated for tumor recurrence.149

Treatment

Treatment of established phantom limb pain may 
be difficult; however, several studies have been 



416 Chapter 45

published with positive results. Morphine and 
other narcotics have been used for this indication. 
One small but well-designed study comparing 
extended-release morphine to placebo for PLP 
showed that morphine reduced the intensity of 
PLP, and that this reduction was associated with  
a decrease in cortical reorganization, at least in 
some of the patients tested.150 Ketamine was effec-
tive in one study, presumably through its effect 
on the NMDA receptor.144 Calcitonin, given by 
infusion, was effective in one double-blind trial in 
reducing both the intensity and frequency of PLP, 
an effect which lasted for up to months after the 
infusion. Mechanism for this improvement is 
unclear, although it may be related to effects on 
serotonin receptors.151 Nonpharmacologic meth-
ods, including TENS152 and sensory discrimina-
tion training,153 have shown promise in treating 
this condition as well.

Post Radical Neck Dissection 
Cause and Incidence

Neuropathic pain following neck dissection for 
head and neck cancer is a well-known syndrome, 
occurring in perhaps 23 to 28% of patients.154–156 
One prospective study found that 25% of cancer-
free patients had pain at 12 and 24 months  
postoperatively, although only 3 to 4% had severe 
pain.156 Others have found lower levels of post-
operative pain.157 This pain is usually described  
as continuous, burning with hyperesthesia, allo-
dynia, and intermittent paroxysms of “shock-
like” pain. A myofascial component to this pain is 
often present as well. The neuropathic pain is 
apparently caused by damage to the superficial 
cervical plexus (C2-4),158 and may be improved, 
at least temporarily, with nerve blocks to that 
area. Incidence of pain is not necessarily corre-
lated with aggressiveness of the surgery or use of 
radiation.156,158

Treatment

Specific treatment protocols for this syndrome 
have not been reported in the literature. One 
study reported effective relief with nonspecific 
combinations of narcotic and adjuvant medica-
tions (including gabapentin, TCAs and mexiletine 
hydrochloride) as is generally recommended for 
neuropathic pain, supplemented in some cases  
by nerve blocks.158 Botulinum toxin injection into 
trigger points may improve pain in some patients 
as well.159 

Postradiation Pain Syndromes
Several well-described pain syndromes occur as a 
result of radiation. As with the postsurgical pain 
syndromes mentioned above, one of the main 
challenges is to differentiate pain caused by the 
treatment (radiation or surgery) from pain caused 

by residual or recurrent tumor. Brachial plexopa-
thy is the best described of these syndromes. It is 
more likely to occur with higher doses of radia-
tion (greater than 6,000  cGy), and may appear 
months to years following completing of radia-
tion. Clinical features of the pain syndrome,  
such as distribution and intensity, cannot reliably  
distinguish between malignant and postradiation 
plexopathy,160 although plexopathies caused by 
recurrent cancer are more likely to be painful. 
Magnetic resonance imaging is probably the best 
modality for distinguishing brachial plexopathy 
due to tumor infiltration from radiation effects, 
especially in the classic delayed-onset injury,161 
with the finding of a discrete mass adjacent to  
the brachial plexus highly predictive of tumor 
infiltration. Less common causes of brachial 
plexopathy include chemotherapy, nerve entrap-
ment from lymphedema, and occlusion of the 
subclavian artery.161

Radiation damage may cause other painful 
neurologic syndromes, including lumbosacral 
plexopathy162 and radiation myelopathy.163 Once 
again, patients with these syndromes need careful 
evaluation for recurrent tumor.

Treatment

While specific treatment protocols have not  
been described, it is our experience that severe 
postradiation pain requires a narcotic, often in 
combination with adjuvant medications such  
as gabapentin. Symptomatic treatment will need  
to be individualized using the agents discussed 
above.

Chemotherapy-Induced Peripheral 
Neuropathy

Many chemotherapeutic agents are neurotoxic. 
In particular, the taxanes, the vinca alkaloids and 
cisplatin are known to cause peripheral neuro-
pathy, which may be very painful. In general, the 
neuropathy caused by these agents is dose-related 
(either to cumulative dose or dose intensity). 
Although peripheral neuropathy can occur in any 
patient, those with preexisting neuropathy due to 
diabetes mellitus or other causes may be at higher 
risk for the development of severe peripheral neu-
ropathic complications of chemotherapy. Below 
we will briefly discuss the data regarding risk fac-
tors for, and prevention of, chemotherapy-related 
peripheral neuropathy. Research into neuro-
protective agents will be discussed, although  
the use of these agents is, for the most part, still  
investigational.

Cisplatin and Other Platinum  
Compounds
Peripheral neuropathy is common with cisplatin, 
starting with exposure to doses as low as  
200  mg/m2, and is almost universal at doses  

>400  mg/m2. Deterioration may start within a 
month after initiation of treatment and continue 
for up to 6 months after completion of treatment 
(a phenomenon known as “coasting”).164–166  
This is primarily a sensory neuropathy, with both  
negative (numbness, loss of vibration sensation, 
loss of tendon reflexes) and positive symptoms 
(paresthesias of varying intensities). The exact 
mechanism of this neuropathy is not completely 
clear; however, the drug appears to accumulate  
in the dorsal root ganglia. Oxaliplatin can cause 
both acute and chronic neurotoxic reactions.  
The acute reactions occur 30 to 60 minutes after  
infusion and resolve within days of treatment. 
They consist of paresthesias, allodynia, jaw and 
leg cramps, and, occasionally, visual changes,167 
and are related to infusion time and dose, and 
reappear with each infusion. Chronically, oxali-
platin causes a peripheral neuropathy similar to 
that caused by cisplatin. Carboplatin appears to 
be less neurotoxic than cisplatin; however, it can 
cause peripheral neuropathy as well.168

Prevention of Platinum-Related Neuropathy

Because neurotoxicity is related to dose intensity 
and cumulative dose, reduction of dose and 
longer intervals between infusions may reduce 
the severity of neuropathic complications of  
cisplatin. Several neuroprotective agents have 
been studied for use with cisplatin, including a 
synthetic ACTH analog, which has had mixed 
results.169,170 Amifostine, a thiol prodrug, showed 
benefit in preventing cisplatin neuropathy in one 
study171; however, subsequent studies have not 
been positive.172,173 Glutathione showed some 
benefit in one study of patients with advanced 
gastric cancer.174 Finally, nerve growth factors 
show some promise in both prevention and  
treatment of cisplatin peripheral neuropathy.175 

Cumulative neurotoxicity from oxaliplatin  
is usually reversible after discontinuation of ther-
apy, and may be managed by temporary cessation 
of treatment. One pilot study showed reduction 
of chronic neuropathy with administration of 
carbemazepine.176 Some success has been seen 
with amifostine as well.177 

Taxanes
Paclitaxel causes peripheral neuropathy by  
promoting the rigid microtubules that act to 
inhibit axonal transport. Patients may develop 
neuropathy after even a single dose of paclitaxel, 
especially if used in combination with cisplatin, 
but the neuropathy is most common in doses  
>250  mg/m2 and usually begins 48 hours after 
infusion.178,179 Symptoms include paresthesias, 
numbness and pain in feet and hands, ataxia, and 
muscle weakness. Neuropathy may be the dose-
limiting side effect, interfering with the ability to 
perform activities of daily living.180 Docetaxel can 
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cause peripheral neuropathy, as well, in a dose-
dependent way.181,182 Both paclitaxel and docetaxel 
neuropathies may reverse after discontinuation 
of treatment, although permanent neuropathy 
can occur.183

Prevention of Taxane-Induced Neuropathy

Because neuropathy is dose-dependent, changes 
in dosing schedule may reduce or prevent this 
complication, especially in patients with diabetes 
mellitus.184,185 Various agents, including gluta-
mine186 and an ACTH analog187 have shown some 
promise as neuroprotective agents. Corticoste-
roids are probably not effective in preventing 
taxane-related neuropathy.188 Amifostine has had 
mixed results but is probably not useful.189,190 
Nerve growth factors are under investigation.191

Vinca Alkaloids
Peripheral sensory neuropathies are very common 
in patients treated with vinca alkaloids, and are 
felt to be due to alterations in cellular micro tubule 
structure causing edema of fast- and slow- 
conducting axons.192 Toxicity is dose-dependent, 
and risk is increased with hepatic insufficiency.193 
Paresthesias and pain of the hands and feet are  
the initial symptoms of neurotoxicity; some 
patients will go on to develop muscle cramps and  
weakness. Autonomic insufficiency, including 
constipation (to the point of megacolon), bladder 
insufficiency, orthostatic hypotension, and impo-
tence, may occur.194 Most of the neuropathic side 
effects of these agents are reversible within a few 
months after discontinuing treatment.195

Prevention of Vinca Alkaloid-Related  
Neuropathy

Manipulation of dosing schedule by giving smaller 
doses per interval or longer intervals between 
doses may reduce the neuropathic symptoms  
of vincristine and related agents. Treatment is 
usually interrupted if patients experience more 
severe symptoms, such as muscle weakness.196 
Glutamic acid may reduce vincristine peripheral 
neuropathy.197 

Treatment of Established  
Neuropathies

Treatment of established peripheral neuropathies 
has been extensively covered above in the section 
on medications for neuropathic pain. As noted  
in that section, however, much of the research  
on treatment of peripheral neuropathy has been 
done on patients with diabetic neuropathy.  
For patients with mild to moderate peripheral 
neuropathy, TCAs have generally been used as 
first-line agents; however, many would now use 
gabapentin first because of its more favorable 
side-effect profile. Carbamazepine may be  

effective, especially for oxaliplatin-related neu-
ropathies. Tramadol or opioids may be needed 
alone or in combination with adjuvant medica-
tions for more severe pain, and many would  
consider methadone when an opioid is needed 
because of its theoretical benefit for neuropathic 
pain. Specific treatments for chemotherapy-
induced peripheral neuropathy that are still inves-
tigational include decompression of peripheral 
nerves198 and ethosuximide.199

Postherpetic Neuralgia
Cause and Incidence

Although postherpetic neuralgia (PHN) is not a 
direct complication of cancer, it has been included 
here because herpes zoster infection, including 
disseminated disease, is a not an uncommon 
result of the immunosuppression that accompa-
nies cancer and/or its treatment. Herpes zoster 
infection causes neuropathic pain during the 
acute infection (as a prodrome and for ≈ 30 days 
after the onset of the rash), subacutely (for 1 to  
4 months after onset of the rash) and as a chronic 
painful condition known as postherpetic neural-
gia.200 Pathologic evaluation of patients with  
PHN reveals scarring of peripheral nerves, gan-
glion, and sensory roots, with damage (including 
inflammation and atrophy) at the level of the 
dorsal horn of the spinal cord, as well.201,202 

Risk factors for the development of persis-
tent pain include age g50, prodromal symptoms, 
rash severity, and moderate to severe pain during 
the acute phase of illness.203 This means that 
patients with cancer, who are often elderly  
and are more likely have disseminated (and  
more acutely painful) disease, are at higher risk of 
chronic pain following acute infection.

Prevention of PHN

Prevention of PHN has been extensively studied. 
Most studies agree that treatment with antiviral 
agents (acyclovir, famciclovir, and valacyclovir), 
especially when initiated early, reduces the  
duration and likelihood of postherpetic neural-
gia.204–208 Because acute pain during zoster  
infection predicts the development of chronic 
postherpetic neuralgia, some have tried pree-
mptive analgesia to prevent PHN. One study  
suggested that acute treatment with low-dose 
amitriptyline reduces the incidence of post- 
herpetic neuralgia.209 Anesthetic techniques, 
including sympathetic blocks210 and epidural 
blocks,211 have also been tried; while these tech-
niques reduce acute pain, problems with study 
design make it difficult to say definitively that 
they reduce PHN.212 Corticosteroids have also 
been advocated to prevent PHN, but results  
of clinical trials have not shown this to be  
effective.213,214 

Treatment of Established PHN

TCAs have traditionally been the first-line agents 
for PHN.6,9,215 Unfortunately, the side effects of 
these medications make them poorly tolerated, 
especially in elderly patients (although, as stated 
above, nortriptyline is better than amitriptyline  
in this respect14). For this reason, gabapentin (as  
discussed above) would be a first-line agent, used 
prior to TCAs, by most clinicians.28,29 Lidocaine 
5% patch is also a first-line agent once the open 
lesions are gone. It is easy to apply, works quickly 
and without a long titration schedule, and  
works especially well for the treatment of  
allodynia.71,72,73

For patients whose pain is not controlled 
with non-narcotic medications alone, opioids can 
be an effective treatment. Both morphine and 
oxycodone have been proven to be effective  
for this indication.88,216,217 Tramadol is another 
reasonable choice for PHN.104

Combinations of several of the above medi-
cations may be necessary to achieve an acceptable 
level of pain control in many patients.218 In par-
ticular, the lidocaine 5% patch is easy to combine 
with oral agents because of its lack of systemic 
side effects and its special efficacy for allodynia. 
Patients who do not respond to these agents may 
benefit from referral to a pain specialist for more 
aggressive therapy.

Conclusion
As patients with cancer survive longer, with a 
greater disease burden, helping them maintain  
an adequate quality of life becomes ever more 
crucial. In this setting, treatment of cancer-related 
neuropathic pain is an essential part of the overall 
palliative care plan. Careful assessment and indi-
vidualized treatment are the keys to successful 
management of neuropathic pain in cancer. 
Patience and persistence are required, as trials of 
multiple different agents may be needed before  
a satisfactory regimen is determined. Because 
much of the work on neuropathic pain syndromes 
has been done on nonmalignant conditions, more 
research on cancer-related neuropathic pain is 
needed.
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As the array of therapeutic options for oncologic 
patients increases, more individuals now live 
with, or have undergone treatment for, cancer. As 
such, more patients and clinicians are experienc-
ing cancer as a chronic process. In 2003, it was 
estimated that 9.6 million people were living after 
a cancer diagnosis.1 For these and others, issues 
related to quality of life and sustained health have 
taken on prominence. The impact of stress and 
mood has been shown to have direct effects on 
disease outcome. This is elucidated by the now 
20-year-old field of psychoneuroimmunology.2–6

The most common psychiatric diagnoses 
seen by the internist are delirium, adjustment  
disorders, and depression. A classic study by 
Derogatis and colleagues found a 44% prevalence 
of psychiatric disorders in cancer patients.7 
Although the most quoted study, it is based on 
criteria from an older Diagnostic and Statistical 
Manual of Psychiatry, the DSM-III. It is now 
thought that clinically significant levels of depres-
sion and/or anxiety develop in 15 to 40% of cancer 
patients, and depend on the site of cancer and the 
stage of disease.8,9 The incidence of delirium also 
depends on the stage of illness for cancer patients 
and ranges from 15 to 85%.

Throughout this chapter, emphasis is placed 
upon a combined approach using both pharma-
cologic management of mood or anxiety dis orders 
with adjunctive psychotherapy. Although some 
cancer patients are initially too distressed to  
participate fully in psychotherapy as they contend 
with a life-threatening illness, once a medication 
or treatment begins to take effect, this experience 
changes. Patients often want to examine the way 
they look at the world, and many readily grasp the 
connection between their thoughts, emotions, 
and behaviors, and how changing one can impact 
another.

The goal of this chapter is to provide clini-
cians with practical information and strategies for 
the cancer patients they care for. It is also designed 
to assist practitioners with populations who may 
have special needs, such as those with schizoph-
renia and bipolar illness. It will cover delirium, 
frontal lobe syndromes, anxiety disorders, mania 
and bipolar illnesses, personality disorders, 

schizophrenia, and, finally, depression and the 
assessment of suicide risk.

Delirium and Cognitive Impairment 
Disorders

Delirium
Clinical Manifestations

Delirium, characterized by a fluctuating distur-
bance in consciousness, is reported to affect 8 to 
40% of inpatients at any given time.10 Symptoms, 
which can be subtle, often occur abruptly, with  
an average onset of 3.3 days in the oncologic  
population (see DSM-IV criteria for delirium).11 
The incidence of delirium in the cancer popula-
tion is cited at 13 to 25%, although up to 85%  
of terminally ill cancer patients are delirious.12 
Vulnerable populations include the elderly, brain 
injured, demented or cognitively impaired, those 
recovering from procedures or surgeries, and 
those who are very ill. The 3-month mortality is 
23 to 33%.13,14 In cancer populations, associated  
risk factors include advanced age, cognitive 
impairment, low albumin level, bone metastasis, 
hematologic malignancy, use of opioids, and 
alcoholism.11,15 Family or nursing staff are often 
the first to notice delirium manifesting itself as 
restlessness, anxiety, change in attention, and easy 
distractibility. It can unmask old cerebrovascular 
events and cause memory impairment, disorga-
nized speech, disorientation, misper ceptions, 
illusions, change in sleep, aphasia, tremor, 
asterixis, myoclonus, and reflex and tone 
changes.13

Psychiatric symptoms and mimickers include 
mania, depression, tearfulness, personality 
changes, irritability, delusions, hallucinations, 
and psychosis. Subtypes include the hyperalert 
(agitated type), the hypoalert (lethargic type), and 
a mixed or alternating type.10,12 The latter is often 
mistaken for depression—part of the reason  
that the most common consult for psychiatrist is 
“Evaluate for depression” while the most common 
diagnosis given is “Delirium.”

Pathophysiologic Manifestations

The earliest sign of delirium is a disruption of  
the sleep-wake cycle, which is controlled by the 

suprachiasmatic nuclei of the anterior hypothala-
mus. As the sleep-wake cycle is normally synchro-
nized with external environmental cues, a loss of 
light and unfamiliar hospital environments will  
promote delirium in vulnerable populations. The 
term “sundowning” is a misnomer; it is not 
related to light, but rather, the time of day (late 
afternoon). The neurotransmitter glutamate  
in the ascending reticular activating system 
(ARAS) in the brainstem, is involved in levels of  
consciousness and in maintaining wakefulness.16,17 
Dysregulation of other transmitters, such as  
acetylcholine, norepinephrine, and histamine 
have been implicated, with acetylcholine likely  
a major contributor.17,18

Etiology

The causes of delirium in the cancer patient are 
often different than in the general population. 
This is due to the nature of the disease and the 
modality of treatments. For example, intentional 
alkalinization of urine is produced to minimize 
the risk of tumor lysis syndromes. Table  1 reviews 
some of these features.10,12,18–20 Even when mild, 
combinations of states such as anemia, and  
slight hypercalcemia may produce delirium in a 
vulnerable individual.

Diagnosis

The electroencephalograms (EEG) is often very 
sensitive and shows diffuse background slowing, 
although certain events such as delirium tremens 
and hyperthermia have a normal or increased 
amount of activity.18,21 An EEG can rule out  
nonconvulsive status epilepticus, a mimicker of 
delirium. Although a Folstein Mini-Mental State 
score is often low, a normal result can occur in 
individuals with high premorbid functioning. 
Delirium can take up to 3 months to clear22 in  
certain vulnerable populations; thus, internists 
will often care for those with resolving delirium. 
The evaluation for delirium involves the identifi-
cation of an underlying medical cause and the 
removal of offending agents. 

Pharmacologic Treatments

There are no medications approved by the United 
States Food and Drug Administration (FDA)  
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for the treatment of delirium except for alcohol 
withdrawal. However, the literature provides  
recommendations for agitated delirium. These 
consist of low-dose antipsychotics. Antipsycho-
tics are divided into typical agents and atypical 
agents (see “Schizophrenia”). There are new 
warnings by the manufacturers on all atypical 
agents. Therefore, risks, benefits, and alternatives 
need to be discussed with the patients primary 
dellsion maker prior to giving these medicatives, 
for the demented elderly.23,24 These are due to  
four randomized controlled trials that found  
an association with increased cerebrovascular 
events and an increase in all-cause mortality with  
these agents. Low-dose quetiapine beginning at 
25  mg/d and increasing by 25  mg/d up to 25  mg 
tid has been asked. Quetiapine is very sedating,  
so it is useful at night. Typical agents such as  
haloperidol at 0.5  mg to 1 mg bid can also be 
started and titrated slowly.12 Haloperidol is not 
particularly sedating. In the elderly, some typical 
agents such as chlorpromazine are avoided 
because of their anticholinergic activity. The  
partial dopamine agonist aripiprazole, and the 
atypical agent ziprasidone have little data to  

support their use in delirium. Akathisia is a 
common side effect of all antipsychotics, although 
it is seen more frequently in older agents. Higher 
doses have been recommended in some text-
books, but that brings the possibility of extra-
pyramidal side effects, such as dystonia and 
parkinsonism. Prolonged Q–Tc intervals, tors-
ades de pointes, and neuroleptic malignant  
syndromes (discussed elsewhere), are also major 
concerns.25 Vital signs should be monitored, an 
electrocardiogram (EKG) ordered, and Q–Tc 
intervals monitored for moderate to high doses. 

If a person is severely agitated, some recom-
mend a higher dose of haldol, such as 5 to 10  mg. 
Checking for acute hypoxia and other vital-sign 
abnormalities is important before doing so. As 
the delirium is resolving, plan to taper because 
there is a risk of tardive dyskinesia. Tardive dyski-
nesia is thought to be related to extrapyramidal 
side effects. Typical neuroleptics have a 25% inci-
dence of tardive dyskinesia in the elderly at 1  year, 
which is often irreversible. The incidence of  
tardive dyskinesia is thought to be much lower in 
the newer agents, but quetiapine, which is thought 

to have the least EPS of all the agents, is still 
reported to have 4 to 6% at low doses and 6 to 8% 
at high doses.26

Benzodiazepines should not be used for 
delirium unless it is due to alcohol or benzodiaz-
epine withdrawal. It is critical to determine if this 
is delirium is due to alcohol or benzodiazepine 
withdrawal because all antipsychotic agents can 
lower the seizure threshold. 

Recommendations for the treatment of  
agitated delirium are as follows.

•	 Check vital signs, rule out an acute medical 
process

•	 Rule out offending medications
•	 Rule out alcohol withdrawal
•	 Obtain a baseline EKG and Q–Tc (with a 

monitored bed if high doses of medication 
required)

•	 Begin with haloperidol 0.5-1 mg bid, or  
quetiapine 25mg at night, and titrate slowly

•	 Consider giving two-thirds of the total dose 
in the evening and one-third in morning, or 
morning and noon

•	 Consider the possibility that increased  
agitation is due to akathisia

Psychological interventions

Establishing a routine and providing visual cues 
wtih clocks, calendars, exposure to daytime  
sunlight, and the closing of curtains at night can 
help the confused patient reestablish a sleep-wake 
cycle.27 Decreasing stimulation and activities at 
night will minimize and help prevent delirium. 
Providing familiar objects from home, such as a 
favorite pillow case or piece of music can assist 
with the reorienting process. Individuals with 
poor eyesight and hearing need their hearing  
aid and glasses to prevent misinterpretation of 
shadows and noises, which fosters delusions.18,28 
If a patient is in the hospital, a single room  
without undue distractions is helpful. Having 
consistent caregivers, who provide confident, 
consistent care will help reassure the frightened 
patient and help from feel safe. The family should 
be briefed on ways to help the patient, such as  
the calm repetition of information. Limiting the 
number of caregivers and restricting visitors to a 
few familiar people can be very helpful. 

Frontal Lobe Syndromes 
Frontal lobe syndromes occur with bilateral 
lesions. This may be due to a variety of insults 
including ischemia, mass effect such as tumor, 
and degenerative or demyelinating processes.29 
Individuals manifest these syndromes with a delay 
in processing information and retrieving infor-
mation, poor judgment, and a decrease in curio-
sity. This social withdrawal or apathy can quickly 
shift to irritability, abrupt behavioral aggression, 
and disinhibition. An intact unilateral lobe does 
not generally produce this behavior. Lesions  

Table 1  Special Causes of Delirium in the Cancer Patient

Medical Illnesses
CNS: primary CNS cancer, secondary metastasis, stroke, post-operative state, whole brain radiation,  
 non-convulsive status epilepticus
Hepatic: hepatic failure or dysfunction; hyperammonemia,
Hematologic: anemia
Metabolic: prophylactic alkalinization in patients vulnerable for tumor lysis syndrome or other hypercarbia;  
 metabolic disarray
Renal: renal disease or failure
GI: constipation, ileus
Endocrine: hypercalcemia from bone metastasis or paraneoplastic syndromes; hyper- and hypoglycemia,  
 adrenal pathology or crisis, hypomagnesemia, thyrotoxicosis; SIADH, hyper- and hyponatremia
Deficiencies: B1, B12 and niacin deficiency
Pulmonary: hypoxia from primary lung disease, infection, or pulmonary embolus
Infections: sepsis; infections in immunosuppressed or elderly individuals, meningitis, encephalitis, or  
 opportunistic infections
Vascular: thromboembolic events such as deep venous thrombosis, disseminated intravascular coagulation
Withdrawal: alcohol, benzodiazepines, barbiturates, narcotics

Medications that can cause Delirium in the Cancer Patient
Antibiotics (particularly quinolones, penicillins, cephalosporins)
Antifungals 
Anesthesia 
Anticholinergic/antihistaminergic medications (including benztropine mesylate, diphenhydramine,  
 Phenergan, and tricyclic antidepressants)
Antihypertensives (especially b-blockers and clonidine),
Chemotherapeutic agents: l-asparaginase, bleomycin, cisplatin, cytosine arabinoside (ara-C), fludarabine,  
 5-fluorouracil, interferon, interleukin, ifosfamide, methotrexate (with high dose or intrathecal  
 administration), prednisone, procarbazine, vinblastine, vinca alkaloids (vincristine)
Dopaminergic agents
Sedatives, such as benzodiazepines and other hypnotics such as zolpidem 
Corticosteroids and other immunosuppressants such as azathioprine
Muscle relaxants
Opioid medications
Stimulants
Salicylates
Toxic levels of valproate, lithium, carbamazepine, digitalis
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of the frontal lobes have three presentations: 
changes in motor activities, personality changes, 
and cognitive dysfunction.30 There are predict-
able responses to specific lesions. For example, 
damage to orbitofrontal regions is associated  
with behavioral disinhibition, lack of guilt, and 
poor insight. Dorsolateral regions affect higher 
functioning behaviors and produce mood disor-
ders. Injury in the medial region causes lethargy, 
amotivation, and less spontaneous movements 
and use of language.29 

For patients who have had primary brain 
tumors or secondary metastasis, personality 
changes may be evident. It is important to rule 
out offending medications, which can potentially 
worsen or cause other effects. For example,  
benzodiazepines may contribute to behavioral 
disinhibition. Although antipsychotic medica-
tions are often recommended and used for behav-
ioral dyscontrol, parkinsonism often occurs. 
Seizures are not uncommon in this population. 
Levetiracetam (Keppra), which is often success-
fully used as an antiepileptic drug (AED), may 
worsen behavior in some individuals. In this case, 
other AEDs such as valproate (VPA), carbamaze-
pine (CBZ), lamotrigine, and oxcarbazepine  
may be more appropriate. It is best to use an  
AED that has some mood-stabilizing properties, 
rather than phenytoin in this population.  
Additionally, delirium may also be very subtle in 
this population. 

Families often need to be educated to under-
stand that behaviors that appear to be laziness, 
depression, or antisocial behavior are due to  
frontal lobe injury. Depending on the needs and 
limitations of the individual, referrals to occu-
pational therapy and physical therapy can be  
helpful.

Anxiety Disorders

Anxiety per se is often a healthy and adaptive 
response to the diagnosis of cancer and its treat-
ments.31 In cancer patients, stressful periods occur 
at points of transition. These include a new cancer 
diagnosis, beginning any new treatment, waiting 
for test results, and preparing for medical proce-
dures. In advanced cancer patients, the failure of 
treatment or a recurrence can produce anxiety.32 
Shock and disbelief commonly follow the diagno-
sis of cancer. Anxiety, intrusive thoughts, impaired 
attention, irritability, dysphoric mood, and  
vegetative symptoms such as loss of appetite  
and difficulty sleeping, will often occur but  
should slowly resolve over 7 to 10  days.32 How-
ever, significant anxiety and depressive disorders 
can persist in between 25 to 48% of individu-
als.7,10,32–34 About 4 to 5% of patients with cancer 
have preexisting anxiety disorders, which is the 
most prevalent psychiatric disorder in the general 
adult population. Adjustment disorders (see 

DSM-IV chart on adjustment disorders), an exag-
gerated form of normal anxious response, are  
the mos t common type of disorder in cancer 
patients.35 Anticipatory anxiety can occur before 
appointments or treatments and can become a 
conditioned response to the treatment setting.36 

Diagnosis
Standard screening instruments and criterion, 
including the DSM, may overdiagnose anxiety 
(see TWS is a charts?? for Generalized Anxiety  
disorder) and mood disorders in medically ill 
individuals because they include neurovegetative 
criteria that can artificially elevate the score of  
an individual who may have difficulty with sleep 
or appetite due to the cancer or the cancer treat-
ment.32,34 The Hospital Anxiety and Depression 
Scale (HADS) has been validated to assess patients 
with medical illnesses.32,37 

Cancer is now considered a risk factor for  
the development of Acute Stress Disorder (ASD) 
and Post-traumatic Stress Disorder (PTSD) (see 
chart).38 Acute stress disorder begins within  
2  days of the event, such as the cancer diagnosis, 
and lasts up to 4  weeks (see TWS is a charts??). 

If at that point symptoms continue, the  
criterion for post-traumatic stress disorder is met. 
Symptoms include the reexperiencing of the 
event, avoidance, a sense of numbing, detach-
ment or lack of emotional responsiveness, reduced 
awareness of surroundings, derealization and 
impaired recall. PTSD includes nightmares and 
flashbacks (see DSM-IV criteria for PTSD). In 
this context, the individual may not hear critically 
important information. As a practical matter, a 
physician should write down important informa-
tion, and ideally have a friend or family member 
in the room to assist with later recall. Many  
factors, including biologic vulnerability, prior 
trauma, and poor social supports play a role in 
the development of ASD and PTSD.38 In the 
cancer population, other factors include youth, 
previous health, and dissatisfaction with the 
manner in which they were told about cancer.38 
The stage of illness affects the content of anxiety. 
For example, anticipated alopecia has been shown 
to be “the most disturbing factor” in 47 to 58%  
of women with cancer, while other body-image 
issues predominate in metastatic disease.39,40 
There is debate as to whether anxiety disorders 
predominate among different sites of cancer.32,41

The diagnosis or treatment of cancer can 
exacerbate generalized anxiety disorders, which 
are present in 1.5 to 3% of the population.42  
However, some cancers, such as pancreatic cancer, 
can produce anxiety, panic attacks and depres-
sion, and precede the diagnosis in up to 50%  
of patients.43 Symptoms must cause “clinically 
significant” distress or impairment in an impor-
tant area of functioning, last at least six months, 

and not be due to a substance, medicine, or  
medical problem (see the chart from DSM-IV).

The Diagnostic and Statistical Manual of 
Psychiatry, Fourth Edition, text revision (DSM-
IV-TR) requires that a primary anxiety disorder 
be excluded if the etiology is due to a substance, 
medication or medical illness that can cause the 
symptoms.44. Therefore, any patient who has a 
sudden increase in distress should be evaluated 
for an acute medical or metabolic process. It is 
not unusual for a patient to who was on steroids, 
or given benzodiazepines for nausea or narcotics 
in the hospital to develop withdrawal that unwit-
tingly occurred in the transition into or from the 
hospital. Clarifying which medications were given 
in the hospital, not just the discharge medica-
tions, can be very important. Patients may have 
been started on medications that produced  
anxiety as a side effect. These may include steroids 
or beta agonists. Acute anxiety in populations 
who have a statistically high association with 
alcohol, such as head and neck, esophageal,  
gastric, and pancreatic cancers should be thought 
to be possibly from alcohol withdrawal. Addi-
tionally, patients who are heavy smokers may 
have nicotine withdrawal. 

In cancer patients, symptoms of anxiety 
should also prompt the clinician to consider brain 
metastases, pulmonary embolus, thyroid disease, 
rapid withdrawal from steroids, hypoglycemia, 
and adrenal disease as appropriate. Anxiety due 
to a medication should be considered. Akathisia, 
a subjective sense of motor restlessness that  
manifests as pacing, and inability to sit still, or 
skin crawling, is often associated with typical and 
atypical neuroleptics, Phenergan, Compazine, 
and selective serotonin reuptake inhibitors 
(SSRIs).18,45

Medical Illnesses That Can Present as 
Anxiety
•	 Cardiac: ischemia, arrhythmias, systolic and 

diastolic failure and diastolic dysfunction, 
valvular disease

•	 Endocrine: carcinoid, adrenal crisis or dis-
ease, disorders of calcium, thyroid disease, 
pheochromocytoma

•	 Metabolic: potassium disorders, hypoglyce-
mia, hyponatremia, uremia, hypercarbia 
from pain, and prophylactic alkalinization of 
urine

•	 Respiratory/Pulmonary: hypoxia, asthma/
reactive airways, COPD, pneumothorax,  
pul monary edema, pulmonary embolism

•	 Heme: porphyrias (anxiety and panic 
attacks), anemia

•	 Neurologic: delirium, brain tumor, infarcts 
(particularly left frontal lobe infarcts), trau-
matic brain injury, mass effects, epilepsy / 
seizures (particularly temporal lobe epi-
lepsy), vertigo
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•	 Gastrointestinal: acute or chronic bleeding 
(hypovolemia) 

•	 Immunologic: anaphylaxis, transfusion  
reaction

•	 Substances: alcohol, barbiturate, or benzodi-
azepine withdrawal; amphetamines and  
sympathomimetic agents, caffeine and caf-
feine withdrawal, nicotine withdrawal, opioid 
withdrawal, akathisia from Phenergan,  
Compazine, typical or atypical antipsychotic 
agents, corticosteroids

Pharmacologic Treatments
Medications FDA-approved and traditionally 
used for anxiety disorders include SSRIs, selective 
serotonin/noradrenergic reuptake inhibitors 
(SNRIs) such as venlafaxine hydrochloride,  
mirtazapine, tricyclic agents, monoamine oxidase 
inhibitors (MAO-I) and benzodiazepines. Tricy-
clic medications and MAO-Is are avoided as  
first-line agents due to their side effects and 
danger or lethality in overdose. 

Generalized anxiety disorders have also been 
treated successfully with azapirone agents such as 
buspirone hydrochloride (Buspar).46–48 Gabapen-
tin and lamotrigine have some reported efficacy. 
SSRIs and SNRIs may induce nausea, but con-
trolled release forms may avoid the stimulation  
of upper gastrointestinal serotonin receptors that 
mediate nausea. Although generally regarded as 
safe and first-line agents, SSRIs (and possibly 
SNRIs) may increase the risk of intraoperative 
bleeding.49 For cancer patients, the clinician 
should be aware that these medications cause an 
SIADH-like hyponatremia, and lower the seizure 
threshold by about 0.1%.

The anxiety seen in cancer patients is associ-
ated with more autonomic hyperactivity than in 
other patients with anxiety disorders.32 These 
patients may be more sensitive to the side effects 
of some medications such as the SSRIs, venlafax-
ine and buspirone. A clinical pearl in treating 
anxiety with SSRIs and venlafaxine is the recogni-
tion that there is often an initial burst of anxiety 
in the first days of use with this medications;  
this anxiety usually dissipates within a few days. 
Clinical effects take 2 to 4  weeks. Telling the 
patient to anticipate a small increase in anxiety is 
therapeutically reassuring and often allows them 
to better tolerate the initial days. Working patients 
may prefer to start the medication on a weekend 
to minimize stress. Slow titration at half the  
recommended starting dose, with a dose increase 
in a week can often minimize side effects. Although 
the dose required to treat anxiety is lower than 
that for depression, complete resolution of panic 
symptoms will often not occur until higher doses 
are used. All SSRIs and medications in the anti-
depressant family have now been given warnings 
about the increased risk of suicidal ideation. This 
is likely multifactorial, and will now likely require 

a routine follow-up sooner than the usual 1-
month follow-up as (recommendations are being 
formalized by consensus guidelines). So long as 
patients understand that they need to contact 
someone immediately if they feel suicidal, or  
proceed to the nearest emergency room, it is  
reasonable to prescribe these medications for 
anxiety, especially since depression and panic 
themselves carry a risk of suicidal ideation. 
Although many practitioners prescribe benzodi-
azepines for the initial days, this can promote 
dependence on these agents. If prescribing a  
benzodiazepine, a longer acting one, such as  
clonazepam (Klonopin) is preferred, as there is 
less of an initial “rush” and less tendency to 
become dependent on the instant relief of anxi-
ety. Although not FDA-approved, psychiatrists 
will often use low doses of quetiapine 25 to  
50  mg instead of benzodiazepines for sleep and 
anxiety.50 

Classes of Medications used for Anxiety  
Disorders

The following medications are for GAD, ASDs, 
and PTSDs. All SSRIs and SNRIs cause hypona-
tremia, and all can lower seizure threshold, as can 
Wellbutrin.

SSRIs are the most prevalent medications 
used for their safety profile and efficacy. The 
oldest agents have the most P-450 interactions, 
which is important for patients on complex med-
ication regimens. They are fluoxetine (Prozac), 
paroxetine (Paxil), sertraline (Zoloft), citalopram 
(Celexa), and escitalopram (Lexapro). The longer 
acting forms generally have less initial anxiety and 
gastrointestinal distress, but the medications with 
the long-acting (sustained release (SR), XR, XL 
forms (paroxetine, fluoxetine, venlafaxine) also 
have the most P-450 interactions. All of these 
medications cause sexual dysfunction and weight 
gain. Start at half of the recommended dose.

Bupropion (Wellbutrin) is generally avoided 
for panic disorder as it can worsen panic attacks. 
Although most notorious for lowering the seizure 
threshold, the long-acting forms have the same 
incidence as SSRIs and SNRIs. It has no sexual 
dysfunction associated with it. It may be activat-
ing, but also may have better effect on sleep  
architecture. The SR form may reduce fatigue in 
cancer patients 51

Mirtazepine (Remeron) is good for cancer 
patients with nausea (it may stimulate appetite), 
and insomnia (lower doses are more sedating 
than higher doses), anorexia (causes weight gain), 
and it has a sol tab. It has P-450 interaction. Start 
at 15  mg and increase if the patient is too 
sedated.

Duloxetine: (Cymbalta) uses NE and sero-
tonin simultaneously, and has efficacy for pain.  
It has more than 1,000 inactive metabolites,  

and should not be used with renal or hepatic  
dysfunction. Start at 30  mg.

Venlafaxine, (Effexor XR form) at low doses 
acts like an SSRI, and at higher doses has NE 
effects (BP). It appears to have efficacy for pain. It 
has mild effects on blood pressure at higher doses 
(about 10  mm). Start at 37.5  mg, and titrate 
slowly by 37.5 mg increments. 

Tricyclics are generally avoided because of 
anticholinergic and muscarinic side effects, and 
high lethality in overdose. 

MAO-Is (eg, phenelzine) are generally avoi-
ded because of lethality in overdose and strict 
dietary requirements. 

Buspirone (Buspar) is recommended for 
generalized anxiety disorders, and usually is not 
effective for patients who have a history of using 
benzodiazepines. Start at 5  mg at night and 
increase slowly in a bid or tid fashion. When  
taken with food, there is less of a side effect of  
dizziness.

Gabapentin (Neurontin, Micromedex, Inc.) 
is sedating, has no antidepressant properties,  
but may have efficacy for social phobia. Start at 
100  mg at night and increase by 100  mg in a bid 
or tid fashion.

Atypical Antipsychotics such as quetiapine, 
olanzapine, risperidone are used at times for 
severe anxiety as an augmentation strategy, and  
are sedation. Quetiapine has the least extrapyra-
midal side effects, and can be started at 25 mg a 
night titrating rapidly by 25  mg doses.

Benzodiazepines are used with caution by 
many psychiatrists because of their risk of depen-
dence. Longer acting medications, such as clonaz-
epam are useful because there is less of an initial 
“rush” with the medication. Clonazepam addi-
tionally has few active metabolites, although it is 
long-acting so should be used with caution for 
patients with hepatic dysfunction. If used, Clon-
azepam should be initiated at 0.25  mg twice a day 
before beginning the SSRI or SNRI, and then 
removed within weeks.52 Alprazolam is avoided 
by psychiatrists because of the “rush” associated 
with it and the risk of addiction with this  
short-acting agent.

There are open labeled studies with valpro-
ate, carbamazepine, and topiramate. Clonidine 
hydrochloride and propranolol have both been 
cited as helpful for anxiety, but both can cause 
depression in some individuals. Trazodone 
hydrochloride (Desyrel), a very weak antidepres-
sant, is good for sleep architecture, and can be 
used for sleep augmentation. Early studies in 
Europe found that it compared well against dia-
zepam; using 25  mg tid found the anxiolytic effect 
to be equivalent to diazepam (Valium) 5  mg tid 
for anxiety.52–54 Trazodone has been associated 
with priapism. Other sedative hypnotics such as 
zolpidem tartrate (Ambien) can be helpful for 
short periods, as efficacy decreases with long-term 
use.
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An elixir is available for fluoxetine, and a 
soluble tablet is available for mirtazapine.

For acute stress disorders and post-traumatic 
stress, SSRIs have been shown to be effective.  
Tricyclics and MAO-Is (phenelzine) have been 
shown to be efficacious, but for the reasons above, 
are generally avoided. Open label studies with 
valproate, carbamazepine, and topiramate have 
shown mixed or limited efficacy. There is one 
controlled trial with lamotrigine showing efficacy 
(note, however, the risk of rash). Additionally, 
there is preliminary evidence that olanzapine, 
quetiapine, and risperidone may be helpful.  
Propranolol may reduce the onset of post- 
traumatic symptoms, and clonidine hydrochlo-
ride may have effects, but both can cause 
depression. Benzodiazepines are anxiolytic, but, 
again, raise a concern for tolerance and addiction, 
as they act on the GABA receptor complex that is 
shared with alcohol.55

Drug Interactions

The cytochrome P-450 system is a hepatic enzyme 
system that has clinically significant interactions 
with psychotropic agents and chemotherapy. 
Medications that are metabolized by this system 
will often interact with one another. In a healthy 
general population on no other medications  
P-450 interactions are rarely an issue. However, 
in cancer populations, certain chemotherapeutic 
agents and other medications used for nausea and 
side effects will interact with this system. Medica-
tion catabolism can be increased or decreased. 
There are helpful resources that are free and avail-
able on the Internet (eg, <http://medicine.iupui.
edu/flockhart/table.htm>) as well as books that 
can guide the practitioner. Additionally, pharma-
cists are a helpful resource. Many antidepressants 
and antipsychotic agents use the P-450 systems. A 
helpful rule of thumb for SSRIs is that the newer 
ones often have the least P-450 interaction. Even 
with interactions, these medications can be used.  
The key is to go slow. Some common substrates 
include antidepressants (eg, amitriptyline, imip-
ramine, bupropion, all SSRIs, mirtazapine, venla-
faxine), antipsychotics (typical and atypical agents 
including clozapine, haloperidol, olanzapine, 
perphenazine, risperidone, thioridazine) chemo-
therapeutic agents, (eg, cyclophosphamide, ifos-
famide, paclitaxel, tamoxifen), antinausea agents 
(eg, ondansetron, metoclopramide) and pain 
medications, such as celecoxib and methadone.

The P-450 interaction can increase levels of 
these agents substantially and cause adverse 
events. For example, excess stimulation of central 
serotonin receptors are thought to cause sero-
tonin syndrome. This causes autonomic dysfunc-
tion, similar to neuroleptic malignant syndrome, 
and includes tachycardia, fever, diaphoresis, 
hypertension, diarrhea and myoclonus. When 
extreme, it can lead to shock and death. Of note, 

the chemotherapeutic agent procarbazine, a weak 
MAO-I, should be used cautiously with any  
medication that has tricyclic, serotonergic, or 
noradrenergic components because of the risk of 
hypertensive crisis and serotonin syndromes.56 
This would include many psychiatric  
medications.

Psychological Interventions

Many anxious cancer patients are reluctant to 
take more medication, especially if they are also 
taking chemotherapy. Cognitive and behavioral 
techniques are often quite effective and have the 
added benefit of the patient’s active participation 
in their care, a factor that adds to feelings of  
self-efficacy (the confidence of a person in their 
ability to successfully complete a task) and 
increased control. This idea forms the basis for 
many of the cognitive-behavioral interventions 
that will be helpful to cancer patients. Recently, a 
meta-analysis of many studies found that psycho-
logical interventions for anxiety were effective 
even when offered preventively to cancer patients 
on the basis of their medical diagnosis, and not 
psychological distress.57 Initial treatment involves 
education about the nature of anxiety, and then 
the teaching of relaxation techniques, guided 
imagery, self-hypnosis, or distraction. These tech-
niques are useful for many of the treatment-
related side effects of chemotherapy, such as 
nausea, vomiting, and fatigue, as well as for anxi-
ety.58 For instance, many patients can be taught  
to modify pain or nausea sensations through  
self-hypnosis, which can decrease their intake of 
medication, thus allowing them choices in how 
symptoms are managed.59 Biofeedback may be 
used to help monitor training in these techniques, 
but is usually not necessary, since patients  
often experience subjective improvement rather 
quickly. 

The experience of anxiety is often both  
cognitive and physical. Patients describe racing 
thoughts; obsessive, repetitive thoughts; and a 
future-oriented sensation of dread or impending 
doom. In addition, the physiologic sensations 
include a subjective feeling of tension (often  
in the stomach and chest) and muscle tension 
(usually in the neck and shoulders). Hand and 
jaw clenching can occur, even in sleep, which  
can leave muscles feeling fatigued. Cognitive-
behavioral interventions for anxiety thus must be 
targeted to an individual’s experience to achieve 
optimum symptom relief. 

Interventions for anxiety can take many dif-
ferent forms. Most produce what Herbert Benson 
has termed a “relaxation response,” which is char-
acterized by a decreased sympathetic arousal.60 
Meditation, yoga, and exercise are examples of 
techniques that patients can pursue indepen-
dently through community-based courses.61,62 
Many psychologists trained in behavioral  

medicine techniques can teach patients diaphrag-
matic breathing, autogenics (a technique used  
to induce vasodilation or constriction through 
increasing or decreasing peripheral blood flow), 
progressive muscle relaxation, and self-hypnosis, 
all of which have been found helpful in reducing 
anxiety.63

Most patients with anxiety are aware of a 
mind-body connection, because they notice the 
somatic effects of anxiety. To take advantage of an 
anxious patient’s propensity to imagine the worst, 
a statement such as, “I already know you have a 
good imagination because you’re a great worrier” 
can be used. This comment provides a positive 
use for what can be perceived as a negative trait, 
and does so with compassion and humor. Here 
are two examples of easy-to-teach cognitive  
techniques, which can be taught to a patient in a 
few moments during an office visit.

Thought Stopping   This technique serves as 
both a distraction and a focal point, which allows 
a cycle of obsessive thoughts to be broken and 
then redirected. The patient is asked to picture a 
big, red, stop sign and to focus on the octagonal 
shape, the red background with white letters. The 
stop sign’s powerful influence in everyday culture 
is emphasized: everybody obeys stop signs. As the 
stop sign is envisioned, the thought process is 
interrupted, and the patient is directed to then 
focus on something pleasant and positive, such as 
a pleasant memory, or a place that recalls good 
feelings. Redirecting activity, such as moving to a 
different room, or taking a brief walk outside, can 
also serve to break the chain of obsessive 
thoughts. 

Worry Time   Worry can be framed as an 
inefficient use of free time, which does not change 
the outcome of a feared event, but does negatively 
impact quality of life. Therefore, the patient is 
directed to continue to worry (since they have 
undoubtedly failed at not worrying), but to do it 
at a prescribed time only. For instance, worrying 
for the first five minutes of each hour would be 
allowed, but worrying outside of this time is  
prohibited. Through this technique, patients will 
often realize that nothing bad happens if they 
miss their “worry time” and they might even 
enjoy life in the meantime. 

One component of anxiety in cancer patients 
that is not addressed by some of the cognitive-
behavioral interventions discussed here is the 
anxiety that is a part of having a life-threatening 
illness. For many, cancer is the first time that 
mortality has become a clear possibility. This 
existential anxiety is best addressed through the 
exploration of beliefs and fears about the dying 
process and what lies beyond. For instance, many 
patients fear a painful, lonely death. Allowing  
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a person to discuss what would constitute an 
optimal death experience can relieve some of the 
anxiety and fear associated with dying. Encourag-
ing a patient to open a discussion with relatives 
about end-of-life planning can deepen relation-
ships with significant others and lead to healing 
on many levels.

Adjustment Disorders

Cancer patients who have clinically significant 
symptoms of anxiety or depression and do not 
meet criteria for other disorders often have adjust-
ment disorders. In a study of patients referred  
to a psycho-oncology service, 40% had an adjust-
ment disorder.64 These individuals usually had 
good functioning before their diagnosis, and  
the stress of the cancer diagnosis or treatment 
engenders subjective feelings of distress, and  
difficulty coping or functioning at work or at 
home. Patients may or may not report these to 
their primary medical provider or oncologist, but 
because psychological distress is so common in 
cancer patients, it is important to inquire about 
overall coping when seeing them. In most cases, 
the level of psychological distress in adjustment 
disorders does not warrant psychotropic medica-
tion. Psychological interventions that are effective 
for adjustment disorders include supportive  
psychotherapy, group peer support, and group 
psycho-educational therapy.

Supportive psychotherapy targets specific 
symptoms, such as depression, anxiety or insom-
nia, and places the symptoms into a context  
that normalizes the reaction, given the extreme 
circumstances of a cancer diagnosis. Often, 
patients have never consulted a mental health 
professional and are now more open to it because 
having cancer is universally understood as a 
stressor. This can be an opportunity for a patient 
to gain support in a confidential, professional  
setting, and not to burden relatives with fears and 
concerns. Patients often look forward to leaving 
their troubles at the therapist or doctor’s office so 
they can feel emotionally stronger around family. 
Small interventions, such as ways to improve 
sleep65 and nutrition, can often improve physical 
and emotional functioning in tandem.

Peer group support is a good choice for those 
who prefer a community-based intervention, and 
fellow patients can provide a sense of authenticity 
missing from a purely professional encounter. 
The informal support that occurs as a result of 
exchanging tips for thriving through treatment 
help not only in the short term, but also in the 
relationships that often grow out of these groups. 
Social support has been found to be a key variable 
in successful adjustment to cancer,66 and support 
groups provide this in many ways.

In 1989, David Spiegel and colleagues pub-
lished a surprising analysis of data that showed 

that weekly supportive group therapy with  
self-hypnosis for pain in women with metastatic 
breast cancer improved survival when compared 
to a randomized control group.67 This article was 
based upon an intervention that was designed to 
test the effectiveness of their model to decrease 
pain and increase quality of life, which it also did. 
However, upon a retrospective analysis of the  
survival of the groups, Spiegel was surprised to 
notice that the women in the intervention group 
lived about twice as long as those in the control 
group. This finding swept through the cancer 
community, and soon patients were calling  
for support groups with the belief that, if they 
participated, they would live longer. Subse-
quently, other researchers, including those  
mentored by Spiegel68 have provided a mixed 
outcome with regards to increased longevity. In 
an editorial,69 Spiegel states that 5 of 10 published 
trials report that psychotherapy prolongs survival. 
He explains the trials that do not show this effect 
by the large changes in both medical care and the 
widespread demand for psychosocial support that 
have occurred since his original study was begun 
in the late 1970s. Regardless of whether longevity 
is increased, almost all trials demonstrate 
improvement in psychological functioning, with 
the more distressed patients benefiting the 
most.68

When recommending support groups for 
patients, it is important to distinguish between 
those that are completely peer-led and those that 
are professionally led. While peer-led groups can 
be helpful for those who are exhibiting mild 
symptoms, professionally led groups have the 
benefit of being able to provide specific skills 
training in coping techniques, relaxation therapy, 
and credible information. More distressed or 
more isolated patients can usually benefit  
from this increased level of monitoring and  
mentoring.

Lastly, exercise is an intervention that is often 
overlooked, yet can be very effective in preventing 
cancer related-fatigue, and improving mood.70 In 
both breast cancer71 and prostate cancer72 patients, 
randomized trials of exercise in patients receiving 
radiotherapy found that patients who engaged in 
a moderate, home-based exercise program had 
no increase in fatigue from baseline, while patients 
who did not exercise had significant increases in 
fatigue. The exercise programs also improved 
overall physical functioning, which added to self-
efficacy and self-esteem during a time when many 
patients feel discouraged. Pinto and Turnzo73 
found that, among breast cancer patients, those 
who exercised reported higher satisfaction with 
body image and better mood than sedentary 
patients. Overall, for patients with mild to  
moderate symptoms characteristic of adjustment  
disorders, significant improvements in quality of 

life can be made by addressing symptoms such as 
mood, insomnia, and fatigue.

Mood Disorders

Major Depression
Rates of depression in cancer patients vary from 1 
to 50%, depending on the type of malignancy and 
study.74–76 Major depression likely affects about 
25% of the cancer population.74,75,77,78 In a study at 
Memorial Sloan-Kettering Cancer Center, 31% 
of patients seen by the consult psychiatry service 
had a major depressive disorder or an adjustment 
disorder with depressed mood.75 Factors, includ-
ing interferon, appear to be involved in certain 
types of depression. Thus, individuals treated 
with interferon therapy may be vulnerable.79–83 
The site of cancer has been associated with  
various levels of psychological distress.9 The 
assessment of depression in the cancer patient is 
discussed in another chapter (see Chapter 9, 
“Cancer and Depression”). Before prescribing an 
antidepressant in any patient, a screen to rule  
out hidden bipolar illness, alcohol abuse, and  
suicidal ideation is warranted. This includes an 
assessment for hypomania, with questions such 
as: “Have you ever seemed to need less sleep than 
usual, felt rested or energized, with clarity of 
thought or racing thoughts?” All SSRIs and  
medications in the antidepressant family have 
now been given warnings about the increased risk 
of suicidal ideation. As discussed in the section on 
anxiety, this is likely multifactorial, and will now 
likely require a routine follow-up sooner than the 
usual 1-month follow-up as recommendations 
are being formalized by consensus guidelines.  
So long as patients understand that they need to 
contact someone immediately if they feel suicidal, 
or proceed to the nearest emergency room, it  
is reasonable to prescribe these medications,  
especially since depression carries its own risk of 
suicidal ideation and suicide. In using these  
medications, it should be noted that many  
interact through the P-450 pathway (see “Anxiety 
Disorders”).

The pharmacologic treatment of depression 
depends on whether or not the patient is under-
going treatment with chemotherapy, radiation, 
or surgery. If none of those, the treatment of 
depression should be the same as for the general 
population. Traditional first-line agents for 
depression include SSRIs, venlafaxine, mirtaza-
pine, and bupropion. Gender and age differences 
have been noted with these agents in the treat-
ment of depression. This is thought to be related 
to the presence or absence of estrogen. In some 
studies, premenopausal women have better 
responses to SSRIs than men or postmenopausal 
women. There is some suggestion that venlafax-
ine may have more efficacy than SSRIs in men 
and postmenopausal women. For example, there 
was a 2.5 times greater trend in improvement  
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for women over 50  years old on venlafaxine  
compared with younger women on SSRIs.84,85 A 
new agent, duloxetine (Cymbalta) appears to be 
very good for some pain syndromes. Optimizing 
side effects can be helpful in choosing an agent. 
For example, mirtazapine is helpful for nausea, 
weight gain, and sedation, and causes no sexual 
dysfunction. Bupropion is activating, weight-
neutral, causes no sexual dysfunction, but has a 
risk of seizures in its warning label. The longest 
acting versions have the equivalent risk of seizure 
as SSRIs. Both of these agents interact with the 
P-450 system (see “Anxiety Disorders”). The 
newest SSRIs have the least P-450 interaction. 
SSRIs and venlafaxine appear to have efficacy  
for women for hot flashes, which can be useful  
for women who cannot be on estrogen replace-
ment.86,87 However, venlafaxine can also cause 
sweating. SSRIs and venlafaxine are associated 
with headache. Duloxetine tends not to cause 
headache. Second-line agents such as tricyclics 
and MAO-Is carry more side effects and can be 
lethal in overdose. For more details on the agents 
discussed above, the reader is referred to the  
section on anxiety and Table  2.

Psychological Interventions
The treatment of depression using cognitive  
therapy has long been a mainstay in psychother-
apy.88 Beck described the “cognitive triad” as (1) a 
negative view of the self (as unworthy, inadequate, 
and bad); (2) a negative view of the environment 
(as unsatisfying, demanding, and difficult); and 
(3) a negative view of the future (as unchange-
able, unfulfilling, and hopeless). The thoughts 
related to this triad are the key cognitions in 
depression. Cognitive therapy serves to correct 

misconceptions and errors in judgment and  
generate an array of possibilities for the future 
through demonstrating that choices are available 
even in difficult situations. This approach was 
recently found to be effective in decreasing 
depression and increasing optimism in women 
with early-stage breast cancer treated with a  
10-week, group cognitive-behavioral stress  
management intervention.89

When providing primary medical care to a 
depressed patient, practitioners can sometimes 
begin to feel hopeless. The faulty logic that  
characterizes some patients’ thoughts, as well  
as the subjectively difficult circumstances they 
have, can at times be hard to counter. However, 
maintaining professional distance while showing 
empathy, and continuous positive reframing of 
negative or irrational thoughts serves to model 
optimism.

Here are a few interventions that can be used 
to help remind patients that they do have  
some control over what can feel like a hopeless 
situation:

Identifying Automatic Thoughts

Ask patients if they have thoughts that seem to 
repeat over and over, like a broken record. Many 
depressed patients will readily describe them 
when prompted. Some examples might be “I’m 
not going to survive this,” “I’m a terrible burden 
to my family,” or “Why should I bother with all 
this?” A short examination of the usually skewed 
perceptions, by refuting with logical information, 
can be helpful. Examples based on your knowl-
edge of the patient’s situation can be helpful here, 
such as: “Just as you cared for your husband after 
his surgery, he now wants to help you through 

this.” Patients can be surprised how unrealistic—
yet pervasive—these thinking patterns can be 
when they identify and discard their negative 
automatic thoughts. 

Positive Reframing

Pessimism often only allows a glass to seem half 
empty, when in fact it is also half full. Language is 
an important framer of possibility. Illness can be 
seen to be an impediment or an opportunity for 
change with regard to interpersonal relationships, 
work, and recreation. If a patient continually  
verbalizes what they can’t do, ask, “What can you 
do now that you couldn’t before?” A pause in life, 
even a forced one, is still a break in routine, and 
allows for thinking and doing things differently.

Identifying Dichotomous Thinking

Many depressed patients see only black-and-
white outcomes. They are blind to the myriad 
possibilities that exist in the gray area in between. 
When you hear patients being very rigid in their 
dichotomous thinking, you can challenge them to 
generate more possibilities. (“Are the only two 
choices available to stay in bed or to jog your 
usual mile? What other activities could you pursue 
at this time?”)

The role of a primary medical doctor for  
the cancer patient with depression can seem 
daunting. However, what patients value as much 
as medical expertise is the human ability to under-
stand. By providing a depressed patient with the 
correct ‘prescription’ to see clearly, they can take 
back control of a situation that can, at times, feel 
overwhelming.

Suicide
In the general population, individuals with mood 
disorders have a 15% lifetime risk of suicide and 
account for 50 to 70% of successful suicides. 
There is a higher risk with anxiety or panic  
symptoms and alcohol abuse. Fifteen to 25% of 
suicides are due to alcohol dependence and other 
substance abuse. However, these individuals  
often have a comorbid depression and have  
experienced an “interpersonal loss.”90 There is a 
correlation between low serotonin levels and  
suicidal behavior.91–93

In general, the risk factors for suicide are 
listed in Table  3.88,92

Suicide in the Cancer Patient
Suicide should not be considered a “rational act” 
in the cancer patient.75 It should be attributed to 
an underlying state, such as depression, delirium 
or pain.95 Cancer patients have twice the risk of 
suicide than that of the general population.95,96 
The same risk factors, such as male gender, older 
age, marital status, and social isolation apply as  

Table 2  Selective Medications Used for the Treatment of Depression in Cancer Patients

SSRIs starting dose  dose range  metabolized inhibitor stimulator
 in mgs in mgs by

Fluoxetine (Prozac) 10–20 20–80 2D6
Paroxetine (Paxil)   2D6 +++2D6 -for both
 Immediate Release 10 10–50 
 Controlled Release 12.5 12.5–62.5 
Sertraline (Zoloft) 25–50 50–200 No for both -for both -for both
Citalopram (Celexa) 10 20–60 No for both -for both -for both
Escitalopram (Lexapro) 5 10–20 No for both +2D -for both
Bupropion (Wellbutrin)   No for both ++2D6 -for both
 Immediate Release 100 100–150 TI0
 Sustained Release 150 150–300
 Extended Release 150 300–450 
Venlafaxine XR (Effexor XR) 37.5 75–225  2D6 -for both -for both
Mirtazapinee (Remeron) 15 15–45 No for both -for both -for both 
Duloxetine (Cymbalta) 30 30–60 2D6 ++2D6 -for both

+=least interaction; ++=moderate interaction; +++=most interaction
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in the general population. For example, men with 
cancer who are in their 60s and 70s have a 1.55  
to 2.3  times greater risk for suicide than that of 
the general population.97 As with the general  
population, poor social support, personal or 
family history of mood disorders, or prior 
attempts at suicide increase the risk, as do drug 
and alcohol abuse. For patients, risk is highest in 
the first few months after diagnosis.97

Psychological distress and “existential suffer-
ing” are also related to suicide.98 Greater physical 
impairment or dependency, transition states 
(treatment decisions, undergoing treatment), 
emotional stress related to the diagnosis of cancer, 
plus social and cultural attitudes have been found 
to increase the risk of suicide. Additionally, pain, 
change in physical appearance, terminal illness  
or anxiety due to a poor prognosis, and issues 
related to death and dying are risk factors for  
suicide.74,75,90,99 Hopelessness is more significant 
than the diagnosis of depression in determining 
risk of suicide.75 

Confounding variables such as metabolic 
abnormalities (eg, hypercalcemia) and medica-
tions, including steroids and b-blockers, should 
be identified to rule out medication-induced 
depression. Certain medications, such as leveti-
racetam (Keppra) have been associated with  
suicidal ideation in small numbers of individu-
als.100 A diagnosis of cancer, particularly brain 
cancer, has been associated with a higher risk of 
suicide.101 Others report the highest risk in head 
and neck,102 gastrointestinal (GI),96 genitourinary, 
lung, and other respiratory cancers.97 Addition-
ally, breast cancer has been associated with a 
higher risk of suicide compared to other types of 
cancer.

As noted above, comorbid substance abuse 
with alcohol in general increases the risk for  

suicide. This may be one reason why suicide risk 
in head, neck, and GI cancers may be higher than 
with other cancers. 

Assessment of depression and suicidality 
should include asking the patient if there have 
been periods of hypomania (bipolar II symp-
toms), as these individuals may be more likely to 
enter a “mixed state,” where they are energized 
and dysphoric, a highly dangerous combination. 
The most likely time to commit suicide is when 
the person has the energy to do it. Individuals 
naturally may go though a mixed state as the 
energy returns and they may look better, but still 
report severe depression. SSRIs have been associ-
ated with a risk of suicidal ideation, and this may 
be, in part, due to the temporary phenomenon  
of a mixed state. However, the risk of suicide in  
an unmedicated, depressed population is higher 
than that for a medicated one. Delirium, by  
producing a depressed affect, may induce suicidal 
behavior.75 It is noted that, before committing 
suicide, 8 of 10 patients who were suicidal had 
asked for better pain control.78 Medications such 
as interferon, steroids, and other agents that are 
contributing to the symptoms should be halted 
and reassessed.

Assessment of suicidal ideation in the cancer 
patient entails the following.75

•	 Be empathic
•	 Establish a relationship
•	 Identify depression, anxiety, or other psychi-

atric illness 
•	 Evaluate for delirium
•	 Identify risk factors in the patient (demo-

graphics, family history of psychiatric illness 
and suicides, past depressions or anxiety, 
substance abuse, suicide history)

•	 Identify risk factors related to the cancer 
(prognosis, stage, pain)

•	 Identify social and other support systems 
(who they live with; where they live)

•	 Identify hopelessness
•	 Identify suicidal ideation
•	 If suicidal or hopeless, identify if there is 

plan
•	 Identify if it is possible to implement the plan 

(access to guns in the home, for example)

When in doubt, the patient should be evalu-
ated immediately by a mental health professional 
to determine need for admission to a hospital.  
If admitted, a sitter with a psychiatric consult- 
service following should be assigned to the  
individual, or admission to a psychiatric service 
should be instituted as appropriate.

Bipolar Disorder and Secondary 
Mania

Traditionally, when the term mania is used,  
it refers to the manic pole of a bipolar (or  

manic-depressive) illness. Unipolar depression, 
also known as Major Depressive Disorder is 
described elsewhere. Bipolar disorders have two 
subtypes. Bipolar type I is associated with mania, 
mixed states, and depression, whereas bipolar 
type II has hypomania and depression. Hypoma-
nia by definition does not require hospitalization 
(see DSM-IV criteria for mania and hypomania). 

Etiology and Diagnosis
In cancer patients, mania can be a manifestation 
of a primary bipolar illness, a side effect of a  
medication, or a manifestation of an underlying 
condition, such as a brain tumor or delirium. 
Although it is debated as to whether one has to 
have a bipolar diathesis to become manic on 
medications, in vulnerable patients, mania can  
be induced with antidepressants, stimulants,  
steroids, INH, l-dopa, and caffeine.103–105 

Cerebrovascular events and neuro-oncologic 
events can also precipitate mania or exacerbate  
a stable condition.104,106–109 The role of the right 
side of the brain in secondary mania is well estab-
lished,110 although there are instances documented 
of left hemispheric injury.111 A high index of  
suspicion should be used to assign a diagnosis  
of a new bipolar illness in a cancer patient.  
Substance abuse (including alcohol, amphet-
amines, cocaine), thyroid or other endocrine  
dysfunction, cerebrovascular events, partial  
complex seizures, and personality disorders can 
mimic bipolar illness.

Pharmacologic Treatments
There is solid literature and expert consensus 
guidelines for the treatment of mania due to  
a bipolar I disorder. Drugs that are FDA-approved 
for bipolar mania include: lithium, valproate, 
olanzapine, risperidone, quetiapine, and anpipir 
ziprasidone.112 There is solid literature for carba-
mazepine and lamotrigine FDA-approved for 
ma intenance in bipolar depression). Other off-
label medications include oxcarbamazepine113 
and topiramate. Electroconvulsive therapy (ECT) 
is also recognized as a valid treatment for bipolar 
mania.

However, these guidelines neither automati-
cally apply, nor should be reflexively used for  
secondary mania. Secondary mania does not 
appear to respond as well to lithium and may 
respond better to divalproex sodium or olanzap-
ine.114 In secondary mania, the first task, if  
possible, is to remove the offending agent.

For cancer patients, there are specific con-
cerns with mood stabilizers, as some depress bone 
marrow functioning (VPA and CBZ) and have 
other important effects. For example, valproate 
(Depakote, Depakene) is bound to albumin. Any 
process that affects albumin alters the levels  

Table 3  Risk Factors for Suicide in the General 
Population

Male gender
Social isolation
Social status (being divorced, widowed or single)
Unemployment, change in social or economic   
 status, legal problems, moving
Psychiatric illness (particularly, major depression  
 or bipolar illness), co morbid psychiatric  
 illness, psychological turmoil, previous  
 attempts, alcohol use, anxiety
Physical illness
Family history
Presence of firearms
Recent loss
Hopelessness
Psychosis (particularly with command  
 hallucinations)
Older age
Presence of a specific plan, means available to  
 carry out the plan, and rehearsal of the plan.
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of valproate. It is important, then, to check a  
free and total level of valproate, particularly in 
low-albumin states. Valproate interacts with 
many medications used in cancer patients, includ-
ing antiemetics of the phenothiazine class (pro-
methazine hydrochloride and prochlorperazine) 
and antipsychotic agents. 

The choice of mood stabilizer varies for the 
type of bipolar disorder (eg,, euphoric vs. mixed) 
(see DSM-IV criteria for mixed state) and is still 
actively debated in the literature. For euphoric 
mood or “classic” mania: lithium is considered  
to be the gold standard, although valproate is a 
first-line agent. For mixed episodes, dysphoric 
mood, or rapid cycling, the treatment of choice is 
VPA or CBZ, although some think that lithium  
is still a first-line agent (Table  4). When rapid 
loading is required, oral VPA at 10 to 15  mg/kg is 
recommended in a divided dose. When psychotic, 
antipsychotic medications are utilized, the FDA 
has approved antipsychotic agents for the treat-
ment of mania. There are no consensus guidelines 
for the treatment of substance-induced mania.

Due to the complexity of these medication 
interactions, providers are strongly encouraged 
to check for them before prescribing these  
medications. 

Personality Disorders

In clinical practice, patients who have a diagnosis 
of a personality disorder, or traits of such, are 
deemed difficult, challenging, or even hateful.116 
One of the hallmarks in recognizing patients with 
personality disorders is the ability to evoke intense 
negative feelings in their caregivers. When this 
occurs in patients who have a medical illness, and 
especially a life-threatening disease such as cancer, 
the clinician is placed in a difficult bind: how to 
help with compassion while setting limits with a 
patient who demands attention. 

According to the DSM–IV, a personality  
disorder is “an enduring pattern of inner experi-
ence and behavior that deviates markedly from 
the expectations of the individual’s culture, is 
pervasive and inflexible, has an onset in ado-
lescence or early adulthood, is stable over time, 
and leads to distress or impairment.”44 A review 
of the 10 specific personality disorders is beyond 
the scope of this text, but instead, certain traits  
of patients with borderline personality disorder 
(BPD) will be used to identify ways in which  
treatment by the primary care provider can  
contribute to an overall positive outcome.

About 2% of the general population carries a 
diagnosis of BPD,44 and therefore these patients 
interact frequently with the medical system, where 
they often present with chronic pain, hypochon-
driasis, multiple somatic complaints, medication 

sensitivity, and drug-seeking behavior.117 Even 
though many have occasional, extreme episodes 
of psychiatric symptoms (such as brief psychotic 
episodes, dissociative episodes, impulsivity, and 
rage), often the diagnosis is missed because of a 
superficially intact ability to function in society.  
It is only under stress that intense feelings of 
abandonment can resurface, an issue in which  
the medical system can play an unwitting part. 
Characteristic office behaviors include boundary 
violations (premature familiarity, requesting  

special treatment), medical neediness, atypical 
presentation (self-inflicted wounds), mediation-
seeking behavior, and a lack of cooperation with 
medical treatment (nothing works, or there are 
reasons for why interventions can’t be tried,  
leading to an escalating and complex treatment 
plan). Often, the clinician is left with the sense 
that “I’m trying too hard and nothing is helping.” 
This is one of the classic binds of the BPD patient: 
“You must help me/You can’t help me.” Another, 
more complicated bind is when the clinician 

Table 4  Guidelines for use of Mood Stabilizers*

Lithium
Used for classic euphoric mania
As a salt, is affected by sodium and medications that affect sodium (see below):
Has Effects on renal, thyroid, cardiac, neurologic (tremor, cognitive impairment) skin (acne), GI), metabolic  
 (weight gain) systems
Lowers seizure threshold
Increases white blood cell count (demarginates white cells) 
Toxicity and overdose: narrow therapeutic window) Has risk of check level at 12  hours after last dose
Increased by: Thiazides, spironolactone, triamterene, ACE inhibitors, indomethacin (as much as 60%),  
 NSAIDs, calcium channel blockers, tetracycline
Note: aspirin does not increase lithium levels
Decreased by: NaCl and sodium bicarbonate, acetazolamide, psyllium, theophylline 

Valproate (VPA):
Used for mixed/rapid cycling
Is an Anticonvulsant
Can cause sedation, nausea, vomiting, diarrhea, tremor weight gain, LFT elevation and pancreatitis
Needs free and total levels 12  hours after last dose 
Can be loaded
Has sprinkles that can be used
Is Protein bound, affected by low albumin states and competing medications
Affects bone marrow, often platelets more than other lines
Increased by: Phenobarbital, magnesium and aluminum hydroxide, aspirin, fluoxetine
Decreased by; CBZ

Carbamazepine (CBZ):
Used for mixed/rapid cycling mania
Is an Anticonvulsant
Needs level at 12  hours after last dose 
Structurally similar to TCAs, so consider when on other SSRIs or TCAs 
Can affect bone marrow, cause transient leukopenia, mild thrombocytopenia, both idiopathic and dose  
 related, elevated liver function tests including a cholestatic picture, and can cause a rash
SIADH
Multiple drug-drug interactions: 
Increases levels of erythromycin, antiarrythmics, diltiazem, cimetidine, verapamil, VPA (lowers VPA level)
Lowers levels of acetaminophen, alprazolam, amitriptyline, bupropion, clonazepam, cyclosporine,  
 desipramine, fentanyl, fluphenazine, haloperidol, hormonal contraceptives, imipramine, neuroleptics,  
 lamotrigine, methylprednisolone, phenytoin, theophylline, valproate, warfarin.
CBZ levels increased by allopurinol, cimetidine, clarithromycin, diltiazem, erythromycin, fluoxetine, and  
 fluxoxamine, gemfibrozil, levetiracetam, itraconazole, ketoconazole, lamotrigine, loratadine, macrolides,  
 nefazodone, Valproate, verapamil. 
CBZ levels decreased by: doxorubicin, cisplatin, CBZ (induces own metabolism), phenytoin, valproate. 
Interactions where no level was elevated: Levetiracetam/Carbamazepine, led to CBZ toxicity in 4 patients, no  
 elevations of CBZ.115

CBZ/Quetiapine. Active metabolite of CBZ increased with addition of Quetiapine115 

*In general, recommendations for mood stabilizers include: check levels at trough 12  hours after last dose; check free levels of  
VPA and CBZ. All patients need to be aware that these medications have effects on fetal development, and that hormonal 
contraceptive levels are decreased by CBZ. 

ACE=angiotensin converting enzyme; NaCl=sodium chloride; LFT=liver function test; NSAID=nonsteroidal anti-inflamma-
tory drug; SIADH=syndrome of inappropriate antidiuretic hormone; SSRI=selective serotonin reuptake inhibitors.
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becomes unwittingly enmeshed in the problems 
of the BPD patient, and ultimately becomes  
irritated with the demands, communicating a 
sense of frustration. The patient, exquisitely  
sensitive to rejection, becomes rageful, yet depen-
dent: “I hate you/Don’t leave me.” 

The first element in setting up a successful 
patient interaction between a medical profes-
sional and a patient with BPD is recognizing the 
disorder by using your own reactions as a guide. 
The following treatment guidelines will help.

•	 Structure the office environment to model 
consistency and clear communication; 

•	 set limits and remain neutral emotionally; 
•	 outline the limits of treatment and when 

referral might be necessary; 
•	 incorporate mental health treatment into 

overall medical care; 
•	 prescribe psychotropic medications for  

sym p tom relief.117 

There is no defined medication regimen, but 
treating target symptoms of depressive effect, 
anxiety, impulsive behavior, or distorted thinking 
will often provide some relief.

In addition to the difficulty with interper-
sonal relationships by patients with BPD, the 
stress of cancer can reactivate some maladaptive 
coping strategies, the so-called “lower-level 
defenses” such as splitting or denial.116 Splitting 
consists of unconsciously dividing caregivers  
into “the good ones” and “the bad ones.” These 
categories can shift around, and the staff can be 
lured into taking sides for or against a patient. 
Denial, in its most rigid form, can lead patients to 
avoid knowledge of their disease and of their 
treatment options, and to flee from the medical 
system. These defenses may seem unreasonable, 
but are merely attempts to manage an overwhelm-
ing reality. In summary, treatment of patients 
with personality disorders and cancer is a difficult 
task, requiring recognition by staff of a patient’s 
limitations, and a coordinated plan involving 
consistency, consultation, and caring. 

Schizophrenia

The incidence of cancer in the schizophrenic  
population is debated but appears to be the same 
as in the general population which is 1 to 1.5%.119 
Internists are caring for more and more patients 
with both illnesses. Important in caring for 
schizophrenic individuals with cancer is assess-
ment of capacity. Assessing for capacity involves 
only the patient understanding the nature of  
the medical illness; the risks, benefits, and alter-
natives to procedures; and the ability to manipu-
late this information, not their psychiatric illness. 
Often, these individuals have family or case  
managers to aid in decision making. An individ-
ual may have limited capacity for one aspect of 

care, but not be able to fully manipulate informa-
tion. In the state of Virginia, two physicians  
must deem a patient to not have such a capacity, 
and then, a legally authorized representative  
is appointed. Other jurisdictions have other 
requirements. Assessment for capacity is a 
dynamic and fluid event. If an individual with 
schizophrenia, who previously had the capacity, 
has an acute change in behavior, one should con-
sider the onset of delirium. For individuals with 
schizophrenia, familiar environments are impor-
tant. It is best to have consistency of caregivers 
such as the same doctor and nurse.119

Medications used in schizophrenia, such  
as olanzapine, are often metabolized through the 
P-450 pathway (see “Anxiety Disorders”) and are 
affected by smoking. There may be a 40% decrease 
increase in metabolism if the patient suddenly 
stops smoking. Thus, a previously therapeutic 
dose may be excessive in the inpatient setting. It is 
very reasonable to have a psychiatric consult for 
these individuals to help guide their care, and aid 
in enhancing services such as case management 
during these periods of stress.

The type of schizophrenia an individual has 
is important. Those with paranoid schizophrenia 
are often highly functional. In fact, 15 to 25% of 
schizophrenics were found to have IQs in the 
normal to above average range.120 This disease 
process manifests with delusions and paranoia 
more than with hallucinations. Men manifest the 
illness earlier so tend to be unmarried; women 
manifest later and tend to be divorced. Up to 55% 
of schizophrenics attempt suicide once in their 
lives.121 The risk of suicide is high: 10 to 15% die 
by suicide.

Pathophysiology
Schizophrenia is felt to be due to a disturbance in 
the level of dopamine (and serotonin) in the 
brain. There are four main regions of the brain 
that are of pharmacologic interest. These include 
the mesocortical (frontal lobes), mesotemporal 
(temporal lobes), nigrostriatal (basal ganglia) and 
tuberinfundibular region (involved in prolactin). 
The mesotemporal region is involved in the  
production of hallucinations and delusions, 
which are historically called positive symptoms. 
The mesocortical regions are involved in execu-
tive processing and motivation. PET scans  
demonstrate decreased frontal metabolism in 
individuals with schizophrenia. The oldest medi-
cations used for schizophrenia are called the  
typical antipsychotics (or neuroleptics). Examples 
of typical antipsychotics include chlorpromazine 
(Thorazine) which is also used for hiccups,  
fluphenazine (Prolixin), haloperidol (Haldol), 
and perphenazine (Trilafon)

Typical antipsychotics decrease the levels of 
dopamine across all four regions. Although there 

is a decrease in hallucinations and delusions, there 
is also a further depletion in the already decreased 
frontal regions and a decrease in areas that require 
it for normal functioning. These include the basal 
ganglia, and the tuberinfundibular pathway. The 
classic profile of an individual on this medication 
is a “treated” schizophrenic with parkinsonism, 
amotivation, decreased cognitive functioning, 
with possible lactation (loss of tonic inhibition of 
prolactin). The atypical antipsychotics tend to 
maintain or increase the level of dopamine in  
the frontal cortices, thus allowing individuals to 
function at a higher level. However, for unclear 
reasons, some individuals do not respond as well 
to the atypical medications compared to the  
typical medications.

Pharmacologic Treatment
Table  5 provides dosing recommendations and 
outlines side effect profiles of these agents drawn 
from affinity information.122,123

If an individual cannot take an oral tablet, 
olanzapine sol tabs (Zydis), the elixir, intravenous 
(IV) or intramuscular forms can be used. Elixirs 
are available for fluphenazine (Prolixin), halo-
peridol (Haldol), and risperidone (Risperdal). By 
report, there are fewer extrapyramidal effects with 
IV medications than oral medications. Side  
effects that must be recognized include akathisia, 
dystonic reactions, and neuroleptic malignant 
syndrome (NMS). Dystonic reactions are more 
common in young, muscular men. NMS is felt  
to be a spectrum illness that is associated with 
muscular rigidity and cogwheeling, manifested by 
elevated creatine kinase (CK), autonomic insta-
bility (fever, diaphoresis, tachycardia, hyperten-
sion), leukocytosis, and change in mental status 
including delirium. It can be subtle initially and, 
if unrecognized, can lead to coma and death. It 
usually begins within the first weeks of treatment, 
and is precipitated by dehydration, medical  
illness, high doses of neuroleptics, and in con-
junction with other agents that act on dopamine 
blockade. Treatment is supportive, although  
dantrolene (a skeletal muscle relaxant) and  
bromocriptine are sometimes used.18,45 In the 
cancer patient, it is important to note that clozap-
ine, an atypical antipsychotic, has been associated 
with agranulocytosis and severe leukopenia and 
thus is monitored weekly when first begun. A  
psychiatrist should be involved in decision-
making to determine how best to monitor this 
medication.

Summary

Across the entire spectrum of patients with cancer, 
the most common psychiatric co-morbidities 
include delirium, anxiety disorders, adjustment 
disorders, and mood disorders. The prevalence of 
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these conditions varies, depending upon the 
medical status of the patient population. Common 
issues that span these diagnoses are disturbances 
in body image, relationship problems, occupa-
tional concerns, issues of loss, and anticipatory 
grief. Treatments range from the purely medical 
to the essentially psychological, with a blend of 
therapies usually being most effective. Many 
cancer centers have developed multidisciplinary 
psycho-oncology services to help address these 
needs. These professionals are often helpful in 
providing individual assessment, therapy and 
referral for patients and their family members 
with cancer.
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of stay and cost of care.6,7 Additional morbidity 
and cost result from chronic dialysis therapy 
needed by 5% to 30% of surviving patients.8

Equally important is the need to recognize 
that small changes in serum creatinine levels are 
associated with significant increases in mortality 
rates. In one study of over 4,000 patients who 
underwent cardiothoracic surgery with cardio-
pulmonary bypass, 21-day mortality was 30% in 
patients whose creatinine increased more than 
0.5 mg/dL within 48 hours compared to 9% or 
less for patients with smaller or no increase in 
postoperative creatinine.9 In a large cohort study 
of 5,000 patients who received intravenous radio-
contrast, a 50% increase in serum creatinine 
within 48 hours was associated with a sixfold 
increase in 30-day mortality rates.10 Therefore, 
early recognition and treatment of ARF may 
improve patient outcome.

Defining Acute Renal Failure
To date, there is no standard definition for ARF. 
Acute renal failure is detected by a change in the 
serum creatinine concentration that serves as a 
surrogate for a change in GFR. However, no con-
sensus exists on what degree of change in the cre-
atinine level constitutes ARF. This variability in 
the definition makes it difficult to compare indi-
vidual treatment or intervention trials. It also 
delays the recognition of ARF in the clinical set-
ting. Typically, ARF is defined as a 50% increase 
in serum creatinine if the baseline is f1.5 mg/dL. 
A small increase in the serum creatinine level is 
clinically significant because it is an insensitive 
and delayed marker of decreased GFR. The dis-
cordance between changes in creatinine levels 
and GFR exist because creatinine excretion occurs 
through both glomerular filtration and proximal 
tubular secretion. As filtration of creatinine 
declines, tubular secretion will increase; thus, no 
measurable change in the serum creatinine devel-
ops until there is a profound decrease in the GFR. 
In addition, the nonsteady state of creatinine 
levels in ARF makes it impossible to accurately 
determine GFR with the use of 24-hour urine  
collections or the Cockcroft-Gault formula.  
The Cockcroft-Gault formula is accepted as a 

standard method for estimating GFR only when 
the serum creatinine level is stable.11,12

GFR = (140-age)xPt weight (0.85) if female/ 
(72xSCr)

where Pt weight = patient’s weight in kg and  
SCr = serum creatinine

The insensitivity in serum creatinine change 
as a marker for declines in GFR makes it difficult 
to identify early ARF and initiate timely interven-
tion. A lack of sensitivity for identifying small 
declines in the GFR have led to attempts to 
develop biomarkers of tubular injury that are 
both sensitive and specific for early ARF. Recently 
described, kidney injury molecule-1 (KIM-1) is a 
novel protein that is expressed during tubular 
injury and acute tubular necrosis (ATN).13  
Urinary KIM-1 is being evaluated as a possible 
biomarker for the early diagnosis of ATN. Thus 
far, other urinary markers for the early detection 
of ATN have not been proven useful for clinical 
use.

Evaluation of Acute Renal Failure
In the evaluation of ARF, the most useful clinical 
indices include the history, physical examination, 
and urinary output. Useful laboratory data are 
urinalysis, urinary specific gravity, examination 
of urinary sediment, and measurement of urine 
electrolytes. Under certain circumstances, evalua-
tion of urine osmolality and staining for urine 
eosinophils are helpful. Measurements of the 
serum blood urea nitrogen (BUN) and creatinine 
are routine for following the progression of ARF. 
When assessing the hemodynamic changes in 
patients and evaluating the adequacy of renal  
perfusion, central hemodynamic monitoring is 
often required.

Although the first indication of renal hypo-
perfusion or tubular injury may be changes in 
urine output, urine output is an insensitive  
measure of renal perfusion pressure. Prerenal 
azotemia with intact tubular function results  
in increased tubular sodium reabsorption and 
decreased water excretion. The renal hypoperfu-
sion can result in a fall in the urine output to less 
than 20 mL/hour. Oliguria, defined as a urine 

Renal disease is a common and complex problem 
in patients being treated for malignancy. Cancer 
patients are often hospitalized for treatment of 
their disease or the complications that arise from 
such treatment and are therefore vulnerable to 
the same renal risks seen in the general hospital-
ized population. In addition, unique injuries  
may occur from the use of chemotherapy, immu-
nosuppressant agents, hematopoietic stem cell 
transplantation, release of toxic intracellular con-
stituents, or malignancy itself. The presence of 
preexisting renal disease in cancer patients is 
another complicating factor. The detection of an 
elevated serum creatinine may exclude participa-
tion in a chemotherapeutic trial or lead to its early 
termination. Furthermore, there is little data on 
the effects of dialysis on serum concentrations 
and therapeutic benefit of numerous chemother-
apy agents. Finally, as survival rates of patients 
with cancer improve, an increasing number will 
develop end stage renal disease (ESRD) requiring 
chronic dialysis or renal transplantation. These 
patients will require additional expertise in care.

Acute Renal Failure

Background
Acute renal failure (ARF) is characterized by  
an abrupt decrease in glomerular filtration rate 
(GFR) over hours to days. It occurs in approxi-
mately 5% of all hospitalized patients and 30% of 
those in the intensive care unit (ICU).1 The mor-
bidity and mortality associated with ARF are well 
described. In ICU patients with ARF mortality 
rates approaching 60 to 80%.2–4 Over the last 30 
years, there has been little change in the mortality 
associated with hospital-acquired ARF. In 1979, 
the incidence of ARF was reported to be 4.9%, 
with an overall mortality of 29%. If the rise in cre-
atinine was greater than 3 mg/dL, then mortality 
increased to 64%.1 A more recent report in 1996 
also looked at incidence and outcomes of ARF. 
Using the same definition for ARF as the previous 
study, the incidence of ARF was 7.4%.5 The over-
all mortality rate was 19.4%, while the mortality 
in patients with sepsis and ARF it was 76%.5 Acute 
renal failure significantly increases hospital length 
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output <400  mL/d, may ensue. Oliguria is pres-
ent in approximately 50% of ARF cases, regard-
less of cause. In the evaluation of suspected 
prerenal azotemia, urine indices are predictable 
based on the effect of norepinephrine, angioten-
sin II, aldosterone, and antidiuretic hormone 
(ADH) on renal blood flow and sodium and water 
reabsorption. Typical urine indices are illustrated 
in Table 1. During low urine flow states, tubular 
reabsorption of BUN increases and the serum 
BUN-to-creatinine ratio is often elevated to  
>20:1. An increased BUN-to-creatinine ratio 
also develops with gastrointestinal bleeding, 
obstructive uropathy, and hypercatabolic states 
common in critically ill patients. With the 
increased avidity of the proximal and distal tubule 
for sodium, the urine sodium typically is <20 
milliequivalent/L (mEq/L). An alternative mea-
sure to evaluate the kidneys’ ability to conserve 
sodium during oliguric ARF is the fractional 
excretion of sodium (FENa). The FENa has been 
adopted to distinguish intact tubular function 
(prerenal) from compromised tubular function 
(acute tubular necrosis) in the oliguric patient. 
With simultaneous measurements of the plasma 
sodium and creatinine (PCr mg/dL) and the  
urinary sodium and creatinine (UCr mg/dL) the 
FENa is calculated as follows:

FENa (%) = (UNaxPCrx100)/CPNaxUCr

where UNa is urinary sodium and PNa is plasma 
sodium.

The FENa is <1% (see Table 1) in healthy 
people, demonstrating that less than 1% of the 
daily sodium load filtered by the kidneys is  
normally excreted in the urine. In the face of  
suppressed atrial natriuretic peptide release and 
high serum levels of aldosterone during prerenal 
azotemia, the FENa is also <1%, indicating intact 
tubular function. In contrast, in ATN the FENa  
is usually >1%.14,15 Although the FENa can be a 
useful tool in  differentiating prerenal azotemia 
from ATN, there are many pitfalls to its use when 
confounding factors are present. In chronic renal 
disease, impaired sodium and water reabsorption 
can increase the FENa despite the presence of  
prerenal azotemia. Similarly, administration of 
diuretics, bicarbonate, and saline can also raise 
the urine sodium content. In contrast, there are 

numerous reports of patients with ATN from 
radiocontrast, rhabdomyolysis, sepsis, transplant 
rejection, urinary obstruction, acute glomerulo-
nephritis, and hepatorenal syndrome in which 
the FENa is <1%.16 Therefore the utility of calcu-
lating the FENa to differentiate prerenal azotemia 
from ATN is dependent on the patient’s clinical 
disease and the use of ancillary urine and serum 
tests.

Urinalysis and examination of the urinary 
sediment can help differentiate the underlying 
etiology of ARF. Prerenal azotemia is typically 
associated with a normal urinalysis or occasional 
fine granular and hyaline casts. In ATN, tubular 
epithelial cells, epithelial cell casts, and coarse 
granular casts are seen. Pyuria and white blood 
cell casts are indicative of glomerulonephritis, 
infection, or acute tubulo-interstitial nephritis 
(TIN). Staining for the presence of urine eosino-
phils can help identify TIN, although, their detec-
tion is not a finding exclusive to TIN. Eosinophils 
have been seen in patients with rapidly progres-
sive glomerulonephritis, bacterial prostatitis, 
acute cystitis, and post-infectious glomerulone-
phritis.17 Red blood cell casts indicate acute or 
rapidly progressive glomerulonephritis. Nephrotic 
range proteinuria suggests intrinsic glomerular 
disease. In hemoglobinuria and myoglobinuria, 
the urine dipstick is positive for large blood in the 
absence of red blood cells on microscopic analy-
sis. The classification of ARF and the typical urine 
findings are listed in Table 2.

Prerenal Azotemia

Prerenal azotemia accounts for approximately 50 
to 60% of hospital acquired ARF.1,18 It is a normal 
physiologic response to decreased renal perfusion 
pressure resulting in a hemodynamically medi-
ated reduction in the GFR. No immediate injury 
occurs to the renal parenchyma, and the GFR 
rapidly returns to normal with reversal of the 
hemodynamic insult. Overt pathologic changes 
can occur if the renal hypoperfusion is sustained. 
The decrease in glomerular ultrafiltration pres-
sure can be secondary to a true decrease in the 
arterial blood volume or a decrease in the effec-
tive arterial blood volume as in congestive heart 
failure, cirrhosis, capillary leak syndromes, and 

sepsis. When the mean arterial pressure falls 
below 80 to 90 mm Hg there is a reduction in 
renal blood flow. Progression of the prerenal state 
can lead to ATN. Prerenal azotemia and ischemic 
ATN are manifestations of renal hypoperfusion. 
The severity and duration of the insult will dictate 
the likelihood of progression from prerenal azo-
temia to ischemic tubular damage.

In renal hypoperfusion states, GFR is main-
tained by the interplay of several neurohumoral 
systems. The renin-angiotensin axis increases the 
vasomotor tone of the efferent arteriole, while 
afferent arteriolar vasomotor tone decreases 
under the influence of nitric oxide, vasodilatory 
prostaglandins, and the kallikrein-kinin system. 
The sympathetic nervous system reacts to hypo-
perfusion with release of norepinephrine and 
ADH. With sustained reductions in renal blood 
flow, the ability of the kidney to maintain glo-
merular perfusion pressure is overwhelmed; the 
GFR declines, resulting in azotemia and cellular 
hypoxia with ischemic tubular damage.

Common causes of prerenal azotemia are 
listed in Table 3. In patients with cancer, prerenal 
azotemia is often the result of loss of extracellular 
fluid volume from vomiting, diarrhea, and poor 
oral intake during the treatment of cancer or as a 
complication of the malignancy itself. Capillary 
leak syndrome with an increase in third-space 
volume loss is a complication in cancer patients 
associated with bone marrow transplant and,  
in particular, interleukin-2 therapy as discussed 
later in this chapter (see “Chemotherapeutic 
Agents”).19,20 Other common causes of third-
space fluid losses leading to intravascular volume 
depletion include ascites, sepsis, and peripheral 
edema secondary to lymphatic obstruction.

Specific Causes of Prerenal Azotemia
Non-steroidal Anti-inflammatory Drugs

Non-steroidal anti-inflammatory drugs (NSAIDs) 
can be divided into nonselective inhibitors of 
both cyclooxygenase-1 (COX-1) and cylcooxy-
genase-2 (COX-2) or selective inhibitors of  
COX-2. Patients at greatest risk for NSAID-
induced ARF include the elderly and patients with 
congestive heart failure, advanced liver disease, 
atherosclerotic vascular disease, or chronic kidney 
disease.21,22 Special attention should be given to 
elderly patients treated with NSAIDs of any type. 
In a population-based study, the risk of ARF in 
the elderly increased by 58% with prescription 
NSAID use.23 The nonselective NSAIDs are inhib-
itors of the prostaglandins responsible for vasodi-
latation in the kidney and can promote prerenal 
azotemia in susceptible patients. The selective 
COX-2 inhibitors also cause a similar renal vaso-
constriction. The renal safety profile of celecoxib 
(a COX-2 inhibitor) is similar to ibuprofen. One 
selective COX-2 inhibitor, rofecoxib, was found 

Table 1  Urinary Indices in the Differential Diagnosis of ARF

Index Normal Value Prerenal Azotemia Acute Tubular Necrosis Obstruction

Urinary volume g0.5 mL/kg/hr f0.5 mL/kg/hr Variable Variable
Urine specific gravity 1.003–1.025 g1.020 1.010 Variable
Urinary sodium Variable <20 mEq/L >40 mEq/L <40 mEq/L early   
     >40 mEq/L late
FENa <1% <1% >3% <1% early >3% late
BUN/creatinine ratio 10:1 >20:1 Variable Variable

BUN = blood urea nitrogen; FENa = fractional excretion of sodium; mEq = milliequivalent
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to have a higher incidence of renal toxicity than 
the nonselective inhibitors or celecoxib.24 The 
renal toxicity of NSAIDs is increased when they 
are used in combination with other medications, 
with the potential to alter the kidneys’ ability to 
autoregulate glomerular filtration pressure such 
as angiotensin-converting enzyme (ACE) inhibi-
tors and angiotensin receptor blockers (ARBs). 
The renal vascular changes associated with NSAID 
use are typically reversible, although prolonged 
use can lead to permanent renal injury. Non- 
steroidal anti-inflammatory drugs are also known 
to cause acute TIN, in which case, there is often a 
sudden change in GFR that may persist for days to 
weeks.

Table 2  Urinary Findings and Confirmatory Test in the Common Causes of AKF

Prerenal Azotemia

Common Scenarios in  Suggestive Clinical  Typical Urine Analysis Confirmation
Cancer Patients Findings

Emesis Volume depletion FeNa <1% Rapid resolution of ARF
Poor oral intake Decreased EABV UNa <20  with correction of
Ascites  SG >1.020  renal hypoperfusion
Heart failure   Invasive monitoring—
Hemorrhage    CVP or PCWP
Capillary leak syndrome
Diuretics
NSAID
ACE-I or ARB

Postrenal Azotemia
Obstruction from pelvic  Abdominal or flank pain Hematuria without Abdominal X-ray 
 or ureteral cancer,  Palpable bladder  dysmorphic red blood Renal ultrasound 
 metastasis, lymphoma, etc. Enlarged prostate  cells, RBC casts,  CT or MRI
Retroperitoneal fibrosis Urinary frequency,   or proteinuria IVP
Hemorrhagic cystitis  oliguria, or anuria Variable FeNa and UNa Retrograde pyelography
Nephrolithiasis

Intrinsic Renal Azotemia

Common Scenarios in  Cause of ARF Typical Urine Analysis Confirmation 
Cancer Patients

Initiation of a new Acute tubulointerstitial Positive urine WBC Peripheral eosinophilia
 medication with   nephritis Urine eosinophils Renal biopsy 
 onset of ARF  White cell casts Biopsy of skin rash 
Recent NSAID use  Red blood cells
Recent blood transfusion Hemolysis Rarely red blood cell  Elevated K+, PO4, and 
    casts  uric acid, LDH 
  Urine supernatant is Hypocalcemia
   pink and heme + Peripheral smear with  
  Hemoglobinuria  fragmented red blood  
    cells
Six months to a year  Hemolytic uremic Urine red blood cells Renal biopsy 
 post BMT  syndrome and Heme + Peripheral smear with
Use of tacrolimus or   thrombotic   schistocytes and 
 cyclosporine  thrombocytopenic   fragmented red cells
Radiation nephritis  purpura  Thrombocytopenia
24 to 48 hours after  Radiocontrast Early FeNa <1%,  Temporal relationship
 radiocontrast   UNa <20  to the contrast
  Progression to   infusion 
   FeNa >1% and  
   UNa >20
Severe hypophosphatemia  Rhabdomyolysis Urine supernatant Elevated creatine kinase,  
 after chemotherapy    Heme+without red  PO4, uric acid, K+ 
 induced renal tubular    blood cells Hypocalcemia 
 injury  Myoglobinuria Elevated serum  
    myoglobin
Initiation of chemotherapy  Tumor lysis syndrome Urate crystals Elevated K+, PO4, uric 
 in any malignancy with     acid 
 a large tumor burden   Decreased Ca2+

Autolysis of cells with an  
 aggressive leukemia or  
 lymphoma
Progression of prerenal Ischemia FeNa>1%, UNa>20 Clinical assessment and 
 azotemia  SG=1.010  urine findings usually
Sepsis  Muddy brown, granular,   sufficient
Hemorrhage   or tubule epithelial  
   cell cast

ARF = acute renal failure; ACE-I = angiotensin converting enzyme inhibitor; ARB = angiotensin receptor blocker; BMT = bone 
marrow transplantation; Ca2+ = serum calcium; CT = computed tomography; CVP = ; EABV = effective arterial blood volume; 
FeNa = fractional excretion of sodium; IVP = intravenous pyelography; K+ = serum potassium; MRI = magnetic resonance 
imaging; NSAID = non-steroidal anti-inflammatory drugs; LDH = ; lactate dehydrogenase; PCWP = ; PO4 = serum  
phosphorous; RBC = red blood (cell) count; SG = urine specific gravity; UNa = urine sodium concentration; WBC = white 
blood (cell) count;

Table 3  Causes of Prerenal Azotemia

Intravascular volume depletion
Cutaneous losses
 Burns
 Hyperthermia
  Cutaneous graft vs. host disease
  Cutaneous T-cell lymphoma
Gastrointestinal fluid loss
 Vomiting
 Diarrhea
 Enterocutaneous fistula
 Nasogastric suction
  Ileus or bowel obstruction
Renal losses
 Drug-induced or osmotic diuresis
 Diabetes insipidus
 Adrenal insufficiency
“Third-space” losses
 Capillary leak syndrome (Graft vs. host disease,  
  interferon therapy, SIRS)
 Pancreatitis
 Hypoalbuminemia
Blood losses
 Gastrointestinal bleeding
 Hemorrhagic cystitis
 Surgical blood loss
 Intra-abdominal or retroperitoneal bleeding

Decreased effective arterial blood volume
Decreased cardiac output
 Myocardial, valvular, pericardial disease
 Pulmonary embolism
 Pulmonary hypertension
 Positive pressure ventilation
Cirrhosis
Nephrotic syndrome
Sepsis
Anesthesia

Impaired renal vascular autoregulation
Angiotensin-converting enzyme inhibitors
Angiotensin-receptor blockers
Non-steroidal anti-inflammatory drugs
Cyclooxygenase 2 inhibitors
Cyclosporine A
Tacrolimus
Hypercalcemia
Hepatorenal syndrome
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ACE Inhibitors and ARBs

The renin-angiotensin system contributes to  
the autoregulation of glomerular perfusion  
pressure, and inhibition of this system has  
the potential to induce prerenal azotemia.  
Angiotensin-converting enzyme inhibitors reduce 
blood pressure by inhibiting the proteolytic  
cleavage of angiotensin I to angiotensin II. Angio-
tensin receptor blockers occupy the angiotensin 
receptor. Much like the prostaglandin inhibitors, 
ACE inhibitors and ARBs increase the risk of ARF 
in the elderly, in patients using diuretics, and in 
patients with volume depletion, congestive heart 
failure, or diabetes.25,26 Their use in conjunction 
with NSAIDs, cyclosporine, and tacrolimus puts 
patients at an even greater risk for ARF.25,27 The 
incidence of ARF is also higher in patients with 
chronic kidney disease of any etiology. Patients 
with chronic kidney disease may depend on  
local angiotensin II production to maintain GFR 
in the face of decreased functional renal mass. 
Therefore, a decline in GFR when these patients 
receive ACE-inhibitors is not unexpected. The 
rise in serum creatinine is typically less then 30% 
and does not constitute ARF. More dramatic 
increases in serum creatinine suggest the presence 
of underlying renal vascular disease.

Calcineurin Inhibitors

The calcineurin inhibitors cyclosporine A (CSA) 
and tacrolimus are widely used as immuno-
suppressants in bone marrow transplantation to  
prevent graft-versus-host disease (GVHD). Both 
CSA and tacrolimus cause ARF. Nephrotoxicity  
is the result of direct afferent arteriolar vasocon-
striction leading to a decrease in the glomerular 
filtration pressure and GFR. The vascular effect 
associated with CSA and tacrolimus is reversible 
with discontinuation of the drug. A dose reduc-
tion is sometimes enough to reverse the prerenal 
affect. Chronic nephrotoxicity is a potential  
complication with more prolonged use of the  
calcineurin inhibitors. Proteinuria, tubular  
dysfunction, arterial hypertension, and rising  
creatinine are clinical findings consistent with 
chronic CSA or tacrolimus nephrotoxicity. It  
typically takes more than 6 months of therapy for 
the chronic changes to occur. Arteriolar damage, 
interstitial fibrosis, tubular atrophy, and glomer-
ulosclerosis are found on renal biopsy specimens. 
The pathologic changes of the chronic nephro-
toxicity are irreversible.28–30 A rare complication 
of CSA and tacrolimus therapy is hemolytic 
uremic syndrome (HUS). The mechanism of  
CSA or tacrolimus-induced HUS is direct damage 
to the vascular endothelium in a dose-dependent 
fashion. With discontinuation of the drug, 
patients may have partial recovery.31–33 Calcineu-
rin inhibitors have also been associated with 
hyperkalemia, thought to be secondary to tubular 
resistance to aldosterone.34

Hepatorenal Syndrome

Hepatorenal syndrome (HRS) is a unique cause 
of renal vasoconstriction with a decline in GFR in 
the face of normal renal histology that occurs in 
the setting of liver failure. The clinical picture 
associated with HRS is that of a prerenal azote-
mia. In true HRS without confounding renal 
injuries, the renal failure will resolve with liver 
transplantation. The pathogenesis of HRS is not 
completely understood. Systemic and splanchnic 
vascular resistance is decreased, leading to a 
decrease in the effective arterial volume and 
hypoperfusion of the renal vasculature. The  
compensatory response is an increase in the 
mediators of renal vasoconstriction, including 
increased renin-angiotensin-aldosterone activity, 
ADH levels, sympathetic tone, and endothelin 
levels. The renal response is an increase in salt and 
water avidity leading to worsening ascites and 
edema.35,36 Clinically, HRS is characterized by  
oliguric ARF with very low urine sodium and 
bland urine sediment. The diagnosis of HRS is a 
diagnosis of exclusion. Other causes for the ARF 
should be ruled out, including causes of prerenal 
azotemia, intrinsic renal disease, and obstructive 
nephropathy. Major and minor criteria have been 
established for the diagnosis of HRS (Table 4). 
Liver transplant is the definitive therapy for HRS. 
However, patients who develop HRS prior to 
transplant have worse graft and patient survival.37 
Newer pharmacologic therapy with vasopressin 
analogs (eg, ornipressin and terlipressin), which 
are splanchnic vasoconstrictors, has shown  
some benefit. However, the major complication 
associated with these medications is mesenteric 

ischemia.38–40 Oral midodrine hydrochloride  
(a selective a1-adrenergic agonist) in combina-
tion with octreotide showed benefit in renal func-
tion in a small series of patients.41 N-acetylcysteine 
was shown to increase renal blood flow without 
changing the hemodynamic derangements asso-
ciated with HRS.42 Several small studies have 
shown that transjugular intrahepatic portosys-
temic shunting (TIPS) has prolonged survival 
and improved renal function in patients with 
HRS.43,44 Given the poor prognosis of HRS, in a 
patient with rapid onset of renal failure, dialysis  
is usually not instituted unless the patient is a  
candidate for liver transplant or has a chance of 
hepatic recovery.35,36,45

Abdominal Compartment Syndrome

Abdominal compartment syndrome (ACS) may 
develop in patients with massive ascites or in the 
postoperative state. It was first reported in 1876 in 
a paper describing the reduction in urine flow 
associated with elevated intra-abdominal pres-
sure (IAP).46 Acute increases in IAP are deleteri-
ous for both intra-abdominal and distant organ 
function including the kidneys.47 Acutely, the 
abdomen functions as a closed space; thus, any 
increase in the volume of its contents leads to a 
rise in compartmental pressure. Abdominal com-
partment syndrome is characterized by an  
acute rise in IAP coupled with evidence of organ 
dysfunction, usually reduced urine output. The 
pathogenesis of this reduction in urine formation 
is complex and attributed to three major factors: 
(1) compression of the great veins reduces venous 
return to the right heart, which manifests as  
relative volume depletion that is coupled with 
increased renal venous back pressure from high 
central venous pressures, as well as renal vein 
compression; (2) direct pressure on the renal 
cortex shunts blood away from the corticomedul-
lary junction by altering renal vascular resistance 
and induces an ischemic injury; and (3) direct 
pressure on the ureters causing obstructive 
nephropathy. Regardless of the underlying cause, 
a reduction in urine output and azotemia in the 
presence of a measured IAP over 15 cm H2O is 
certainly cause for concern and should prompt 
intervention.

The causes of an increased IAP are listed  
in Table  5. Abdominal compartment syndrome 
should be managed with attention to preservation 
of underlying organ function, and is usually 
treated with urgent surgical decompression. This 
is a highly complex condition and skilled surgical 
intervention is required.

Obstructive (Postrenal)  
Nephropathy

Urinary tract obstruction is a relatively common 
cause of renal failure in patients with malignancy 

Table 4  Diagnostic Criteria for Hepatorenal 
Syndrome

Major Criteria
Acute or chronic liver disease with advanced  
 hepatic failure and portal hypertension
Depressed GFR with a serum creatinine  
 > 1.5 mg/dL or a creatinine clearance  
 < 40 mL/min
Absence of shock, ongoing bacterial infection,  
 fluid loss, and treatment with nephrotoxic  
 medications
No sustained improvement in renal function after  
 withdrawal of diuretics and fluid resuscitation  
 with 1.5L of isotonic saline
Proteinuria < 500 mg/d and no evidence of  
 obstructive nephropathy on ultrasonography

Minor Criteria
Oliguria
Urine sodium < 10 mEq/L
Urine osmolality > plasma osmolality
Urine red blood cells < 50 per high-power field
Serum sodium concentration < 130 mEq/L

Adapted from Arroyo V, et al.45 
mEq = milliequivalent.
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and is discussed in detail in a later chapter  
(see Chapter 48, “Urinary Tract Infections”).

Intrinsic Acute Renal Failure

Intrinsic ARF (Table 6) is associated with renal 
parenchymal injury. The most common cause  
of intrinsic renal failure is ATN. It accounts for 
approximately 85% of intrinsic ARF episodes in 
hospitalized patients.48 The etiology of the tubu-
lar injury may be nephrotoxic (35%) or ischemic 
(50%) in origin. However, ATN is often a multi-
factorial process, developing in the setting of a 
critical illness with nephrotoxic medications, 
renal hypoperfusion, and sepsis all playing a role. 
With prolonged episodes of renal hypoperfusion, 
cortical necrosis can occur and lead to irreversible 
renal failure. The pathophysiologic abnormalities 
that result in a fall in GFR include intrarenal  
vasoconstriction, decreased glomerular filtration 
pressure, intra-tubular obstruction, transtubular 
back-leak of filtrate, and interstitial inflamma-
tion. The clinical course of ATN is divided into 
three components: initiation, maintenance, and 
recovery. The period in which a patient first expe-
riences a renal injury is the initiation phase of 
ATN. The renal injury is potentially reversible  
if the precipitating insult is corrected. With  
progression of the injury, parenchymal damage 
ensues and abrupt changes in the GFR occur. The 
maintenance phase can last several days to weeks, 
during which the GFR remains depressed and  
the patient can have variable urine output. In the 
recovery phase, the GFR returns to normal as  
cellular regeneration and tubular repair occurs.

Specific Causes of Intrinsic Renal  
Failure
Radiocontrast Nephropathy (RCN)

Ten percent of hospital-acquired ARF is the result 
of contrast-induced nephrotoxicity, making it 
one of the most common causes of ATN.5 Patients 
at particular risk for RCN are the elderly, diabet-
ics, and patients with chronic kidney disease,  
congestive heart failure or volume depletion. 
Contrast nephropathy often occurs in the cancer 

patient with an early prerenal azotemia from 
volume depletion when the serum creatinine is 
still normal. Cancer-induced hypercalcemia is a 
particular risk factor for contrast-induced renal 
failure, and the calcium should be lowered to 
normal levels prior to contrast administration. 
Patients receiving NSAIDs, ACE inhibitors,  
ARBs, CSA, or tacrolimus are also at increased 
risk for RCN. In patients with multiple  
myeloma, a potential interaction between con-
trast agents and light chains has been found.49 
Contrast nephropathy causes ARF by renal  

vasoconstriction and direct tubular injury.50,51 
The vasoconstriction associated with RCN has 
been linked to increased levels of vasoconstric-
tors, such as calcium, endothelin, and adenosine, 
and inhibition of the vasodilator nitric oxide. 
Oxidant injury through free radical oxygen  
species has also been implicated and has been  
a target of preventative measures.52 Clinically, 
patients usually have an elevation in the serum 
creatinine 24 to 48 hours after the exposure to the 
contrast. The creatinine typically peaks at 3 to 5 
days and returns to baseline in 7 to 10 days. The 
diagnosis of RCN is often based on the temporal 
relationship. It is common to see a FENa < 1% 
with RCN secondary to the renal vasoconstriction 
and a prerenal-like picture. Although RCN is  
typically a transient event, it is associated with a 
hospital mortality rate five times greater than in 
matched controls who receive radiocontrast but 
do not develop ARF.10 Many trials have been done 
to evaluate the use of n-acetyl-cysteine, low-dose 
dopamine, and fenoldopam mesylate for prophy-
laxis against RCN and are discussed later in this 
chapter (see “Specific Measures”). The adminis-
tration of intravenous fluid has become com-
monplace for the prevention of RCN. It has been 
shown that 0.45% sodium chloride significantly 
decreased the incidence of ARF when compared 
to the administration of intravenous fluid with 
either mannitol or furosemide.53 Although radio-
contrast is a renal tubular toxin, it also causes 
intense renal vasoconstriction, which may explain 
the salutatory effects of fluid administration. 
Another study suggests that a solution containing 
0.9% sodium chloride is more efficacious in  
preventing ARF than one containing 0.45% 
sodium chloride.54

Aminoglycosides

Aminoglycosides cause intrinsic ARF in approxi-
mately 10% of patients who are treated with them 
for more than 2 to 3 days. The serum creatinine 
typically rises 7 to 10 days after the drug is initi-
ated. Aminoglycosides concentrate in the proxi-
mal tubular cells causing cellular damage. Once 
overt nephropathy develops, the urinalysis shows 
tubular epithelial cells and tubular cell casts. 
Proximal tubular injury is evident by wasting of 
electrolytes such as potassium, magnesium, and 
calcium in the urine.55 The FENa is typically  
>2%. Aminoglycosides can also cause nephro-
genic diabetes insipidus because the tubulointer-
stitial injury inhibits adenylate cyclase activity 
leading to ADH resistance.56 Risk factors for  
aminoglycoside-induced ARF are advanced age, 
chronic kidney disease, volume depletion, liver 
disease, and prolonged use of the drug. Monitor-
ing of aminoglycoside blood levels is important  
in preventing renal toxicity. Studies suggest that 
once-daily dosing of aminoglycosides decreases 
the risk of ARF without altering the antimicrobial 
efficacy.57,58

Table 5  Causes of Increased Intra-abdominal 
Pressure

Peritoneal tissue edema (trauma, peritonitis)
Fluid overload in shock
Retroperitoneal hematoma
Surgical trauma
Reperfusion injury after bowel ischemia
Pancreatitis
Ileus or obstruction
Abdominal packing to control hemorrhage
Abdominal closure under tension
Severe ascites

Table 6  Causes of Intrinsic Renal Failure in 
Cancer Patients

Acute tubular necrosis
Ischemic
 Hypotension
 Sepsis
 Cardiopulmonary arrest
Exogenous nephrotoxins
 Acyclovir
 Aminoglycosides
 Amphotericin B
 Cisplatin
 Cyclosporine
 Foscarnet
 Ifosfamide
 Pentamidine
 Radiocontrast
Intrinsic nephrotoxins
 Myoglobinuria
 Hemoglobinuria
 Hyperuricosuria

Acute glomerulonephritis
Post-infectious
Endocarditis-associated
Systemic vasculitis

Vascular syndromes
Renal artery thromboembolism 
Renal vein thrombosis
Atheroembolic disease
HUS/TTP

Acute tubulointerstitial nephritis
Drug-induced
 Penicillins
 Cephalosporins
Bactrim
 Fluoroquinolones
 NSAID
Furosemide
Thiazides
 Interferon-a
Infectious causes
 Bacterial
 Viral
 Cytomegalovirus
 Fungal
 Tuberculosis
Malignancy
 Lymphoma
 Leukemia
 Myeloma
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Amphotericin B

Amphotericin B and its liposomal derivatives are 
a common cause of ATN, particularly in patients 
who have undergone bone marrow transplant. 
Eighty percent of patients who receive ampho-
tericin B will develop some degree of renal impair-
ment. The initial nephrotoxic injury from 
amphotericin B results from renal vasoconstric-
tion of the preglomerular arterioles and predis-
poses the patient to an ischemic insult.59,60 Direct 
tubular toxicity follows. As with many tubular 
toxins, amphotericin B results in tubular wasting 
of potassium and magnesium. A renal tubular 
acidosis (RTA) causing a hyperchloremic meta-
bolic acidosis, as well as a nephrogenic diabetes 
insipidus from ADH resistance, are common 
findings.26,60,61 The newer liposomal forms of 
amphotericin B lack the solubilizing agent deoxy-
cholate that contributes to tubular toxicity.  
Such preparations reduce, but do not eliminate, 
the development of ATN.62 Although the renal 
failure associated with amphotericin B is usually 
temporary and improves with discontinuation  
of the drug, reinstitution often results in recur-
rence of the ARF.63 In the prevention of ampho-
tericin-B–induced ARF, clinical studies have 
shown that hydration with normal saline prior  
to the amphotericin infusion provides some  
protection.64,65

Pigmented Nephropathy

The principal cause of the pigmented nephropa-
thies is rhabdomyolysis and hemoglobinuria  
from transfusion reactions or post–bone-marrow 
transplant. The majority of rhabdomyolysis cases 
are subclinical with mild elevations in the creatine 
kinase (CK), lactic dehydrogenase, or aspartate 
transaminase. In severe cases, ARF may ensue 
from myoglobinuria. Hemoglobinuria can be 
induced by the infusion of hemolyzed red blood 
cells.66 Preservation of bone marrow with dimethyl 
sulfoxide (DMSO) will cause hemolysis of red 
blood cells present in the stored specimen, and 
subsequent infusion will result in hemoglobin-
uria. Mismatched blood products and transfusion 
reactions produce hemoglobinuria. Myoglobin-
uria as well as hemoglobinuria have been thought 
to cause ARF through three mechanisms: renal 
vasoconstriction, intratubular cast formation, 
and heme-mediated proximal tubular injury. It is 
also known that oxidant stress is increased with 
the release of heme proteins. Free heme proteins 
are suspected to reduce the formation of nitric 
oxide and increase endothelin levels leading to 
vasoconstriction and the decline in GFR. Intratu-
bular obstruction occurs with the interaction of 
myoglobin and Tamm-Horsfall mucoprotein in 
an aciduric environment.67 The diagnosis of myo-
globin-induced nephrotoxicity is suspected on 
history and by a CK level greater than 10 times  

the normal range. The urine dipstick is commonly 
positive for blood, with no red blood cells on 
microscopic examination. The FENa may be  
<1% despite tubular injury. Evaluation of the 
urine sediment typically reveals heme-pigmented 
casts. Serum electrolyte derangements are 
common, including hyperkalemia, hyperphos-
phatemia, hyperuricemia, and hypocalcemia. The 
majority of patients will experience recovery of 
renal function with resolution of the hemoglo-
binuria or myoglobinuria. In the recovery phase 
of rhabdomyolysis, hypercalcemia develops in 
30% of patients secondary to increased levels of 
vitamin D and parathyroid hormone. Replace-
ment of serum calcium should be withheld in 
asymptomatic patients to prevent severe hyper-
calcemia after recovery. To prevent and treat the 
ARF of rhabdomyolysis, aggressive hydration is 
effective. Alkalinization of the urine has also been 
advocated to increase the solubility of the heme  
proteins in the urine. Alkalinization may also 
reduce the production of reactive oxygen species, 
thus reducing the oxidant stress.68

Chemotherapeutic Agents

Cisplatin
Nephrotoxicity is the most common dose-limit-
ing side effect of cisplatin administration. The 
primary site for clearance of cisplatin is the kidney. 
The most common clinical scenario is the gradual 
onset of nonoliguric ARF; electrolyte wasting is 
seen, however, especially with high doses of  
cisplatin.69 Apoptosis of renal proximal tubular 
cells is induced, resulting in wasting of electro-
lytes such as potassium, magnesium, calcium, 
and bicarbonate.69 A common electrolyte abnor-
mality is hypomagnesemia, which often occurs 
with prolonged exposure to the drug.70 The direct 
tubular toxicity associated with cisplatin is exac-
erbated in a low-chloride environment. In the 
intracellular compartment, chloride molecules 
are replaced with water mole cules in the cis posi-
tion of cisplatin, forming hydroxyl radicals that 
injure the neutrophilic binding sites on DNA.71,72 
The decline in GFR associated with cisplatin  
toxicity usually occurs 3 to 5 days after the expo-
sure.69 Doses of cisplatin >50 mg/m2 are suffi-
cient to cause renal failure. The renal injury is 
typically reversible, but repeated doses of cispla-
tin in excess of 100 mg/m2 may cause irreversible 
renal damage.72 Hydration with isotonic saline 
and avoidance of concomitant nephrotoxins is 
the most effective way to prevent cisplatin-
induced nephrotoxicity. Amifostine has been 
shown to reduce cisplatin nephrotoxicity through 
promotion of better DNA repair and elimination 
of free radicals.73,74 With the cessation of cisplatin 
therapy, the majority of patients will recover renal 
function. However, it has been reported that  
the GFR is reduced on average 15% in patients  
followed long-term for resolved ARF from  
cisplatin nephrotoxicity.75

Ifosfamide   Ifosfamide is an alkylating drug 
that causes renal toxicity either directly or through 
a metabolite. The metabolite of ifosfamide, chloro-
acetaldehyde, causes direct tubular epithelial  
cell damage.76 The renal injury occurs throughout 
the kidney, including the glomerulus, proximal 
and distal tubule, and interstitium. The proximal 
tubule is most seriously affected, causing wasting 
of electrolytes similar to cisplatin. The degree of 
hypokalemia, hypophosphatemia, hypomagnese-
mia, and hyperchloremic acidosis experienced 
with ifosfamide toxicity can be severe. Patients 
can develop Fanconi syndrome with hypophos-
phatemic rickets and osteomalacia, as well as 
nephrogenic diabetes insipidus.77 A potential 
marker for ifosfamide nephrotoxicity is increased 
urinary b2-microglobulin excretion.78 Risk factors 
for ifosfamide nephrotoxicity include previous 
exposure to cisplatin, chronic kidney disease, and 
a cumulative dose > 84 g/m2.79,80 Recent data sug-
gest that amifostine may have a protective role 
against ifosfamide, as well as cisplatin nephrotox-
icity.81 The majority of patients will recover from 
ifosfamide-induced tubular injury; however, 
there are reports of long-term complications. 
Ifosfamide has been attributed to chronic renal 
fibrosis with a decline in the GFR over time and, 
in one case, leading to end-stage renal disease.82,83 
In pediatric literature, the chronic and progres-
sive nature of ifosfamide-induced renal toxicity is 
well documented.84

Methotrexate
Methotrexate (MTX)-induced ARF is caused by 
the precipitation of the drug and its more insolu-
ble metabolite, 7-hydroxymethotrexate, in the 
tubular lumen.72,85 At a pH of <5.5, the drug and 
its metabolite precipitate when their concentra-
tion exceeds 2x10-3 molar, whereas solubility 
increases with a urine pH of 7.86 Acute renal fail-
ure occurs from intrarenal obstruction, direct 
tubule toxicity, and prerenal azotemia from  
afferent arteriolar vasoconstriction. Acute renal 
failure is reported in 30 to 50% of patients treated 
with high-dose MTX (>1 g/m2).86 For the pre-
vention of renal toxicity, hydration and high 
urine output is essential. Isotonic saline infusion 
and furosemide may be necessary to keep the 
urine output >100 mL/h. An increase in the 
clearance rate of MTX is seen when the urine pH 
is increased from 5.5 to 8.4, which can be accom-
plished with an isotonic solution containing 
bicarbonate.87 Once ARF develops, the excretion 
of MTX is reduced, the systemic toxicity of MTX 
is increased, and treatment is mainly supportive. 
It may be necessary to remove the drug with dial-
ysis. Hemodialysis, using high blood flow rates 
with a high-flux dialyzer is an effective method of 
removing methotrexate.88 High-dose leucovorin 
therapy can reduce the systemic toxicity associ-
ated with MTX and ARF.89,90 In the majority of 
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cases, MTX-induced ARF will resolve. Often the 
plasma creatinine will peak within one week and 
return to baseline at 3 weeks.91

Biologic Agents
Acute renal failure is well described with  
the administration of a-interferon and interleu-
kin-2.92,93 Acute renal failure secondary to inter-
feron-a (IFN-a) therapy is uncommon and has 
been associated with and without massive  
proteinuria.94 Renal biopsy in IFN-a–associated 
ARF has revealed glomerular lesions, including 
focal segmental glomerulosclerosis and minimal 
change disease.94–96 Other renal lesions include 
acute tubular interstitial nephritis and acute 
tubular necrosis.97,98 The ARF can be reversible 
with cessation of the drug; however, some patients 
may have CKD or require long-term dialysis. 
After recovery of the ARF, proteinuria may per-
sist, and these patients should be monitored for 
progression of renal disease.94 With interleukin-
2–induced renal dysfunction, a systemic capillary 
leak syndrome occurs resulting in volume deple-
tion, hypotension, and prerenal azotemia.19,20 
Unlike IFN-a, interleukin-2 produces a decreased 
GFR in the majority of patients who receive the 
drug, and the incidence of ARF is high.99

Imatinib mesylate is a protein-tyrosine kinase 
inhibitor that inhibits the BCR-ABL tyrosine 
kinase as well as the receptor tyrosine kinase for 
platelet-derived growth factor and stem cell factor 
c-kit.100 Two reports in the literature described 
acute renal failure associated with Gleevec. One 
case reported renal failure requiring temporary 
hemodialysis with ATN found on renal biopsy.101 
Both cases reported recovery of renal function 
with the cessation of imatinib mesylate. It is now 
recommended that renal function be monitored 
closely during therapy with Gleevec.

Bisphosphonates

Bisphosphonates are commonly used to manage 
hypercalcemia of malignancy and to reduce skele-
tal complications in patients with bone metasta-
ses and multiple myeloma. All three generations 
of bisphosphonates have been shown to cause 
renal failure. The most common pathologic  
finding on renal biopsy is acute tubular necrosis. 
A recent study reports biopsy-proven toxic ATN 
in six patients treated with zoledronic acid, a 
potent bisphosphonate. Renal function recovered 
with cessation of the drug but did not return to 
baseline levels.102 Pamidronate has been shown to 
cause ATN as well as the nephrotic syndrome 
from a collapsing variant of focal segmental  
glomerular sclerosis.103,104 The exact mechanism 
of bisphosphonate-induced renal failure is not 
known; however, direct toxicity to the tubular 
epithelial cells is suspect.

Renal Diseases Associated with 
Malignancy 

Multiple Myeloma
Fifty percent of patients with multiple myeloma 
(MM) will develop some degree of renal func-
tional impairment, and 10% will require dialysis. 
The pathogenesis of MM-induced renal failure 
includes myeloma kidney, renal tubular dysfunc-
tion, light-chain deposition disease, amyloidosis, 
and plasma cell infiltration. Hypercalcemia can 
also complicate MM and induce renal failure. 
Patients with MM are at increased risk for other 
causes of renal failure, in particular contrast 
nephropathy. The overproduction of monoclonal 
immunoglobulin light chains is the primary factor 
associated with the renal disease of MM. The  
recommended diagnostic tool for identifying  
the presence of urinary light chains is urine  
protein electrophoresis with immunofixation. 
Light chains can combine with Tamm-Horsfall 
mucoproteins to form casts that cause intratubu-
lar obstruction. Factors that influence tubular 
cast formation include low tubular flow rate, 
acidity of the urine, radiocontrast infusion, and 
distal nephron sodium, chloride, and calcium 
concentration. The therapy of MM-induced renal 
disease is limited to treating the MM. In patients 
with high tumor burdens, acute renal failure may 
ensue. Partial recovery of the GFR may occur  
in up to 50% of patients who undergo treatment 
of the MM.105 Small case series suggest that plas-
mapheresis improves renal survival in patients 
who require dialysis for ARF from myeloma 
kidney.106,107 However, renal biopsy may be neces-
sary to identify those patients likely to respond  
to plasmapheresis therapy. Given the limited  
clinical experience and need for biopsy, plasma-
pheresis for myeloma kidney has not gained wide 
acceptance.

Patients with MM are at increased risk for 
developing ARF from nephrotoxic injury, partic-
ularly radiocontrast. The incidence of contrast 
nephropathy in MM patients is 0.6% to 1.25%.108 
It is postulated that iodinated contrast enhances 
the precipitation of intratubular proteins leading 
to obstruction. Adequate hydration and avoiding 
low urine flow states is the best protection against 
ARF in MM patients.

Hypercalcemia Associated with Multiple 
Myeloma

Hypercalcemia complicates MM in 15% of 
patients at presentation. Hypercalcemia induces 
prerenal azotemia by causing nephrogenic diabe-
tes insipidus, renal vasoconstriction, and intratu-
bular calcium deposition.109 When the serum 
calcium level is >13  mg/dL, most patients will 
have some degree of volume depletion. Volume 
repletion and a saline diuresis are essential to  
the therapy. Isotonic saline should be infused 
intravenously in large volumes to increase  

calcium excretion. Furosemide may be used to 
increase the calciuresis once volume depletion is 
corrected. Thiazide diuretics should be avoided 
because they decrease urinary calcium excretion. 
Bisphosphonates, pyrophosphate analogs with  
a high affinity for hydroxyapatite, may be neces-
sary to control the serum calcium in severe 
cases.110,111 Pamidronate and clodronate, two 
second-generation bisphosphonates, are com-
monly used preparations. Both drugs are potent 
inhibitors of osteoclast bone resorption without 
significant bone demineralization.112 Pamidro-
nate can be given as a single intravenous dose of 
30 to 90 mg and may normalize the calcium for 
several weeks.111 Calcitonin, derived from the  
thyroid C-cell, inhibits osteoclast activity. The 
onset of calcitonin is rapid but with a short half-
life and is usually not given as a sole therapy.113 
Plicamycin (mithramycin) is an inhibitor of RNA 
synthesis and impairs osteoclast activity. It is an 
effective means to acutely lower serum calcium. 
However, the multiple toxicities associated  
with plicamycin have made its use uncommon. 
Glucocorticoids are also effective in the therapy 
of hypercalcemia in patients with hematologic 
malignancies. Hemodialysis with a low calcium 
bath is the preferred method of reducing serum 
calcium levels in patients with a severely depressed 
GFR.

Tumor Lysis Syndrome
Tumor lysis syndrome is often a dramatic presen-
tation of ARF in patients with malignancy. It is 
characterized by the development of hyperphos-
phatemia, hypocalcemia, hyperuricemia, and 
hyperkalemia. Tumor lysis syndrome can occur 
spontaneously during the rapid growth phase of 
malignancies such as bulky lymphoblastomas and 
Burkitt’s and non-Burkitt’s lymphomas that have 
extremely rapid cell turnover rates.114 More com-
monly, it is seen when cytotoxic chemotherapy 
induces lysis of malignant cells in patients with 
large tumor burdens. Tumor lysis syndrome  
has developed in patients with non-Hodgkin’s 
lymphoma, acute lymphoblastic leukemia, 
chronic myelogenous leukemia in blast crises, 
small cell lung cancer, and metastatic breast 
cancer.115 In most patients, the ARF is reversible 
after aggressive supportive therapy including 
dialysis.

The pathophysiology of ARF associated  
with tumor lysis syndrome is related to two main 
factors, preexisting volume depletion prior to  
the onset of renal failure and the precipitation of 
uric acid and calcium phosphate complexes in  
the renal tubules and tissue.116 Patients may be 
volume-depleted from anorexia or nausea and 
vomiting associated with the malignancy, or from 
increased insensible losses from fever or tachy-
pnea. Therefore, it is important to establish brisk 
flow of hypotonic urine to prevent or ameliorate 
ARF associated with tumor lysis syndrome.
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Hyperuricemia is either present before  
treatment with chemotherapy or develops after 
therapy despite prophylaxis with allopurinol.117 
Uric acid is nearly completely ionized at physio-
logic pH, but becomes progressively insoluble  
in the acidic environment of the renal tubules. 
Precipitation of uric acid causes intratubular 
obstruction leading to increased renal vascular 
resistance and decreased GFR.118 Moreover, a 
granulomatous reaction to intraluminal uric acid 
crystals and necrosis of tubular epithelium can  
be found on biopsy specimens.

Hyperphosphatemia and hypocalcemia also 
occur in tumor lysis syndrome. In patients who 
do not develop hyperuricemia in tumor lysis  
syndrome, ARF has been attributed to metastatic 
intra-renal calcification or acute nephrocalcino-
sis.119 Tumor lysis with release of inorganic phos-
phate results in acute hypocalcemia and metastatic 
calcification resulting in ARF.

Therefore, ARF associated with tumor lysis 
syndrome is the result of the combination of 
volume depletion in the face of urinary precipita-
tion of uric acid in the renal tubules and paren-
chyma, and acute nephrocalcinosis from severe 
hyperphosphatemia. Since patients at risk for 
tumor lysis often have intra-abdominal lym-
phoma, urinary tract obstruction can be a con-
tributing factor in the development of ARF. Given 
the aforementioned pathogenetic factors for ARF, 
patients who are undergoing treatment with 
malignancies likely to experience rapid cell lysis 
should receive vigorous intravenous hydration to 
maintain good urinary flow and urinary dilution. 
In addition, because uric acid is very soluble at 
physiologic pH, sodium bicarbonate should be 
added to the intravenous fluid to achieve a pH 
greater than 6.5 in the urine. Alkalinization can 
be achieved by the administration of 100 mEq/L 
of sodium bicarbonate in 1 liter of D5W (5%  
dextrose in water) at a rate of 200 mL/h. Since 
metabolic alkalosis can aggravate hypocalcemia, 
caution should be exercised when using alkali in 
patients with low serum calcium levels. It is advis-
able to stop the infusion if the serum bicarbonate 
level is greater than 30 mEq/L. Allopurinol is 
administered to inhibit uric acid formation. 
Through its metabolite oxypurinol, allopurinol 
inhibits xanthine oxidase and thereby blocks the 
conversion of hypoxanthine and xanthine to uric 
acid. During massive tumor lysis, uric acid excre-
tion can still increase, despite the administration 
of allopurinol, so that intravenous hydration is 
still necessary to prevent ARF. Since allopurinol 
and its metabolites are excreted in the urine, the 
dose should be reduced in the face of impaired 
renal function. Urate oxidase has been recently 
approved for use in the United States. It converts 
uric acid to water-soluble allantoin, thereby 
decreasing serum uric acid levels and urinary uric 
acid excretion.120 The use of urate oxidase may 

obviate the need for urinary alkalinization, but 
good urine flow with hydration should be main-
tained given the probability of preexisting volume 
depletion.

Dialysis for ARF associated with tumor lysis 
syndrome may be required for the traditional 
indications of fluid overload, hyperkalemia, 
hyperphosphatemia or hyperuricemia unrespon-
sive to medical management. There is some inter-
est in using dialysis in patients at high risk of 
tumor lysis syndrome to prevent the development 
of renal failure. In a small trial in five children, 
continuous hemofiltration was started prior to 
administration of chemotherapy and appeared to 
prevent renal failure in 80% of the patients.121 
However, given that continuous dialysis is  
complicated, expensive, and not without risk,  
its routine use as prophylaxis cannot be  
recommended.

Thrombotic Microangiopathy
Thrombotic microangiopathy (TMA) in the  
form of hemolytic-uremic syndrome (HUS) and 
thrombocytopenic purpura (TTP) is a disease of 
multiple etiologies manifesting as non-immune 
hemolytic anemia, thrombocytopenia, varying 
degrees of encephalopathy, and renal failure due 
to platelet thrombi in the microcirculation of  
the kidneys. Laboratory findings include elevated 
indirect bilirubin and lactate dehydrogenase 
(LDH) levels, depressed serum haptoglobin 
values, and schistocytes on peripheral blood 
smear. The characteristic renal lesion consists of 
vessel wall thickening in capillaries and arterioles, 
with swelling and detachment of endothelial cells 
from the basement membranes and accumula-
tion of subendothelial fluffy material.122 These 
vascular lesions are indistinguishable from those 
seen in malignant hypertension or scleroderma 
renal crisis.

Typically, HUS develops in children with 
hemorrhagic colitis from verotoxin-producing 
Escherichia coli infection associated with inges-
tion of undercooked meat.123 Renal failure is  
pronounced, and altered sensorium is not consis-
tently present. In contrast, idiopathic TTP is usu-
ally seen in adult women where encephalopathy is 
the predominant clinical feature whereas renal 
involvement is less severe. However, because of 
similar laboratory findings and the great overlap 
in clinical features, these syndromes likely  
share the same pathogenesis—endothelial cell 
dysfunction.124

In cancer patients, malignancy, chemo-
therapy, radiation, immunosuppressive agents,  
and bone marrow transplantation can induce 
endothelial dysfunction leading to TMA and renal 
failure (Table 7).

Treatment of renal failure and TMA in cancer 
patients is mainly supportive, with initiation  
of dialysis as necessary. Stopping any causative 
medications is advised. However, the role of  

plasmapheresis remains controversial. Although 
all forms of TMA share the same underlying 
pathogenesis of endothelial cell injury and  
dysfunction, the actual inciting event may be dif-
ferent in each case and not amenable to plasma-
pheresis. As an example, plasmapheresis has not 
be found to be an effective therapy for HUS in 
children, despite its clear benefit in the treatment 
of idiopathic TTP.125 In TTP, an autoantibody to 
the von Willebrand’s factor-cleaving protease  
has been described.126 Inhibition of the cleaving 
enzyme leads to unusually large von Willebrand 
multimers that may agglutinate circulating  
platelets at sites with high levels of intravascular 
shear stress and trigger TMA. Plasma infusion 
may provide an exogenous source of cleaving 
protease to compete with the autoantibody while 
plasmapheresis will remove the pathogenic anti-
body. In HUS, no autoantibody has been found 
and may explain the ineffectiveness of plasma-
pheresis in this disorder.127 Reports on the use of 
plasmapheresis in cancer patients are confined to 
those with bone marrow transplantation (BMT) 
nephropathy. Most studies are small case series 
that are unable to clearly demonstrate true bene-
fit. Nevertheless, when faced with a patient with 
the clinical characteristics of severe TTP after 
BMT, a trial of plasmapheresis is probably  
warranted.

Bone Marrow Transplantation
Acute renal failure, defined as doubling of the 
baseline serum creatinine level, may occur in up 
to 50% of patients who undergo BMT, of which 
half will undergo hemodialysis.128 Initially, it was 
assumed that the cause of ARF was multifactorial 
in nature, given the severity of illness and the 
amount of nephrotoxin exposure. Instead, three 
distinctive renal syndromes associated with BMT 
were described and are categorized according to 
the time of onset.129 Renal complications are more 
prevalent in patients who undergo allogeneic 

Table 7  Thrombotic Microangiopathy in Cancer 
Patients

Chemotherapy
Mitomycin C
Platinum
Bleomycin
Holmium

Immunosuppressive agents
Cyclosporine
Tacrolimus

Malignancy
Gastric carcinoma

Bone Marrow Transplantation
BMT nephropathy

Radiation
Acute radiation nephritis
Malignant hypertension
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transplants. When autologous stem cell trans-
plants became the predominant method of BMT, 
the incidence of these disorders decreased.130

Within the first few days after transplanta-
tion, ARF may develop from hemoglobinuria 
caused by infusion of hemolyzed red blood cells.66 
Preservation of bone marrow with DMSO will 
cause hemolysis of red blood cells present in the 
stored specimen, and subsequent infusion will 
result in hemoglobinuria. Three mechanisms are 
involved in the pathogenesis of hemoglobinuric 
ARF: renal vasoconstriction, direct cytotoxicity of 
hemoglobin, and intratubular cast formation. By 
scavenging nitric oxide and stimulating the release 
of endothelin and thromboxane, hemoglobin 
causes renal vasoconstriction. Hemoglobin is also 
toxic to renal tubular epithelial cells either directly 
or through release of iron, and by generation  
of reactive oxygen species.131 Intratubular cast 
formation occludes urinary flow, thereby decreas-
ing GFR, and prolongs cellular exposure to the 
harmful effects of hemoglobin. Another renal 
syndrome usually occurs 10 to 21 days after trans-
plantation and is associated with the development 
of veno-occlusive disease (VOD) of the liver.129 
VOD of the liver is characterized by tender hepa-
tomegaly, fluid retention with ascites formation, 
and jaundice. It is the result of fibrous narrowing 
of small hepatic venules and sinusoids triggered 
by the pre-transplant cytoreductive regimen, and 
is more common after allogeneic than autologous 
BMT. The ARF is similar in appearance to hepa-
torenal syndrome. Patients have hyperdynamic 
vital signs, along with hyponatremia, oliguria, 
and low urinary sodium concentration. The uri-
nalysis shows minimal proteinuria and muddy 
brown granular casts as a result of bile salts and 
bilirubin in the urine. The patients are usually 
resistant to diuretics, and spontaneous recovery is 
rare. Risk factors for the development of ARF 
include weight gain, hyperbilirubinemia, use of 
amphotericin B, and a baseline serum creatinine 
level greater than 0.7 mg/dL. The development of 
ARF adversely affects survival. In patients who 
require dialysis, the mortality rate approaches 
80%. Although VOD can be diagnosed by either 
direct measurement of sinusoidal pressures or 
liver biopsy, these procedures are difficult or haz-
ardous in BMT patients. Therefore the diagnosis 
of VOD is usually made on clinical criteria. How-
ever, studies have shown that clinical criteria 
alone may not be sufficient to recognize or exclude 
a diagnosis of VOD.132 Small trials using infusions 
of prostaglandin E, pentoxifylline, or low-dose 
heparin to prevent the development of VOD have 
been promising .133–135 However, their use is not 
commonplace because of the associated risks of 
bleeding.

A late-stage renal manifestation of transplan-
tation referred to as “BMT nephropathy” usually 
occurs more than 6 months after the procedure. 

It is characterized by the development of ARF 
with microangiopathic hemolytic anemia, wors-
ening thrombocytopenia, hypertension, and fluid 
retention. Hence, BMT nephropathy is a form of 
HUS.136 Patients may also have varying degrees of 
encephalopathy resembling TTP. It occurs in 
patients who receive cyclosporine for prevention 
of graft-versus-host disease, as well as those who 
do not. Radiation may play a role because its inci-
dence appears higher after allogeneic compared 
with autologous BMT.130 Although plasmaphere-
sis therapy is often successful in treating idio-
pathic TTP, the results in BMT nephropathy  
have been disappointing.137 Prognosis of BMT 
nephropathy is variable. Those patients who  
present with a modest rise in creatinine concen-
tration and normal level of consciousness may 
have either spontaneous resolution or slow pro-
gression to chronic hemodialysis. Those patients 
who present with a fulminant course of TTP uni-
formly do poorly, despite aggressive dialysis  
and plasmapheresis, and often succumb to the 
disease.

GVHD is a complication of BMT not typi-
cally associated with renal disease. Renal lesions 
associated with GVHD have been described, and 
the primary manifestation is proteinuria. 
Immune-complex–mediated glomerular disease 
is the predominant finding on biopsy, with mem-
branous nephropathy the pathologic lesion most 
commonly found.138–140 In the majority of cases, 
the proteinuria improved or resolved with treat-
ment of the GVHD with steroids or cyclosporin 
A.139

ARF associated with Lymphoma and 
Leukemia

Lymphoma
Infiltration of the kidneys by lymphoma cells may 
be detected in up to 90% of cases at autopsy. 
However, clinical renal disease as a result of infil-
tration is rare, most commonly seen in highly 
malignant and disseminated disease.141–144 The 
diagnosis of renal failure resulting from lympho-
matous infiltration is necessarily one of exclusion 
because more common explanations for renal 
failure usually exist. The diagnosis may be  
suspected from clinical features and imaging 
studies. Patients may present with flank pain and 
hematuria. Renal ultrasonography reveals dif-
fusely enlarged kidneys, sometimes with multiple 
focal lesions. Although definitive diagnosis 
depends on renal biopsy, this procedure is often 
impossible because of the presence of contraindi-
cations. In such cases the following criteria  
support the diagnosis of renal failure as a result of 
lymphomatous infiltration: (1) renal enlargement 
without obstruction; (2) absence of other causes 
of renal failure; and (3) rapid improvement  
of renal failure after radiotherapy or systemic 
chemotherapy.

Cytotoxic Nephropathy/ 
Hemophagocytic Syndrome
Hemophagocytic syndrome (HPS) is a reactive 
disorder that results from intense macrophage 
activation and cytokine release.145 It has devel-
oped in patients with malignant lymphoma, 
severe bacterial and viral infections, and in 
patients receiving prolonged parenteral nutrition 
with soluble lipids. Patients present with fever, 
rash, respiratory failure, lymphadenopathy and 
hepatosplenomegaly. There have been recent 
reports of HPS in association with occult periph-
eral T-cell lymphomas causing severe ARF.146 
Renal biopsy specimens are characterized by  
an unusually severe degree of interstitial edema 
with limited interstitial cellular infiltrate. A 
number of cytokines, including interferon-a, 
tumor necrosis factor (TNF), interleukin-6,  
macrophage colony-stimulating factor, and CD-8 
are up-regulated in HPS and may explain the 
marked macrophage activation and cytokine 
release. In patients with lymphadenopathy who 
develop unexplained multiple organ dysfunction,  
markedly elevated cytokine levels support the 
diagnosis.

Leukemia
Leukemic infiltration of the kidneys is present in 
60 to 90% of patients with chronic lymphocytic 
leukemia (CLL). Although uncommon, many 
cases of renal failure attributable to leukemic 
infiltration are known.147–149 Ultrasonography 
usually reveals bilateral renal enlargement.  
Chemotherapy often produces a dramatic 
improvement in renal function.

There are reports of patients with CLL who 
develop ARF from leukemic infiltration and are 
infected with polyomavirus.150 Urine from 
patients demonstrates viral inclusions in tubular 
cells (“decoy” cells), and blood is positive for 
polyomavirus (BK type) DNA. Therefore, in  
leukemia patients with ARF considered due to 
leukemic infiltration, evidence for coexisting BK 
virus infection should be sought.

Patients with significantly elevated white cell 
counts can develop ARF from leukostasis. Leuke-
mic cells occlude the peritubular and glomerular 
capillaries, thereby decreasing GFR. Patients may 
be oliguric but their renal function often improves 
with therapeutic leukopheresis or chemotherapy. 
Leukostasis has been described in both acute and 
chronic leukemia.

Radiation Nephritis 

Renal failure and hypertension develop when the 
kidneys are exposed to more than 2,300 rads of 
radiation in fractionated doses over a period of 3 
to 5 weeks.151 A characteristic of radiation injury 
is the long latent period between radiation and 
overt nephrotoxicity. The effects of DNA damage 
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from radiation are not evident until cell division 
occurs. The latency period depends on the proli-
feration rate of a particular tissue. The recogni-
tion of radiation injury has led to treatment 
protocols that have significantly minimized expo-
sure and the incidence of radiation nephropathy. 
In the past, abdominal radiation and total body 
irradiation for bone marrow transplantation  
were leading causes of radiation nephritis. Today, 
sequential radiosensitizing chemotherapy with 
radiation is a more prevalent mode.152

Five clinical syndromes of radiation injury  
to the kidney are described: (1) acute radiation 
nephropathy; (2) chronic radiation nephropathy; 
(3) asymptomatic proteinuria; (4) benign  
hypertension; and (5) malignant hypertension.

Acute Radiation Nephropathy
Acute radiation nephropathy usually occurs  
after a latent period of 6 to 12 months.153,154 
Patients present with ARF accompanied by 
microangiopathic hemolytic anemia with schis-
tocytes, thrombocytopenia, hypertension, and 
fluid overload with edema. Renal biopsy findings 
are not specific to radiation injury and are typical 
of HUS. The onset of ARF can be abrupt, and the 
degree of anemia and hypertension is severe. 
Although progression to chronic renal failure is 
the rule, there are reports of response to ACE 
inhibitor therapy in stabilizing the renal func-
tion.155 The development of end stage renal  
disease (ESRD) is a poor prognostic event in  
these patients because survival on chronic dialysis 
is poor compared to that of age-matched,  
non-diabetic and diabetic patients.

Malignant hypertension as a complication  
of radiation to the kidney has been reported as  
a feature of acute radiation nephropathy, but  
also occasionally as an isolated late manifestation 
presenting 18 months to 11 years after irradia-
tion. The incidence of this complication is much 
less with the availability of the new classes of  
antihypertensive agents, in particular, the ACE 
inhibitors.

Tubulointerstitial Nephritis

Acute tubulointerstitial nephritis (TIN) is a 
common cause of ARF accounting for 10% of 
cases in hospitalized patients.156 On renal biopsy, 
an interstitial cellular infiltrate is the hallmark of 
TIN. The infiltrate is predominantly mononu-
clear with T- and B- lymphocytes, macrophages, 
and natural killer cells.157 Scattered neutrophils, 
eosinophils, basophils, and plasma cells are also 
present. The infiltrate results in interstitial edema, 
disruption of tubular basement membrane,  
and destruction of the interstitial architecture. 
Similar to glomerulonephritis, most forms of 
acute TIN are immune-mediated.158 Although 
earlier investigations concentrated on humeral 

mechanisms with deposition of antibody or anti-
gen-antibody immune complexes in the tubular 
basement membrane, there is abundant evidence 
now to suggest that cell-mediated immune 
responses account for most cases of acute  
TIN.159–162 Experimental studies demonstrate  
that renal tubular epithelial cells can process  
and present target antigens to T-cells, as well  
as strongly express Class II major histocompati-
bility complex (MHC) determinants when stimu-
lated by pro-inflammatory cytokines such as  
interferon-c and tumor necrosis factor-a.

The clinical features of TIN are variable and 
in part depend on the inciting process.163 In gen-
eral, besides renal failure, disruption of the normal 
tubulointerstitial compartment will produce 
findings consistent with renal tubular dysfunc-
tion, including urinary concentrating defect, 
hyperchloremic metabolic acidosis, hypo- or 
hyperkalemia, and hypomagnesemia. Modest 
proteinuria can be present, but nephrotic range 
proteinuria is distinctly unusual and associated 
with use of only a few medications: NSAIDs, 
interferon-a, and methicillin.

Drug-Induced Acute Tubulointerstitial 
Nephritis
Drug reactions are a major cause of acute TIN in 
patients with cancer because they are exposed to a 
large number of medications of different classes. 
The most commonly implicated agents are the 
penicillins, cephalosporins, and NSAIDs. It can 
be difficult to establish a direct link between a 
particular drug and ARF because patients typi-
cally receive a variety of potentially nephrotoxic 
medications, making it uncertain which is the 
responsible agent. Also, comorbid conditions that 
could cause renal dysfunction are usually present. 
Since renal biopsy to determine the etiology of 
ARF is not routine, the diagnosis of acute TIN is 
presumptive. Acute TIN occurs within days to a 
few weeks of exposure to a drug, and there is no 
relationship between its development and the 
cumulative dose. Most patients present with 
symptoms of edema, hypertension, diminished 
urine output, and renal failure. The classical mani-
festations of allergic phenomena such as skin 
rash, arthralgias, fever, and eosinophilia are pres-
ent in only a minority of patients.164 Occasionally, 
flank pain is a prominent feature of the presenta-
tion. The presence of urinary eosinophils is of 
limited utility in the evaluation of ARF.165 The 
finding of eosinophils in the urine has a positive 
predictive value for diagnosing acute TIN of only 
40%. Absence of urinary eosinophils is more 
helpful in excluding the diagnosis although the 
negative predictive value is still only 70%. Hansel 
(rather than Wright’s) stain is the preferred 
method of detecting eosinophiluria.17 Pyuria in 
the absence of an infectious organism (sterile 
pyuria) can be seen with acute TIN; however,  

leukopenia can limit the appearance of white 
blood cells in the urine. Therefore, the diagnosis 
of acute TIN requires a high index of suspicion 
and knowledge of the potential causes. Clues to 
the presence of acute TIN are listed in Table 8.

Treatment of drug-induced acute TIN is ces-
sation of the causative agent. Small case series 
have reported significant clinical response to cor-
ticosteroid administration.163,166,167 There are no 
large, randomized, placebo-controlled trials to 
guide treatment. Given the potential side effects 
of corticosteroids, their use should be restricted 
to patients with progressive renal failure despite 
stopping the offending drug. Consideration of 
renal biopsy in these cases is strongly recom-
mended because the clinical diagnosis of TIN is 
presumptive and the risks from corticosteroid  
use in critically ill patients are high. Drug-induced 
acute TIN has been associated with a wide  
spectrum of medications, as listed in Table 9.

Fluoroquinolones

All members of this class have been reported to 
cause acute TIN.164 Typically, there is fever, rash, 
and eosinophilia, but no other systemic features 
of an allergic reaction. Granulomatous TIN has 
been reported, as well as necrotizing vasculitis of 
the skin, lung, bladder, and kidney.168

Vancomycin

Although the nephrotoxicity of vancomycin  
has been attributed to impurities in the older 

Table 8  Medications Causing Acute  
Tubulointerstitial Nephritis

Antibiotics
Cephalosporins
Fluoroquinolones
Penicillins
Rifampin
Sulfonamides
Vancomycin

Biologic agents
Interleukin 2
a-interferon

Anti-inflammatory agents
NSAIDs
COX-2 inhibitors

Diuretics
Furosemide
Thiazide diuretics

Immunosuppressive agents
Azathioprine
OKT3

Miscellaneous
Allopurinol
Cimetidine/ ranitidine/famotidine
Omeprazole
Pamidronate

COX-2 = cylcooxygenase-2; OKT = .
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preparations of the drug, there remains a small 
incidence of ARF associated with its use.169  
Vancomycin nephrotoxicity typically develops 
when administered in combination with other 
drugs, particularly aminoglycosides, and when 
given at higher-than-recommended doses. There 
may be some signs of a hypersensitivity reaction, 
such as skin rash and eosinophilia.

Rifampin

There are several reports of hypersensitivity reac-
tions to rifampin associated with its intermittent 
use, manifesting as fever, nausea, diarrhea, and 
oliguric ARF.170 Rifampin is associated with  
several immune-mediated phenomena. The drug 
acts as a hapten and results in antibody and 
immune-complex formation, and the subsequent 
development of interstitial nephritis with renal 
failure.171

Penicillins

Acute tubulointerstitial nephritis has been 
reported with all the penicillins.164 Renal mani-
festations include hematuria, proteinuria, and  
oliguric ARF. Fever, rash, arthralgias, eosino-
philia, pyuria, and eosinophiluria may also be 
present, particularly associated with the use of 
methacillin.

Cephalosporins

All generations of cephalosporins produce neph-
rotoxicity. Most cases involve direct toxicity to 
the renal tubular cells, resulting in ATN. In addi-
tion, cephalosporins can produce hypersensitiv-
ity reactions with skin rash, fever, eosinophilia, 
hematuria, and TIN.163,164 In some reports, renal 
failure was the only finding. Cephalosporins  
are structurally similar to the penicillins, and 
cross-reactivity has been reported in 1 to 20% of 
patients.

Infective Tubulointerstitial Nephritis
Bacterial Infection

Bacterial pyelonephritis may result in ARF.172 
This occurs most commonly in the setting of an 
ascending urinary tract infection superimposed 
on obstructive nephropathy. In patients with uri-
nary tract infection or pyelonephritis who develop 
ARF, urgent imaging of the kidneys and urinary 
tract is necessary to exclude the presence of 
obstruction. Acute renal failure as a result of 
pyelonephritis can also occur in the absence  
of urinary tract obstruction. Occasionally, renal 
involvement results from hematogenous spread. 
In such cases, blood cultures are frequently posi-
tive, and there may be evidence of overt sepsis. 
Clinical distinction from ATN secondary to  
septicemia and septic shock may therefore be  
difficult. Renal histopathologic findings reveal  
an acute polymorphonuclear infiltrate in the 
interstitium with microabscess formation.

The prognosis in acute bacterial TIN is  
significantly worse than for ATN. Whereas 
patients with ATN are expected to make full 
recovery, bacterial TIN often progresses to severe 
interstitial scarring and progressive chronic renal 
failure. Patients require prolonged antibiotic 
treatment to eradicate the infection and close 
monitoring to minimize chronic progressive 
renal damage.

Renal Candidiasis

Mucosal ulceration and long-dwelling intravas-
cular catheters are major risk factors for invasion 
of the blood stream by Candida species. Other 
important risk factors include prolonged hospi-
talization, prior exposure to antimicrobial agents, 
corticosteroid therapy, the postoperative state, 
surgical wounds, chronic indwelling urinary cath-
eters, and underlying malignancy. The kidneys 
are particularly vulnerable to candidal invasion. 
The presence of hyphae in the urine does not  
have diagnostic significance, while the absence of 
pyuria does not rule out a diagnosis of renal  
candidiasis especially in the severely neutropenic 
patient. Therefore, a positive culture of Candida 
from urine in the septicemic patient is considered 
as proof of renal candidiasis.173 The Candida 
organisms progressively penetrate the renal 
parenchyma, forming hyphae and microabcesses, 
especially in the cortical regions. Involvement of 
renal vasculature may result in renal infarction 
and papillary necrosis. Penetration of the organ-
isms into the renal tubules may result in multiple 
sites of tubular obstruction, or the formation of 
large aggregates of fungi within the collecting 
system in the form of fungal balls or bezoars.174 
This complication should be suspected in the 
presence of flank pain and microscopic hematu-
ria. Candida species differ in virulence capacity  
to involve the kidneys. Candida albicans and  

C. tropicalis have the greatest propensity to  
cause widespread metastatic disease and renal 
invasion.

The patient with renal candidiasis usually 
presents with fever, candiduria, and unexplained 
progressive renal failure.175 There usually are no 
symptoms referable to the kidneys, while there 
may be symptoms arising from involvement of 
other organs, including skin, mucosa, muscle, 
and eyes. Contrary to the case with bacterial uri-
nary tract infections, there is no consensus as to 
the critical concentrations of candiduria required 
for a diagnosis of renal candidiasis. High colony 
counts may be a reflection of colonization rather 
than infection in patients with indwelling bladder 
catheters or nephrostomy tubes. Diagnosis is fur-
ther complicated by the lack of any tests to local-
ize infection to the kidneys. Candida casts are 
highly suggestive of renal infection but are an 
unusual finding. The presence of fungal bezoars 
in the upper urinary tract can be excluded with 
renal ultrasonography or other suitable imaging 
procedures. A useful diagnostic test in the  
catheterized patient with candiduria, bladder 
washings with amphotericin B will clear the urine 
of colonization but not renal candidosis.176

Zygomycosis

Invasive zygomycosis (mucormycosis) occurs 
predominantly in immunocompromised patients. 
Patients present with bilateral flank pain, fever, 
hematuria, pyuria, and renal failure, with radio-
graphic evidence of enlarged non-functioning 
kidneys.177 Mortality is high, and nephrectomy is 
usually required along with systemic anti-fungal 
therapy.

Adenovirus Infections

Opportunistic infections secondary to systemic 
adenovirus infection occur in immunocompro-
mised patients. Adenovirus type II appears to 
have a predilection for urothelial membrane  
surfaces, and infections of the urothelium are  
frequent. As a result, adenovirus type II has been 
associated with urinary tract obstruction and 
hemorrhagic cystitis in this patient population. 
There are several reports of acute TIN with oligu-
ric ARF in the setting of a severe of pneumonitis, 
hepatitis, meningoencephalitis, myocarditis, and 
hemorrhagic cystitis.178,179

Polyomavirus (BK Type) Infection

Polyomaviruses are ubiquitous, usually acquired 
in childhood, and have a predilection for the uro-
thelial surfaces. They have been associated with 
renal dysfunction and urinary tract obstruction 
from ureteral ulcerations and strictures. An acute 
TIN (BK nephropathy) has been reported in 
patients who received renal or bone marrow 
transplants.180 The diagnosis of BK nephropathy 

Table 9  Clinical Features of Acute  
Tubulointerstitial Nephritis

Absence of other major causes to explain renal  
 failure
Prior implication of drug as a cause of acute TIN
Non-oliguric acute renal failure
Microscopic or gross hematuria
Sterile pyuria
White blood cell casts 
Eosinophilia
Eosinophiluria
Fever
Skin rash
Arthralgias
Hyperchloremic metabolic acidosis (RTA)
Urinary concentrating defect
Hypo-or hyperkalemia
Hypomagnesemia

RTA = renal tubular acidosis; TIN = tubulointerstitial 
nephritis.
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is suggested by the presence of inclusion-bearing 
cells in the urine (“decoy” cells) and the detection 
by polymerase chain reaction of BK virus DNA in 
the serum.

Epstein-Barr Virus Infection

Epstein-Barr virus (EBV) is associated with acute 
TIN and renal failure in both immunocompetent 
and immunocompromised patients.181 Other 
renal lesions associated with EBV and infectious 
mononucleosis includes acute glomerulonephri-
tis, hemolytic-uremic syndrome, and rhabdomy-
olysis-induced ARF.182

Disseminated Histoplasmosis

Immunocompromised patients can develop mul-
tiple organ failure from disseminated histoplas-
mosis. The disease usually follows a rapidly 
progressive course with a high mortality rate. 
Although uncommon, ARF does occur.183,184 
Biopsy specimens show aggregates of phagocy-
tosed macrophages in the glomerular capillaries 
and the tubular interstitium.

Prevention of Acute Tubular  
Necrosis

There currently exist no known therapeutic 
options to ameliorate ARF or hasten its recovery. 
Dialysis remains only a supportive measure to 
treat or prevent the metabolic and hypervolemic 
complications of renal failure. Therefore, preven-
tion of ARF remains a keystone in the treatment 
of the critically ill patient.

Volume Resuscitation
Most cases of ARF are the result of multiple  
factors, including exposure to nephrotoxic  
agents and relative or frank renal hypoperfusion. 
Avoidance of potential nephrotoxins such as 
intravenous radiocontrast, aminoglycoside anti-
biotics, and anti-fungal agents, when possible, is 
prudent. Maintenance of adequate intravascular 
volume to preserve renal perfusion pressure  
is essential. Many cancer patients have capillary 
leak associated with the systemic inflammatory 
response syndrome (SIRS) resulting in severe 
interstitial edema and renal hypoperfusion. Often, 
these patients also are receiving intravenous vaso-
pressor agents and positive pressure ventilation 
that further impair renal blood flow. How exactly 
to maintain effective arterial blood volume in 
such circumstances remains a contentious issue. 
Aggressive hydration with crystalloid solutions 
such as 0.9% sodium chloride can worsen inter-
stitial edema and pulmonary function. Colloidal 
solutions, such as various starches and human 
albumin, might appear to be attractive alterna-
tives, but there is little solid evidence that estab-
lishes their superiority in clinical trials.185–187 
Systematic reviews of randomized controlled 

trials comparing crystalloids with colloids have 
yielded conflicting results. Some trials have found 
an increased mortality rate associated with the 
administration of human albumin and hydroxy-
ethylstarch while others have not.188,189 So despite 
the importance of fluid therapy in the prevention 
of ARF, the nature of the optimum fluid resusci-
tation regimen remains a disputed topic. For  
the time being, it appears that treatment of the 
underlying diagnosis, usually sepsis, and general 
supportive efforts, including ultrafiltration if  
necessary, are the mainstays of therapy.

In the critically ill patient, it is often difficult 
to predict when a potential insult to the kidneys 
will occur, making true prophylaxis difficult.

Specific Measures
N-acetylcysteine

N-acetylcysteine (NAC) is an antioxidant and 
causes renal vasodilatation by generating increased 
levels of nitric oxide (NO). Based on these effects, 
NAC was used in several small human trials for 
the prevention of ARF from radiocontrast agents 
in high-risk individuals. The trials have shown 
that its administration results in a significantly 
smaller change in baseline serum creatinine values 
compared to changes in the placebo group.190,191 
However, whether or not NAC prevents severe 
ARF and the need for dialysis has not been deter-
mined. At this point, it is probably reasonable to 
provide NAC prior to radiocontrast administra-
tion in patients at risk for the development of 
ARF. However, no convincing data exist to sup-
port the routine administration of NAC in other 
clinical circumstances to prevent the develop-
ment of ARF.

Low-Dose Dopamine

Low-dose dopamine administration (1-3 µg/kg/
min) to normal individuals causes renal vasodila-
tation and increased glomerular filtration rate 
(GRF), and acts as a proximal tubule diuretic. 
Due to these effects, numerous studies have  
used low-dose dopamine to either prevent or 
treat ARF in a variety of clinical settings. It has 
been given as prophylaxis for ARF associated with 
radiocontrast administration, repair of aortic 
aneurysms, orthotopic liver transplantation, uni-
lateral nephrectomy, renal transplantation, and 
chemotherapy with interferon.192,193 Yet despite 
more than 20 years of clinical experience, preven-
tion trials with low-dose dopamine all have been 
small, inadequately randomized, of limited statis-
tical power, and with end-points of questionable 
clinical significance. Furthermore, there is  
concern for the potential harmful effects of  
dopamine, even at low doses. It can trigger 
tachyarrhythmias and myocardial ischemia, 
decrease intestinal blood flow, and suppress  
T-cell function.192–194 It has also been shown to 

increase the risk of radiocontrast nephropathy 
when given as prophylaxis to patients with  
diabetic nephropathy.195 Therefore, the use of 
low-dose dopamine for renal protection should 
be abandoned.

Low-Dose Fenoldopam Mesylate

Fenoldopam mesylate is a pure dopamine type-1 
receptor agonist that has similar hemodynamic 
effects to dopamine in the kidney without a- and 
b-adrenergic stimulation. Limited trials suggest 
administration of fenoldopam mesylate reduces 
the occurrence of ARF from radiocontrast agents 
and from the repair of aortic aneurysms.196,197 
However, as in the case of low-dose dopamine, no 
randomized controlled trials exist to support its 
indiscriminate use and it should be restricted to 
well-designed clinical studies.

Diuretics

Furosemide is a loop diuretic and vasodilator that 
may decrease oxygen consumption in Henle’s 
loop by inhibiting sodium transport, thus lessen-
ing ischemic injury. By increasing urinary flow, it 
may also reduce intratubular obstruction and 
backleak of filtrate. Based on these properties, 
furosemide might be expected to prevent ARF. 
However, few data support its use. Furosemide 
was found to be ineffective when used to prevent 
ARF after cardiac surgery, and was found to 
increase the risk of ARF when given to prevent 
contrast nephropathy.53,198

Mannitol is an osmotic diuretic that can also 
scavenge free-radicals. It may be beneficial when 
added to organ preservation solutions during 
renal transplantation and protect against ARF 
caused by rhabdomyolysis if given extremely 
early.199,200 Otherwise, mannitol has not been 
shown to be useful in the prevention of ARF. In 
fact, mannitol may aggravate ARF from radio-
contrast agents.195

Atrial Natriuretic Peptide

Atrial natriuretic peptide (ANP) causes vasodila-
tation of the afferent arteriole and constriction of 
the efferent arteriole resulting in an increased 
GFR. It also inhibits renal tubular sodium re-
absorption. Most studies with ANP concern the 
treatment of established ARF. However, in two 
studies that administered ANP in renal transplant 
recipients to prevent primary renal dysfunction, 
no benefit was found.201,202 As with low-dose  
dopamine and mannitol, one study suggested 
that ANP prophylaxis might worsen renal func-
tion in diabetic patients receiving radiocontrast 
material.195

Insulin-like Growth Factor-1

Insulin-like growth factor-1 (IGF-1) increases 
renal blood flow and induces cell proliferation 
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and differentiation. In addition, it reverses apop-
tosis. In animal models, it ameliorates renal injury 
associated with ischemia and may prevent injury 
following renal transplantation.203,204 IGF-1 was 
given to a small group of patients in a single trial 
for prophylaxis of ARF following aortic aneurysm 
repair.205 IGF-1 was started postoperatively in a 
randomized placebo-controlled fashion. It was 
well tolerated, and produced a modest increase in 
the creatinine clearance in the treated group com-
pared to the placebo group. However, no patient 
developed ARF necessitating dialysis. Hence, the 
role, if any, for IGF-1 in the prevention of ARF 
remains unknown.

Clinical Trials in the Treatment of 
Acute Tubular Necrosis

Effective treatment of ARF in critically ill patients 
is lacking despite substantial advances in the 
understanding of its pathogenesis at a cellular and 
molecular level. This lack of efficacy results from 
numerous factors: the multifactorial nature of 
ARF in the intensive care unit (ICU), reliance on 
changes in serum creatinine levels to detect 
changes in GFR, varying definitions of ARF, the 
high mortality rate of ICU patients in general, and 
the lack of consensus on the timing and appropri-
ate form of acute dialysis. Although a wide variety 
of agents, including loop diuretics, low-dose 
dopamine, ANP, thyroid hormone, and IGF-1, 
are effective in animal models, they have not been 
effective in the treatment of ARF in the clinical 
setting.48,206

The reasons that these therapies have been 
highly effective only in animals remain specula-
tive. Most human trials involve moderately or 
severely ill patients in the ICU with multiple 
organ failure, whereas animal models of ARF rely 
on a single mechanism of injury in otherwise 
healthy animals.207 In addition, the time of the 
renal insult is known precisely in the models, 
allowing for early administration of the interven-
tion. In clinical trials, on the other hand, therapy 
is delayed because of reliance on a change of the 
serum creatinine level to indicate ARF. By the 
time the serum creatinine concentration has 
increased, there has been a significant decline in 
the GFR and the renal injury has been present for 
a prolonged period. Timing of the intervention 
may be critical to its success. Very early in ARF, 
hemodynamic factors and oxidant injury may 
predominate, while, later, inflammation may play 
a more prominent role. Unfortunately, there still 
exists no easily available reliable marker of early 
ARF. Therefore, therapy of ARF remains primar-
ily supportive.

Low-Dose Dopamine
Numerous trials using low-dose dopamine to 
treat ARF suggest that its use is beneficial.192,193,208 

However, most studies were either uncontrolled 
case series or small randomized trials with limited 
statistical power. More recently, a large random-
ized placebo-controlled trial in 328 critically ill 
patients with early ARF sufficiently powered to 
detect a small benefit was reported.209 There was 
no effect of low-dose dopamine on renal func-
tion, need for dialysis, ICU or hospital length-of-
stay, or mortality. These findings combined with 
the aforementioned potential deleterious effects 
of low-dose dopamine are strong arguments for 
abandoning its use entirely in ARF.

Diuretics
In patients with ARF, several studies have found 
no benefit from loop diuretics.210–214 Their use did 
not accelerate renal recovery, decrease the need 
for dialysis, or reduce mortality. It was shown that 
the mortality rate of oliguric patients who 
responded to furosemide with a diuresis was 
lower than those who did not.18,214 However, the 
clinical characteristics, severity of renal failure, 
and mortality rates were similar in patients with 
either spontaneous non-oliguric ARF or patients 
who became non-oliguric after furosemide. This 
implies that those patients able to respond to 
furosemide are less sick and have intrinsically less 
severe renal damage than non-responders, rather 
than there existing any true therapeutic benefit to 
furosemide administration. Although adminis-
tration of furosemide might improve fluid man-
agement if it induces a diuresis, a retrospective 
review of a recent trial in critically ill patients with 
ARF found diuretic use to be associated with an 
increased risk of death and non-recovery of renal 
function.215 Most of the increased risk, however, 
was seen in those patients unresponsive to high 
doses of diuretics, implying they had more severe 
disease. Therefore, diuretics should be used with 
caution in critically ill patients. Diuretics should 
be withdrawn if there is no response. In patients 
who experience an increase in urine output, 
volume status must be closely monitored because 
the injured kidneys are susceptible to further 
damage from mild changes in perfusion pressure. 
To maintain the diuresis, a continuous infusion 
of drug is probably preferable to intermittent 
bolus administration.216 Although there are no 
large randomized controlled trials, the overall 
evidence suggests that continuous infusion of 
diuretics as opposed to bolus administration is 
more effective and associated with less toxicity 
and delayed development of diuretic resistance.

Atrial Natriuretic Peptide 
ANP improved renal blood flow and GRF in an 
uncontrolled trial of 11 patients who developed 
ARF after cardiac surgery.217 In an open-labeled 
trial, infusion of ANP to patients with ARF 
increased GFR and decreased the need for dialysis 
by nearly 50%.218 Based on these results, a  

randomized placebo-controlled trial of 504 criti-
cally ill patients with ARF was conducted.219 
Despite the large size of the trial, ANP adminis-
tration had no effect on 21-day dialysis-free sur-
vival, mortality, or change in plasma creatinine 
concentration. Although a subgroup analysis of 
the study suggested that ANP might be beneficial 
in those patients with oliguric renal failure, a  
subsequent similar trial in patients with oliguric 
renal failure failed to demonstrate any benefit of 
ANP.220 Hence, there is no convincing evidence  
to support the use of ANP in the treatment of 
ARF.

Insulin-Like Growth Factor-1
Based on the positive effects of IGF-1 in animal 
models of ARF, a randomized placebo-controlled 
trial was conducted in 72 critically ill patients 
with ARF.221 The results showed there was no dif-
ference in the two groups in post-treatment GFR, 
need for dialysis, or mortality. In anuric patients, 
IGF-1 administration was associated with a slower 
rate of improvement in urine output and GFR. So 
despite the ample evidence that IGF-1 accelerates 
renal recovery in animal models of ARF, there is 
no support for its use in humans.

Thyroxine
The administration of thyroid hormone follow-
ing the initiation of ARF in a variety of ischemic 
and nephrotoxic animal models was found to be 
effective in promoting recovery of renal func-
tion.222–225 Based on these results, thyroxine was 
administered to 59 patients with ARF in a ran-
domized placebo-controlled trial.226 Patients were 
well matched in baseline characteristics. Adminis-
tration of thyroxine had no effect on any renal 
parameter. However, the trial was terminated 
early because of a significantly higher mortality 
rate in the patients who received thyroxine.

Renal Replacement Therapy

Dialysis initially entered clinical practice more 
than 50 years ago, yet there is no consensus on the 
appropriate timing for initiation of dialysis, the 
dose or intensity of dialysis, or the mode of dia-
lysis (intermittent versus continuous) in patients 
with ARF. By tradition, clinical parameters such 
as severe electrolyte imbalance, pulmonary 
edema, intractable metabolic acidosis, azotemia 
(BUN > 100 mg/dL), and uremia are used as indi-
cations for starting dialysis, but these parameters 
may be inappropriate in the critically ill patient. 
No studies have clearly defined the optimal time 
to initiate dialysis. Retrospective trials done more 
than 30 years ago suggested that maintaining a 
BUN level below 150 mg/dL conferred a survival 
benefit.227,228 In a later prospective trial, more 
intensive dialysis (maintaining the BUN level 
below 60 mg/dL compared to 100 mg/dL) did not 
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improve mortality.229 Part of the problem is that 
the dialysis procedure itself may be harmful. 
Bleeding and infection from vascular access, and 
hypotension and arrhythmias from changes in 
volume, may complicate dialysis. Studies also 
show that the dialysis procedure may prolong  
the course of ARF.230 Delayed recovery may  
result from hypotension or activation of an 
inflammatory cascade by the interaction of blood 
components with the dialyzer membrane.231

Intensity of Dialysis
Once dialysis has been initiated, it has not been 
established how often and how long it should be 
prescribed. In other words, what is the optimal 
intensity of dialysis that provides the patient the 
benefits of the procedure without exposure to 
undue risk? Equally germane to the issue is iden-
tifying appropriate end-points to define “ade-
quate” dialysis in an ICU patient. Survival rate 
appears most relevant. However, given the sever-
ity of the patients’ comorbid diseases, it may be 
unrealistic to expect that various intensities of 
dialysis will impact mortality, or at the very least, 
to expect clinical trials to be powered sufficiently 
to prove any effect. Currently there is interest in 
applying some form of measuring urea removal 
in patients with ARF to define dialysis adequacy 
analogous to the circumstance in chronic outpa-
tient dialysis. The National Cooperative Dialysis 
Study demonstrated that morbidity and hospital-
ization rates were inversely related to the amount 
of urea removal per treatment in chronic, stable 
hemodialysis patients.232 Whether such a relation-
ship exists in acutely ill patients with higher urea 
generation rates because of hypercatabolism is 
unknown. Recent trials have begun to address 
this issue. A study from the Cleveland Clinic 
showed a link between dialysis intensity and out-
come in ICU patients when underlying comor-
bidity was accounted for using the Cleveland 
Clinic Severity of Illness Score.233 Dialysis had no 
effect on the outcome of patients with low or high 
severity scores, but a beneficial effect in those with 
intermittent scores. Higher delivery of dialysis as 
measured by the reduction of urea concentration 
was associated with a significant decrease in mor-
bidity when compared to low dose delivery in 
patients with an intermediate severity score. A 
more recent study in 72 critically ill patients with 
ARF randomized to daily or alternate day dialysis 
reported improved survival with the more intense 
regimen.234 However, in this study, the dose of 
dialysis per session was significantly lower than 
what would be considered adequate for a stable 
patient on chronic hemodialysis. It thereby proves 
that under-dosing dialysis in a critically ill patient 
is detrimental, but failed to define what should be 
considered adequate for such patients. Although 
one could take the position that more dialysis is 
better, given the aforementioned risks associated 

with dialysis, that attitude may be cavalier. In fact, 
in a trial of chronic renal-failure patients, increas-
ing the dose of dialysis beyond what is currently 
considered adequate conferred no additional 
benefit to patients.235 Therefore, “excessive” dia-
lysis in critically ill patients may only increase the 
exposure to risk without imparting any additional 
benefit. Until these issues are resolved by ongoing 
clinical trials, it seems prudent to rely on clinical 
parameters such as electrolyte and acid-base  
balance, control of volume overload, and avoid-
ance of azotemia (maintaining the BUN below  
60 mg/dL) to guide dialytic therapy.

Mode of Dialysis
In the past, intermittent hemodialysis (IHD) was 
the treatment of choice for ARF. However, as a 
result of the rapid solute removal and large 
volume shifts associated with its use, patients with 
hemodynamic instability poorly tolerate it. 
Because of the risk of hypotension and the possi-
bility of prolonging ARF, newer modes of dialysis 
to minimize hypotension have been devised. 
Continuous renal replacement therapy (CRRT) 
removes solute and fluid at a much slower rate 
than IHD, thus minimizing hypotension.236,237 
Use of CRRT was originally reserved for patients 
with hemodynamic instability or massive fluid 
overload who could not otherwise tolerate IHD. 
Although dialysis was usually successful in  
such patients, the mortality rate remained high 
due to the underlying severity of illness. Given the 
better hemodynamic profile of CRRT, as well  
as potentially better solute clearance and removal 
of inflammatory cytokines, it was thought that 
CRRT would lead to better outcomes in critically 
ill patients who could otherwise tolerate IHD.

CRRT and IHD have been compared in a 
number of non-randomized or retrospective 
trials that have championed CRRT as the modal-
ity of choice in critically ill patients. However, 
prospective or randomized trials comparing  
IHD and CRRT have not found CRRT to confer a 
better outcome.238,239 This somewhat surprising 
finding may be the result of studying critically ill 
patients where multiple factors play a role in the 
ultimate outcome. For now, it appears that IHD 
and CRRT are equivalent methods of treatment 
for ARF in the ICU.

There is also interest in using CRRT for non-
renal indications, including sepsis and acute 
respiratory distress syndrome (ARDS).240 It is 
based on the assumption that dialytic removal  
of inflammatory cytokines such as TNF-a and 
interleukins improves survival.241 Small trials sug-
gesting CRRT is beneficial all have serious method-
ological flaws. In addition, although cytokines 
can be removed by filtration and/or absor ption  
to the filter, the actual quantity is low compared 
to endogenous clearance.242 Clearance is also 
indiscriminant and can remove cytokines that 
may be beneficial in the face of critical illness. 

Until adequate clinical trials are completed, the 
use of CRRT for non-renal indications cannot be 
recommended.

Summary

In cancer patients, renal failure has become a dif-
ficult problem to prevent, diagnose early, and 
ultimately treat. The number of cancer survivors 
is rising and chronic kidney disease is too often 
the result of ARF, especially from nephrotoxic 
injury sustained during chemotherapy. To date, 
there is little data supporting prophylactic mea-
sures against ARF except volume expansion to 
prevent toxic nephropathy from contrast and 
chemotherapy. Even less clinical data is available 
in the treatment of established ARF. It is impor-
tant to understand dialysis is not a therapy for 
ARF but simply a therapy to control the meta-
bolic and volume complications associated with 
ARF. Unfortunately, to date, there are no large 
randomized trials to help define when dialysis 
should be started, what type of dialysis should be 
used, or for how long dialysis should be done in 
this patient population. With this in mind, the 
prevention of ARF becomes the best hope of a 
successful renal outcome in the treatment of 
cancer patients. To this end, it is important to  
recognize the potential risk factors for ARF, to 
diagnose ARF quickly, and work towards a rapid 
resolution of the renal insult.
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Urinary tract infection (UTI) is the most common 
bacterial infection in the general population and 
is also a common clinical problem in cancer 
patients. While UTI affects all ages, significant 
differences are seen in age prevalence between  
the two sexes. While it is common at all ages  
in females, it occurs mostly at extremes of life in 
males. Patients with structural or functional 
abnormalities of the urinary tract, patients who 
are immunosuppressed, such as transplant recip-
ients and cancer patients on chemotherapy,  
are particularly susceptible to UTI. UTIs are  
classified either according to the anatomic site—
bladder (cystitis) or kidney (pyelonephritis)—or 
into uncomplicated or complicated (Table  1). 
Although the definitions of uncomplicated and 
complicated UTIs vary depending on the source 
of the definition, most agree that an acute uncom-
plicated UTI is typically an episode of acute  
cystitis or pyelonephritis that occurs in a young, 
healthy, non-pregnant woman with no functional 
or anatomic abnormalities of the urinary tract. It 
is also reasonable to consider UTIs that occur in 
healthy, ambulatory, postmenopausal women as 
uncomplicated. Similarly, episodes of acute cysti-
tis that affect healthy young men are classified as 
uncomplicated by some, although this is more 
controversial.1 A complicated infection is associ-
ated with an underlying condition that increases 
the risk for acquiring a UTI or that is likely to be 
associated with failing antimicrobial therapy.2 
Considering this definition, UTI in cancer patients 
should be considered complicated when it occurs 
as a result of suppressed immunity. The epidemi-
ology and prevalence of UTI in cancer patients 
are not established; it is believed that the patho-
genesis and treatment issues of UTI in cancer 
patients are no different from those in the general 
population. Hence, this review will primarily dis-
cuss UTI as it occurs in the general population.  
In addition, unique urinary tract infections that 
occur in certain specific situations in cancer 
patients such as patients on intensive chemother-
apy and bone marrow transplantation (BMT) 
recipients will be discussed in more detail.

Traditionally, infection of the upper urinary 
tract has been termed “pyelonephritis,” which 
indicates that there is inflammation of renal 

parenchyma as well as pelvis of the kidney in this 
condition. However, from a clinical standpoint, 
this term refers to a disorder of the kidney result-
ing from bacterial invasion. While this simple 
characterization amply describes acute pyelone-
phritis, the role of bacterial infection in chronic 
pyelonephritis is more complex. It is unusual for 
bacterial infection alone to cause chronic damage 
to the kidney, and in almost all of these patients, 
there is either a demonstrable urinary tract abnor-
mality such as vesicoureteral reflux (VUR) or an 
anatomic obstruction to the flow of urine. Since 
chronic pyelonephritis is not a common problem 
in cancer patients, this review will restrict the dis-
cussion of upper urinary tract infection to acute 
pyelonephritis. Similarly, the long-term effects of 
UTI, such as chronic renal disease, hypertension, 
or both, and its effects on longevity and survival 
will not be discussed. Urinary tract obstruction 
and its management as it relates to cancer patients 
are discussed in another chapter (see Chapter 49, 
“Urologic Disorders”).

Epidemiology of UTI

Surveys of office practice and general hospital 
admissions in the United States estimate that 
approximately 7 million episodes of acute cystitis, 
and at least 250,000 episodes of acute pyelone-
phritis, occur per year.2,3 After infancy, and until 
age 55, UTI is predominantly a female disease 
occurring most often in sexually active women.4 
The frequency of UTI after infancy and until  
10 years of age is about 1.2%. Approximately 1 to  
3% of women between the ages of 15 and 24 years 
have bacteriuria; the incidence increases by 1  
to 2% for each decade thereafter, up to a level of 

about 10 to 15% by the 6th or the 7th decades. 
Approximately 40 to 50% of women will have at 
least one UTI in their lifetime.5

The incidence of UTI in men under the age 
of 50 years is much lower than in women, ranging 
from 5 to 8 in 10,000 men annually.6,7 As the aging 
process progresses and prostatic disease becomes 
more common, the frequency of UTI in men rises 
dramatically.5 The frequency of bacteriuria in the 
elderly non-catheterized patient lies somewhere 
between 11 and 15%. Despite the fact that most  
of these resolve spontaneously, genitourinary 
infections are the second most common cause of 
infections in this patient population.4 With the 
onset of chronic debilitating illness and long-term 
institutionalization, bacteriuria rates in both sexes 
reach 15 to 50%, the incidence in women here 
being only slightly higher than in men.5

Unfortunately, little data exist that can  
shed light on the epidemiology of complicated 
UTIs. UTIs are the most common nosocomially 
acquired infections, accounting for 42% of all 
nosocomial infections.8 A recent European study 
reported a general incidence of nosocomially 
acquired UTI of 3.55 per 1,000 patient hospital 
days.9 The most important identified risk factor 
for developing a nosocomial UTI is the presence 
of an indwelling urinary catheter. Catheter-
related infections account for more than one  
million cases in hospitals and nursing homes.10

Other populations at increased risk include 
pregnant women, patients with paraplegia or 
quadriplegia as a result of spinal cord injuries, 
and recipients of kidney transplants. The reported 
incidence of a urinary tract infection in kidney 
transplant patients ranges between 35% and  
79% if antimicrobial prophylaxis is not  
administered.11,12

Pathogenesis of Urinary Tract  
Infections

Microbial Virulence Factors and Host 
Defenses
Normally, the urinary tract is sterile and well  
protected against microbial infection. In the past, 
host susceptibility to UTIs has been studied in 

Table 1  Classification of Urinary Tract Infections 
(UTI) in Adults

Young women with acute uncomplicated cystitis
Young women with recurrent cystitis
Young women with acute uncomplicated  
 pyelonephritis 
All adults with complicated UTI
All adults with asymptomatic bacteriuria
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length of the urethra and the mechanical action  
of urine flow.24 In males who are circumcised,  
this mechanical clearing appears to be enough to 
prevent the occurrence of UTI.25 In addition,  
the prostate gland elaborates several proteins  
that have significant antibacterial effects, such as 
prostate antibacterial factor (PAF), spermine  
and spermidine. When an inflammatory process 
overwhelms host defenses, these substances  
are reduced, and the risk of infection may be 
increased.

The urine itself possesses several characteris-
tics that render it inhibitory to bacterial growth. 
Low osmolality inhibits bacterial proliferation, as 
does high osmolality coupled with a low pH.24 
Furthermore, certain substances in the urine, 
such as urea, inhibit bacterial growth and pro-
liferation.13 In addition, urine contains a variety 
of oligosaccharides and glycoproteins with recep-
tor affinity. For example, Tamm-Horsfall glyco-
protein is produced by the tubular cells in the 
ascending loop of Henle and the convoluted 
tubule and is secreted into the urine. It helps 
combat bacterial infections in the urinary tract 
via several mechanisms. It has a receptor for type 
I pili of E. coli, thus functioning as a mechanical 
barrier to bacterial binding and facilitating 
removal of the organism from the urogenital 
tract.26,27 Additionally, Tamm-Horsfall protein 
binds to polymorphonuclear leukocytes (PMNs) 
enhancing their phagocytic function and comple-
ment expression.

The ureter also plays a role in protecting the 
urogenital tract from infection, namely through 
its peristaltic activity. The significance of this 
activity is evident when ureteral peristalsis is 
impaired, such as in pregnancy or obstruction. 
There are factors within the kidney itself that help 
protect the host against UTI; for example, 10,000 
times the bacterial load needed to initiate infec-
tion in the renal medulla would be needed to  
initiate infection in the renal cortex when bacteria 
are directly injected into the kidney. This is 
thought to be due to the relatively reduced blood 
supply to the medulla and concomitant hypoxia, 
both of which reduce the immune response.24

The role of the immune system in protection 
against UTI is not well-characterized. Patients 
who are known to have an ineffective immune 
system, such as diabetics, transplant recipients, 
and patients receiving corticosteroids, have an 
increased number of UTIs.14 The local immune 
response is primarily mediated by PMNs.  
Despite the fact that these cells play no role in the 
prevention of the initial phase of the infection, 
they do appear to limit tissue invasion. The adher-
ence of the bacteria to the uroepithelium is  
followed by PMN activation and their immediate 
appearance in the urine. They are recruited by 
certain cytokines and other chemoattractants, 
after which they undergo transepithelial  

patients with structural or functional abnormali-
ties; however, most patients with UTIs have no 
such abnormalities. Recent research has focused 
on the host behavioral factors, in addition to 
genetically determined cellular mechanisms that 
predispose to sporadic and recurrent UTI.13

Most of the urinary pathogens enter the uri-
nary tract by ascending through the urethra into 
the bladder. They typically originate from the 
fecal flora, although the importance of the vagina 
as a bacterial reservoir and a source of pathogens 
in women has recently become appreciated.13 
Escherichia coli is the most common pathogen, 
and hence, the best characterized. Not all strains 
of fecal E. coli are capable of infecting the urinary 
tract; certain distinctive properties are needed  
to enable these microorganisms to overcome the 
local host defenses and invade the urinary tract.

Pathogen Factors
As mentioned above, few clones of E. coli that 
colonize the gastrointestinal tract possess the abil-
ity to spread to the urinary tract and to produce 
clinically notable disease, these clones are termed 
uropathogenic E. coli (UPEC).14 They possess 
genes encoding a diverse array of specialized 
properties that are thought to contribute to viru-
lence, the so-called “virulence factors.” Clinical 
isolates from patients with cystitis and pyelone-
phritis are commonly derived from E. coli groups 
that express a limited range of distinctive O, K, 
and H antigens.15 O antigens (surface cell wall 
antigens) O1, O2, O4, O6, O7, 016, O18, and O75 
are expressed in 80% of UPEC. The capsular 
polysaccharide (K antigens) particularly K1, K2, 
K5, K12, K13, and K51 are antiphagocytic.14

Gram-negative bacteria carry adhesins, most 
commonly fimbriae with lectin-like domains that 
recognize oligosaccharide epitopes on cell surface 
glycolipids or glycoproteins. The resulting spe-
cific adherence not only promotes colonization 
but has also been identified as the most important 
virulence factor these bacteria possess.16 There is 
strong epidemiologic evidence linking the adhes-
ins with disease severity.17,18 Adherence to the 
uroepithelium allows bacteria to resist the flush-
ing action of the urine flow and bladder empty-
ing, as well as facilitates tissue attack and invasion.16 
It is also felt to be the primary enhancer of  
cytokine responses by the host cells.13 Most E. coli 
adhesins are fimbrial, but some are amorphous 
fibers, or capsule-like. Irrespective of morphol-
ogy, adhesins contain defined molecular regions 
that interact with specific host receptor epitopes. 
In most cases, the bulk of each fiber is composed 
of nonadhesive structural subunits, whereas the 
adhesin is attached to the tip of the fiber.

These adhesins are categorized according to 
receptor specificity to mannose-sensitive and 
mannose-resistant. The mannose-resistant adhes-
ins are more diverse and further subdivided  
into various families. Mannose-sensitive adhesins 

in E. coli consist of type 1 fimbriae, also known as 
common pili, since they are present in almost all 
E. coli and broadly among other Enterobacteria-
ceae. 15 Type-I pili are composite fibers consisting 
of a long thick cylindrical rod joined at the distal 
end to a short thin tip fibrillum (FimH).19 Type-I 
pili bind to the mannose-containing glycopro-
teins present on the bladder epithelial surface  
and are critical to the establishment of cystitis.20 
Immunization against the type I fimbrial adhesin 
molecule FimH has been shown to be protective 
against experimental UTI in mice and mon-
keys.21,22 Of the mannose-resistant adhesins, the 
best-known group is the P fimbriae family. They 
are named as such due to their ability to bind spe-
cifically to Gal(1-4)Gal B disaccharide galabiose, 
which is present within the antigens of the human 
P blood system.15 These receptors predominate in 
the kidney. Consequently, P pili have been shown 
to be critical in the ability of E. coli to cause pyelo-
nephritis. They also are associated with sepsis as 
well as the development of prostatitis.

Other virulence factors include siderophores 
(which allow for iron acquisition), toxins pro-
duced by the bacteria (such as alpha hemolysin), 
and protectin, a polysaccharide coating that  
interferes with phagocytosis and protects against 
complement-mediated opsonization or lysis.15

In addition to the different virulence factors, 
certain E. coli enzymes may contribute to bacte-
rial virulence in nutrient-limited environments 
by allowing the biosynthesis of essential metabo-
lites. Two examples are guaA and argC, which 
participate in the synthesis of guanine and argi-
nine, respectively.23 Due to its toxic effect, lipo-
polysaccharide (LPS) should be considered when 
discussing virulence factors. LPS, which is a struc-
tural component of E. coli, interacts with Toll-like 
and other receptors in the host cell initiating 
signal transduction cascades that stimulate  
cytokine and chemokine synthesis.15

Local Defenses
In women, estrogen stimulates the vaginal mucosa 
to grow and proliferate, thereby providing a 
sloughing mechanism for the removal of the  
bacteria. It also results in conditions that aid the 
cultivation of lactobacilli in the vaginal vestibule. 
These organisms create an environment with an 
acidic pH, which is particularly hostile for the 
Enterobacteriaceae, and which inhibits bacterial 
proliferation.

Other vaginal factors include the presence  
of certain types of cell surface antigens, such as 
the Lewis blood group. This exists at two genetic 
loci: Lea, and Leb. Patients who are Le(a+b+) and 
Le(a-b+) are referred to as secretors and have  
a lower incidence of UTIs compared to the  
nonsecretors, who are Le(a+b-) and Le(a-b-).

Local defenses in the male are different and 
appear to be more effective. The most notable is 
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migration to the site of bacterial colonization. 
Through the mannose residues on the surface  
of the PMNs, they are able to bind the bacteria 
leading to phagocytosis and removal.24

The protective role of the humoral immune 
response and that of acquired resistance is  
more controversial, despite the reported specific 
antibody response that accompanies UTI. This 
response is typically noted 7 to 10 days after the 
onset of the infection, with the magnitude of anti-
body appearance being greater in pyelonephritis 
than in cystitis. The main protective function  
of the antibodies applies to deep parenchymal  
bacterial infection in pyelonephritis, thus serving 
to reduce local tissue damage and prevent the 
spread of the bacteria.13

Although T cells are locally and systemically 
activated as a consequence of UTI, the role cell-
mediated immunity plays in protecting against 
infection remains to be determined.14

A Dynamic Interaction
The early phase of any bacterial infection is a 
battle between the innate defenses of the host and 
the virulence factors elaborated by the infecting 
pathogen.19 The initial phase of cystitis involves 
UPEC adhering to the bladder surface epithelium. 
This incites a variety of events within the host 
uroepithelial cells. The first event involves the 
invasion process, which results from the direct 
interaction between FimH and host cell signaling 
cascades, leading to host cell cytoskeleton rear-
rangements and the internalization of the adher-
ent E. coli.19,28 The second event triggered by this 
interaction is exfoliation of the superficial bladder 
epithelial cells, which occurs via an apoptotic-like 
mechanism that involves activation of caspases 
and cysteine proteases and DNA fragmentation.

The bacterial cells, however, do not wait for 
their impending clearance by exfoliation; instead, 
they have been noted to replicate yielding  
disorganized bacterial clusters termed “bacterial 
factories.” UPEC can then flux out of the dying 
cell before the completion of exfoliation, thereby 
allowing bacteria to escape this innate host defense 
mechanism. This allows for persistence of the 
bacteria in the bladder for several months, with-
out being shed in the urine.29 In fact, these bacte-
ria have been shown to form intracellular biofilms, 
creating pod-like protrusions on the bladder  
surface. These pods contain the bacteria encased 
in a polysaccharide-rich matrix surrounded by a 
protective shell of uroplakin. Thus, in addition  
to the intestine and the vagina, the bladder itself 
may serve as a reservoir for UPEC and a source of 
recurrent cystitis seen in a large portion of young 
women after the first episode of cystitis.30

The third series of events, which appears to 
be induced directly by the interaction between the 
bacterial adhesins and their specific cell-surface 
epitopes, is cytokine and chemokine production.

For example, the interaction between the  
P-fimbriae and their specific motif on the uro-
epithelial cell surface leads to activation of several 
signaling pathways, such as the ceramide signal-
ing pathway, which is involved in the induction  
of cytokine responses. They also recruit Toll-like 
receptor-4 (TLR-4) and activate the accompany-
ing signaling pathway. Whether LPS participates 
in triggering host response mechanisms remains 
unclear. There are studies supporting a role for 
LPS in epithelial cell activation, and others  
suggesting direct activation of these cells via the 
fimbriae independent of LPS. Among the evi-
dence for P-pili–dependant activation of the host 
response, individuals were subjected to intrave-
sicular inoculation with either a nonfimbriated 
asymptomatic bacteriuria strain or transformed 
asymptomatic bacteriuria strains expressing P-
fimbriae. The latter group were found to have 
invariably higher Inter-Leukin (IL)-8 and IL-6 
levels and greater neutrophil responses in the uri-
nary tract as compared to the non-transformant 
group.31

On the other hand, type-I fimbriae E. coli are 
capable of activating the host cell responses, and 
have been shown more consistently to incite these 
responses through an LPS and TLR-4-dependant 
activation signal.16,32 Of note, this was thought  
to occur despite the fact that epithelial cells are 
CD-14 negative and thus have a poor response to 
LPS.31 Recently, however, there is evidence that 
CD-14 (which is part of the receptor complex  
for LPS) is expressed on the bladder epithelial cell 
surface, and is required in association with a  
TLR for these cells to respond to LPS and type-I 
fimbriated E. coli. This response appears to be 
mediated by the activation of nuclear factor kappa 
B (NF-kB) and p38 mitogen-activated protein 
kinase (MAPK) signaling pathways.20 Regardless 
of the exact mechanism by which bacteria trigger 
the cascade of innate responses, once the intruder 
is recognized, proinflammatory cytokines and 
chemokines such IL-1, IL-6, and IL-8 are  
produced and lead to the recruitment and the 
activation of inflammatory cells.19

As indicated in the prior section, neutrophils 
are crucial for bacterial clearance from the  
kidneys and the bladder.33 In response to the  
chemotactic gradient, neutrophils leave the circu-
lation, traverse the submucosa, and reach the epi-
thelial barrier. The last step of exit to the lumen, 
transepithelial migration is aided partially by  
epithelial intercellular adhesion molecule 1 
(ICAM-1), as well as by IL-8. A role for IL-8 in 
neutrophil recruitment was suggested by the 
strong correlation between the urinary IL-8 levels 
and the urinary neutrophils numbers in individ-
ual patients.34 It is now appreciated that IL-8 is the 
main chemokine involved in neutrophils migrat-
ing across infected epithelial cells in vitro. In vivo 
studies in the murine UTI model have identified 
macrophage-inflammatory protein-2 as an epi-
thelial IL-8 equivalent in the mouse urinary tract. 

In the IL-8 receptor knockout mouse, neutrophils 
fail to cross the epithelial barrier and accumulate 
in the tissue in massive numbers resulting in 
abscess formation and extensive fibrosis.35,36 Use 
of anti-IL-8 antibody reduces neutrophil migra-
tion across the epithelial cell layers indicating its 
central role in this process.34,37 These interactions 
explain the emergence of leukocytes in the urine, 
known as pyuria, which is a clinically utilized sign 
in the diagnosis of UTI.

Host Risk Factors Predisposing To UTI
The host factors predisposing to UTI are shown 
in Table 2. Each of these will be discussed in more 
detail here.

Obstruction

Obstruction to the urinary tract, whether acute  
or chronic, leads to an increased risk of UTI.38 A 
noted increase in the incidence of UTI is associ-
ated with obstruction in male infants, female chil-
dren, pregnancy, as well as with calculi, bladder 
neck obstruction, and extrinsic compression of 
the ureters (tumors or retroperitoneal fibrosis). 
All these conditions are accompanied by a high 
incidence of pyelonephritis.13 Several proposed 
mechanisms may account for this, including  
that obstruction results in decreased urinary flow 
and reduced efficiency of micturition, impairing 
clearance of the bacteria from the genitourinary 
tract.38 Bladder over-distention may interfere 
with local mucosal defense mechanisms. Increased 
residual volume also predisposes to, and main-
tains, bladder infection by providing a continu-
ous pool of media suitable for bacterial growth, 
and thus may enhance multiplication of the bac-
teria in the urine, as well as increase the capacity 
of the bacteria to multiply in the renal paren-
chyma, allowing the infection to be transmitted 
from one part of the kidney to another. Proof for 
the importance of obstruction in the pathogenesis 
of UTI is derived from the animal model of  
experimental hematogenous pyelonephritis, in 
which the kidney appears relatively resistant to 
infection, unless the ureter is ligated.13

Diabetes Mellitus

Although it has been shown that bacterial growth 
is enhanced by high glucose content in the urine, 
patients with diabetes who have no neurologic 
complications affecting bladder function and 

Table 2  Host Factors Predisposing to Urinary 
Tract Infections

Urinary tract obstruction

Diabetes mellitus

Advanced age

Immune compromised state

Urologic interventions
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who have not undergone instrumentation are  
not at greater risk for developing UTI. Following 
instrumentation, however, or in the presence of 
autonomic neuropathy, ascending infection is 
more common and usually more severe.13

Advanced Age

Aging is associated with an increased prevalence 
of bacteriuria, occurring in 10% of men, and 20% 
of women over the age of 65. Possible reasons for 
the higher incidence of UTI include poor bladder 
emptying, loss of bactericidal effect of the pros-
tate in elderly men, uterine prolapse and cystocele 
in elderly women, neuromuscular disease, and 
the risk of increased instrumentation in both  
genders.13

Immunocompromised Host

When considering the susceptibility of different 
populations of immune-suppressed patients to a 
particular form of infection, it is important  
to realize that such susceptibility is not caused  
by one factor, but is likely due to several factors 
interacting in an individual patient. It is deter-
mined by the underlying disease, the dose and 
duration of the immunosuppressive therapy, and 
the presence or absence of granulocytopenia.39 
These factors may play an important role in the 
increased susceptibility, and hence increased  
incidence of severity, of UTI in cancer patients. 
The interaction of certain therapies with any pre-
existing immune abnormality makes it extremely 
difficult to establish a pathophysiology underly-
ing the types of infections encountered in these 
patients. However, some disease processes are  
felt to be associated with increased infection  
susceptibility due to immune defects associated 
with the disease itself rather than the therapy. 
One potential example of this is multiple myeloma, 
since almost all the episodes of gram-negative 
bacteremia in these patients seem to occur in 
non-granulocytopenic individuals.40 Most infec-
tions occurring in such patients involve the  
urinary, as well as the respiratory, tracts. Globally,  
up to 55% of the nosocomial infections affecting 
this group of patients are urinary tract infections, 
with E. coli being the most frequently isolated 
microorganism.40

Although neutropenia in and of itself does 
not appear to predispose the individual patient  
to acquiring a urinary tract infection, it blunts  
the clinical manifestations of an acquired  
infection, and predisposes the patient to bactere-
mia.41 In one report, out of 56 patients with 
underlying malignancy and vancomycin-resistant 
enterococcus (VRE) infection (90% of whom had 
hematologic malignancies), 71% had bacteremia, 
whereas only 14% had a urinary infection.42

Broad-spectrum antibiotics play an impor-
tant role in the compromised host, since they can 
alter the normal bacterial flora in the periurethral 

area suppressing the growth of the lactobacilli 
leading to a greater incidence of colonization  
with resistant pathogenic microorganisms. They 
also predispose to fungemia with hematogenous 
seeding of the urinary tract.41

Surgical trauma, drainage catheters, chemi-
cals, and certain diseases can breach the integrity 
of the mucopolysaccharide lining of the bladder 
mucosa, providing a nidus for infection and a 
conduit for bacterial invasion.

Other factors, such as malnutrition, have 
been independently associated with an increased 
risk of nosocomially acquired infections.43  
In addition to uremia, hyperglycemia and the 
potential immunomodulating effect of certain 
viral infections (such as cytomegalovirus [CMV], 
Epstein-Barr virus, and human immunodefi-
ciency virus [HIV]) may contribute to weakening 
the host defenses. Thus, it is not surprising that 
infection by low virulence microorganisms 
becomes much more common once the immune 
system and/or the integrity of the urinary tract is 
compromised.39 In fact, most of the E. coli isolated 
from compromised patients with a urinary infec-
tion are negative for P-fimbriae.44 Further, most 
E. coli strains isolated from patients with a cathe-
ter-related urinary infection do not carry the  
virulence genes that E. coli from patients with 
community-acquired UTIs carry.45

Urologic Procedures

Patients subjected to urologic procedures pose  
a special risk for developing UTIs. Any drain  
from the urinary tract to the external surface  
will increase the risk—the longer the catheter has 
been in place, the greater the risk.46 The risk of 
infection varies further with the type of surgery; 
when the surgery in carried out on infected tissue 
or in a patient with an infected stone, then infec-
tion is almost inevitable. Deposition of implants 
such as stents and other foreign bodies also 
increases the risk.46 Not surprisingly, the most 
commonly reported complication of urinary 
diversion procedures is urinary tract infection, 
occurring in 35 to 40% of patients undergoing 
such procedures.39,47,48 This high rate is not  
surprising when taking into account the high  
likelihood of other complications associated  
with these procedures, such as ureteral strictures 
(11%), incontinence (9%), and urinary stone for-
mation (7%).47 The renal calculi that accompany 
such diversion procedures are usually composed 
of calcium and struvite, and the concomitant 
infection is classically due to Proteus spp.38 Of 
note, urine cultures from these patients are diffi-
cult to interpret because of the interference from 
residual bowel flora.49

Microbiology

The spectrum of etiologic agents is similar in 
uncomplicated upper and lower UTI, with E. coli 

being the causative pathogen in 80 to 85% and 
Staphylococcus saprophyticus in 5 to 20% of cases.50 
Occasionally, other Enterobacteriaceae, such as 
Proteus mirabilis and Klebsiella spp or enterococci 
are isolated. However, the spectrum of pathogens 
causing a complicated UTI is much broader than 
that causing an uncomplicated infection. While  
S. saprophyticus is rarely seen in patients with a 
complicated UTI, several microorganisms are 
relatively more common in this group of patients, 
including Proteus, Klebsiella, Pseudomonas, and 
Serratia, in addition to the Enterococci, Staphylo-
coccus, Citrobacter, and certain fungi.1 One report 
from Germany on nosocomially acquired UTIs 
found E. coli to be the most common pathogen 
accounting for 32% of these infections in 2001, 
followed by Enterococcus spp in 22% of patients, 
and coagulase-negative staphylococcus in 10%.51 
It has been noted that other microorganisms have 
become more common over the past two decades, 
such as yeast and K. pneumonia.52

These uropathogens, including E. coli, are 
more likely to be resistant to the commonly used 
antibacterial agents in the immunocompromised 
host, where bacterial pathogens remain the most 
common cause of infection.8 For example, with 
the advent of antimicrobials and the increasing 
use of cephalosporins, increasing rates of coloni-
zation and infections with Enterococci, particu-
larly VRE, are occurring. These microorganisms 
typically colonize the intestinal tract, the respira-
tory tract, and vagina of otherwise healthy indi-
viduals. Enterococcus  faecalis and Enterococcus 
faecium are responsible for 85 to 90% and 5 to 
10% of infections in humans, respectively. UTI is 
the most common nosocomial infection caused 
by these microorganisms. VRE, especially Entero-
coccus faecium, is prevalent in hospitalized indi-
viduals across the United States. The reported 
prevalence of VRE colonization in the urine varies 
according to the center, ranging from 1 to 26% in 
one study, with Enterococcus faecium accounting 
for about 88% of all VREs isolated.53

Clinical Syndromes and Diagnosis

Asymptomatic Bacteriuria
Asymptomatic bacteriuria is defined as the  
isolation of bacteria from the urine in significant 
quantities consistent with infection (greater than 
or equal to 105 colony forming units (CFU)/mL) 
preferably on two occasions, but without the  
local or systemic symptoms and signs.4,54 Although 
asymptomatic bacteriuria commonly precedes  
a UTI, with an estimated prevalence of 3.5% in  
the general population, it does not always lead to 
symptomatic infection. Certain factors increase 
the risk for asymptomatic bacteriuria, such as 
parity, diabetes in women, a history of UTI, and  
a lower education level. An estimated 4 to 10%  
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of pregnant women are diagnosed with asymp-
tomatic bacteriuria.4 During pregnancy, asymp-
tomatic bacteriuria has been associated with 
progression to pyelonephritis as well as with  
preterm labor and cerebral palsy.55 In most  
other populations, however, including the elderly, 
spinal cord injury patients, and patients with dia-
betes, asymptomatic bacteriuria does not denote 
increased risk of disease; hence screening and 
treatment are not recommended.4,10

Acute Uncomplicated Cystitis
Acute cystitis is generally considered uncompli-
cated unless it is associated with a predisposing 
factor, such as instrumentation with a catheter, 
the presence of a bladder stone, bladder outlet 
obstruction by benign prostate hypertrophy,  
or an underlying malignancy.2 At the time of  
presentation with symptoms of an acute UTI, it is 
usually difficult to classify patients as having  
a complicated or an uncomplicated infection.  
It is, however, generally safe to assume that a  
premenopausal, sexually active, non-pregnant 
woman with recent onset of dysuria, frequency, 
or urgency, who has not been recently instru-
mented or treated with antibiotics, has an  
uncomplicated UTI.2

In young, sexually active women presenting 
with acute dysuria, three possible causes would 
need to be considered: acute cystitis, acute ure-
thritis (caused by Chlamydia trachomatis, Neisse-
ria gonorrhea, or Herpes simplex), and vaginitis. A 
distinction among these three entities can usually 
be made with a high degree of certainty after per-
forming a good history and physical examination, 
and by reviewing the urinalysis findings.54 The 
typical symptoms of acute cystitis are urgency, 
frequency, dysuria, and suprapubic pain. Vagini-
tis is more likely if patients have an associated 
vaginal discharge or odor, pruritus, or dyspareu-
nia. Nearly all young women with acute cystitis 
have been shown to have pyuria, defined as 10 or 
more leukocytes per mm3 on an unspun voided 
midstream urine specimen.2 The leukocyte  
esterase test has a widely reported sensitivity of 75 
to 96% for detecting pyuria associated with acute 
UTI.56 Thus, for patients with symptoms sugges-
tive of a urinary infection, a negative leukocyte 
esterase test does not exclude the presence of an 
infection, and should prompt a microscopic  
urinary examination as well as urinary culture. 
UTI appears to be more likely with the presence 
of hematuria, since about 40% of women with an 
acute urinary infection are noted to have hematu-
ria.2 Gram stain is usually not performed since 
pathogens with low counts (< 104 CFU/mL) are 
difficult to visualize.2 In symptomatic young 
women with suspected acute cystitis, a urine cul-
ture demonstrating 100 or more CFU/mL of uro-
pathogenic species is indicative of infection.54,56,57 
However, from a practical point of view,  

obtaining urine culture is not necessary in  
young women with acute uncomplicated cystitis,  
since the causative microorganisms and their 
antimicrobial susceptibilities are predictable.2

Recurrent Cystitis in Women
About 20% of young women with an initial  
episode of cystitis have recurrent infections. 
Occasionally, such recurrences are due to persis-
tent infections, but most cases of recurrences are 
due to episodes of exogenous reinfection, typi-
cally months apart.58 Most of these patients have 
no underlying anatomic abnormalities.54 This 
increased susceptibility in certain individuals is of 
unclear etiology. In some patients, certain habits, 
such as the use of diaphragms and spermicides 
may account for some of the recurrences.59  
In others, there may be a genetic predisposition.54 
In postmenopausal women, the risk of recurrent 
UTI appears related to presence of factors that 
impair bladder emptying, such as cystocele and 
increased postvoid residual.60 Recurrence should 
be documented by urine culture at least once, and 
then managed either by continuous or postcoital 
prophylaxis, or by therapy initiated by the patients 
at onset of symptoms. Topical estradiol may be of 
benefit in postmenopausal women.54

Acute Uncomplicated Pyelonephritis
Acute pyelonephritis should be considered 
uncomplicated, as well, in an otherwise healthy 
host infected with a virulent uropathogen unless 
it is associated with an underlying predisposing 
condition similar to those mentioned above, even 
though the infection does involve the upper  
urinary tract. The presentation of pyelonephritis 
can vary, from mild to moderate illness, to a life-
threatening illness with gram-negative septice-
mia.57 The severity of an infection seems to be 
related to cytokine expression, especially IL-6 and 
IL-8 responses, both locally and systemically. 
These cytokine responses are influenced, as indi-
cated earlier, by host and bacterial variables.61 
Acute pyelonephritis is suggested by flank pain, 
nausea and vomiting, fever > 38°C, or by costo-
vertebral angle tenderness.2 Urinary frequency 
occurs in up to 98% of the women with acute 
pyelonephritis, suggesting a concomitant cysti-
tis.62 As in acute uncomplicated cystitis, pyuria 
occurs in the vast majority of the patients with 
acute pyelonephritis, and hematuria can be simi-
larly evident. Urine culture reveals > 105 CFU/mL 
of uropathogens in > 80% of the cases, although 
some patients may have colony counts as low  
as 103 CFU/mL. Contrary to acute uncomplicated 
cystitis, a urine culture and sensitivity should 
always be performed in patients with acute  
pyelonephritis, since there are potentially serious 
sequelae to the use of inappropriate antimicrobial 
therapy.1,63 Blood culture obtained in patients 
with acute pyelonephritis who are admitted to the 

hospital reveal that up to 20% of these patients 
may have a positive result; however, the presence 
of bacteremia is not likely to affect the choice  
of antimicrobial therapy in this particular group 
of patients.64–69

Urologic Evaluation of Women with 
UTI
Most women with an episode of acute UTI, and 
recurrent uncomplicated cystitis have no under-
lying anatomic or functional abnormality, and, 
therefore, routine urologic evaluation would not 
be indicated in such patients.1 For patients with 
two or more episodes of pyelonephritis, further 
evaluation is indicated. Typically, such an evalua-
tion includes renal ultrasonography and/or com-
puted tomography scan to rule out nephrolithiasis 
or obstructive uropathy. A complete evaluation, 
including cystoscopy and excretory urography, 
should be reserved for patients with persistent 
hematuria after eradicating the infection.2

Acute Uncomplicated UTI in Young 
Healthy Men
Due to the infrequency of UTIs in men, it has 
been traditional to consider all such infections in 
men complicated.70 However, it is now clear that 
a small number of men between the ages 15  
and 50 years old may suffer from an acute uncom-
plicated UTI without associated urologic abnor-
malities. Risk factors associated with these 
infections include homosexuality, intercourse 
with an infected female partner, and the lack of 
circumcision.71,72 The etiologic agents are similar 
to those in women, and the causative microor-
ganisms seem to have the same susceptibility  
patterns.1 As in women, dysuria, frequency, 
urgency, and suprapubic pain or hematuria are 
the typical symptoms in a patient presenting with 
cystitis; fever and flank pain would suggest pyelo-
nephritis. The absence of pyuria suggests a non-
infectious etiology. Urethritis must be considered 
in sexually active men; examination for penile 
ulcerations and evaluation of a urethral swab with 
gram stain to exclude N. gonorrhea or C. tracho-
matis infections is important. A midstream urine 
culture using colony count criteria similar to  
that recommended for women is recommended 
to confirm the diagnosis.1 Young healthy men 
presenting with an acute cystitis syndrome with 
no discernable complicating factors, who respond 
promptly to therapy, usually demonstrate no 
abnormalities on urologic evaluation; thus,  
routine urologic evaluation is not necessary in 
this clinical setting.54 Urologic evaluation should 
probably be done routinely in adolescents, men 
with pyelonephritis, recurrent infections, or in 
the presence of a complicating factor.1

Complicated Urinary Tract Infections
Complicated UTIs are those that occur in patients 
with functional, metabolic, or anatomic  
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abnormalities of the urinary tract; they also 
include infections caused by pathogens that are 
resistant to antibiotics (Table  3). The clinical 
spectrum is wide and includes asymptomatic  
bacteriuria, mild cystitis, pyelonephritis, and life-
threatening urosepsis. As mentioned earlier, there 
are a vast number of diverse microorganisms that 
might be responsible for a complicated UTI.54 It is 
important to take this into consideration when 
contemplating the different therapeutic options.

Urine and blood cultures must be obtained 
from individuals suspected of having a com-
plicated UTI in order to identify the infecting 
pathogen and its potential susceptibility pattern. 
Correction of the underlying predisposing  
condition is necessary, when feasible, to prevent 
recurrence of the infection.

Antimicrobial Treatment of Urinary 
Tract Infections

Acute Uncomplicated Cystitis
Despite the fact that little change has occurred in 
the epidemiology of the causative microorgan-
isms of acute uncomplicated cystitis, the mana-
gement of these infections has become more 
complicated by the trend towards increased  

antimicrobial resistance. In the United States,  
the prevalence of resistance to trimethoprim- 
sulfamethoxazole (TMP-SMX) among Esche-
richia coli strains causing cystitis varies by region, 
and is higher than 20% in some regions.73 Nitro-
furantoin and fluoroquinolones remain highly 
active against almost all strains of Escherichia coli, 
although resistant strains to the fluoroquinolones 
are being reported in the US and in other coun-
tries1. The prevalence of resistance among uro-
pathogens to b-lactams is high, ranging from  
26 to 38%; hence, they are not recommended  
for first-line empiric therapy.73 TMP-SMX is the 
most studied therapeutic agent, effective at eradi-
cating initial bacteriuria in up to 93% of cases.  
It is, according to the clinical practice guidelines 
for management of acute uncomplicated cystitis 
published by the Infectious Diseases Society of 
America (IDSA), the recommended current  
standard of therapy.74 Based on multiple studies 
revealing that 3 days therapy of an antimicrobial 
is generally as effective as the same antimicrobial 
agent given for longer durations, 3-day regimens 
are advocated. Single-dose therapy, in general, is 
less effective and associated with higher recur-
rence rates; accordingly, it is not recommended. 
Ofloxacin is as effective as TMP-SMX, as are 
probably the newer fluoroquinolones, but they 
are recommended as initial empirical therapy 
only in communities with higher than 20%  
resistance rates to TMP-SMX. b-lactams in 3-day 
regimens are less effective than TMP-SMX or 
fluoroquinolones in eradicating the infections 
and should not be used as first-line therapy.  
The role of nitrofurantoin may become more pro-
minent in the treatment of acute uncomplicated 
cystitis, especially with the increasing resistance 
to TMP and TMP-SMX.74

Acute Uncomplicated Pyelonephritis
For decades, the traditional therapy for pyelone-
phritis has been hospitalization and treatment 
with intravenous antimicrobials for 6 weeks. This 
has recently changed, however, with the recent 
studies suggesting that, for most patients with an 
episode of acute uncomplicated pyelonephritis, 
an adequate outcome can be achieved with 2 
weeks of therapy. Shorter durations (7 days) are 
likely feasible in patients with mild pyelonephri-
tis. Due to the seriousness of an acute uncom-
plicated pyelonephritis, the high prevalence of 
resistance of the causative pathogens to TMP-
SMX, and the high risk of failure when TMP-SMX 
is used for resistant bacteria, the recommended 
empirical antibiotic choice is an oral fluoroqui-
nolone. TMP-SMX and b-lactams should not  
be used alone unless the organism is known to be 
susceptible to the particular agent being used. If 
the patient is suspected of having a gram-positive 
infection based on gram stain, amoxicillin or 
amoxicillin-clavulanic acid is recommended. 

Nitrofurantoin should not be used to treat pyelo-
nephritis since it does not achieve reliable tissue 
or serum levels.

If the patient requires hospitalization due to 
high fever, dehydration, vomiting, and/or sepsis, 
then he/she should be treated with parenteral 
antibacterial therapy. Several agents are consid-
ered effective in this setting. The IDSA recom-
mends the use of an intravenous fluoroquinolone 
as first-line therapy here as well, but intravenous 
ceftriaxone or an aminoglycoside, with or with-
out ampicillin, are also acceptable choices.74 If 
Enterococcus is suspected, then ampicillin with 
gentamicin is a reasonable option.1,74

Acute Cystitis in Postmenopausal 
Women
There are few studies of the treatment of acute 
cystitis in postmenopausal women. Three-day 
therapy with ofloxacin was shown to be superior 
to cephalexin for 7 days in one study.75 Unfortu-
nately, there are no studies comparing the same 
antibacterial agent for different durations in older 
healthy ambulatory women. It is likely that the 
3-day regimen as described for younger females is 
effective in this group of patients as well.1

Acute Uncomplicated UTI in Men
Data on the treatment of young healthy males 
with a UTI are lacking due to the low frequency of 
such infections in the group of individuals. Due 
to the potential of an accompanying prostatitis in 
this setting, most sources recommend the use of a 
fluoroquinolone for 7 days as first-line of empiric 
therapy since it provides the best antimicrobial 
spectrum and prostatic penetration. A 7-day 
course of TMP-SMX can also be used. Nitro-
furantoin and b-lactams should not be used in 
young males with an acute UTI since they would 
not reach adequate tissue levels.1

Complicated UTI
In order to ensure effective eradication of an 
infection, the antibacterial agent has to be directed 
against the causative pathogen. Identification  
of the microorganisms and their susceptibility 
patterns by conventional laboratory methods 
takes 2 to 3 days in most cases. Unfortunately,  
in the situation of a complicating UTI, therapy 
cannot be delayed for long, and is typically  
initiated empirically. The ideal agent would need 
to offer coverage to the broad spectrum of patho-
gens that might be responsible for such an  
infection depending on the clinical setting. Due 
to their broad antibacterial spectrum and their 
favorable pharmacokinetics, the fluoroquino-
lones (eg, ciprofloxacin, levofloxacin, gatifloxa-
cin), which achieve high bioavailability in the 
urine, can be considered the agents of choice in 
patients with mild to moderate illness. For initial 

Table 3  Causes of Complicated Urinary Tract 
Infections

Structural abnormalities
Obstruction
Prostatic infection
Nephrolithiasis
Urinary diversion procedures
Infected cysts
External drainage urinary catheters, and  
 nephrostomy tubes
Stents
Vesicoureteral reflux
Neurogenic bladder
Bladder or renal abscesses
Fistula

Metabolic/Hormonal Abnormalities
Diabetes mellitus
Pregnancy
Chronic kidney disease
Xanthogranulomatous pyelonephritis

Impaired Host Responses*
Transplant recipients
Neutropenia
Congenital or acquired immunodeficiency

Unusual Pathogens
Yeast and fungi
Mycoplasma spp
Resistant bacteria including pseudomonas 
 aeruginosa

Reproduced with permission from Elsevier Inc.38

* Includes patients with malignancy because of their 
immune compromised state either from disease or from 
therapy.
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empiric therapy in the more seriously ill hospital-
ized patients, the choice of antibiotic must offer 
good activity against pathogens such as Pseudo-
monas aeruginosa as well as most of the entero-
cocci. Combination of agents such as ampicillin 
and gentamicin, piperacillin and tazobactam, 
imipenem and cilastatin sodium would be appro-
priate.8,54 Once the infecting strain and the anti-
microbial susceptibilities are known, therapy can 
be modified accordingly. Usually 2 weeks of treat-
ment are recommended, and patients who are 
receiving parenteral antibiotics can be switched  
to oral therapy when they improve clinically. Nat-
urally, eliminating the underlying complicating 
factor, if plausible, is of great importance in  
preventing recurrence of the infectious disease.

Types of UTI More Common in 
Cancer Patients:

As mentioned earlier, very little information  
is available with regard to the epidemiology  
of UTI in patients with malignancy. However,  
certain types of UTI appear to be more frequently 
observed in cancer patients: for example, fungal 
UTI and viral hemorrhagic cystitis secondary  
to an immunocompromised state. It is reasonable 
to discuss catheter-related UTI in this context, 
although it is not specific to cancer patients, 
because of the high morbidity of these patients 
and the frequency with which it is observed in 
these patients. For these reasons, these three types 
of UTI will be discussed in more detail. 

Catheter-Related Infections
Between 15% and 25% of patients in general  
hospitals may have a catheter inserted at some 
point during the course of their stay.76 Up to half 
the patients requiring an indwelling urethral 
catheter for 5 days or longer will develop bacteri-
uria or candiduria.77 The urinary tract of the cath-
eterized patient appears to be highly susceptible 
to infection, once a small number of microor-
ganisms gain access. Low-level bacteriuria or  
candiduria has been shown to progress to  
> 105 CFU/ml 96% of the time.78 Catheter-related 
UTIs are the most common nosocomial infec-
tions in hospitals and nursing homes, consti tuting 
> 40% of all institutionally-acquired infections.76 
The risk of bacteriuria with short-term catheter-
ization is 5% per day.79 Furthermore, Platt and 
colleagues observed that acquiring a urinary tract 
infection (defined as bacteriuria > 105  CFU/mL 
in the study) during indwelling bladder catheter-
ization is associated with nearly a threefold 
increase in mortality among hospitalized 
patients.80 Less than 5% of catheter-associated 
bacteriuria will be complicated by bacteremia; 
however, due to the large number of catheterized 
patients, nosocomial UTIs are the source of up to 
15% of nosocomial blood stream infections.81

Risk Factors for Catheter-Associated UTI

The most important risk factor for acquiring  
a UTI in the setting of an indwelling bladder  
catheter is the duration of catheterization, par-
ticularly past 6 days. Other risk factors include 
female gender, lack of administration of systemic 
antibiotics during the period of catheterization, 
catheter insertion outside the operating room, 
being on a urology service, other active sites of 
infection, diabetes, and malnutrition.77 The pres-
ence of azotemia (creatinine > 2  mg/dL), ureteral 
stent, or use of the catheter to monitor urine 
output further increase the risk.77,79,82

Definition of Catheter-Related UTIs

Most sources advocate considering the new 
appearance of > 103 CFU/mL of bacteria or fungi 
to represent a catheter-acquired UTI.77–79 Most of 
these infections are unimicrobial, although they 
have been reported to be polymicrobial in up to 
15% of the cases.81 The most commonly isolated 
microorganism is Escherichia coli. Other gram-
negative pathogens such as Klebsiella, Enterobac-
ter, Citrobacter, and P. aeruginosa are common, as 
well. In one report, up to 27% of catheter-acquired 
UTIs were caused by enterococci or staphylo-
cocci, and up to one-third of the isolates were 
Candida species.83 Yeast UTIs are particularly 
common when antibiotics are in use, and are 
increasing in incidence.52

Pathogenesis

Most catheter-associated UTIs are endogenous—
that is, from the patient’s own colonic flora. The 
indwelling catheter offers conduits for bacterial 
entry along its external and internal surfaces.81 
Organisms can gain access into the urinary tract 
in one of two ways. Extraluminal contamination 
may occur early, by direct inoculation when the 
catheter is inserted, or later by organisms ascend-
ing from the perineum by capillary action in the 
thin mucous film contiguous to the external cathe-
ter surface. Intraluminal contamination may 
occur by reflux of microorganisms gaining access 
into the lumen from failure of closed drainage or 
contamination of urine in the collecting bag.79 
Although these infections have been shown to 
occur by both extraluminal and intraluminal 
routes, they seem to derive preponderantly from 
organisms that gain access extraluminally.84 Some 
suggest that the latter is of even greater impor-
tance in women, perhaps because of the shorter 
urethra and its closer proximity to the anus.85

Urinary catheters are tubular latex or silicone 
devices which, when inserted, may acquire  
biofilms on the inner or the outer surface.86 The  
initial adherence occurs to the irregular surfaces 
surrounding the catheter eyeholes. Microcolonies 
form in the depressions on these surfaces and 
spread to cover the entire surface around the  

eyeholes.87 A distinguishing characteristic of bio-
films is the presence of an extracellular polymeric 
matrix, containing open water channels and pri-
marily composed of polysaccharides, surround-
ing and encasing the cells.88 Most of the biofilm 
volume is actually composed of this layer rather 
than of pathogenic cells. Organisms contained 
within the biofilms seem to be well protected 
against antimicrobials and the urine flow.86  
Urinary catheter biofilms may initially be com-
posed of a single microorganism, but longer 
exposure inevitably leads to the presence of mul-
tiple species.89 Organisms commonly present in 
biofilms of bladder catheters are S. epidermidis, 
Enterococcus faecalis, Escherichia coli, Proteus 
mirabilis, and Pseudomonas, among others.86 
Other than biofilm formation, the catheter, as  
a foreign body, may lead to a complex defect  
in PMN function, which may be partially respon-
sible for these patients’ higher susceptibility to 
infection.81,86

Clinical Features

Most patients with a catheter-acquired UTI are 
asymptomatic, with less than 10% of those with a 
microbiologically documented UTI reporting any 
symptoms. Placement of an indwelling urethral 
catheter can, in and by itself, cause dysuria or 
urgency; however, these complaints do not appear 
to denote an underlying infection. Neither fever 
nor peripheral leukocytosis has been shown to be 
predictive of a urinary infection in this setting. 
Continuous drainage by the catheter with the 
resultant decompression of the infected bladder 
may prevent the urgency and frequency that 
would be expected in the setting of cystitis.77  
Similarly, most patients do not demonstrate 
pyuria, even with a microbiologically docu-
mented, catheter-associated UTI when the cath-
eterization was short-term.83 The sensitivity of 
pyuria was calculated at merely 37% in this pro-
spective study, and based on this study, pyuria 
should not be used as the sole criteria for obtain-
ing a urine culture if UTI is suspected in catheter-
ized individuals.83 In any event, the importance  
of such infections stems from the fact that they 
comprise the largest institutional reservoir  
for antibiotic resistant pathogens such as Entero-
cocci, Klebsiella, Citrobacter, Pseudomonas, and 
others.77

Prevention

Several catheter-care practices are universally  
recommended to prevent, or at least delay, the 
onset of catheter-associated UTIs: avoid unneces-
sary catheterizations; consider other methods  
of bladder drainage, such as condom catheters or 
suprapubic catheters; and ensure a trained pro-
fessional inserts the catheter under aseptic con-
ditions. Maintenance of closed drainage with as 
little manipulation as possible, and maintenance 
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of dependant drainage by keeping the collecting 
tubing and bag below the bladder level, are impor-
tant. However, it is of greater importance to limit 
the duration of catheterization by prompt removal 
of the indwelling catheter once deemed unneces-
sary. Other techniques, such as anti-infective 
lubricant, antireflux valves, and instillation of  
an antibiotic into the collection bag remain of 
unproven efficacy.79

Use of systemic antimicrobials, such as TMP-
SMX or ciprofloxacin, appears to be effective in 
the prevention of catheter-related UTIs90; how-
ever, infections that occur despite prophylaxis are 
far more likely to be caused by antibiotic-resistant 
bacteria. Furthermore, since most of these  
infections are asymptomatic and rarely lead to 
bacteremia, it is difficult to justify the use of  
systemic antibiotics in every patient subjected to 
an indwelling urethral catheter.79 An exception to 
this would be renal transplant recipients, where 
prophylaxis has been shown to be cost-effective in 
the prevention of UTI.11

Treatment

Treatment of asymptomatic bacteriuria in the 
setting of an indwelling bladder catheter is not 
generally recommended. There are, however, 
specific groups of patients in whom it appears 
necessary, for example, patients with granulocy-
topenia or other immune compromising condi-
tions or those undergoing urologic procedures.79 
Removal of the catheter results in eradication of 
infection unless predisposing factors for UTI per-
sist. Treatment should be directed at the specific 
microorganism isolated.

Fungal UTI
There appears to be a steady increase in the rate of 
nosocomial fungal infections, from 2.0 to 3.8 per 
1,000 discharges in the United States, as reported 
to the Centers for Disease Control and Preven-
tion (CDC) National Nosocomial Infections  
Surveillance (NNIS) system. High rates of infec-
tion are not limited to oncology wards and high-
risk nurseries; they also occur on cardiac surgery, 
burn, and trauma wards.91 In patients with an 
indwelling catheter, up to 27% of UTIs have been 
reported to be caused by fungi.82 Table 4 shows 
the CDC criteria for diagnosis of nosocomially-
acquired UTI. Since the majority of the renal 
fungal infections result from Candida sp, the 
remainder of this discussion will be focused on 
the clinical findings and the treatment of Candida 
infections of the urinary tract.

Candiduria is a rare finding in healthy, non-
hospitalized individuals. In hospitalized patients, 
the prevalence of candiduria is variable, but seems 
to be most common in the intensive care unit. 
Candida UTIs represent 10 to 15% of all nosoco-
mial UTIs.92,93 Analysis of reports from the NNIS 
system showed that Candida albicans ranked  

seventh among all hospital pathogens isolated 
from a major infections site in 1996.91 More 
recently, it was reported as the fourth most 
common cause of blood stream infection in the 
United States.94 Over the past decade, there has 
been a definite increase in the incidence of non-
albicans Candida species causing serious disease 
in humans.95–97 In one retrospective series by 
Abbas and colleagues that evaluated patients  
with underlying malignancies, Candida krusei 
accounted for 5% of fungemias during 1989 
through 1992; the incidence increased to 10% 
during the period 1993 to 1996.97 The major risk 
factor for of non-albicans infections, including 
Candida krusei and Candida glabrata, was flucon-
azole prophylaxis given to patients undergoing 
treatment for leukemia.95,97

Most nosocomial Candida infections are 
thought to be endogenous, arising from coloniza-
tion of the mouth, colon, vagina, or skin. Candida 
typically gains access to the urinary tract by the 
ascending route; thus, it occurs more frequently 
in women 98. Other risk factors associated with 
Candida infections are summarized in Table 5.

According to a prospective multicenter study 
by Kauffman and colleagues, Candida albicans  
is the most common agent isolated in the urine 
(52%), followed by Candida glabrata in 16% of 
the patients. Ten percent of the patients had more 
than one species of Candida present.99 A common 
problem is determining whether the presence of 
Candida in the urine is indicative of infection or 
merely colonization. Although pyuria usually 
supports the presence of an underlying infection, 
it might also be the result of concomitant  

bacteriuria. In any event, the presence of colony 
counts g103  CFU/mL would need to be inter-
preted according to the clinical situation and to 
the patient’s symptoms.

Most patients with funguria are asymp-
tomatic, with less than 5% reporting dysuria,  
frequency, urgency, or flank pain. Hematuria also 
appears to be uncommon. Fever occurs more  
frequently (up to 22%); however, in most cases,  
it is not clear whether it is due to the candidal 
infection itself or the underlying disease.99 Asymp-
tomatic candiduria is usually viewed as a benign 
condition that rarely leads to invasive disease.100 
When invasion of the upper urinary tract does 
occur, however, the clinical signs and symptoms 
are indistinguishable from those associated with 
bacterial infection. The formation of perinephric 
abscesses and fungal balls (bezoars) that com-
monly include sloughed renal papillae (papillary 
necrosis) can occur in the compromised host, 
especially in the presence of obstruction, and in 
diabetics.

In a prospective multi-center study,  
Sobel and colleagues randomized 316 patients 
with asymptomatic candiduria g103  CFU/mL to 
either fluconazole or placebo. In the untreated 
group, they demonstrated that candiduria 
resolved in 41% of patients merely upon removal 
of the indwelling bladder catheter. Higher eradi-
cation rates were noted in the treated group as 
compared to the placebo group, initially (63% vs. 
35%). However, patients who had received either 
fluconazole or placebo had similar rates of candi-
duria two weeks after the completion of therapy.101 
Accordingly, treatment of asymptomatic candi-
duria is not recommended by the IDSA except  
in specific circumstances. Candiduria should be 
treated if the patient is symptomatic, neutrope-
nic, a renal allograft recipient, or about to undergo 
urologic manipulation. Removal of the urinary 
instrument should be undertaken if feasible. 
Choices for therapy include fluconazole at  
200  mg/d for 7 to 14 days, amphotericin B at 0.3 
to 1.0  mg/kg/d for 1 to 7 days, or, in the absence 
of renal insufficiency, flucytosine at 25  mg/kg qid. 

Table 4  CDC Criteria for Diagnosis of  
Nosocomially-Acquired Urinary Tract Infections

One of the following: fever (> 38°C), urgency,  
 frequency, dysuria, or suprapubic tenderness  
 AND a urine culture g105 CFUs/mL urine  
 with no more than two species of organisms.
Two of the following: fever (> 38°C), urgency,  
 frequency, dysuria, or suprapubic tenderness  
 AND any of the following:
 Dipstick test positive for leukocyte esterase  
  and/or nitrite
 Pyuria (g10 WBCs/µL or g3 WBC/high- 
  power field of unspun urine
 Organisms seen on Gram stain of unspun urine
 Two urine cultures with repeated isolation of  
  the same uropathogen (gram-negative  
  bacteria or Staphylococcus saprophyticus)  
  with g102 CFUs/mL urine in non-voided  
  specimen
 Urine culture with f105 CFUs/mL urine of  
  single uropathogen in a patient being treated  
  with appropriate antimicrobial therapy
 Physician’s diagnosis
 Physician institutes appropriate antimicrobial 
  therapy

CDC = Centers for Disease Control and Prevention;  
WBC = white blood (cell) count.

Table 5  Risk Factors for Candida Urinary Tract 
Infections

Diabetes Mellitus
Extremes of age
Female gender 
Use of antimicrobial agents
Use of indwelling bladder catheters
Urinary tract disease: neurogenic bladder,  
 prostatic disease, renal failure
Malignancy
Malnutrition
Use of immunosuppressive therapy, and/or  
 radiation therapy

Adapted from Kauffman CA et al,99 Vazquez JA et al,93 and 
Rivett AG et al.100
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The latter may be especially effective in patients 
with non-albicans Candida species.102 The man-
agement of perinephric abscesses, bezoars, and 
papillary necrosis requires invasive urologic pro-
cedures to ensure adequate drainage in addition 
to the systemic therapy.103

Candiduria may be a source of subsequent 
dissemination, as in patients with urinary tract 
obstruction, or a marker of acute hematogenous 
dissemination as in neutropenic patients.103 Renal 
involvement was present in one study in 90% of 
patients who died of disseminated candidiasis,  
on autopsy.98 Among the NNIS hospitals, there 
has been a dramatic increase in the rate of all  
nosocomial bloodstream infections caused by 
fungi—from 5.4% in 1980 to 9.9% in 1990, the 
most common fungus being Candida spp.91 
Increased susceptibility to invasive candidiasis is 
typically attributed to host factors such as a severe 
illness, immunocompromised status, or malnu-
trition. Unlike candiduria, disseminated candi-
diasis carries a grave prognosis, with an estimated 
crude mortality of 50 to 60%.91

In patients with known disseminated  
candidiasis, renal involvement has no specific 
treatment implications unless renal function 
deteriorates or the patient develops flank pain.  
In these settings, imaging studies of the kidney 
such as ultrasonography or computed tomo-
graphy are needed to exclude obstruction,  
perinephric abscess, and papillary necrosis.102

Prophylaxis reduces the incidence of both 
superficial and deep candidiasis in high-risk popu-
lations. The best data on prophylaxis of fungal 
infections include two randomized controlled 
trials that compared fluconazole with placebo  
in bone marrow transplantation recipients.104,105 
Both studies observed that fluconazole was both 
safe and effective in preventing Candida infec-
tions caused by all species except Candida krusei, 
and both studies demonstrated improvement in 
morbidity. In the trial by Slavin and colleagues, 
the probability of survival was greater in the group 
receiving the prophylaxis.104 In the guidelines for 
the treatment of candidiasis, the IDSA advocates 
prophylaxis for neutropenic patients in limited 
situations: standard chemotherapy for acute 
myelogenous leukemia, allogeneic bone marrow 
transplantation, and high-risk autologous bone 
marrow transplantation.

Hemorrhagic Cystitis
Hemorrhagic cystitis (HC) is one of the frequent 
complications in bone marrow transplant (BMT)  
recipients.106 The incidence of HC is reported to 
vary widely, from 6 to 38% of patients after bone 
marrow transplantation.107–111 Two distinct clini-
cal types of HC have been described in these 
patients: an early and a late type. The early type  
is principally from chemotherapeutic agents—
busulfan, cyclophosphamide, and ifosfamide—
which are used during the conditioning regimen 

in these patients. This is usually mild, and can 
often be prevented by modi fying the condition-
ing regimen107; occasionally, it can be severe.  
On the other hand, the late onset type is related  
to either graft-versus-host disease (GVHD) or 
viral infections.107 This review will discuss HC  
as it relates to viral infections in bone marrow 
transplantation recipients.

Viruses that have been incriminated in  
causing HC include the adenovirus and polyoma-
viruses. HC caused by human polyomavirus  
is from two types, BK virus (BKV) and JC virus 
(JCV). BKV causes cystitis and nephropathy in 
immunosuppressed and renal transplant recipi-
ents, while JCV is uncommonly associated with 
renal disorders. A polyomavirus of simian origin, 
SV40, has been associated recently with HC after 
bone marrow transplantation.112

The clinical features of HC with either ade-
novirus or BKV infections appear to be similar. 
Based on clinical features, Bedi and classified  
HC into four grades as shown in Table 6.108 Grades 
0 to 2 are considered mild disease, while grades 3 
and 4 are considered severe disease. Apart from 
hematuria and clot retention or obstruction, 
other clinical features include pain, dysuria, renal 
failure, and problems associated with dissemi-
nated disease, such as pneumonia, enteritis, and 
neurologic complications. In a study on children 
who underwent allogeneic bone marrow trans-
plantation, Hale and colleagues observed that the 
prevalence of severe HC was 11%, the mean dura-
tion of symptoms was 73 days, and in a multi-
variate analysis, male sex and unrelated donor 
grafts were significantly associated with HC.113 In 
a study from the M. D. Anderson Cancer Center 
in Houston, TX, where the study was also limited 
to allogeneic BMT patients, of the 105 patients 
with acute lymphocytic leukemia, 32 patients 
developed HC within the first year after trans-
plantation with a cumulative incidence of 30%.114 
The median time of onset of HC was 23 days with 
only one patient developing HC after 100 days. 
The mean duration of symptoms of HC was 30 
days. Grade 2 HC occurred in 56%, grade 3 in 
31%, and grade 4 in 13%; 59% were attributed to 
polyomavirus, with 17% attributed to adenovi-
rus. An interesting feature in this study was a high 
CMV reactivation rate (63%) among patients 
with HC. While polyomavirus infection was  

similar in both younger and older patients, ade-
novirus infection was exclusive to patients 
younger than 25 years. The two main factors that 
were associated with HC included transplanta-
tion from a matched, unrelated donor, and age  
 <26 years. Interestingly, the use of cyclopho-
sphamide in the preparative regimen was not 
associated with HC.114

The published studies that have looked at 
HC in BMT recipients can be summarized as 
those associated with adenovirus infections or 
with BKV infections.

Adenovirus-Associated HC

In another study from M. D. Anderson Cancer 
Center, 85 out of 2,889 (3%) of adult patients 
who received BMT were diagnosed with adenovi-
rus infection.115 Of the 85, 13% were diagnosed 
with HC. There was no significant difference  
in the incidence of HC between patients who 
received allogeneic versus autologous BMT. The 
mean duration of symptoms of patients with HC 
was 26 days, compared with 21 days for pneumo-
nia and 60 days for disseminated disease. Overall 
mortality was 26%, but none of the patients  
with isolated HC died; 85% of patients with dis-
seminated disease had GVHD. The predictors  
for disseminated disease in a multivariate analysis 
were GVHD (odds ratio [OR] 6.23) and treat-
ment with g2 immunosuppressive drugs (OR 
74.0).115

In a study from Japan, Akiyama and col-
leagues observed that HC was more common 
after allogeneic BMT, rather than after autolo-
gous or syngeneic BMT.116 In addition, the pre-
parative regime, GVHD prophylaxis, grade of 
GVHD, and use of mesna were significantly asso-
ciated with HC. Adenovirus was responsible  
for HC in 60% of patients, and 85% of the  
adeno virus-associated HC were due to infection 
by type II.116 The serological status of adenovirus 
was not a risk factor for subsequent development 
of HC among these patients. In most studies, 
asymptomatic shedding of adenovirus was  
not common in BMT recipients. In the study  
by Akiyama and colleagues, the prevalence of 
adenovirus in urine samples in patients without 
HC was 3%, compared with 60% among patients 
with HC.116

BKV/JCV Infections

BKV and JCV, named after the initials of the 
patients from whom the viruses were first dis-
covered, are common problems in BMT reci-
pients. In the general population, infection with 
these viruses occurs early in childhood, and sero-
conversion occurs throughout childhood such 
that, by 10 years of age, 60% of children would 
have acquired the antibodies.117 The prevalence of  
a prior infection among adults is 60 to 80%.118 
Asymptomatic viruria occurs in 0.3% of non-
immunosuppressed patients, 3% of pregnant 
women, 10 to 45% of renal transplant recipients 

Table 6  Grading of Hemorrhagic Cystitis

Grade 0 No hematuria
Grade 1 > 50 erythrocytes per high-power  
  microscopic field
Grade 2 Macroscopic hematuria
Grade 3 Macroscopic hematuria with clots
Grade 4 Macroscopic hematuria with clots 
  and obstruction with elevated 
  creatinine

Adapted from Bedi et al.108
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and 50% of BMT recipients.119–121 BKV is probably 
transmitted through the respiratory secretions, 
although isolation of the virus from respiratory 
secretions has not been easy. After replication and 
dissemination, BKV invades the renal and uro-
thelial cells where it establishes a latent infection. 
Infection can also be carried to the recipient 
through the organ, particularly in solid organ 
transplant patients. In renal transplant recipients, 
BKV infection is identified with graft dysfunction 
and is often associated with rejection.122 The 
degree of viremia was higher in patients with 
rejection and graft dysfunction than in those 
without.122

HC in association with BKV infection in 
BMT recipients has been shown in a number of 
studies.106–108,123–126 While BKV infection does  
not always lead to HC in these patients, HC is 
four times more common among patients with 
BKV infection than among those without the 
infection.121 HC and renal infections in associa-
tion with BKV infection are also seen in severely 
immunosuppressed patients, such as patients 
with HIV or /acquired immunodeficiency syn-
drome.127–129 BKV infection causing nephropathy 
or HC is likely to be a secondary infection or  
reactivation of a previous primary infection.122

Diagnosis of BKV infection is principally 
made by urine examination. Presence of decoy 
cells in the urine is a morphologic marker for viral 
replication. Decoy cells are caused by infection of 
urinary epithelial cells by BKV and can be identi-
fied by light microscopy.121 The nuclei of these 
cells are enlarged, and nuclear chromatin is com-
pletely homogenized by viral cytopathic effect. 
Urine BKV deoxyribonucleic acid (DNA) poly-
merase chain reaction (PCR) is highly sensitive 
and specific for diagnosing the infection. BKV 
DNA PCR in the plasma is also highly sensitive 
and specific for diagnosing BKV nephropathy, 
but may also be useful in diagnosis of HC. The 
predictive value of BKV DNA PCR is limited  
in children because an incidental primary BKV 
infection that is common in childhood may not 
be differentiated from a secondary infection or 
reactivation of a prior primary infection in these 
immunosuppressed patients.

Treatment

In most cases, the clinical course of HC is mild 
and requires only volume expansion (also termed 
hyperhydration). When the hematuria is severe, 
analgesics may be required to relieve the pain 
from passing clots. An indwelling catheter is 
useful to prevent clot retention and urinary 
obstruction, but this is likely to be more success-
ful in adults than in children because of the small 
catheter lumen required in children.111 Evacua-
tion of blood clots can also be carried out  
with transurethral catheterization, particularly in 
adults. Suprapubic catheter insertion and/or  

surgical removal of clots may have to be per-
formed if clot retention cannot be relieved 
through transurethral catheterization. Many 
urologists prefer an open surgical procedure for 
suprapubic catheter insertion, rather than a blind 
procedure because of better hemostasis with  
the former, as many of these patients are  
thrombocytopenic.

Several other local treatments have been tried 
with varied success in controlling hematuria in 
HC. These include prostaglandin E2 and F2a, 
alum irrigation, instillation of formalin, intraves-
ical hydrostatic pressure, hyperbaric oxygen, and 
laser vaporization of the bleeding areas.110,130,131

Specific treatment of viral diseases causing 
HC are still evolving. Cidofovir has been tried  
for adenovirus infections, as well as in an occa-
sional patient with BKV infection, with varying  
success.121,132–135 Two studies showed promising 
results: one showed that all patients prospectively 
treated with cidofovir for adenovirus infections 
responded.134 All adenovirus infections, pneumo-
nia, enteritis, HC and disseminated disease, were 
included in this study. None of these patients  
had nephrotoxicity from the drug at the dosage  
of 1mg/kg/d given three times weekly, and con-
tinued until virologic remission is achieved.  
In the other study that included only BMT 
patients with HC, 10 of the 14 (71%) patients 
showed clinical improvement with cidofovir.135 
Seven patients had nephrotoxicity from the drug, 
despite the dosage being the same as in the above 
study, and in four of them, the drug had to be 
discontinued. No prospective randomized trials 
are yet available with cidofovir. Breakthrough 
infections with CMV and herpes simplex virus 
(HSV) have been observed while on treatment 
with cidofovir in these immunosuppressed 
patients.135 Cidofovir for adenovirus-associated 
HC has generally been reserved for grade 3 and 4 
HC, and the preliminary results are certainly 
promising.

Intravenous ribavirin has also been tried in 
adenovirus infections in BMT patients, including 
HC. However, the results have been disappoint-
ing. In a study from M. D. Anderson Cancer 
Center, intravenous ribavirin was tried in 12 of 85 
BMT patients with adenovirus infection, with 
only one of them responding to the treatment.115 
Among these 12 patients, only one patient had 
HC, and that patient did not respond to ribavirin. 
So, at the current time, for adenovirus-associated 
high-grade HC, cidofovir may be the treatment  
of choice, despite its significant nephrotoxic 
potential.

There is no consensus on optimum antiviral 
therapy to date for BKV/JCV infections. It is  
not certain whether asymptomatic viruria needs 
treatment, and no trials exist that show preven-
tion of symptomatic infections by preempted 
treatment of asymptomatic patients. Cidofovir 

has not met with the same degree of success in 
BKV infections. One complicating feature is that 
BKV can cause nephropathy, particularly in renal 
transplant recipients, and cidofovir also is neph-
rotoxic. It has also not been established that  
treatment of BKV nephropathy improves the 
graft survival in these patients. The experience  
of treating BKV-associated HC with cidofovir  
is limited to two case reports. In one report, a  
successful clearance of viruria after treatment 
with cidofovir in a BMT recipient with HC was 
observed; the patient also had a simultaneous 
reactivation of CMV infection.133 In another 
report, no response was observed with cidofovir 
in a patient with HIV infection and HC.127 In an 
extreme case of HC with hematuria, intravenous 
vidarabine was used in a BMT patient with BKV-
associated HC with improvement of symptoms, 
although viruria persisted.136

Thus, more prospective studies are needed  
to establish the optimum therapy in both adeno-
virus and BKV-associated urinary infections in 
these immunocompromised patients.

Conclusions

Urinary tract infections remain among the most 
common medical problems encountered, both  
in the general population and in hospitalized 
individuals, including patients with an underly-
ing diagnosis of cancer. There are multiple local 
and systemic factors that predispose this latter 
group of patients to such infections. Patients with 
malignancies of the abdomen and the pelvis are at 
high risk of developing obstruction by virtue of 
the mass itself, or as a result of radiation therapy. 
UTIs are the most commonly reported com-
plication among patients undergoing diversion 
procedures.

Systemic immune deficiency may be second-
ary to the disease itself or, more commonly,  
a consequence of the introduced therapies.  
Neutropenic patients are more susceptible to 
infection with resistant microorganisms such 
VRE. Although they typically do not develop dys-
uria or pyuria, they are at increased risk of septi-
cemia once a UTI has occurred. Thus, the presence 
of bacteriuria and candiduria needs to be taken 
seriously and should warrant antimicrobial  
therapy in these immunocompromised patients.

Certain subsets of patients, such as those 
undergoing BMT, are at higher risk of viral  
hemorrhagic cystitis. They are particularly prone 
to adenoviral and BKV infections. Despite the 
advent of newer antiviral agents, their treatment 
continues to pose a clinical challenge.

Unfortunately, little effort has been made  
to define the incidence and the microorganism 
patterns of UTIs in this group of patients. Fur-
ther, the potential impact of UTIs on morbidity 
and mortality of cancer patients remains to be 
explored.
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Urologic Complications in Cancer

Optimal care of patients with neoplastic disorders 
requires not only proper therapy but also the 
anticipation of complications from both primary 
disease and associated therapeutic interventions. 
Abnormalities of the urinary tract commonly 
herald the presence of a neoplastic process or 
result from its therapy. Common urologic com
plications associated with neoplastic disorders 
include hematuria, hemorrhagic cystitis, and  
urinary obstruction. The presence of these abnor
malities is associated with significant prognostic 
implications as well as management challenges. 
This chapter will review the salient features of 
these disorders and their therapy.

Hematuria

Hematuria is the presence of abnormal numbers 
of red blood cells (RBCs) in the urine. It may 
present with obvious discoloration of the urine, 
as in macroscopic (gross hematuria), or with  
visibly normal urine, as with microscopic hema
turia. The pattern of hematuria may be inter
mittent or persistent. Clinically, hematuria can be 
divided into two distinct categories, asymptom
atic isolated hematuria and symptomatic hema
turia. Asymptomatic isolated hematuria presents 
in the absence of any evidence suggesting the 
cause or site of the hematuria. Symptomatic 
hematuria occurs in the presence of associated 
historical clues, physical signs and symptoms,  
or abnormal laboratory values. Distinguishing 
between asymptomatic isolated and symptomatic 
hematuria can help guide the diagnostic  
workup.

Gross hematuria is always associated with 
urinary tract pathology and commonly presents 
as redcolored urine. However, redcolored  
urine is not always caused by hematuria. The 
ingestion of several foods (rhubarb, beets), drugs  
(phenolphthalein, phenothiazines, phenindione, 
phenazopyridine), or in the presence of porphy
rins (as in porphyria) may lead to redcolored 
urine.1 Thus, in gross hematuria it is necessary to 
confirm the presence of hematuria by urine  
dipstick and microscopic evaluation. The urine 

dipstick is a colorimetric test to detect free heme. 
In addition to RBCs, the presence of free hemo
globin (intravascular hemolysis) and myoglobin 
(rhabdomyolysis) will result in a positive dipstick 
test.2 Contamination with iodinecontaining 
products (Betadine) or other oxidizing agents can 
result in false positive urine results. Ascorbic acid 
excretion and old (airexposed) dipsticks have 
been associated with false negative results.3 The 
limitations of the urine dipstick test demonstrate 
the necessity for microscopic evaluation of urine 
in the evaluation of hematuria.

Under normal circumstances, people excrete 
up to 1.2x106 red blood cells per day. Hematuria 
is defined as the presence of RBCs in the urinary 
tract that exceeds the amount normally found in 
a fresh urine sample. Since it is impractical to 
quantitate the number of RBCs over 24 hours, 
clinically significant hematuria is defined as g3 
RBCs per highpowered field in 2 of 3 properly 
collected urine specimens.4 Once the presence of 
RBCs in the urine has been confirmed, the objec
tive is to identify the site and cause of bleeding. 
The site of bleeding may originate from any  
location in the urinary tract, which can be divided 
into three broad categories: extra renal diseases, 
nonglomerular renal disease, and glomerular 
renal disease. The predominant causes of hema
turia in cancer patients are most commonly 
attributed to extrarenal disease and non 
glomerular renal disease.

Hematuria Associated with  
Extra-Renal Disease

In the general population, extrarenal causes of 
hematuria account for approximately 65% of the 
cases of hematuria. This percentage is markedly 
increased in cancer patients. Extrarenal causes of 
hematuria include uroepithelial neoplasm, benign 
prostatic hypertrophy, urinary tract infections, 
and nephrolithiasis (Table 1).

Extra-Renal Neoplasms
Uroepithelial neoplasms include transitional  
cell carcinoma and squamous cell carcinoma.  
The incidence of transitional cell carcinoma  
pro gressively increases above the age of 35. It is 

the fourth leading cause of cancer in men aged 60 
to 79 (behind prostate, lung, and colon cancer).5 
The risk factors that are associated with the devel
opment of transitional cell carcinoma include 
age, sex, race, amount of hematuria, tobacco  
use, toxic exposures, and parasitic infection 
(Table  2).6 These tumors occur approximately 
four times more frequently in men than women 
and twice as likely in white versus black males. 
They account for approximately 15 to 20% of the 
cases of hematuria in adult white men.7 These 
tumors are 10 times more likely to occur in the 
bladder than the renal pelvis. Involvement of  
the renal pelvis is suggested by the presence of 
hydronephrosis on renal ultrasonography. The 
diagnosis of transitional cell carcinoma should be 
considered in patients with hematuria and a  
history of heavy tobacco use or exposure to occu
pational toxins.8 While transitional cell carcino
mas account for the majority of tumors of the 
bladder, squamous cell carcinoma has been asso
ciated with chronic shistosomiasis.8 Abnormal 
urine cytology is present in approximately 70 to 
80% of the cases of bladder cancer, but is approx
imately 95% specific. The low sensitivity of urine 
cytology makes flexible cystoscopy the preferred 
test to evaluate for neoplasms of the bladder.

Table 1  Extrarenal Causes of Hematuria

Neoplasms
Transitional cell carcinoma
Squamous carcinoma
Adenocarcinoma and benign hypertrophy

Infections
Acute cystitis, prostatitis, and urethritis
Tuberculosis
Schistosoma haematobium

Drugs
Anticoagulation (heparin, warfarin)
Cyclophosphamide (hemorrhagic cystitis)

Nephrolithiasis/Crystalluria
Drugs 
Uric Acid

Adapted from Lieberthal W, Mesler DM. Hematuria and 
the acute nephritic syndrome. In: Jacobson HR, Striker 
GE, Klahr S, editors. The principles and practice of 
nephrology. 2nd ed. St Louis: Mosby; 1995. p. 102–110. 
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Renal Cell Carcinoma
Renal cell carcinoma (RCC) represents approxi
mately 20% of all urinary tract neoplasms. The 
incidence of RCC is about half that of transitional 
cell carcinoma, but has a poorer prognosis, with  
a 5year survival of only 60%.5 The classic triad  
of hematuria, an abdominal mass, and flank  
pain are found in less than 5% of cases. The most 
common presentation of RCC is as asymptomatic 
hematuria or an incidental finding on an imaging 
study. Risk factors for RCC include heavy metal, 
asbestos, and hydrocarbon exposures; tobacco 
use; and acquired cystic disease in patients with 
end stage kidney disease.14 The majority of RCC 
cases may be part of an autosomal dominant dis
order, the von HippelLindau disease resulting 
from biallelic mutation of the VHL gene.15 Other 
clinical features that are commonly associated 
with RCC include fever, hypertension, erythrocy
tosis, and hypercalcemia. Renal cell carcinomas 
are most commonly identified by renal ultraso
nography as a solid mass or complex cyst.  
Computed tomography and magnetic resonance 
imaging are useful in determining local spread 
plus renal vein and inferior vena cava involve
ment, respectively.16,17

Hypercalciuria and Hyperuricosuria
Hypercalcemia and hyperuricemia have been 
demonstrated in cancer patients associated with 
the neoplasm or related therapeutic interven
tions.18 If these conditions lead to hypercalciuria 
or hyperuricosuria, this may manifest as hema
turia.19 Both conditions would predispose the 
patient to either calcium or uric acid nephroli
thiasis. Treatment for the elevated urine uric  
acid or calcium (with allopurinol or hydrochloro
thiazide, respectively) resolved the hematuria.19

Other Causes of Hematuria

Disorders of Coagulation
Hematuria may present, associated with bleeding 
diathesis. Cancer patients commonly develop 
bleeding diathesis from abnormalities of the 
coagulation system related to the neoplastic  
disease or therapy, and for hypercoagulable  
states or thrombosis. Hematuria associated with  
coagulopathic states always requires further  
evaluation.20

Evaluation of Hematuria

Hematuria commonly presents with signs, symp
toms, or abnormalities on urinalysis, or with lab
oratory values that provide clues to the etiology. 
Thus, the first step in the evaluation of hematuria 
is a complete history and physical examination. 
The pattern of hematuria can give insight into the 
site of bleeding. Prominent hematuria associated 
with the initiation of the stream suggests a  

Adenocarcinoma of the prostate is a common 
cause of hematuria. In contrast to transitional cell 
carcinoma, the incidence adenocarcinoma of the 
prostate increases above the age of 45 and is the 
most common malignancy of the urinary tract in 
men above the age of 55 (National Cancer Insti
tute (U.S.). Division of Cancer Prevention and 
Control., 1987 #23). Benign prostatic hypertro
phy (BPH) is also associated hematuria.9 BPH is 
so prevalent in elderly men that the presence of 
hematuria merits formal evaluation.

Urinary Tract Infections
Infections of the urinary tract such as urethritis, 
cystitis, or prostatitis account for approximately 
20 to 25% of all cases of hematuria in the general 
population. Cancer patients are at an increased 
risk for these infections from both the primary 
disease and the associated therapy. Three factors 
that predispose cancer patients to infections of 
the urinary tract include an obstructive process 
related to the primary tumor, immunosuppres
sion from chemotherapeutic agents, and the pres
ence of a foreign body (such as a Foley catheter or 
nephrostomy tube). These infections may present 
as microscopic or macroscopic hematuria and  
are associated with pyuria. The presence of  
hematuria and pyuria should raise suspicion for 
infection and necessitates obtaining a urine  
culture. Two infectious organisms that are com
monly associated with negative urine cultures are  
Chlamydia trachomatis and Mycobacterium tuber-
culosis.10,11 It is important to note that other  
diseases can present with hematuria and pyuria. 
Three dis orders that should be considered are 
inflam matory glomerulonephritis, interstitial 

nephritis, and multiple myeloma (myeloma 
kidney). Unlike infections of the urinary tract, 
these disorders are commonly associated with 
renal insufficiency.

Nephrolithiasis/Crystalluria
Nephrolithiasis accounts for 20% of the cases of 
hematuria in the general population. The classic 
presentation consists of flank pain, associated 
with either microscopic or macroscopic hema
turia and the presence of crystals in the urine. 
Cancer patients may develop hematuria associ
ated with crystalluria as a toxic effect from a  
therapeutic agent. Medications that are associ
ated with crystalluria include sulphadiazine,  
triamterene, acyclovir, and indivir.12 Addition
ally, a sudden rise in the serum uric acid from 
conditions such as tumor lysis syndrome has  
been associated with hematuria and uric acid 
crystaluria.13

Non-glomerular Renal Causes of  
Hematuria

Hematuria in cancer patient may also result from 
nonglomerular renal disorders. These disorders 
most commonly arise from the primary neo
plasm, such as renal cell carcinoma or a thera
peutic intervention (Table  3). The most common 
causes of hematuria in this category include:  
renal cell carcinoma, metabolic abnormalities, 
such as hypercalcemia or hyperuricemia, and 
coagulopathies.

Table 2  Factors Associated with an Increased 
Incidence of Uroepithelial Malignancy

Age
Progressive increase in risk as age rises above  
 35 yr

Sex
Male > female

Race
Whites > blacks

Hematuria
Gross > microscopic

Exposure to carcinogens
Phenacetin abuse
Pelvic irradiation
Occupational exposures
Aniline dyes 
Benezidine (rubber)
Plastic industry

Parasitic infection
Schistosoma haematobium

Adapted from Lieberthal W, Mesler DM. Hematuria and 
the acute nephritic syndrome. In: Jacobson HR, Striker 
GE, Klahr S, editors. The principles and practice of 
nephrology. 2nd ed. St Louis: Mosby; 1995. p. 102–110.

Table 3  NonGlomerular Renal Parenchymal 
Causes of Hematuria

Neoplasms
Renal cell carcinoma
Wilms’ tumor
Benign cysts

Vascular
Renal infarct renal vein thrombosis malignant  
 hypertension 
Arteriovenous malformation
Papillary necrosis
Loin pain hematuria syndrome

Metabolic
Hypercalciuria
Hyperuricosuria

Familial
Polycystic kidney disease 
Medullary sponge kidney 

Papillary necrosis
Analgesic abuse 
Sickle cell disease and triat 
Renal tuberculosis 
Diabetes obstructive uropathy 

Drugs
Anticoagulants (heparin, warfarin)
Drug induced acute interstitial nephritis
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urethral lesion, whereas hematuria at termination 
is consistent with a bladder bleeding. Hematuria 
that is present continuously throughout urina
tion is consistent with bladder, ureteral, or renal 
bleeding. The pattern of hematuria can be  
confirmed by obtaining a split urine specimen. 
Features associated with hematuria can often 
provide clues to the site and/or cause of hematu
ria. Bleeding from the upper urinary tract may be 
associated with ureteral casts, which form long 
serpentine clots compared to broad clots associ
ated with lower urinary tract bleeding. Lower  
urinary tract bleeding may also present as bright 
red blood that clears with urination.

Other constellations of symptoms can sug
gest specific causes of hematuria. The presence  
of urgency, urinary frequency, and dysuria are  
commonly present with urinary tract infections. 
The presence of hematuria with associated uni
lateral flank pain is suggestive of urinary tract 
obstruction from renal stone disease. People over 
the age of 50 who present with hematuria and 
flank pain should be evaluated for renal cell carci
noma. All men above the age of 50 who present 
with hematuria should be asked about hesitancy, 
inability to empty the bladder, and the quality  
of the urinary stream to investigate for prostatic 
disease. Finally, in women who menstruate, it  
is important to rule out the possibility of contam
ination with RBCs from menstrual blood.

A patient’s family history can often provide 
important clues to the etiology of hematuria. 
Both polycystic kidney disease and glomerular 
basement membrane diseases are inherited renal 
diseases that may present as hematuria. Careful 
attention to the medication history can be impor
tant. Druginduced interstitial nephritis, cyclo
phosphamide associated hemorrhagic cystitis,  
or the presence of anticoagulation may present  
as hematuria. On physical examination, the  
presence of a renal mass or evidence of prostate 
disease on rectal examination, are critical in the 
evaluation of hematuria. The combination of 
hypertension, edema, and hematuria are consis
tent with glomerulonephritis. Hereditary disor
ders of the glomerular basement membrane  
are associated with sensoryneural hearing loss 
and anterior lenticonus. Careful examination of  
the urine can aid in the evaluation of hematuria. 
The presence of dysmorphic RBCs (fragmented 
or distorted), RBC casts, and proteinuria is  
suggestive of a glomerular disease.

Clinical Approach to Hematuria

Because of the arbitrary nature of the definition of 
hematuria, it is important to consider the clinical 
presentation and demographic data of the patient 
with established hematuria. In the absence of 
associated symptoms (asymptomatic isolated 
hematuria) the evaluation is directed by the 

patient’s age (Table 4). Hematuria in asymptom
atic patients under the age of 35 years old is very 
different from those over the age of 35. Glomeru
lar and metabolic disease account for the majority 
of asymptomatic, isolated hematuria in adults 
under the age of 35. The evaluation of all patients 
with isolated hematuria should include renal 
ultrasonography as an initial imaging study.  
In patients under the age of 35, a 24hour urine 
collection should be obtained to evaluate for met
abolic disorders such as hypercalciuria or hyper
uricosuria. In the absence of a metabolic cause, 
the focus of the evaluation turns to glomerular 
diseases. Specific attention should be paid to  
the family history for any firstdegree relatives 
with familial glomerular disease. Prior to obtain
ing a renal biopsy, intravenous pyelography (IVP) 
should be performed to exclude the rare case  
of medullary sponge kidney. The incidence of a 
neoplasm presenting as asymptomatic, isolated 
hematuria markedly increases above the age of 
35. If the initial renal ultrasonography is normal, 
IVP with nephrotomography should be per
formed with attention to visualization of the renal 
pelvis and ureters. Radiolucent filling defects 
would indicate the presence of a tumor. In the 
event of an inadequate visualization of the col
lecting system, retrograde pyelography should be 
performed. In addition to visualizing the collect
ing system, cystoscopy is indicated to rule out 
bladder involvement. If the above imaging studies 
are normal, urine cytology should be obtained. 
Urine cytology is abnormal in only 75 to 80% of 
patients with bladder. If the above evaluation is 
normal, a workup for metabolic and glomerular 
etiologies should be performed.

Hemorrhagic Cystitis

Hemorrhagic cystitis is defined as acute or  
insidious diffuse vesicular inflammation with 

hemorrhage.21 The presence of associated bleed
ing diathesis due to the cancer or its treatment 
may exacerbate vesicular bleeding. Gross hema
turia commonly requires emergency therapy and 
palliation. The majority of cases of hemorrhagic 
cystitis in cancer patients are due to metabolites 
of chemotherapeutic agents such as cyclophos
phamide, bladder injury from radiation therapy, 
and viral infections in an immunocompromised 
host (Table 5). Other important causes of bladder 
hemorrhage that occur in cancer patients (but 
that will not be discussed) include hemorrhage 
due to the primary neoplasm; or bacterial, fungal, 
or parasitic infection associated with an immuno
suppressed state.

Drug-Induced Hemorrhagic Cystitis

The urinary tract is exposed to the toxic effects of 
many therapeutic agents and their metabolites. 
Many of these agents are concentrated in the 
urine and have prolonged exposure to the mucosa 
of the bladder. A prominent example is the  
oxazaphosphorine alkylating agents that include 
cyclophosphamide and ifosfamide. Initial experi
ence with these agents was associated with blad
der damage manifesting as dysuria, increased 
urinary frequency, urgency, and microscopic and 
macroscopic hematuria.22 Similar effects were 
subsequently noted with ifosfamide.23 The inci
dence of hemorrhagic cystitis in patients recei ving 
highdose cyclophosphamide therapy has been 
reported to be as high as 20%—and as high as 8% 
of those receiving ifosfamide. Hemorrhagic cysti
tis is associated with a high morbidity and may 
result in lifethreatening vesicular hemorrhage, 
with reported mortality rates in bone marrow 
transplantation patients of up to 75%.24 The toxic 
effects of these agents commonly occur at the 
time of, or shortly after, the administration of 
these agents. Bladder hemorrhage may present 
later in the course of therapy in patients who are 
on chronic oral therapy. Other complications 
with chronic therapy include the development of 
fibrosis and transitional cell carcinoma of the 
bladder.25,26

It was initially thought that these agents  
were directly toxic to the vesical mucosa. Work by 

Table 4  Major Causes of Asymptomatic Isolated 
Hematuria

Patients < 35 years old
Glomerular IgA nephropathy
 Thin basement membrane  
  disease
 Benign familial hematuria
 Presymptomatic Alport  
  syndrome
Other renal  Medullary sponge kidney
parynchymal disease Polycystic kidney disease
Metabolic  Hypercalciuria
Hyperuricosuria

Patients > 35 years old
Bladder cancer
Transitional cell carcinoma of the urothelium
Renal cell carcinoma

Adapted from Salant DJ. Approach to the patient with 
asymptomatic isolated hematuria. In Nethrology 
Rounds. Snell; 2004: 2(5).

Table 5  Causes of Hemorrhagic Cystitis

Major Causes
Cyclophosphamide
Radiation
Viral

Other Causes
Drug Toxicity Busulfan, Thiotepa,  
  Gentian, Contraceptive  
  suppository, Penicillin  
  and Methenamine
Systemic Disease Amyloidosis
Hemorrhage—primary tumor
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Philips and colleagues, demonstrated that there 
were no toxic effects with direct exposure of the 
bladder to these agents.27 Systemic administration 
resulted in bladder toxicity within 24 hours of 
receiving the first dose. Furthermore, untreated 
animals developed cystitis when urine from 
treated animals was instilled into their bladder, 
suggesting the presence of a toxic metabolite.  
The animals developed transmural edema, muco
sal ulceration, and necrosis within 24 hours of 
administration of cyclophosphamide. The toxic
ity was dosedependent and abrogated by induc
ing a diuresis. Subsequently, the hepatic metabolite 
of cyclophosphamide, acrolein, has been impli
cated as the toxic agent.28,29 In other studies  
characterizing histologic and cytology features of 
cyclophosphamide toxicity, edema and hyper
emia was noted within 4 hours of administration 
of a single dose and persisted for up to 36 hours.25,26 
Both increased dosage and repeated exposure are 
associated with progressive fibrosis.

Patients commonly present with signs of 
bladder irritation that include dysuria, increased 
frequency, urgency, and microscopic or gross 
hematuria. In one study of 100 patients who 
developed cyclophosphamideinduced hemor
rhagic cystitis, microhematuria was present in 
93% of the cases; 78% presented with gross hema
turia; and 45% had symptoms associated with 
voiding.30 Hemorrhage severe enough to require 
transfusion occurred in 20% of the patients. Blad
der hemorrhage occurred after a mean cumula
tive intravenous dose of 18 g or an oral dose of  
90  g. Hemorrhagic cystitis occurred after one 
dose in three patients. Cystectomy was required 
in 9 patients, and 10 patients died from uncon
trolled bleeding or a complication thereof.30 The 
primary clinical risk factor for developing hemor
rhagic cystitis is the presence of thrombocytope
nia at the time of treatment.31 It is clear that 
bladder toxicity is a major limiting factor with the 
use of these agents. Therefore, effort to prevent or 
limit this toxicity is of paramount importance.

As mentioned above, initial studies indicated 
that prehydration with associated diuresis 
decreased the incidence of bladder hemor
rhage.24,32 Prehydration decreases bladder toxicity 
by diluting and washing out acrolein, the toxic 
metabolite of cyclophosphamide. Subsequent 
studies evaluating the effects of hydration on 
cyclophosphamide toxicity have been mixed,  
specifically, in the setting of highdose therapy 
and chronic oral therapy.24,33 A different strategy 
to limit the toxicity of acrolein is to bind and neu
tralize its toxic effects. Mesna (2mercaptoehane 
sulfonate) is an agent that binds acrolein, limiting 
its toxicity and thereby allowing maximum thera
peutic efficacy of oxazaphosphorine alkylating 
agents.34,35 An added benefit of preventing blad
der injury will also prevent the subsequent devel
opment of transitional cell carcinoma associated 
with this therapy.36 In addition to aggressive oral 

hydration, mesna is given intravenously in doses 
of 800  mg/m2 or 20 mg/kg at time of cyclophos
phamide administration and every 4 hours for  
2 to 3 subsequent doses. To protect against ifos
famide toxicity, patients should receive intrave
nous hyperhydration and an intravenous bolus of 
mesna 15 minutes prior to treatment that equals 
20% of the ifosfamide dose, and every 4 hours for 
2 doses. The total mesna dose should equal 60% 
of the ifosfamide dose. Mesna can be adminis
tered as a continuous infusion at 100% of the 
ifosfamide dose. Mesna should be continued 4 to 
8 hours after the infusion of ifosfamide is com
plete. In the case of highdose cyclophosphamide 
as used in bone marrow transplantation, mesna is 
given in doses ranging from 60 to 160% of the 
cyclophosphamide dose by continuous infusion 
or in 3 to 5 divided doses.36–39

Radiation Cystitis

Radiation is a common therapeutic modality 
employed in the treatment of gynecologic, geni
tourinary, and rectal cancer. Approximately 20% 
of the patients who receive pelvic irradiation of 
these tumors experience some form of bladder 
toxicity.40,41 Bladder toxicity most commonly 
manifests as dysuria, urgency, and increased  
frequency due to reduced bladder compliance 
and capacity. Unlike cyclophosphamide toxicity, 
hematuria may occur months to years after ther
apy, presenting as microscopic hematuria or life
threatening hemorrhagic cystitis.42 Hemorrhagic 
cystitis has been reported in up to 9% of the 
patients who received fulldose irradiation for 
genitourinary cancer.43

The initial toxic effect of radiation on the 
bladder is on the vesical mucosa with the develop
ment of diffuse mucosal edema. This is followed 
by the development of vascular telangiectasia, 
submucosal hemorrhage, and interstitial fibro
sis.21 The longterm consequence of this process is 
a small fibrotic bladder that is noncompliant.  
As this process resolves, the greatest danger is the 
development of obliterative endarteritis leading 
to ischemia of the vessel wall and hemorrhage.44 
In addition to hemorrhagic cystitis, one study 
demonstrated that 85% of macroscopic hema
turia postradiation therapy was attributed to  
recurrent disease.40 This observation underscores 
the importance of cystoscopy with any episode of 
hematuria postradiation therapy.

Viral Hemorrhagic Cystitis 

Hemorrhagic cystitis in cancer patients associated 
with viral infection has been predominantly seen 
in the bone marrow transplantation population. 
Viralinduced hemorrhagic cystitis was initially 
noted in the mid1970s, when an outbreak of 
adenovirus type II was associated with urinary 

symptoms and gross hematuria in immunocom
petent children.45,46 Adenovirus II has been recov
ered from the urine of patients who developed 
hemorrhagic cystitis after marrow transplanta
tion.47 Additionally, the BK type of human poly
omavirus has been implicated in the development 
of hemorrhagic cystitis in the bone marrow trans
plantation population.48 BK virus is indigenous  
in the general population and persists in a latent 
form in the kidney following a primary infec
tion.49 Subsequent immunosuppression (bone 
marrow transplantation) activates the latent virus 
resulting in viruria.50 In a prospective study of 
patients undergoing marrow transplantation, BK 
virus was found in the urine in 55% of patient 
with hemorrhagic cystitis, compared to 11%  
who had no cystitis.51 Furthermore, Priftakis and  
colleagues demonstrated that greater than 1x104 
copies/µL by real time polymerase chain reaction 
was associated with an increased risk of hemor
rhagic cystitis.52 The use of cyclophosphamide  
in the preparation for transplantation has been 
associated with persistent BK viruria and hemor
rhagic cystitis.53 In light of the role of the BK virus 
in hemorrhagic cystitis in this patient population, 
DNA gyrase inhibitors such as vidarabine  
are being incorporated in the uroprotective  
regimen.54

Treatment

The best treatment for any disorder is prevention. 
Appropriate uroprotective regimens, as outlined 
for cyclophosphamideinduced hemorrhagic cys
titis above, are critical for optimal therapy. The 
two clinical issues in the treatment of acute hem
orrhagic cystitis are urinary obstruction due to 
clot formation and ongoing bladder hemorrhage. 
Dissolution of formed clots is accomplished by 
intermittent or constant bladder irrigation with 
water, or antibioticcontaining saline or endo
scopic clot evacuation. Ongoing diffuse hemor
rhage after clot removal is an indication for either 
systemic or intravesical administration of various 
hemostatic agents. These agents include amino
caproic acid, silver nitrate, alum, prostaglandins, 
and formalin (Table 6). In extreme cases, vascular 

Table 6  Therapeutic Agents for Hemorrhagic 
Cystitis

Bladder Irrigation/Clot Evacuation—simple vs  
 continuous
Aminocaproic Acid
Silver Nitrate
Alum
Hyperbaric Oxygen
Formalin
Hypogastric artery embolization
Open cystotomy with bladder packing
Cystectomy with urinary diversion
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embolization and emergency cystectomy are  
utilized to avoid exsanguination.

The initial therapeutic approach to hemor
rhagic cystitis consists of clot evacuation with 
bladder irrigation. Commonly removing clots 
and decompressing the bladder will decrease  
or resolve bladder hemorrhage.55 This process is 
usually carried out with a multichannel catheter 
with intermittent or constant irrigation with 
water or antibioticcontaining saline. Continu
ous bedside irrigation for recalcitrant clots can 
result in increased intravesical pressure and blad
der rupture.55 Clots that have been present for 
many hours may require mechanical disruption 
under direct visualization with an endoscope. 
Direct visualization offers the additional advan
tage of cauterizing any focal site of bleeding.
eAminocaproic acid, an inhibitor of plas

minogen activator substances, promotes hemo
stasis in hemorrhagic cystitis by inhibiting 
fibrinolysis.56 Aminocaproic acid has the untow
ard effect of increasing the density of existing 
clots, further complicating their disolution.57 
Thus, it is important to make every effort to 
remove any existing clots prior to treatment with 
this agent. It is administered either intravenously 
or orally, with a maximal effect seen at 8 to  
12 hours. The use of this agent is contraindicated 
in patients with upper tract bleeding in the  
presence of ureteral reflux.58 It has also been  
associated with severe hypotension.58

The intravesical instillation of silver nitrate 
has been used to treat diffuse bladder hemor
rhage.59 This agent is instilled for 10 to 20 minutes 
and may require several treatments. In one study, 
silver nitrate was associated with a 68% success 
rates in stopping bladder hemorrhage.60 Unfortu
nately, followup studies have been associated 
with shortterm efficacy with recurrent bleeding 
rates of up to 80% at 2 years. Additionally,  
precipitation of silver salts in the urinary tract  
has resulted in functional obstruction and renal 
failure.61

Alum is an ammonium or potassium salt of 
aluminum which can be administered without 
anesthesia for hemorrhagic cystitis.62,63 Con
tinuous irrigation of a 1% solution is used to 
chemically cauterize the bladder. Continuous 
infusion for an average of 21 hours is required to 
achieve optimal outcomes. Allergic reactions have 
been reported, requiring termination of therapy. 
Alum is reportedly not absorbed by the bladder 
mucosa but has been associated with increased 
serum aluminum levels with encephalopathy.63–65 
Prostaglandin E2 and F2a are normally present in 
the bladder and have been reported to improve 
healing of the microvasculature and epithelium, 
inhibit edema, and have a protective effect on 
mucosal ulceration.66,67 When instilled in the 
bladder, both have been demonstrated to control 
intractable bladder hemorrhage.66,68 Severe  

bladder spasms have limited the therapeutic  
efficacy of these agents.

Hyperbaric oxygen is a noninvasive form  
of therapy for hemorrhagic cystitis. Successful 
treatment of radiationinduced bone necrosis  
initiated the evaluation of hyperbaric oxygen  
in radiationinduced hemorrhagic cystitis. In 
multiple studies, hyperbaric oxygen therapy has 
resulted in the reversal of hematuria in patients 
with radiationinduced cystitis.44,69 In subsequent 
studies, this therapy has proven effective in cyclo
phosphamideinduced hemorrhagic cystitis.70 
Hyperbaric oxygen is thought to promote wound 
healing in areas of the bladder where perfusion is 
limited due to scar tissue.

Formalin, the aqueous solution of formalde
hyde, is the most effective local treatment for 
intractable bladder hemorrhage.71 It is used in 
tissue preparation for its ability to rapidly cross
link proteins and fix tissues. Intravesical adminis
tration of formalin rapidly crosslinks proteins on 
the bladder mucosa, preventing further tissue 
necrosis, breakdown, and bleeding. It has been 
reported to be effective in alleviating bladder 
hemorrhage in up to 80% of the cases.71 Unlike 
alum and the prostaglandins, the administration 
of formalin requires general or regional anesthe
sia due to the pain associated with instillation. 
Adverse effects of formalin administration are 
related to its ability to fix tissue. Formalin is 
administered in the reverse Trendelenburg’s  
position to decrease the chance of reflux of  
formalin in the ureters resulting in fibrosis and 
hydronephrosis.72

Selective vascular embolization has been  
utilized to control massive bleeding from the 
bladder. Bleeding from virtually any site invol
ving the bladder or prostate can be addressed by 

selective embolization of the hypogastric artery.73,74 
This approach is commonly used in patients with 
refractory bladder hemorrhage and in patients 
who are not operative candidates and are medi
cally unstable. Occluding the hypogastric artery 
may result in transient ischemia of the gluteal 
muscles, transient unilateral lower limb paralysis, 
and bladder necrosis.75,76

In cases where the above modalities have 
failed to control the bleeding, open cystotomy 
with bladder packing or cystectomy with urinary 
diversion may be required to avoid exsanguina
tions.77,78 Surgical intervention under these cir
cumstances is associated with high morbidity and 
mortality rates due to hemodynamic instability  
at the time of the procedure. The primary goal  
of these procedures is to gain hemodynamic  
instability. While most patients who undergo  
surgical intervention for bladder hemorrhage 
require urinary diversion, every effort should  
be made to avoid cystectomy in favor of bladder 
reconstruction.

Clinical Approach to Hemorrhagic 
Cystitis

The therapeutic strategy in hemorrhagic cystitis is 
predicated on the severity of the bleeding. Devries 
and Freiha suggested dividing hemorrhage in 
three categories: mild, moderate, and severe 
(Table  7).21 Mild hemorrhage is controlled by 
simple measures, such as bladder irrigation with 
water or saline, silver nitrate, alum, and aminoca
proic acid. Moderate bladder hemorrhage results 
in a decrease in hemoglobin requiring 6 units or 
less of packed red blood cells over several days. 
Urinary obstruction due to clot formation is a 
common complication of this level of bleeding. 

FIgURE 1  Adapted from Schrier R. Atlas of diseases of the kidney. Current Medicine, Inc.; 1999.
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Evacuation and prevention of clot formation is 
the first goal of therapy. Intravesical instillation of 
aminocaproic acid, alum, or silver nitrate should 
be considered firstline agents to control this level 
of bleeding. In resistant cases, the instillation of  
a diluted formaldehyde solution or an open  
surgical procedure. Severe hematuria is defined as 
continued hemorrhage that does not resolve with 
simple irrigation, instillations, or aminocaproic 
acid, and requiring greater than 6 units of packed 
red blood cells. In this clinical setting, formalin 
appears to have the best chance of controlling 
intractable hemorrhage.

Obstructive (Postrenal)  
Nephropathy 

Urinary tract obstruction is a relatively common 
cause of renal failure in patients with malignancy. 
Regardless of cause, obstruction of urinary flow 
leads to renal impairment, which, early in the 
course of the condition, is reversible if the obstruc
tion is alleviated. Tubular function is initially 
affected; however, prolonged obstruction leads  
to tubular damage and parenchymal atrophy. 
Seventy percent of the cancers that cause obstruc
tion originate from the genitourinary tract.55 
Commonly encountered causes of urinary tract 
obstruction in cancer patients are listed in Table 
8. Retroperitoneal fibrosis after radiation therapy 
can result in ureteral obstruction and can be a late 
complication. McIntyre and colleagues reviewed 
1,784 cases for ureteral obstruction after external 
beam irradiation for the treatment of stage IB cer
vical carcinoma at the M. D. Anderson Cancer 
Center.79 Ureteral obstruction occurred in 29 
patients, with 2.5% of them surviving 20 years 
after developing a severe ureteral stricture. The 
authors recommend longterm surveillance for 
late onset ureteral obstruction.

Clinical manifestations of urinary tract 
obstruction vary, depending on the location, 
duration, and degree of obstruction. In patients 
with complete bilateral obstruction or with an 
obstructed solitary kidney, anuria (<50  mL of 
urine output in 24 hours) can be the presenting 
feature, whereas, in patients with partial obstruc
tion, the urinary output can vary from oliguria  
to polyuria. In a review of 50 patients with acute 
renal failure secondary to bilateral ureteral 
obstruction, 76% had a malignancy as the cause, 
and half of these patients presented with uremia 
prior to the diagnosis of the cancer.80 Although 
pain is more likely to be associated with acute 
blockage, obstruction may be totally asymp
tomatic and occur without overt clinical mani
festations or suggestive laboratory findings.81 
Therefore, obstructive nephropathy should 
always be considered as a cause of renal failure 
when an obvious prerenal or intrinsic renal cause 
is not identified.

Diagnosis of urinary tract obstruction can be 
difficult. Anuria, flank pain with a palpable mass, 
or a palpable bladder are obvious clues. The labo
ratory evaluation can be helpful. Hyperkalemia 
with a nonanion gap metabolic acidosis is sug
gestive of a renal tubular acidosis associated with 
obstruction.82 The urinary sediment may be bland 
or demonstrate crystals or hematuria depending 
on the etiology of the obstruction. Patients  
may have very dilute urine due to the presence  

of an acquired form of nephrogenic diabetes 
insipidus.83

Ultrasonography is the most useful test to 
evaluate for the presence of obstruction. Although 
hydronephrosis is usually demonstrated, there 
are circumstances when hydronephrosis is not 
seen, despite urinary tract obstruction: (1) early 
in the course of obstruction (12 to 24 hours), 
when the collecting system is relatively noncom
pliant; (2) in the face of severe volume depletion, 
when glomerular filtration is severely depressed; 
and (3) when the collecting system is encased  
by retroperitoneal lymphadenopathy or fibrosis. 
Conversely, the finding of hydronephrosis on 
ultrasonography does not prove the presence of 
obstruction since it is also seen in high urinary 
flow states, such as diuretic use and diabetes 
insipidus, pregnancy, previous obstruction, and 
congenital megaureter. The lack of functional 
obstruction can be verified in these cases by a 
normal renal scan with furosemidewashout. In 
this test an intravenously injected radioisotope 
will collect in the dilated collecting system but be 
promptly excreted by the increased urinary flow 
induced by the diuretic.

Once obstruction is identified, it should be 
corrected with either percutaneous nephrostomy 
tubes or ureteral stenting, depending on local 
expertise and availability. The duration and  
severity of obstruction are the major determi
nants for the recovery of renal function after its 
correction. The longer the duration of obstruc
tion, the less likely are the chances for complete 
renal recovery. In the past, open surgical proce
dures carried a high major complication rate,  
and now, both percutaneous and cystoscopic 
techniques are used to decompress obstructed 
kidneys with greater safety. Relative indications 
to proceed with percutaneous nephrostomy tube 
placement include large intravesicular tumors, 
large prostate tumors, tortuous ureters, more 
than one site of obstruction, or long occlusions.84 
An internal DoubleJ stent should be placed after 
decompression of the collecting system. Ante
grade placement of the stent can be done using 
the nephrostomy tube. Metallic, selfexpanding 
stents are now being used, often in conjunction 
with DoubleJ stents to avoid percutaneous  
nephrostomy tubes.85–87 If the stent fails rapidly or 
cystoscopic management of the stent cannot be 
done, nephrostomy tubes may be permanent or 
an internalexternal stent may be used.

Although renal function can be rapidly 
regained with percutaneous nephrostomy tubes 
or ureteral stents, the longterm prognosis for 
patients who develop obstructive uropathy from 
metastatic or locally advanced tumors is poor. 
Donat and Russo from the Memorial Sloan 
Kettering Cancer Center reported the outcomes 
of 78 patients treated for ureteral obstruction 
from locally advanced or metastatic nonurologic 

Table 7  Therapeutic Approach to Hemorrhagic 
Cystitis

Mild Hemorrhage 
Bladder irrigation/clot removal
Silver nitrate
Alum
Aminocaproic acid

Moderate hemorrhage
Bladder irrigation/clot removal
Silver nitrate
Alum
Aminocaproic acid
Formalin

Severe hemorrhage
Bladder irrigation/clot removal
Aminocaproic acid
Formalin
Hypogastric artery embolization
Surgical intervention

Table 8  Causes of Obstruction in Cancer Patients

Intratubular obstruction
Uric acid crystals from tumor lysis syndrome
Methotrexate
Light chains from multiple myeloma
Acyclovir crystals

Ureteral obstruction
Stones
Blood clot
Sloughed renal papillae
Uric acid
Iatrogenic ligation
Extrinsic compression 
 Abscess
 Hemorrhage
 Tumor (lymphoma)
Radiation induced strictures
Transitional cell cancer

Bladder Neck Obstruction
Stones
Hemorrhagic cystitis (cyclophosphamide,  
 holmium)
Prostatic hypertrophy
Bladder carcinoma
Neurogenic bladder (spinal cord compression)

Urethral Obstruction
Stricture
Tumor
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tumors.88 From the time of the first ureteral 
decompression, the median survival for all 
patients was 6.8 months. Fifty percent of the 
patients had a complication related to the place
ment of the percutaneous nephrostomy tubes or 
stents. In a report of 103 patients with advanced 
malignancies undergoing palliative urinary diver
sion, the average survival was 5 months with a 
complication rate of 63%.89 It has been recom
mended that decompression procedures not be 
performed in patients with metastatic gastric and 
pancreatic cancer because the median survival is 
only 1.4 months after the procedure.55,88

Post-Obstructive Diuresis

Postobstructive diuresis occurs when there is 
correction of complete bilateral obstruction or 
complete obstruction of a solitary kidney. It 
involves the production of a large volume of urine 
that results from a defect in urinary concentrating 
ability, impaired reabsorption of urinary sodium, 
and solute diuresis from retained urea and intra
venous administration of sodiumcontaining 
solutions. Patients with relief of complete obs
truction who are at risk for developing post 
obstructive diuresis should be carefully monitored. 
It has been recommended, for patients without 
pulmonary edema, congestive heart failure, or 
altered consciousness from uremia, that urine 
losses be replaced by oral intake.90 Replacement 
fluids are given only if the patients develop ortho
static hypotension, tachycardia, hyponatremia,  
or a urine output more than 200  mL/hr. On  
the other hand, in highrisk patients with altered  
sensorium, congestive heart failure, or pulmo
nary edema, replacement of half the hourly urine 
output with halfnormal saline has been recom
mended. If the patient is hyponatremic, normal 
saline should be used instead.55,90
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Ischemic Heart Disease in Cancer Patients
Atiar M. Rahman, MD, PhD

Epidemiology

Collectively, cardiovascular disease, and cancer 
account for approximately two-thirds of all deaths 
in the United States.1 Coronary artery disease 
(CAD) is the leading cause of death in the  
Western world, being responsible for about 
1,400,000 annual deaths in the United States 
alone.2 Similarly, cancer is second only to cardio-
vascular diseases as a cause of mortality and 
accounts for about one-quarter of all deaths in 
developed countries. In the United States, more 
than 563,700 people died from cancer in 2004.3 
About 1.37 million new cases of cancer would 
have been diagnosed in 2004 alone not including 
in situ (pre-invasive) cancer or the more than one 
million cases of non-melanomatous skin cancer. 
Cancer and CAD are true global health problems, 
although both disease states have often been 
regarded as a problem belonging principally to 
the developed world. In reality, more than half of 
all cancers occur in developing countries; and 
more than 80% of the global burden of cardiovas-
cular disease occurs in low-income and middle-
income countries.4 The lifelong probability of 
developing cancer is 45% for men and 38% for 
women,5 while the lifelong probability of devel-
oping CAD is 49% for men and 32% for women.6 
Indeed, cancer will become the leading cause of 
death in many countries early in this century. 
Worldwide there will be more than 30 million 
people living with cancer by 2015. The increas-
ingly long survival of cancer patients raises a 
question as to whether there might be an associa-

tion between coronary disease and different types 
of cancer, since, as with many cancers, the preva-
lence of CAD is age-dependent, and these differ-
ent diseases share some of the same risk factors 
(such as smoking). The attributable risk of age to 
coronary heart disease and cancer is significant 
and increases with age: the annual rate of first  
cardiovascular events in men aged 35 to 44 years 
of 7 in 1,000 increases almost tenfold to 68 in 
1,000 for those aged greater than 85 years (for 
women, comparable rates occur 10 years later  
in life).6 Although no definitive relationship is 
known to exist between cancer and CAD, in one 
retrospective autopsy study of 1,642 cancer 
patients, the incidence of MI was noted to be 
6.5%, with significantly higher rates noted in 
patients with squamous cell cancers.7 An emerg-
ing concept is that cancer is a manageable disease, 
similar to hypertension or diabetes, and requires 
early detection, periodic surveillance, and coordi-
nated therapeutic decision-making. It is therefore 
critical for cancer survivors to limit comorbid  
illnesses. Many cancer survivors will actually be  
at as great a risk from cardiac disease as from 
recurrent cancer.8

Economic Impact of Cancer and 
Heart Disease

According to the American Heart Association 
(AHA) and the National Center for Chronic  
Disease Prevention and Health Promotion, the 
cost of cardiovascular disease in the United States 
in 2005 was $393.5 billion (US), of which CAD 

contributes $142 billion (US) equally split between 
direct medical costs and indirect costs, such  
as lost productivity. The National Institutes of 
Health (NIH) estimated that the overall costs for 
cancer in 2004 were at $190 billion (US), includ-
ing $69 billion (US) for direct medical costs and 
$121 billion (US) for indirect costs, such as lost 
productivity.6 However, Americans’ risk of dying 
from cancer continues to decline, and survival 
rates for many cancers continue to improve. 
Overall observed rates from all cancers dropped 
1.1% per year from 1993 to 2001. The age-adjusted 
death rates for heart disease (ie, coronary heart 
disease) have decreased from 307.4 in 1950 to 
134.6 per 100,000 persons (standardized to the 
1940 population) in 1996. These data reflect prog-
ress in prevention, early detection, and treatment 
of both cancer and CAD. Paradoxically, however, 
this decline in mortality and resultant increased 
survival from both disease states combined with 
graying of the population would more likely 
translate into more patients with concurrent  
disease.

CAD and cancer are among the most signifi-
cant contributors of health care spending in the 
US. Average monthly health care costs for cancer 
ranges from $2,187 (US) for each patient with 
prostate cancer to $7,616 (US) for those with 
pancreatic cancer, compared to the average health 
care costs for individuals without cancer of $329 
(US) per month.9 This calculation excludes the 
average monthly indirect costs for cancer patients 
estimated at $954 (US), attributed to an average 
loss of two working days and five days with short-
term disability each month. Eisenstein and col-
leagues calculated that mean 10-year discounted 
inpatient medical costs of an acute coronary syn-
drome (ACS) patient were $45,253 (US) ($23,510 
[US] acute phase and $21,819 [US] post-acute 
phase) with similar figures for unstable angina 
and myocardial infarction patients.10

Risk Stratification in Suspected 
CAD

Extensive clinical and statistical studies have  
identified several risk factors for coronary artery 
disease. Most of our knowledge about prevalence 
of coronary artery disease and its risk factors are 
mainly derived from studies done in populations 

Table 1  Definitions

Acute coronary syndromes A spectrum of clinical conditions encompassing ST segment elevation and
  non-ST segment elevation (unstable angina and non-Q wave myocardial
  infarction) myocardial infarction

Unstable angina Ischaemic-type chest pain which is of recent origin; is more frequent, severe,
  or prolonged than the patient’s usual angina; is more difficult to control
  with drugs; or is occurring at rest or minimal exertion; cardiac enzyme
  concentrations are not raised

Non-Q wave myocardial Myocardial infarction (increase in cardiac enzyme concentrations to greater
 infarction  than twice the upper limit of normal) occurring without the subsequent
  development of new Q waves on the 12 lead electrocardiogram

ST elevation myocardial Myocardial infarction with ST segment elevation on the presenting 
 infarction  electrocardiogram
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of European origin,11 and data from studies in 
populations of non-European descent suggest 
that there may be variations in risk factors between 
different ethnic populations for coronary heart 
disease. Hypertension and hyperlipidemia do  
not represent a similar risk in south Asian12 and 
Chinese populations.13 Although commonly 
known risk factors (smoking, hypertension, 
hyperlipidemia, and diabetes) have been claimed 
to account for only half the risk of a myocardial 
infarction,14 evidence from a recent large global 
case-control study (15,152 cases and 14,820 con-
trols, undertaken in 52 countries in five conti-
nents) showed that easily measurable risk factors 
(including smoking, abnormal lipids, psycho-
social factors, hypertension, diabetes, and abdom-
inal obesity) are associated with more than 80% 
of the risk of an acute myocardial infarction 
(AMI).4 The role of these attributes is verified by 
the fact that a strategy to reduce traditional car-
diovascular risk factors through public awareness 
against smoking, by lowering low-density lipo-
protein cholesterol and blood pressure, and by 
promoting a healthy lifestyle has contributed  
significantly to the decline in CAD-related deaths 
in the developed countries. In large cohorts from 
the United States, those without abnormal elec-
trocardiogram (ECG) results, diabetes, a smoking 
habit, high cholesterol, and high blood pressure 
had an 80 to 90% lower risk of coronary heart dis-
ease compared with the rest of the population.14  
Similarly, in European studies, non-smokers with 
low blood pressure and low cholesterol had an 
age-adjusted relative risk of 0·09, which was much 
lower that for than the average population (rela-
tive risk 1·0).4,15 The latest data show smoking—a 
common risk factor for many cancers—as one of 
the most important risk factors, accounting for 
about 36% of the worldwide attributable risks  
of acute myocardial infarction. Additional factors 
including apolipoprotein ratios (ApoB/A1—
marker of the balance of atherogenic and antiath-
erogenic particles),16 and psychosocial factors,17 
may add substantially to traditional risk factors.

Risk Stratification in ACS patient
Once a patient presents with ACS, a different 
approach of risk stratification becomes an inte-
gral component in the decision-making for such 
patient. Several such risk stratification tools are 
available; however, one that is frequently used  
is the Thrombolysis in Myocardial Infarction 
(TIMI) risk score (Table 2).18,19 This tool com-
bines seven variables (age g65 years; gthree risk 
factors for CAD; prior coronary stenosis of 
g50%; ST-segment deviation on ECG at presen-
tation; at least two anginal events in prior 24 
hours; use of aspirin in prior 7 days; and elevated 
serum cardiac markers) in an evenly weighted 
scale that can predict short- and long-term risk 
based on the calculated score20,21 and identify 

patients that would benefit most from an early 
invasive strategy.22,23 Other important predictors 
in stratifying the early delivery of appropriate 
treatments in Non ST elevation acute coronary 
syndrome (NSTE-ACS) patients include hemo-
dynamic instability, signs and symptoms of heart 
failure, renal insufficiency, elevated levels of  
C-reactive protein and natriuretic peptides.24–27

Coronary Complications of Cancer 
Therapy

There has been dramatic progress in cancer ther-
apy in recent years, and the therapeutic options 
now include increasingly complex combinations 
of medications, radiation therapy, and surgical 
intervention. While a clear-cut link between 
cancer and CAD has not been established, many 
of the cancer treatments have important ischemic 
cardiac effects and are likely to have significant 
effects on patient outcomes. Several patient-
related factors, including advanced age, preexist-
ing coronary disease, concomitant radiation 
therapy, and metabolic abnormalities, increase 
the risk for chemotherapy-induced ischemic  
cardiac events in these patients. Additionally, 
each chemotherapeutic agent has the ability to 
potentiate the adverse effects of other agents. In 
one prospective study, cancer alone was associ-
ated with a fourfold risk of thrombosis, whereas 
chemotherapy increased the risk by 6.5 times.28 
Radiation therapy also plays an important role  
in magnifying cardiac toxicity (see below). It is, 
however, important to bear in mind that cancer 
patients undergoing intensive therapy are often 
severely ill, and cause-and-effect relationships of 
cardiac ischemia and therapies are often not very 
clear.

Coronary ischemia associated with chemo-
therapy agents are listed below according to drug 
class (Table 3).

Anthracyclines/Anthraquinolones
Anthracycline is the most studied of the antican-
cer drugs related to drug-induced cardiotoxicity, 
which is probably related to its ability to cause 
direct myocardial injury via formation of free 

Table 2  TIMI* Risk Score for Unstable Angina 
and Non-ST-Segment Elevation 

Age >65 yr
Three or more risk factors for coronary artery
 disease
Prior coronary stenosis of 50%
ST-segment deviation on presenting ECG
Use of aspirin in prior 7 days
Elevated serum cardiac markers
Two or more anginal events in previous 24 hr 

*One point per risk factor: 5 to 7 points—high risk; 3 to 4 
points—intermediate risk; 0 to 2 points—low risk

TIMI = thrombolysis in myocardial infarction

Table 3  Adverse Cardiovascular Events  
Associated With Chemotherapeutic Agents

Agents Associated with Left Ventricular  
Dysfunction
Anthracyclines
Mitoxantrone 
High-dose Cyclophosphamide
Trastuzumab 
Ifosfamide 
All-trans retinoic acid 

Agents associated with arterial thromboembolic 
events 
Bevacizumab
Bleomycin 
Etoposide
Granulocyte colony-stimulating factor

Agents associated with myocardial ischemia
5- Fluorouracil 
Cisplatin 
Capecitabine 
Interleukin-2
Bleomycin 
Etoposide
Tamoxifen
Bevacizumab

Agents associated with hypertension
Bevacizumab 
Cisplatin 

Agents associated with hypotension
Etoposide 
Paclitaxel 
Alemtuzumab 
Cetuximab 
Rituximab 
IL-2
Denileukin 
Interferon-µ
All-trans retinoic acid 
Homoharringtonine

Agents Associated with Bradyarrhythmias
Thalidomide 
Paclitaxel 

Agents Associated with QT Prolongation or 
Torsades de Pointes
Arsenic trioxide 

Agents Associated with Other Toxic Effects
Cardiac tamponade: busulfan
Hemorrhagic myocarditis: cyclophosphamide
Raynaud phenomenon: vinblastine 
Autonomic neuropathy: vincristine 
Pulmonary fibrosis: bleomycin 
Endomyocardial fibrosis: busulfan

radicals.29 Acute cardiotoxicity may manifest as 
nonspecific ST-segment and T-wave abnormali-
ties, a common feature with chronic CAD. 
Anthracycline-induced cardiac toxicity has a 
dismal prognosis, but it can be greatly altered by 
early recognition and treatment.
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Alkylating Agents
These may cause endothelial and myocyte injury 
mediated through a toxic metabolite30 resulting in 
hemorrhagic myocardial necrosis.31 The toxic 
effects can last up to 6 days, but long-term effects 
are not usually seen in those who survive.32  
Ifosfamide may cause a dose-related incidence  
of arrhythmia.33 Cisplatin infusion may be associ-
ated with chest pain, palpitations, and, occasion-
ally, elevated cardiac enzymes indicative of 
myocardial infarction (MI).34 Cisplatin is unique 
in that it can cause late cardiovascular complica-
tions such as hypertension, myocardial ischemia, 
and MI as long as 10 to 20 years after the remis-
sion of metastatic testicular cancer.35 Mitomycin 
may adversely affect the heart via formation of 
superoxide radicals under aerobic conditions.36

Antimetabolites
5-fluorouracil (5-FU), widely used in the treat-
ment of many solid tumor treatment protocols, 
has been well described to induce cardiac  
ischemic syndrome,37 which varies clinically from 
angina pectoris to acute MI. A “rechallenge” with 
5-FU frequently reproduces the cardiac events. 
The ischemia is usually reversible on cessation of 
the 5-FU and implementation of anti-ischemic 
medical therapy. Although ischemic events  
can occur in patients without underlying CAD 
(incidence, 1.1%), the incidence is higher in 
patients with known CAD (4.5%).38 Capecitabine, 
currently used in the treatment of breast and  
gastrointestinal cancers, has been associated  
with inducible angina or MI,39 arrhythmias, and 
ischemic ECG changes.

Antimicrotubule Agents
Paclitaxel is used extensively in the treatment of 
many solid tumors and is increasingly being used 
in coated stents for coronary interventions.  
Post-intervention intracoronary thrombosis is a 
known complication of coated stents, and require 
extended antiplatelet therapy in patients with 
CAD.40 Paclitaxel is also known to cause sinus 
bradycardia, heart block, premature ventricular 
contractions, and ventricular tachycardia.41 In  
a large study of approximately 1,000 patients,  
the incidence of cardiac toxicity was 14%, and 
most incidents (76%) were grade I asymptomatic  
bradycardia.42

Vinca alkaloids are used primarily in the 
treatment of leukemia and lymphoma. Vinorel-
bine-related ischemic cardiac events, including 
angina with ECG changes,43 and myocardial isch-
emia and MI44 are more likely to occur in women 
than in men.45 The occasional clinical presenta-
tion of Prinzmetal’s angina and reversible ECG 
changes has led to the hypothesis of ischemia 
induced by coronary spasm.43

Monoclonal Antibodies
Monoclonal antibodies are being increasingly 
used to manage many hematologic malignancies 
and solid tumors.46-49 Infusion of these agents  
may result in massive release of cytokines leading 
to hypotension, dyspnea, hypoxia, or even 
death.49,50

Cytokines 
Interleukins

High-dose interleukin-2 (IL-2) , a T-cell growth 
factor, used for the treatment of metastatic renal 
cell carcinoma and melanoma may result in  
vascular leak syndrome,51 cardiac arrhythmias, 
MI, and myocarditis.52 Improvements in patient 
selection and treatment protocols may substan-
tially reduce IL-2–treatment–related cardiac  
ischemic events.53 Denileukin diftitox (Ontak), an 
IL-2/diphtheria toxin fusion protein used in the 
treatment of T-cell lymphoma, may predispose  
to arterial thrombosis in cancer patients,54 which 
may also translate into ischemic symptoms.

Interferon

Interferon, produced by macrophages and  
lymphocytes and approved for the treatment of 
many types of cancer, may cause hypotension or 
hypertension, tachycardia,55 and, in severe cases, 
angina and MI.

Miscellaneous Agents
All-trans Retinoic Acid

This is a vitamin A derivative and is used in the 
treatment of acute promyelocytic leukemia. Fatal 
MI and thrombosis are known complications  
following use of all-trans retinoic acid56 and may 
result in substantial decline in the LV ejection 
fraction57.

Arsenic Trioxide

Arsenic Trioxide is used in the treatment of 
refractory or relapsed acute promyelocytic leuke-
mia. Arsenic is commonly known to cause  
ECG abnormalities. Soignet observed significant 
prolongation of the QT segment in ≈50% of 
patients with acute promyelocytic leukemia.58 
They also noted sinus tachycardia, nonspecific 
ST-T changes, and torsades de pointes. Other 
reported cardiac complications include complete 
heart block59,60 and sudden cardiac death.61 In all 
these situations, the infusion of arsenic trioxide 
had been completed 7 to 22 hours before the 
events.61

Pentostatin

Pentostatin, a purine analogue used in the treat-
ment of hairy cell leukemia and other hemato-
logic malignancies, may induce myocardial 
infarction and arrhythmias,62 especially when 

given with high doses of cyclophosphamide in 
preparation for bone marrow transplantation.63

Thalidomide

Thalidomide is currently used to treat a variety of 
hematologic and solid malignancies,64 is relatively 
safe with regard to coronary complications, and is 
generally well tolerated. Cardiotoxic effects of 
thalidomide include sinus bradycardia and deep 
venous thrombosis.64

Etoposide

Etoposide used in the treatment of refractory tes-
ticular tumors and small-cell lung carcinoma has 
been reported to cause myocardial ischemic 
symptoms and MI.65 The risk of myocardial isch-
emic events is significantly increased in patients 
who have previously undergone chemotherapy  
or mediastinal radiation.66 Concomitant chemo-
therapy with other agents may also increase the 
risk for MI.65

Homoharringtonine

Most often used in the treatment of leukemia, 
homoharringtonine can be associated with severe 
hypotension. This dose-related effect is probably 
related to its calcium-channel–blocking activity.67 
Although not directly linked to coronary artery 
related complications, ventricular tachycardia 
and atrial fibrillation have been reported after 
administration of homoharringtonine,68 which 
may complicate management in a known CAD 
patient.

Radiation Therapy
Radiation therapy is commonly used in the treat-
ment of many types of cancer, particularly breast 
cancer and Hodgkin’s lymphoma. Meta-analysis 
of randomized clinical trials confirmed increased 
cardiovascular mortality among patients treated 
for early breast cancer69 and Hodgkin’s lym-
phoma.70 The precise incidence of radiation-
induced accelerated atherosclerosis is difficult to 
confirm, but it has been reported in patients who 
did not have the traditional risk factors for CAD.71 
Radiation to the thorax can damage coronary 
arteries in addition to its toxic effect on the  
pericardium, myocardium, and cardiac valves. 
Despite its promise to reduce in-stent restenosis, 
intracoronary irradiation therapy has been almost 
abandoned because of a high incidence of late 
thrombosis and an increased risk of myocardial 
infarction.72 The morphologic changes observed 
in radiation-induced coronary artery disease are 
similar to those observed in spontaneous athero-
sclerosis.73 The exact mechanisms by which radia-
tion produces atherosclerosis are not known,  
but endothelial injury from radiation has been 
suggested as the initiating factor. Ionizing energy 
accelerates the deposition of cholesterol in the 
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arterial wall, contributes to intimal and adventi-
tial proliferation, as well as plaque ulceration, all 
of which may lead to acute coronary thrombo-
sis.74 Ionizing radiation also produces reactive 
oxygen species, including superoxide anion, 
hydrogen peroxide, and hydroxyl radicals that 
increase oxidative stress to the endothelium and 
to circulating lipoproteins. The oxidized lipopro-
teins, in turn, recruit inflammatory monocytes 
and macrophages into the arterial wall75 starting 
the cascade of inflammatory process that leads to 
ACS Endothelial damage from radiation reduces 
the bioavailability of nitric oxide resulting in 
impaired arterial vasodilatation, increased plate-
let aggregation, and leukocyte adherence. The 
smaller baseline size of radiated coronary arteries 
may be a result of increased apoptosis, which in 
turn, is a result of decreased availability of nitric 
oxide.76 The higher the doses of radiation therapy, 
the higher the incidence of radiation-induced 
heart disease. The incidence of cardiac toxicity is 
also higher in patients who undergo concurrent 
therapy with doxorubicin.77 Patients with preex-
isting CAD are especially vulnerable. The mean 
interval for developing CAD after radiation  
therapy is approximately 82 months.78 However, 
vascular injury from radiation therapy can be 
silent, with as high as 50% of asymptomatic 
patients demonstrating new myocardial perfu-
sion defects.79 Sudden cardiac death has also  
been reported in patients treated with radiation 
therapy,80 which may be attributed to diffuse  
intimal hyperplasia of coronary arteries or from 
discrete left main stenosis.71 Endothelial cell 
involvement is an early sign of radiation-induced 
vascular damage.81 Radiation-induced vascular 
injury often involves long segments of an 
artery.82

Management of radiation-induced CAD  
is difficult but not different than that of non- 
radiation–induced CAD. Both percutaneous  
coronary intervention and coronary artery bypass 
grafting have been used for revascularization.71 
However, concomitant radiation-induced  
mediastinal fibrosis may render surgical bypass 
grafting more difficult in these patients.71

Cancer Prevention, Cylcooxygenase-
2 and Cardiovascular Complications

The identification of cylcooxygenase-2 (COX-2) 
as a promoter of intestinal tumorigenesis led to 
the concept that COX-2 inhibitors would prevent 
premalignant colorectal adenomas.83-87 This 
looked especially attractive since neither prior 
clinical trials nor observational studies had 
reported a clearly increased risk of cardiovascular 
events with celecoxib use.88-93 However, in a large 
prospective, randomized, double-blind, multi-
center trial, celecoxib use was associated with  
a significant dose-related increase in serious  

cardiovascular events, including myocardial 
infarction and death.94 In addition, the number of 
venous thromboembolic events also increased. 
Similar observation of an increased incidence of 
death from cardiovascular causes, myocardial 
infarction, or stroke among patients receiving 
rofecoxib in the Adenomatous Polyp Prevention 
on Vioxx trial resulted in early termination95,96 
and voluntary withdrawal of the drug from the 
market. Use of other selective COX-2 inhibitors, 
including valdecoxib, and parecoxib, has also 
been associated with an increased rate of cardio-
vascular events.97,98 The reason for increase in 
cardio vascular risk associated with the use of 
COX-2 inhibitors is uncertain. One possible 
mechanism involves the effects of COX-2 inhibi-
tors on blocking the production of prostacyclin 
without affecting the synthesis of thromboxane 
A2,95 thereby potentially creating a prothrombotic 
state. Significant increase in cardiovascular 
thromboembolic events were also noted when 
parecoxib and valdecoxib were used for pain  
control in the immediate postoperative period 
after coronary artery bypass surgery.99,100

Cancer and the Prothrombotic State

Cancer appears to cause a prothrombotic or 
hypercoagulable state through an altered balance 
between the coagulation and fibrinolytic system. 
However, for reasons presently unclear, arterial 
thromboembolism is much less common than 
venous thrombosis in cancer. This dichotomy 
may be partly explained by the large amount of 
fibrin, which is excessively formed in the large 
venous thrombi, compared to the relatively small 
amount of fibrin in arterial clots. The pathogenic 
mechanisms of thrombosis in cancer patients are 
multifactorial. A major mechanism involves  
activation of factor VII at the extrinsic coagula-
tion system by tissue factor, which is expressed by 
most tumor cells.101 Another important mecha-
nism is triggered by cancer procoagulant, a cyste-
ine protease which directly activates factor X and 
is expressed by certain human tumor cells.102 An 
association between arterial disease and distur-
bances in hemostasis, thrombosis, and vascular 
function, have also been reported to be present  
in cancer.103 Tumor cells may be directly pro-
thrombotic by generation of excess thrombin  
and procoagulant proteins, such as tissue factor, 
fibrinogen, and plasminogen activator inhibitor. 
Cancer cells can also activate the coagulation 
system through interactions with platelets, thus 
shifting the balance to induce a prothrombotic 
state. In cancer, monocytes may also be activated 
by immune complexes or cytokines, such as 
tumor necrosis factor104,105 and certain malignant 
cells,106,107 whereas other cells, including those of 
sarcoma, melanoma, neuroblastoma, lymphoma, 
and acute promyelocytic leukemia, can express 

tissue factor per se.108 Concentrations of several 
other proteins within the coagulation cascade are 
also abnormally raised in cancer, and this is often 
associated with a fall in the activity of anticoa-
gulant factors109,110 leading to a prothrombotic or 
hypercoagulable state. Although these mecha-
nisms play major roles in venous thromboembo-
lism, their exact roles in ACS are unknown;  
they might contribute to a rapid transition of a 
vulnerable plaque from a subintimal lesion to a 
thrombotic occlusion.

Clinical manifestations of arterial throm-
boembolic phenomenon in cancer may include 
localized arterial occlusion, nonbacterial  
thrombotic endocarditis (NBTE), disseminated 
intravas cular coagulation, and thrombotic throm-
bocytopenic purpura. This variety of clinical  
syndromes may appear prior to diagnosis of 
cancer, in the course of overt malignant disease, 
or following initiation of chemotherapeutic 
agents. Although certain tumors (such as mucous 
carcinoma of the pancreas, lung, and gastrointes-
tinal tract) have been traditionally associated  
with thromboembolism,111 other solid neoplasms 
as well as hematologic malignancies are often 
associated with thrombosis. Notably, NBTE 
(which is not uncommon in patients with solid 
tumors112) is particularly prevalent in patients 
with myeloproliferative disorders in whom it may 
be associated with systemic thrombosis.113

Pathogenesis of ACS

ACS encompasses unstable angina (UA), non–
ST-segment elevation myocardial infarction 
(NSTEMI) and ST-segment elevation myocardial 
infarction (STEMI). STEMI is a distinct clinical 
entity, which results from an occlusive thrombus. 
UA/NSTEMI, on the other hand, is the combina-
tion of two closely related clinical entities (ie,  
a syndrome), characterized by decreased myocar-
dial perfusion resulting from nonocclusive 
thrombus formation subsequent to disruption of 
an atherosclerotic plaque.

Views of the pathophysiology of athero-
thrombosis have evolved substantially over the 
last two decades. Insights into the pathophysiol-
ogy have advanced beyond the notion of progres-
sive chronic occlusion of the coronary artery, to 
the recognition that plaque disruption and super-
imposed thrombus formation are the leading 
causes of acute coronary syndromes (ACS). The 
term ACS was used, instead of acute myocardial 
infarction, in the 1996 guideline publication  
of the American College of Cardiology/American 
Heart Association (ACC/AHA) to emphasize this 
emerging concept of disruption of a vulnerable or 
high-risk plaque during myocardial ischemia.114

Plaque composition rather than luminal  
stenosis, has become the major focus of the  
pathophysiologic process of ACS. Plaques consist 
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of inflammatory and smooth muscle cells, cellu-
lar debris, and fatty deposits trapped within the 
vessel wall. Depending on the composition, they 
are classified into either “stable” (with little risk of 
acute rupture) or unstable (or “vulnerable”—ie, 
likely to spontaneously rupture and trigger clot 
formation initiating ACS). There are two aspects 
to the transition from vulnerable plaque to acute 
coronary event: one is associated with character-
istics of the atheromatous subintimal lesion, and 
the other involves factors that make it likely that 
an obstructive thrombus will form at the site of 
the atheroma (the “vulnerable patient”).

Histologically, stable coronary plaques are 
rich in collagen and have thick fibrous caps.  
In contrast, vulnerable or rupture-prone lesions 
consist of a large number of inflammatory cells, 
including macrophages, foam cells, monocytes, 
granulocytes, and lymphocytes, reduced numbers 
of vascular smooth muscle cells (SMCs), and a 
thin fibrous cap (<65 µm) of collagen type I, 
with an underlying necrotic lipid-filled core  
occupying approximately 35% of the lesion.115 
Therefore, they are less stable and have a higher 
propensity to rupture. Typically, the underlying 
cross-sectional luminal narrowing is less than 
50%. Plaque disruption usually occurs at the 
weakest point (the “shoulder”), frequently where 
the cap is thinnest and most heavily infiltrated 
with inflammatory cells.116

Characteristics of the patient that increase 
vulnerability include evidence of systemic inflam-
mation (eg, increased levels of C-reactive protein, 
intercellular adhesion molecule 1, or vascular cell 
adhesion molecule 1) and hypercoagulability 
(elevated levels of fibrinogen, D-dimer, and factor 
V Leiden) as well as decreased anticoagulation 
factors such as protein S and C, thrombomodu-
lin, and antithrombin III.117

Once the cap covering a vulnerable plaque 
erodes or is disrupted, the highly thrombogenic 
lipid-rich core, abundant in tissue factor, is 
exposed to the bloodstream, activating the  
clotting cascade. This triggers the formation of  
a superimposed thrombus that leads to vessel 
occlusion and subsequent ischemic symptoms 
distal to the occlusion.118,119 These changes in the 
plaque are a result of a combination of internal 
and external influences. Overall plaque burden  
is greater in the symptomatic than in the  
asymptomatic patients.

Endothelial Dysfunction
Endothelial dysfunction is a reversible systemic 
disorder characterized by a reduction of the  
bioavailability of vasodilators, in particular nitric 
oxide (NO), and an increase in endothelium-
derived vasoconstrictor factors.120,121 A dysfunc-
tional endothelium promotes lipid and cell 
permeability, lipoprotein oxidation, inflamma-
tion, SMC proliferation, extracellular matrix 

deposition or lysis, platelet activation, and throm-
bus formation122 and generates a proatherogenic 
environment by creating a proinflammatory, 
proliferative, and prothrombotic milieu that 
favors atherogenesis.123 Endothelial dysfunction is 
also involved in the recruitment of inflammatory 
cells into the vessel wall and in the initiation  
of atherosclerosis. Monocytes migrate into the 
subendothelium, where they transform into  
macrophages and modulate inflammatory  
reactions and the secretion of chemoattractants. 
Activated macrophages and smooth muscle  
cells in the atheroma then release lytic enzymes 
that can degrade the fibrous cap,124,125 resulting in 
rupture of the lesion.

Many of the cardiovascular risk factors, as 
well as cancers, are associated with increased oxi-
dative stress, and it is considered to be a major 
mechanism involved in the pathogenesis of endo-
thelial dysfunction and may serve as a common 
pathogenic mechanism of the effect of risk factors 
on the endothelium.126,127

Inflammation and Atherothrombosis
There is a strong link between inflammation  
and atherothrombosis.128 Early in atherogenesis, 
patches of arterial endothelial cells, in particular 
vascular cell adhesion molecule-1 (VCAM-1), 
begin to express on their surface selective  
adhesion molecules that bind to various classes of 
leukocytes. Once they are in the arterial wall, the 
blood-derived inflammatory cells participate in 
and perpetuate a local inflammatory response 
which not only promote initiation and evolution 
of atherosclerosis, but also contributes decisively 
to acute thrombotic complications of atheroma. 
The activated macrophages produce proteolytic 
enzymes (eg, matrix metalloproteinases [MMP]) 
which degrade the collagen in the plaque’s  
protective fibrous cap, rendering it thin, weak, 
and vulnerable to rupture.129,130 Indeed, the pre-
dictive value for coronary events of high levels of 
C-reactive protein may be a manifestation of such 
systemic phenomenon.131

Tissue Factor
Tissue factor (TF) is a potent initiator of coagula-
tion cascade, and is a key determinant of the  
vulnerability of the atherosclerotic plaque. The 
presence of abundant tissue factor132 and apop-
totic microparticles133 in the shoulder region and 
in the acellular, lipid-rich core of the plaque  
suggests that they’re the thrombogenic potential 
in disrupted atherosclerotic plaque. Circulating 
tissue factor is strikingly increased in patients 
with cancer134; hence, it may also play a role in  
the formation of the thrombus upon atheroscle-
rotic plaque disruption. Infective intracellular 
organisms have also been proposed as major  
contributors to plaque inflammation, activation, 

and vulnerability.135 Overall plaque burden is 
greater in symptomatic than in asymptomatic 
patients, and rupture of the plaques is associated 
with a sudden increase in the intralesional pres-
sure. This increase can occur if there is a loss of 
integrity of vessels in the vasa vasorum resulting 
in intraplaque hemorrhage.136

Microembolization and Microvascular 
Obstruction 
In the setting of acute MI, the presence of  
distal microembolization is evident clinically by  
“no-reflow” phenomenon following reperfusion. 
Microvascular obstruction, however, is demon-
strated very early in the course of ACS, and is 
most likely caused by embolization rather than by 
edema or reperfusion injury.137 One of the postu-
lated mechanisms suggests that plaque rupture 
results in the release of prothrombotic materials 
into the coronary circulation, which embolize the 
microvascular bed. Evidence for the role of distal 
embolization in the pathogenesis of ACS is found 
in autopsy studies demonstrating the presence of 
platelet/fibrin microemboli in the cardiac tissue 
of up to 50 to 80% of patients with fatal MI.138 
These platelet aggregates contain thrombus over-
lying a ruptured atheromatous plaque and are 
located distal to epicardial coronary arteries, 
making it highly likely to represent emboli rather 
than mere platelet hyperactivity.138 A prothrom-
botic milieu in cancer will likely exacerbate this 
phenomenon.

Role of Risk Factors and Cancer
In about one-third of the cases of sudden coro-
nary death, there is no significant disruption of 
atheromatous plaque except for some superficial 
erosion of markedly stenotic and fibrotic plaque.139 
In such cases, thrombus formation may depend 
on a hyperthrombogenic state triggered by sys-
temic factors including elevated LDL cholesterol, 
cigarette smoking, hyperglycemia, and altered 
hemostasis140. Poorly controlled diabetics141 as 
well as cancer142 patients are known to have  
hyperthrombogenicity.

Role of Platelets in Acute Coronary  
Syndrome
The role of the platelet and the endothelium in 
the pathogenesis of atherosclerosis and subse-
quent ischemic events has been the subject of 
extensive investigation.140 The role of platelets is 
especially important in the context of ACS in 
cancer patients since patients with malignancy 
often have thrombocytopenia and are denied 
antiplatelet therapy, which forms the cornerstone 
of management in ACS patients (Table 4).

Platelets play a key role in thrombotic  
vascular occlusion at the ruptured coronary  
atherosclerotic plaque; and also interact with both 
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the coagulation and fibrinolytic systems in the 
pathogenesis of thrombosis. Multiple synergistic 
stimulations of platelet receptors by the corre-
sponding ligands are involved in the process of 
platelet activation. Following plaque disruption 
or endothelial injury, platelets attach to the 
exposed subendothelium, releasing thromboxane 
A2, serotonin, adenosine diphosphate, platelet 
activating factor, oxygen-derived free radicals, 
activated thrombin, and tissue factor, which pro-
motes further platelet aggregation and dynamic 
vasoconstriction that in turn lead to transient or 
permanent coronary artery thrombosis.143 The 
von Willebrand factor-GP Iba interaction and the 
collagen-GP VI interaction are the two most 
important receptor-ligand interactions in the 
process of platelet thrombus formation on the 
surface of collagen.144 In addition, both emboliza-
tion of platelet aggregates and direct, receptor-
mediated platelet adhesion to the post-ischemic 
microvascular surface result in obstruction and 
impairment of coronary microcirculation. Such 
microvascular disturbance may lead to significant 
additional tissue injury and aggravate myocardial 
contractile dysfunction. Platelets play another 
important role in conversion of chronic stable 
coronary disease to acute unstable process. Plate-
lets inhibit the production of endogenous inhibi-
tors of platelet aggregation and vasoconstriction 
including prostacyclin, endothelium-derived 
relaxing factor (nitric oxide). Tissue plasminogen 
activator is reduced at the sites of endothelial 
injury, resulting in a vasoconstrictive and pro-
thrombotic environment with conversion from 
chronic to acute coronary syndromes.145 Further-
more, new investigations have demonstrated that 
platelets not only contribute to acute thrombotic 
vascular occlusion but also participate in the 
inflammatory and matrix-degrading processes  
of coronary atherosclerosis itself.143 Platelet–
endothelial-cell interactions at lesion-prone sites 
might trigger an inflammatory response in the 
vessel wall early in the genesis of atherosclerosis 
and contribute to destabilization of advanced 
atherosclerotic lesions.146 

ACS in Cancer Patients

Patients with cancer have a prothrombotic milieu: 
endothelial damage from radiotherapy and  
chemotherapy.147 The possible mechanisms 
responsible for radiation-induced CAD have been 
described above. Although not clearly defined,  
it is thought to have a synergistic role with other 
traditional risk factors.148 High-dose radiation 
may damage the vascular endothelium, resulting 
in fibrosis or medial degeneration in the coronary 
arteries.149 Case studies have been reported link-
ing coronary spasm, acute vascular toxicity, and 
thromboembolism to various chemotherapeutic 
agents, notably 5-flurouracil (and its analogue 
capecitabine), cisplatin, vinblastine, bleomycin, 
and cyclophosphamide.150-154 Insulin resistance 
and metabolic disturbance in patients with bone 
marrow transplantation155 and chemotherapy-
induced early menopause may predispose them 
to premature coronary atherosclerosis.156 The 
exact mechanism behind these vascular events  
is unknown, but activation of clotting factors  
following disturbances of microcirculation caused 
by the release of toxic substance from necrotic 
tissue and/or malignant cells has been thought to 
play a leading role. Details of various cardiotoxic 
events have been described above.

In cancer patients, gross mismatch in myo-
cardial supply and demand may also contribute 
to initiating coronary syndromes. Increased  
myocardial oxygen demand in the prolonged 
perioperative setting, fever, and tachycardia, 
combined with reduced coronary perfusion in 
hypotension, anemia, and hypoxemia are 
common in cancer patients.

Patients undergoing radiation therapy of 
mediastinal tumors such as lymphoma157 and 
seminoma158,159 may experience accelerated CAD. 
This is especially true for patients who are also 
treated with chemotherapy.160 Other mechanisms 
involved in accelerated CAD include chemother-
apy-induced premature menopause, which is  
a recognized risk factor for coronary artery  
disease.161 Meta-analyses of randomized clinical 
trials162,163 and studies of population-based cancer 
registry data164-166 show an increased risk of  
cardiac death in breast cancer patients exposed  
to radiation therapy, more so among those who 
received treatment to the left side. The risk of 
radiation-induced heart disease correlates with 
radiation-dose volume163 and fractionation.167 
This risk is further compounded because hor-
mone replacement therapy is not generally rec-
ommended for patients with breast cancer. Better 
prognosis and increased survival these days from 
better management of cancer patients make them 
more vulnerable to this radiation-induced heart 
disease over the long term. However, recently 
published data from our institution, which com-
prised improved radiation techniques and dosage, 

failed to replicate these earlier claims of increased 
risk of myocardial infarction among breast cancer 
patients treated with radiation therapy.168

Other causes of tumor-related ACS are listed 
in Table 4 and include coronary embolization  
due to papillary fibroelastomas169 and atrial myx-
omas,170–172 and leukemic infiltration into the 
myocardium or pericardium.173

Presentation of ACS in Cancer 
Patients

The classic or typical symptoms of acute coronary 
syndromes are substernal or left-sided chest pain, 
or discomfort that the patient often describes as 
pressure or heaviness, which may radiate to the 
left arm, neck, jaw, or shoulder. The discomfort 
associated with acute MI usually lasts at least  
20 minutes, but may be shorter in duration. The 
discomfort is not positional in nature, nor is it 
affected by deep inspiration or movement. Unex-
plained nausea and vomiting, persistent shortness 
of breath secondary to left ventricular failure,  
and unexplained weakness, dizziness, lighthead-
edness, or syncope (or a combination of these) 
should arouse suspicion. This is more important 
in light of recent studies evaluating people pre-
senting with AMI symptoms, which show that up 
to 43% of patients had atypical elements in the 
description of their chest pain or pressure,174 and 
as many as 33 to 47% of all patients having an 
AMI will present without chest pain.175,176 In a 
recently published, large study of 20,881 patients 
with ACS, more than 8% presented without  
any chest pain, of whom one in four were not  
initially recognized as having an acute coronary 
syndrome.177

Because symptoms like dyspnea, pleuritic 
chest pain, fatigue, weakness, discomfort in the 
upper abdomen and between the shoulder blades, 
palpitations, and confusion, are so common in 
cancer patients, it could easily be confused with 
symptoms of thoraco-abdominal involvement in 
preexisting malignancies. The differential diag-
nosis of chest pain is listed in Table 5. Conse-
quently, these complaints may go unrecognized 
or may be erroneously labeled as those related to 
the cancer. Additionally, many cancer patients 
may not consider them serious enough to seek 
immediate assistance, therefore delaying prompt 
recognition and leading to delay in treatment—or 
misdiagnosis and inappropriate treatment. There-
fore, it is imperative to be aware of patients who 
are at high risk for ACS in order to facilitate diag-
nosis and treatment. Often, more cases are identi-
fied from the “routine” blood test that follows 
complaints of any of these “atypical” symptoms. 
However, these “infarclets” allow appropriate 
secondary prevention leading to reduced costs  
for subsequent cardiac care. In contrast to these 
small MI/“infarctlets” (identifiable by elevation 
of cardiac troponin alone), the patient with  

Table 4  Predisposing Factors of ACS in Cancer 
Patients

Coronary atherosclerosis
Coronary embolization from tumor
Non-bacterial endocarditis 
Coronary thrombosis from disseminated 
intravascular coagulation
Cardiac metastasis
External compression of coronary artery
Coronary ostial lesion from radiotherapy
Tumor-related coagulopathy (especially in
 patients with leukemia)
Radiation- and chemotherapy-related
 vasculopathy
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classic “large myocardial infarction” may often 
present with heart failure, cardiogenic shock, or 
life-threatening arrhythmia. Finally, myocardial 
necrosis may also occur without any symptoms 
and might be detected only by an ECG or cardiac 
imaging.

Diagnosis

Today, ACS is detected by several different 
modalities, including ECG changes, measure-
ment of biochemical markers, and imaging stud-
ies such as echocardiography and myocardial 
perfusion imaging.178,179 Each of these techniques 
is able to quantify the extent of damage, from 
minimal to small to large myocardial infarction. 
However, the sensitivity and specificity of each of 
these techniques to quantitate the extent of necro-
sis accurately differ significantly. Pathologically, 
infarcts are usually classified as focal/microscopic 
necrosis, small (<10% of the left ventricle [LV]), 
medium (10 to 30% of the LV) or large (>30%  
of the LV).

Electrocardiography
ECG remains the time-honored and single most 
important tool in the diagnosis of ischemic heart 
disease. ECG criteria have emerged as one of the 
most powerful tools for the diagnosis and treat-
ment of ACS. By using data from clinical and 
pathoanatomical correlative studies, significant 
accuracies and complex algorithms have been 
developed for standard 12-lead ECG to diagnose 
evolving MI. In the absence of QRS confounders 

like bundle branch block, left ventricular hyper-
trophy, Wolff-Parkinson-White syndrome, ST 
segment elevation signifies acute myocardial 
injury in the right clinical setting. Tall and peaked 
“hyperacute” T waves may precede these changes 
during early phases of acute MI. Similarly, ST seg-
ment depression and/or T wave abnormalities, 
noted in two or more contiguous leads on two 
consecutive ECGs several hours apart, indicates 
ongoing ischemia. However, in cancer patients, 
ST segment elevation is more often indicative  
of pericarditis or myopericarditis (Table 5). In 
pericarditis, there is absence of reciprocal changes 
and depression of the PR segment. However, 
since biochemical markers enable detection of 
myocardial necrosis too small to be associated 
with QRS abnormalities, many patients will have 
a normal or unchanged ECG during microin-
farcts. Newer ECG techniques with higher  
sensitivity and specificity may also be useful  
for the noninvasive detection of coronary artery 
disease.180

Biochemical Markers of Myocardial 
Necrosis
Myocardial infarction is diagnosed when specific 
biomarkers are increased in the setting of acute 
ischemia.181 Different myocardial proteins are 
released into the circulation due to the damaged 
myocytes: myoglobin, cardiac troponins T and I, 
creatine kinase, lactate dehydrogenase, as well as 
many others. These biomarkers merely reflect 
myocardial damage and not the mechanism of 
injury. As mentioned above, myopericarditis is 
relatively common in cancer patients. Therefore, 
an elevated value in the absence of clinical evi-
dence of ischemia in a patient with cancer should 
prompt a search for causes, such as myocarditis, 
or myopericarditis.

Because total creatine kinase (CK) has wide 
tissue distribution, its measurement is not com-
monly used for the routine diagnosis of acute MI 
except when combined with a more sensitive frac-
tion, such as creatine kinase myocardial band 
(CK-MB) or troponins. The latter is the most pre-
ferred biomarker for detection of myocardial 
injury because of its high tissue specificity and 
sensitivity. CK-MB is more tissue-specific than 
total CK but less tissue-specific than cardiac  
troponin. However, the data documenting its 
clinical specificity for myocardial necrosis are 
more abundant. A trend from two or more  
successive blood samples of CK-MB or troponin 
is used to diagnose MI. For most patients, these 
serial enzymes are obtained every 4 to 6 hours but 
may need to be extended beyond 12 hours if, 
despite high clinical index of suspicion, the earlier 
samples are negative. For patients with low suspi-
cion and in need of an early diagnosis, a rapidly 
appearing biomarker, such as myoglobin, may 
help to rule out myocardial injury. Although no 
formal grading system of infarct size exists, the 

level of biomarker elevation is often used to quan-
tify extent of myocardial damage (small, medium, 
or large). In the past, markers like Serum glutamic 
oxaloacetic transaminase, Alaninc Amino trans-
ferase, Aspartate Aminotransferase and Lactate 
Dehydrogenase (Glutamic-oxaloacetic transami-
nase, aspartate amino transferase, lactate dehy-
drogenase and lactate dehydrogenase isoenzymes) 
were used to diagnose ACS. However, these  
have been substituted by the newer biomarkers 
(CK-MB, troponin) and are no longer used in the 
diagnosis of MI.

It is important to remember that cardiac tro-
ponin values may remain elevated for 7 to 10 days 
or longer after myocardial necrosis, especially  
in cancer patients with renal insufficiency. This 
may make it difficult to time the initial event 
accurately and influence subsequent management 
decisions. In such cases, a high cardiac troponin 
value on presentation or on first sample should be 
correlated to CK-MB or myoglobin and to very 
recent clinical events.

Imaging
Echocardiographic and myocardial single-photon 
emission computed tomographic (SPECT) perfu-
sion imaging techniques have revolutionized 
identifying ischemic from nonischemic causes in 
cancer patients. Although commonly used in the 
cardiology outpatient setting for evaluation of 
inducible ischemia, both may be helpful to rule 
out or confirm the presence of myocardial isch-
emia in the acute setting, specially when ECGs are 
nondiagnostic or uninterpretable. Furthermore 
echocardiography allows assessment of frequent 
nonischemic causes of acute chest pain in patients 
with cancer (eg, perimyocarditis, pulmonary 
embolism, valvular heart disease like aortic  
stenosis, and aortic dissection. Echocardiography 
is also the diagnostic procedure of choice for 
identification of mechanical complications of MI, 
namely coexisting valvular dysfunction, infarct 
expansion, mural thrombus and decrement in  
left ventricular ejection fraction. While both tech-
niques can determine the localization and extent 
of infarction, it should be emphasized that a 
normal echocardiographic exam does not exclude 
myocardial infarction, since injury involving  
>20% of myocardial wall thickness is required 
before a segmental wall motion abnormality can 
be detected. Similarly >10 g of myocardial tissue 
must be injured before perfusion defect is obvi-
ous on a radionuclide perfusion image. Advances 
in contrast echocardiography hold promise for 
the routine assessment of myocardial perfusion. 
Vasodilator stress in conjunction with contrast 
echocardiography will likely play an important 
role in the noninvasive evaluation of myocardial 
perfusion and coronary blood flow reserve.182

Several new techniques in cardiovascular 
(CV) imaging like computed tomography (CT) 

Table 6  ECG Changes Mimicking Myocardial 
Ischemia in Cancer

Pericarditis
Early repolarization
Intracranial pathology including metastasis
Pneumothorax
Hypocalcemia
Hyperkalemia
Pulmonary embolism
Tumor involvement of heart

Table 5  Differential Diagnostic Considerations in 
Severe or Prolonged Chest Pain in Cancer Patient

Myocardial infarction
Unstable angina
Pericarditis
Aortic dissection
Chest-wall pain (musculoskeletal or neurologic)
Pulmonary disease (pulmonary embolism,
 pneumonia, pleurisy, pneumothorax)
Gastrointestinal disease (esophagitis, esophageal
 spasm, peptic ulcer disease, biliary colic,
 pancreatitis)
Psychogenic hyperventilation syndrome
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angiography and magnetic resonance (MR) are 
extensively used in the diagnosis and follow-up  
of cancer patients. Newer techniques to image 
high risk/vulnerable atherosclerotic plaques are 
appearing on the horizon.183 CT imaging of the 
coronary arteries, using either electron beam 
tomography or multidetector row CT, offer pos-
sibilities to assess coronary atherosclerosis and 
visualization of noncalcified plaque. Coronary 
calcium imaging may be clinically useful in young 
cancer patients at intermediate risk for coronary 
artery disease.184

CT pulmonary angiogram (CTPA) is increas-
ingly used for the detection of pulmonary embo-
lism (PE) in cancer patients. Most patients 
investigated have pathology other than PE as a 
cause of their symptoms. Careful analysis of 
CTPA allows assessment of not only the pulmo-
nary arteries for embolism, but the heart as well. 
Potentially life-threatening, coexistent, underly-
ing or incidental cardiac disease in a patient with 
chest symptoms can be reliably identified. Patholo-
gies of the myocardium, including hypertrophic 
cardiomyopathy, pericardial disease, valvular  
disease, coronary artery disease, and intracardiac 
abnormalities, are demonstrated. It is important 
to have a clear understanding of the features of 
cardiac disease that may be seen on a CTPA.185 
Cardiac MR is also emerging as a powerful  
imaging technique in Ischemic Heart disease.186  
It is extremely capable of showing infracted  
myocardium even in the presence of normal  
coronaries.187

Treatments

Non–ST-Segment Elevation Acute 
Coronary Syndrome (NSTE-ACS)
Acute coronary syndrome in a cancer patient 
presents a difficult challenge. There is no evi-
dence-based guideline addressing specifically the 
management of cancer patients with ACS  
although there is no reason why general guide-
lines (Table 4) should not be applicable in the 
majority of cancer patients.

Aspirin
An optimal antiplatelet regimen for patients with 
NSTE-ACS remains to be defined. Aspirin irre-
versibly inhibits platelet activation and aggrega-
tion by inhibiting cyclooxygenase-1 (prostaglandin 
H synthase) in platelets and megakaryocytes, 
which is a key enzyme in the pathway of synthesis 
of thromboxane A2, a potent vasoconstrictor and 
platelet aggregant.188 Only the parent form of 
aspirin (acetylsalicylic acid) has any significant 
effect on platelet function. The inhibited platelets 
are unable to regenerate cyclooxygenase, there-
fore, the immediate antithrombotic effect of  
aspirin remains for the lifespan of the platelet. 
Following discontinuation of aspirin therapy, 
normal hemostasis is restored when approxi-

mately 20% of platelets regain normal cyclooxy-
genase activity,189 making daily intake of aspirin 
necessary for useful platelet inhibition.

Aspirin reduces the incidence of death and 
nonfatal MI in patients with unstable angina190,191 
or acute MI,192 with only a minor increase in the 
risk of major bleeding (0.2%). Since higher doses 
of aspirin do not provide greater benefit,192,193 
dosages >75 mg daily may be less desirable in 
cancer patients due to increased susceptibility  
to bleeding, especially when combined with  
clopidogrel. It is important to remember that 
non-aspirin non-steroidal anti-inflammatory 
drugs, which are often used by many cancer 
patients, may attenuate the antiplatelet effects of 
aspirin.194–196

Adenosine Diphosphate Receptor 
Antagonists
The thienopyridine derivatives (clopidogrel and 
ticlopidine hydrochloride) are metabolized in  
the liver to active compounds that covalently bind 
to the adenosine phosphate (ADP) receptors on 
platelets and dramatically reduce platelet activa-
tion. Clopidogrel is as safe as aspirin, but is more 
expensive. It is an appropriate alternative to aspi-
rin for long-term secondary prevention in patients 
who cannot tolerate aspirin, have experienced a 
recurrent vascular event while taking aspirin, or 
are at very high risk of a vascular event (>20% 
per year). An oral loading dose of 300 mg clopi-
dogrel produces detectable inhibition of ADP-
induced platelet aggregation after 2 hours, which 
becomes maximal after 6 hours.197,198 If a loading 
dose of clopidogrel is not used, repeated daily oral 
doses of 75 mg clopidogrel are required to achieve 
a steady-state maximal platelet inhibition, which 
is comparable with that produced by 250 mg 
ticlopidine hydrochloride orally, twice daily.199  
In the Clopidogrel vs Aspirin in Patients at Risk  
of Ischemic Events trial,196 there was a modest 
relative risk reduction in adverse CV events (5.3% 
vs 5.8%, p=.04) with clopidogrel in known  
atherosclerotic vascular disease patients com-
pared to aspirin. However, addition of clopido-
grel to aspirin reduces the risk of serious vascular 
events among patients with non-ST-segment  
elevation acute coronary syndromes by 20%,  
and patients undergoing percutaneous coronary 
intervention by 30%, compared with aspirin 
alone. Therefore, cancer patients with NSTE-ACS 
who are considered to be at low bleeding risk  
may be started on dual antiplatelet therapy and 
continued for up to 12 months200,201 for additional 
benefit in all-cause mortality, cardiovascular 
death, MI, and/or stroke. Cancer patients on 
clopidogrel undergoing surgery may be at 
increased risk of bleeding if the drug is adminis-
tered within 5 days of surgery.202,203 Accordingly, 
clopidogrel should be withheld 5 days before 
planned surgery.

Glycoprotein IIb/IIIa Inhibitors
Short-term addition of an intravenous infusion 
of a glycoprotein (Gp) IIb/IIIa antagonist to  
aspirin prevents vascular events in high-risk 
patients having a percutaneous coronary inter-
vention (PCI), and those with NSTE-ACS, but 
causes increased bleeding. For patients undergo-
ing an early conservative strategy, the benefit of 
Gp IIb/IIIa inhibitors is less pronounced. How-
ever, based on their ability to prevent ischemic 
complications following PCI, Gp IIb/IIIa inhibi-
tors may be used in NSTE-ACS patients managed 
with an early invasive strategy.114 There may even 
be a paradoxical worse outcome with longer infu-
sions of abciximab in patients for whom PCI is 
not planned.204

Anticoagulation
Unfractionated heparin reduces ischemia in 
NSTE-ACS through its potentiation of circulat-
ing antithrombins and its ability to inhibit clot 
propagation.205 However, heparin requires fre-
quent monitoring and can be associated with 
delays in achieving therapeutic anticoagulation.206 
Low molecular weight heparin (LMWH) pro-
vides better bioavailability, more predictable 
pharmacokinetics, a longer half-life, and is associ-
ated with less platelet activation and heparin-
induced thrombocytopenia. Regardless, many 
oncologists have been hesitant to use LMWH 
because of concerns of reduced efficacy, increased 
bleeding, and an inability to easily monitor  
anticoagulation. In two recent large trials in 
patients with NSTE-ACS, major bleeding  
episodes were more common with LMWH  
compared to heparin.207,208

Thrombolytics
Despite the role of thrombosis in UA/NSTEMI, 
thrombolytic agents have not been shown to pro-
vide benefit in patients with UA/NSTEMI; in fact, 
the outcome may be worse with thrombolyt-
ics.209–211 Consequently, thrombolytic agents are 
contraindicated for use in the treatment of 
patients who have UA/NSTEMI.

Angiotensin Converting Enzyme  
Inhibitors
Angiotensin converting enzyme (ACE) inhibitors 
have emerged as standard care for most patients 
with atherosclerosis, diabetes mellitus, and left 
ventricular systolic dysfunction. However, they 
have not been evaluated in placebo-controlled 
trials of patients with NSTE-ACS. Nonetheless, 
support for their long-term outpatient use has 
come from the Heart Outcomes Prevention  
Evaluation trial212 and the European Trial on 
Reduction of Cardiac Events with Perindopril in 
Stable Coronary Artery Disease,213 which showed 
approximately 20% relative risk reduction in the 
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combined end point of cardiovascular death,  
MI, and stroke or cardiac arrest (p<.001 for all) 
for the ACE inhibitor arm. In low-risk patients, 
however, ACE inhibitors do not provide the same 
benefit.214

Angiotensin Receptor Blockade
There is no reason to change the current practice 
of choosing ACE inhibitors as first-line treatment 
for these conditions. If ACE inhibitors cannot  
be used, AngiotensinII receptor blockers repre-
sent an acceptable alternative.215

b-Blockers

b-blockers reduce cardiac workload and myocar-
dial oxygen demand, and their use in the acute 
setting may yield a 13% relative risk reduction in 
the rate of progression to an acute MI216 and a 
29% relative risk reduction in death among high-
risk individuals with a threatened or evolving 
MI.217 When used in patients following an MI,  
b-blockers also produce significant reductions in 
adverse CV events.218-220 For low- to intermediate-
risk patients with angina and for all high-risk 
patients, intravenous b-blockers should be given 
in the setting of chest pain, followed by long-term 
use.

Blood Pressure Control
Because high blood pressure (BP) increases myo-
cardial oxygen demand, its treatment remains an 
important goal in the management of patients 
with NSTE-ACS. Although current guidelines 
recommend a BP of less than 130/85 mm Hg 
(reserving <130/80 mm Hg for patients with  
diabetes or chronic kidney disease,221 recent evi-
dence suggests that the optimal level may be even 
lower (ie, 125/75 mm Hg) in patients with stable 
CAD.222,223 Either ACE inhibitors and b-blockers 
or amlodipine may be used for BP reduction in 
those with stable CAD.

Cholesterol Treatment
The 3-hydroxy-3-methylglutaryl coenzyme-A 
reductase inhibitors (statins) inhibiting the rate-
limiting step in cholesterol synthesis, and have 
become standard care for most patients with 
NSTE-ACS. Their sustained use results in a  
significant reduction in the level of low-density 
lipoprotein cholesterol (LDL-C), along with more 
modest but favorable effects on levels of other 
serum lipids. Based on a recommended LDL-C 
goal of less than 70 mg/dL (1.8 mmol/L),224 nearly 
all patients with NSTE-ACS should begin treat-
ment with a high-dose, potent statin during their 
hospitalization. The benefits of statins are seen  
as early as 30 days after treatment.225 Because of 
comorbid conditions in cancer patients, includ-
ing hepatic metastasis, all patients treated with a 
high-dose, potent statin should have creatine 

kinase and transaminase levels closely monitored, 
with dose adjustment or discontinuation of  
medication as needed.

Smoking Cessation
All smokers with ACS should be encouraged to 
quit smoking since abstinence has been found  
to greatly lower the risk of future coronary 
events.226,227 Behavioral support,228,229 as well as 
bupropion with or without nicotine replace-
ment,230 have been shown to have the greatest  
efficacy in helping patients quit, and thus should 
be offered to all cancer patients to improve  
long-term smoking cessation.

Diabetes Management, Diet, and  
Exercise
All patients with diabetes should maintain strict 
glycemic control with a glycosylated hemoglobin 
level of less than 7.0%231.

STE-ACS
Treatment strategies for STE-ACS in cancer 
patients remains suboptimal due to the perceived 
complexity, and a lack of guideline and agree-
ment on the aggressiveness of therapy. There is no 
evidence-based guideline addressing specifically 
the management of cancer patients with STE-
ACS, although there is no reason why general 
guidelines should not be applicable in the major-
ity of cancer patients. This lack of consensus for 
the optimal reperfusion strategy in cancer patients 
with STE-ACS stems from the exclusion or non-
representation of cancer patients in large clinical 
trials.

In the clinical setting, two key concepts are of 
profound importance when considering optimal 
treatment for STE-ACS. The Reimer and Jennings 
wavefront hypothesis of evolving infarction has 
driven the entire field of reperfusion therapy for 
almost last 3 decades23; and there is a very strong 
relationship between time to treatment and extent 
of myocardial salvage. Whether the therapy given 
is primary PCI or fibrinolytics depends on the 
policy of an individual institution, but speed is  
of the essence. Emphasis should be on restoring 
arterial patency as soon as possible, especially in 
high-risk cardiac patients (Table 7). The main 
concern for use of either strategy in cancer patients 
is the risk of major bleeding. Whether benefit 
outweighs risk depends largely on the duration of 
symptoms or ischemia and the nature of adjunc-
tive therapy (ie, full- or reduced-dose fibrinolyt-
ics, platelet inhibitors, or heparin alone). As in 
elderly persons, patients with hypertension,  
and those with low body weight,232 the risk of 
intracranial bleeding must be considered in 
cancer patients in the context of multiple preex-
isting comorbidities (eg, low platelets, presence  
of metastasis and associated hepatorenal  

dysfunction). However, in the elderly who are 
also at a high risk of bleeding, multiple clinical 
trials and observational studies indicate improved 
survival and low risk of stroke with primary PCI 
compared with thrombolysis with STEMI. Since 
many cancer patients are managed at facilities 
without advanced cardiac interventional capabil-
ity, thrombolytics are viable alternatives if trans-
fer to a tertiary care center is delayed. Survival is 
greatest when reperfusion by thrombolytics is 
obtained within the first 3 hours of the onset of 
symptoms, and incremental delays thereafter do 
not yield significant additional mortality effect.233 
Moreover, the benefits of thrombolytics late after 
symptom onset are decreased and the risk of 
myocardial rupture may be increased.234,235 How-
ever, because thrombolytic therapy requires,  
on average, 45 to 60 minutes before reperfusion 
occurs,236 a case can be made for transfer for PCI 
without preceding fibrinolytic therapy in patients 
presenting relatively late (ie, g3 hours after 
symptom onset).237 Moreover, given the altered 
hemostatic milieu in cancer patients, the efficacy 
of thrombolytic agents may be unpredictable. 
Access-site hemorrhage following PCI may be a 
major issue in cancer patients. It is not clear 
whether data from studies in patients >75 years 
showing an increased risk of intracerebral bleed-
ing with combination of a fibrin-specific agent 
and a glycoprotein IIb/IIIa receptor antagonist 
may be extrapolated to the cancer population. 
Clearly, different approaches to reperfusion ther-
apies need to be placed within the context of the 
presence of other comorbid conditions in cancer 
patient presenting with of STE-ACS.

Large-scale targeted clinical trials are needed 
to evaluate the relative merits of available reper-
fusion strategies as well as newer antithrombotic 
adjunctive therapies in cancer patients presenting 
with STEMI.

Summary

Acute coronary syndrome in a cancer patient 
presents a difficult challenge. The pathogenic 
mechanisms of ACS in cancer patients are multi-
factorial. A major mechanism involves activation 
of the coagulation system by components 
expressed by most tumor cells. Another impor-
tant mechanism is triggered by changes in platelet 
volume and functions in cancer. There is no  
evidence-based guideline specifically addressing 
the management of cancer patients with ACS, 
although there is no reason why general guide-
lines should not be applicable in the majority of 
cancer patients. The main concern for use of  
primary PCI or fibrinolytics, platelet inhibitors, 
or heparin in cancer patients is the risk of major 
bleeding. Nevertheless, many cancer patients with 
ACS would qualify for the same management  
as others without cancer. However, a significant 
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number of patients pose a challenge in their man-
agement because of several comorbid conditions 
(specifically, profound thrombocytopenia and 
metastatic lesions). A subset of high-risk patients 
may not be candidates for any of the conventional 
treatments; potential alternatives and a conserva-
tive therapeutic modality of treatments may have 
to be taken into consideration in this setting. An 
approach of intensive observation and aggressive 
pain control may of paramount importance in 
such cancer patients.

With increased complexity of effective cancer 
therapy, it is important to identify the subset of 
cancer patients at high risk for cardiovascular 
events, particularly those with no clinical history 
of coronary disease. Using novel and improved 
diagnostic techniques, it is possible to detect cor-
onary artery disease at a much earlier stage, which 
can be managed with optimized medical therapy. 
Additionally, an increasing population of older, 
more deconditioned cancer patients with many 
comorbidities are under consideration for major 
surgery. Many such major surgeries are per-
formed before or after chemotherapy and/or 
radiation, which increases the risk of cardiac isch-
emic events. Many chemotherapeutic agents have 
important ischemic cardiac effects, while others 
have the ability to potentiate the adverse effects  
of other agents and are likely to have significant 
effects on patient outcome. It is therefore very 
important to take into account several patient-
related factors, including advanced age, preexist-
ing coronary disease, concomitant radiation 

therapy, and metabolic abnormalities in these 
patients.
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The cardiac manifestations of cancer are actually 
quite rare. Many times these clinical entities are 
found on routine surveillance; sometimes they 
are found as a result of clinical symptomatology; 
and most of the times, the malignant manifesta
tions of these disorders cancer involvement of the 
heart carry a poor prognosis. We will review met
astatic malignancies of the heart, and then briefly, 
primary tumors of the heart. Sometimes these 
tumors have a higher prevalence for different car
diac chambers and entrance points to the heart 
(Figure  1). This chapter will conclude with a  
discussion of amyloidosis, which can be found in 
multiple myeloma patients. We will initiate our 
discussion with the clinical presentation and 
diagnostic techniques for patients with cardiac 
tumors.

Clinical Presentation of Cardiac 
Tumors
Cancer patients may very well have constitutional 
symptoms consisting of fever, weight loss, fatigue, 
and malaise. These are not very helpful symptoms 
in focusing to suggest cardiac involvement. There  
are several categories of clinical presentation for 
cardiac tumors: (1) arrhythmias, (2) valvular and 
chamber obstructive symptoms, (3) congestive 
heart failure, (4) cardioembolic presentation 
events, and (5) cardiac tamponade.

Arrhythmias
Depending on the size of the cardiac tumor  
and its location, there may be various arrhyth
mias that are manifested.1 Most patients will 
complain of palpitations, or ectopiay is found on 

routine electrocardiogram. Patients can have 
either tachyarrhythmia or bradyarrhythmia. The 
important thing to remember, particularly in the 
cancer patient, is that these arrhythmias should 
warrant some workup, further investigation, 
keeping cardiac tumors as part of the differential 
diagnosis of the underlying cause. Cancer patients 
with arrhythmias routinely should have echocar
diography. That, which serves as one of the best 
screening tests to determine if there is cardiac 
involvement from cancer.2,3

Tachyarrhythmias may include atrial fibrilla
tion, atrial flutter,4 and ventricular tachycardia. 
On rare occasions, patients can present with 
sudden cardiac death from ventricular fibrilla
tion.5 Patients can also have bradyarrhythmias 
that may manifest as syncope, near syncope,  
or extreme dizziness with palpitation. These 
bradyarrhythmias may result from invasion of 
the conduction system, such as the atrioven
tricular (AV) node resulting in the heart block6 or 
the bundle branches causing right and left bundle 
branch block, or can result in sinoatrial node 
destruction with sinus arrest.

Obstructive Symptoms
Obstructive symptoms can be either the result of 
impaired filling or outflow obstruction.

The size of some intracardiac masses and 
tumors can cause obstructions of the valve orifice 
or major blood vessels, resulting in sudden cessa
tion of cardiac output and resulting syncope. If 
cardiac tumors are particularly large, limiting  
cardiac filling, sudden decreases in intravascular 
volume in these cancer patients, such as with 
severe hemorrhage or dehydration, can also pre
cipitate syncope more readily. Some cardiac 
tumors are on a pedunculated stalk and, there
fore, can prolapse across different valvular struc
tures. It is with this clinical scenario that you can 
find the classic tumor plop on auscultation.7,8 
When patients lie in different positions, they may  
facilitate obstructing one of the cardiac valves, 
resulting in positional syncope. An example of 
this is a patient with a left atrial tumor, such as a 
myxoma,9 who can have their tumor prolapse 
across the mitral valve orifice. When lying on  
the left side, there is a greater tendency to occlude 

Figure 1 An illustration showing the common locations of the most frequent primary tumors and 
the entrance point for some metastatic tumors by direct extension into the heart.
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that mitral valve orifice, resulting in positional 
syncope.

Congestive Heart Failure
Patients also can have congestive heart failure as a 
result of chamber or valvular obstruction. With 
large masses, there is a decrease in the ability  
to empty cardiac chambers, resulting in elevation 
of intracardiac pressures and resulting in classic 
congestive heart failure. This would be very  
similar to stenotic valvular lesions.10 Depending 
on if the tumors are in the left cardiac chambers, 
you may get symptoms of left heart failure with 
pulmonary vascular congestion and pulmonary 
edema. If the tumors involve the right heart 
chambers, you can get hepatic congestion, ascites, 
and peripheral edema.

In addition to the obstructive mechanism  
for the development of congestive heart failure, 
there may be enough myocardial infiltration by 
tumors to cause actual pump failure in the form 
of a restrictive cardiomyopathy.11

Cardioembolic Symptoms
Tumors can very frequently be friable12,13 and  
can result in the presence of changes in flow  
pattern within the cardiac chambers, can result  
in thrombus development. There can be some 
surface clot that develops over the tumor surface. 
Any of these factors can result in thromboembolic 
phenomena lead to thromboembolism. When 
cardiac tumors in left heart chambers are  
involved, they can result in stroke,14 coronary 
embolization with acute myocardial infarction, 
renal embolization with renal failure, peripheral 
arterial embolization15 with gangrene, or mesen
tery embolization with an acute abdomen. There 
has even be a report of cutaneous embolization 
from a cardiac myxoma.16 The rightsided embolic 
phenomena usually manifest a pulmonary 
embolus.17

Cardiac Tamponade
Cardiac tamponade is a frequent clinical presen
tation for patients with cardiac tumors. Patients 
will complain of constriction feelings within the 
chest; they may be restless or have a depressed 
sensorium because of decreased cardiac output. 
On physical exam, they may be hypotensive with 
a pulsus paradoxus, tachycardic, or tachypneic 
with a respiratory alkalosis. On cardiac ausculta
tion, you can frequently hear a pericardial friction 
rub. This clinical scenario is often the initial  
presentation for patients with primary cardiac 
tumors.18–20 The great majority of these presenta
tions are the result of associated pericardial 
involvement; however, there can be cardiac  
rupture of tumors through the myocardium into 
the pericardial sac.21

Diagnostic Work-up

Chest Xrays are nonspecific for the diagnosis  
of cardiac tumors. You may see the enlarged  
globular cardiac silhouette for those patients  
that develop cardiac tamponade. Many tumors 
are intracavitary and therefore won’t be picked  
up by this technique. A higher index of suspicion 
for cardiac tumors should be maintained for  
the patient who has primary lung tumors or  
metastatic tumors to the lung.

Echocardiography can be one of the best 
screening and most portable imaging techniques 
for identifying intracardiac masses. The discovery 
of an intracardiac echodensity on echocardiog
raphy can also create a significant diagnostic 
dilemma, as these densities can represent a  
primary cardiac tumor, a metastatic tumor, a 
portion of a thrombus, large vegetation, or an 
ultrasound artifact. Often, localizing the source 
or defining the tissue character of the image can 
be difficult, since echocardiographic images are 
generated from reflected or refracted ultrasound 
waves. The probable diagnosis of an intracardiac 
density can depend upon the clinical situation 
under which the echocardiogram was performed 
(Figure  2 and 3). In the cancer patient, echocar
diography is ordered to evaluate coexisting  
cardiac disease, baseline assessment, followup of 
cardiotoxic chemotherapy, or for evaluation of a 
cardioembolic event such as a pulmonary embolus 
or stroke. In this clinical decision tree, the type  
of cancer must be considered, as certain cancers 
are more likely to metastasize to the heart or  
produce thrombus. Predisposing factors to devel
opment of thrombus, such as the presence of  
a central venous catheter or recurrent atrial  
fibrillation, is also important clinical informa
tion. The recent development of gasfilled  
microbubbles allows opacification of leftsided 
chambers. These bubbles are very small (4 to  
10 microns) and can traverse the pulmonary  

capillary bed. The main use for this new technique 
is left ventricular opacification to enhance  
endocardial definition. Contrast perfusion  
echocardiography22 might be indicated, as many 
cardiac tumors are vascular and will be enhanced 
by microbubbles, just like the myocardium in 
myocardial contrast echocardiography.23,24 Often, 
a mass found on transthoracic echocardiography 
(TTE) needs further evaluation by transesopha
geal echocardiography (TEE) to help exclude the 
presence of artifact and determine the attachment 
site of the intracardiac tumor. It is important to 
remember that this technique is contraindicated 
for patients with esophageal cancer or head and 
neck irradiation.

Additional imaging techniques include  
computerized tomography (CT), magnetic  
resonance imaging (MRI), and positron emission 
tomography (PET).

The use of CT and MRI can be most helpful 
in looking at the relationship of mediastinal or 
lung masses and how they relate to an intracar
diac tumor. These techniques may help delineate 
invasion through a myocardial wall or an exten
sion from one of the great vessels into the heart. 
MRI has the additional properties of soft tissue 
characterization, and that often gives the needed 
information to decide whether a mass is tumor 
versus thrombus. Contrast enhancement with 
gadolinium provides assessment of tumor vascu
larity. PET imaging has proven useful for tumors 
in the right atrium, right ventricle, and the left 
atrium. Tumors are usually hypermetabolic and 
can be demonstrated with a metabolic tracer. It 
may be more difficult to image smaller tumors in 
the left ventricle because the myocardium is 
thicker and shows metabolic properties of its 
own.

Endomyocardial biopsy by a transvenous 
catheterbased bioptome has rarely been per
formed.25,26 There are a few cases of percutaneous 
needle biopsy.27,28 In the cancer patient, it is most 

Figure 2 A decision tree to help facilitate whether an atrial mass could be tumor versus thrombus. Begin by 
determining the attachment site of the mass.



486 Chapter 51

probably related to their primary malignancy.  
If the patient has a reasonable prognosis, then 
resection not only provides diagnostic pathology, 
but helps to avoid the clinical consequences  
mentioned earlier, such as embolism, congestive 
heart failure, and obstruction. Coronary angio
graphy may be helpful if this will change the  
surgical approach or identify additional disease 
that need to be addressed.

Metastatic Cardiac Tumors

Although autopsy studies have shown that  
metastatic disease to the heart and pericardium 
can be found in 10 to 20% of patients who died of 
malignancy; many cases of malignant tumors in 
the heart remain clinically silent. Metastasis to the 
heart occurs nearly 100 times more frequently 
than do primary cardiac tumors.29 Metastasis may 
result from direct extension, lymphatic spread, or 
hematogenous spread into the heart. In absolute 
numbers, metastasis from lung cancer,30,31 lym
phoma,32 and breast cancer33–35 are the most 
common metastatic tumors. Of all tumors, malig
nant melanoma has the greatest propensity to 
metastasize to the heart.36,37 Such lesions are found 
in nearly 71% of melanoma patients at autopsy. 
The most likely site of metastatic disease is  
the pericardium, although disease spread to the 
myocardium and/or endocardium is not rare. 
Because they are so frequently asymptomatic,  
the tumors can often be found as incidental  
finding on echocardiography while patients are 
being evaluated for other reasons. When  
symptoms do occur, they are frequently those  
of congestive heart failure, dysrhythmia, or 
increasing pericardial effusion leading to cardiac 
tamponade.

Tumor progression through the inferior vena 
cava may also involve the heart. In adults, this 

Hypereosinophilic Syndrome (Löffler’s 
Endocarditis)
Elevated eosinophil levels from any cause, includ
ing leukemia and other neoplastic disorders, can 
result in myocarditis, cardiac infiltration, or  
cardiac mass development.45,46 The pathologic 
cardiac involvement consists of biventricular 
apical endocardial thickening, frequently with 
laminar mural thrombosis that contains eosino
phils as part of the thrombus. The clinical  
scenario is congestive heart failure with hemody
namics similar to other restrictive cardiomyopa
thies (see Chapter  53, “Pericardium in the Cancer 
Patient”). Patients can develop embolism from 
the bilateral mural thrombi. Treatment include 
routine therapy for CHF, chemotherapy with 
hydroxyurea and imatinib,47 and, late in the clini
cal course, surgical extraction of the fibrotic 
thrombusi can ameliorate symptoms.

Primary Cardiac Tumors

Malignant and benign primary cardiac tumors 
are extremely rare, with an incidence in autopsy 
series reported to be between 0.001% and 0.03%.48 
The occurrences of primary benign and malig
nant tumors of the heart are unique entities to 
diagnose and manage.

Benign Primary Cardiac Tumors
Seventyfive percent of primary cardiac tumors 
are benign; myxomas comprise about one half of 
this group. Most myxomas are found in the left 
atrium (75%) and in decreasing frequencies in 
the right atrium, right ventricle, and left ventricle. 
The incidence of myxomas peaks at 40 to 60  years 
of age; they are more common in women, with a 
femaletomale ratio of 3:1.49 They are generally 
friable and tend to fragment, which gives them 
the potential of embolizing.50 Most myxomas 
occur sporadically. Some are familial, and,  
occasionally, have been described in relation to a 
particular syndrome called Carney’s complex, an 
autosomaldominant condition associated with 
cardiac myxomas, myxomas in other regions 
(cutaneous or mammary), hyperpigmented skin 
lesions, hyperactivity of the adrenal or testicular 
glands, and pituitary tumors.51–53 Carney’s  
complex occurs at a younger age, and should  
be considered when cardiac myxomas are  
discovered in atypical locations in the heart.54

In children, the most common benign  
cardiac tumors are the rhabdomyomas, usually 
found in the ventricles. Onethird of patients  
with these tumors also have tuberous sclerosis 
and a much poorer prognosis; death is frequently 
the result of unstable dysrhythmias. Rhabdomyo
mas that occur as an isolated finding have a much 
better prognosis.

Other benign primary tumors of the heart 
include fibromas (also located in the ventricles), 

Figure 3 A decision tree to help determine whether a ventricular mass is likely to be tumor vs. thrombus. 
Begin by determing whether there is an right ventricular or left ventricular wall motion abnormality.

Figure  4 Transesophageal echocardiogram done 
intraperatively showing a renal cell carcinoma tumor 
thrombus in the inferior vena cava(white arrow). Bor-
rowed from the case files of Dilip Thakar, MD. 
IVC=inferior vena cava.

phenomenon is seen in 4 to 10% of patients with 
renal cell carcinoma(Figure  4).38 Other tumors 
that may spread to the heart through the inferior 
vena cava included hepatocellular carcinoma39 
and leiomyosarcoma40 and, in children, Wilms’ 
tumor. Such spread is usually diagnosed with a 
combination of echocardiography, computed 
tomography, and magnetic resonance imaging.41 
Most patients with these tumors do not have  
cardiac symptoms, but they may demonstrate an 
onset of hypertension or lower extremity edema 
without other finding of congestive heart failure.

Although these next two examples are  
not classic metastatic malignancies to the heart, 
these entities occur in the clinical setting of  
hematogenous malignancy.

Leukemia
There have been descriptions of cardiac masses 
inside the cardiac chambers in association with 
different leukemias and were thought to be do 
due to leukemic infiltration.42–44
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which may be intramural and may become  
calcified. Lipomas, also seen in the heart, are  
histologically the same as those in other locations 
in the body. They usually occur in the left  
ventricle or the right atrium but may be found  
anywhere in the heart as well as the pericardium. 
Although frequently asymptomatic, they may 
grow large enough to cause obstructive  
symptoms.

Papillary fibroelastomas, which usually occur 
on cardiac valves, are often found incidentally 
(Figure  5). They may result in embolic phen
omena,14 and, when situated on the aortic valve, 
can cause coronary ostial occlusion.55 Mesotheli
omas20 of the atrioventricular node, which is now 
called the cystic tumor of the AV node have the 
distinction of being the smallest tumor that may 
cause sudden cardiac death, death resulting  
from complete heart block, or, occasionally,  
ventricular fibrillation.

Malignant fibrous histiocytomas58 and  
fibrosarcomas are most frequently found in the 
left atrium, and both have a poor prognosis 
(Figure  7). Occasionally, these tumors are  
confused with left atrial myxomas.

Treatment of Cardiac Tumors

The optimal treatment for cardiac tumors is 
resection of the tumor. This obviously has a much 
better prognosis if the tumor is a benign cardiac 
tumor. Primary malignancies of the heart can 
recur, and chemotherapy or radiation therapy 
may be helpful in controlling them, depending on 
the histology of the tumor.40 Metastatic tumors  
of the heart can be resected, but chemotherapy 
and bioimmunotherapy may help to control  
disease. Surgical resection will help avoid obstruc
tive symptoms or cardioembolic events. Cases 
that involve extensive myocardial infiltration may 
require explantation of the heart with resection of 
the tumor, reconstruction of the chambers and 
valves, and subsequent autotransplantation of the 
heart.59–61

Cardiac Amyloidosis 

The term amyloid was introduced in 1984 by 
German physician scientist Rudolph Virchow.62 
Amyloid is the term used for the predominantly 
extracellular deposition of a group of chemically 
diverse, abnormal proteins that are arranged to a 
greater or lesser extent in specific betapleated 
fibrils. Amyloidosis is a systemic disorder charac
terized by tissue deposition of amyloid protein in 
a wide variety of clinical settings. The conclusive 
diagnosis of organ involvement with amyloid  
is with biopsy specimens which, under light 
microcopy and standard tissue stains, appear as 
an amorphous, eosinophilic, hyalinelike extra
cellular substance.63 To differentiate amyloid 
deposition from other hyaline deposits like col
lagen and fibrin, Congo red stain is commonly 
used which, under ordinary light, imparts a pink 
or red color to the tissue, and under polarizing 
microscopy, gives a green birefringence of the 
stained amyloid.63 When stained with Congo red, 
all forms of amyloid appear the same, but bio
chemically, the fibrils are different. The electron 
microscopy shows nonbranching fibrils of  
indefinite length and a diameter of approximately 
7.5 to 10  nm, and electron microscopy features 
are identical in all types of amyloidosis.63

Classification of Amyloidosis
The classification of amyloidosis is based on the 
nature of the precursor plasma protein that forms 
the fibril deposits (Table  1).64 According to this 
classification, the amyloid protein is designated 
A, followed by the protein designation in abbrevi
ated form without any space after first letter A. 
Thus, the former primary amyloidosis is now AL 
amyloidosis. The distinction between systemic 
and localized (organ or tissue limited) is avoided. 
This is because some amyloid deposits, which 
may appear to be localized, may represent a  
predilection site of systemic amyloidosis.

In clinical practice, amyloid deposition may 
be systemic (generalized) or localized to an organ 
like the heart or kidney. For clinical practice, the 
systemic type can be classified as primary (AL 
type), which is commonly associated with immu
nocyte dyscrasia, or secondary (AA type), which 
occurs as a complication of chronic inflammatory 
process.63,65,66

In AL amyloidosis, the k or l immunoglobu
lin light chain is the precursor protein. In AA 
type, the AA protein (which forms the AA  
amyloid protein) is derived from circulating acute 
phase reactant serum amyloid A (SAA), which in 
itself is synthesized in hepatocytes under the 
influence of cytokines such as IL6 and IL1.

SAA is common in most inflammatory  
conditions, but an increase in SAA in itself is not 
sufficient for deposition of amyloid.

Figure  5 Transesophageal echocardiogram show-
ing a pulmonic valve papillary fibroelastoma (arrow) 
which was found incidentally during thoracic surgery. 
Borrowed from the case files of Dilip Thakar, MD.
AoV=aortic valve, RVOT=right ventricular outflow 
tract, MPA=main pulmonary artery.

Paragangliomas (pheochromocytomas)20 
may be found as intrapericardial tumors. The very 
rare hemangiomas are usually found postmor
tem; they are identified sometimes in vivo during 
coronary angiography where they may cause a 
characteristic “tumor blush”.

Malignant primary cardiac tumors
Primary cardiac malignancies are of connective 
tissue origin and are classified as sarcomas.56,57 
There is no gender predilection, and the mean  
age of presentation is approximately 40  years. 
Angiosarcomas, the most common type of  
malignant cardiac tumors, usually occur in the 
right atrium (Figure  6) and present clinically as 
hemopericardium or with rightsided congestive 
heart failure. Eighty percent of these tumors have 
metastasized at the time of diagnosis, often to the 
lungs, liver, bone, or lymph nodes.

Figure 6 Computed axial tomography scan of the 
heart demonstrating an angiosarcoma in the right 
atrium. White arrow demonstrates the tumor actually 
infiltrating the right atrial wall.

Figure 7 A magnetic resonance imaging scan 
showing a malignant fibrous histiocytoma in the left 
atrium(white arrow). LV=left ventricle, LA=left 
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The hereditary or familial group includes a 
heterogeneous group with a variety of clinical 
manifestation.65 The most common form in this 
group is ATTR amyloidosis (previously called 
prealbumin), in which the precursor protein is a 
mutated transthyretin (TTR) and is a normal 
protein that binds thyroxine and retinol. Hence 
the name Trans ThyRetin.

Senile systemic amyloidosis refers to systemic 
deposition of amyloid in elderly patients. Because 
of the dominant involvement of the heart, it was 
previously called “senile cardiac amyloidosis”. 
The amyloid in this form is composed of normal 
transthyretin molecule.

Cardiac Manifestations:
The amyloid deposits in the extracellular space 
eventually cause pressure atrophy of the myocar
dial fibers.63 The degree of cardiac compromise 
and subsequent clinical manifestations depend 
on the extent and location of amyloid deposition. 
Involvement of conduction system leads to ECG 
abnormalities, whereas involvement of a large 
area of myocardium will lead to heart failure.

The cardiac conduction system can be 
involved in all areas of the conduction system. 
Particularly, there can be involvement of the sinus 
node.67

Cardiac involvement is a prominent feature 
of AL amyloidosis,68 whereas in secondary (AA) 
amyloidosis, involvement of the heart is found 
only rarely.66

The clinical manifestation of cardiac amyloi
dosis may be nonspecific, like fatigue, or the 
patient may present with a wide range of symp
toms, from congestive heart failure, coronary 
insufficiency, heart block, valvular dysfunction, 
or pericardial effusion.68 In patients with AL  
amyloidosis, fatigue and weakness are the most 
common systemic symptoms noted in more  
than 56% of patients, followed by weight loss, 
ecchymosis, and petechiae.68,69 In these patients, 
multiorgan involvement should raise the suspi
cion of cardiac involvement. In one study of AL 
amyloidosis, heart involvement in the absence of 
clinical evidence of other system involvement 
(except the underlying plasma cell dyscrasia) was 
present in less than 4% of the patients.68 In these 
patients, symptoms of left heart failure are  

predominant followed by fatigue and weakness. 
Despite predominant symptoms of left heart  
failure, clinical signs of right heart failure  
predominate, with jugular venous distention and 
ankle edema(>80% of cases).

In some patients, angina pectoris may be the 
first cardiac manifestation of systemic amyloido
sis, and months later, they will develop the full 
scenario of systemic amyloidosis. These patients 
have normal coronary angiograms but abnormal
ity of coronary flow reserve.70 Chest pain is  
present in about 25% of patients with cardiac 
amyloidosis, and of those who underwent  
catheterization, greater than 80% had a normal 
cardiac catheterization.68 Chest pain in these 
patients may be due to small vessel disease. Amy
loidosis is known to infiltrate the intramyocardial 
vessels.

Similarly, another group of patients with 
angina and amyloidosis had normal epicardial 
coronary vessels.71 In one study of primary  
systemic amyloidosis, the majority of patients did 
not have severe coexisting coronary atherosclero
sis but had amyloid involvement of the epicardial 
coronary vessels which was nonobstructive.72  
The majority of these patients had intramural 
coronary amyloidosis. Even of these patients, 
more than 50% had microscopic changes of  
myocardial ischemia.72 In patients with amyloi
dosis, histologic sections of coronary artery have 
shown various degrees of diffuse stenosis of the 
small coronary arteries by amyloid deposition 
that occurs mainly in the media of the vessels with 
maintenance of normal intramural epicardial 
coronary vessels.71

Postural hypotension is a predominant  
feature of cardiac amyloidosis, found in about 
40% of patients.68 In a minority of the patients, 
chest pain may be preceded by episodes of ortho
static hypotension.71 Other nonspecific features 
of cardiac amyloidosis include: syncope (20%), 
palpitations (17%), hypotension(14%) and hyper
tension(2.6%).68 Syncope in these patients may be 
related to postural hypotension, ventricular 
arrhythmias or heart block. Patients may also 
have stressinduced syncope. The prognosis of 
patients with stressprecipitated syncope is worse 
when compared to those who do not have stress
induced syncope.69

There are no distinguishing clinical features 
that may differentiate patients with systemic 
senile amyloidosis (senile cardiac amyloidosis) 
from those with immunoglobulinderived  
amyloid (AL).73

Heart failure due to amyloidosis is com
monly due to the result of restrictive cardiomy
opathy. Progressive deposition of amyloid within 
the heart leads to thickening of the walls, resulting 
in small ventricular chambers, noncompliant 
myocardium, and reduced stroke volume.  
Eventually, it leads to a diminished cardiac output, 
which is exacerbated by any increase in the heart 
rate. Initially, the main problem is diastolic  
dysfunction rather than systolic dysfunction. In 
the presence of coexisting hypertension, when 
clinical suspicion of amyloidosis is low, amyloid 
cardiac disease can be misdiagnosed as hypertro
phy due to hypertension. Amyloid heart disease 
can mimic hypertrophic cardiomyopathy and 
remain undiagnosed until development of  
systolic heart failure.74

investigations
On noninvasive evaluation, cardiac amyloidosis 
may be confused with hypertrophic cardio
myopathy and other causes of left ventricular 
hypertrophy. Electrocardiogram (ECG) and 
echocardiogram findings may be helpful to dif
ferentiate a combination of symptoms from other 
causes of left ventricular hypertrophy. A list of 
investigations are detailed below and summarized 
in Table  2.

Electrocardiogram
ECG abnormalities are found in the majority of 
patients with cardiac amyloidosis. In a study of 
AL cardiac amyloidosis, about 96% of patients 
had some ECG abnormality, with low voltage  
and pseudoinfarct pattern being the most 
common abnormalities found in >70% of 
patients (Figure  8).68 Conduction abnormalities 
are found in about 36% of patients. The ECG and 
echocardiographic features of heart involvement 
in AA amyloidosis resemble those of AL amyloi
dosis.66 In another study in which low voltage 
(56% of cases) and pseudoinfarct pattern (60%) 
were the most common ECG findings in biopsy
proven cardiac amyloidosis, it was found that, if 
an ECG finding of low voltage was present and 
the echocardiogram showed an intraventricular 
septum thickness >1.98  cm, the diagnosis of  
cardiac amyloidosis can be made with a sensitivity 
of 72% and a specificity of 91%.75 In another 
study, ST depression was found in 70% and  
T wave changes in 85% of patients with AL  
Amyloidosis.71

Echocardiogram
The most common echocardiogram findings in 
cardiac amyloidosis are normal LV end diastolic 

Table 1 Characteristics of Common Types of Systemic Amyloidosis

TYPE Fibril Composition Precursor Protein Underlying Disorders

AL(primary) Monoclonal immunogloulin l or k light chain Plasma cell dyscrasia
  light chain  (ratio of l to k,3:1)
ATTR (familial) Transthyretin Variant form of transthyretin Inheritance
AA(reactive) Serum amyloid A protein(SAA) Chronic inflammatory
   disorders

Ab2M b2 microglobulin b2 microglobulin Long term dialysis

Adapted from Ikeda S. Cardiac amyloidosis: heterogenous pathogenic backgrounds. Intern Med 2004;43:1107–14.
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dimension, thickening of both right and left  
ventricular myocardial walls, restrictive physiol
ogy on Doppler, and sparkling/granular appear
ance of the myocardium (Figure  9 and 10).75  
In cardiac amyloidosis, there is infiltration by 
amyloid protein, which initially leads to a restric
tive diastolic dysfunction, and the left ventricular 
ejection fraction starts to fall only late in the 
course of the disease, unless the patient has  
concomitant coronary artery disease or other  
etiology for dilated cardiomyopathy.

Chest Roentenograms
The cardiomyopathy in amyloidosis is restrictive 
in nature, hence the cardiac silhouette may not  
be enlarged. In senile systemic amyloidosis,  
cardiomegaly is noted in a majority of patients 

with associate pleural effusions in >35% of 
cases.73

Nuclear Scintigraphy
Abnormal cardiac uptake of 99mTc3, 3 
disphosphono1, 2propodicarboxylic acid 
(99mTcDPD) may help differentiate TTR
related cardiac amyloidosis from the AL type of 
cardiac amyloidosis.76

Serology
Serum Nterminal probrain natriuretic peptide 
(BNP) has been found to be a sensitive marker  
of myocardial dysfunction in patients with AL 
amyloidosis.77 In asymptomatic patients with  
cardiac amyloidosis, BNP levels may be elevated 
and may help to distinguish between those  
with or without heart failure.78 This raises the 

Table 2 Clinical Evaluation Of A Patient With Suspected Amyloidosis 

Clinical Evaluation Heart ( Heart failure, fatigue, syncope, chest pain, murmur, postural hypotension,   
  palpitations)
 Other Systemic Features ( macroglosssia, neuropathy, hepatomegaly, malabsorption,  
  diarrhea, proteinuria or frank nephrosis, skin papules or plaques, periorbital   
  ecchymosis, arthritis, carpal tunnel syndrome, pleural effusion due to amyloid   
  heart disease or pleural amyloid deposition)
ECG Low voltage, pseudoinfarct pattern, heart block
CXR Heart: Usually normal cardiac silhouette. In later stage Cardiomegaly.
 Lungs: Pulmonary edema, pleural effusion
Echocardiogram Normal Left ventricular end diastolic dimension, thickening of septum and posterior  
  wall, distinctive sparkling/granular appearance of the myocardium, restrictive   
  physiology.
Holter Conduction abnormality, Heart rate variability
Blood Albumin, LFT’s Creatinine, electrolyte, Coagulation, Thyroid function.
 BNP and Troponin ( in cardiac involment)
Urine Proteinuria, Creatinine clearance

BNP=brain natriuretic peptide; CXR=chest x ray; ECG=electrocardiogram; LFT=liver function tests.

Figure 9 A 12 lead EKG demonstrating a pseudo-infarct pattern with Q waves in leads I, AVL, V1 and V2.

Figure 8 A two dimensional echocardiogram show-
ing the parasternal long axis view. The white arrow 
shows the increased echodensity of the interventricu-
lar septum correlating with amyloid deposition com-
pared to normal echocardiographic appearance of 
the posterior wall of the left ventricle shown by the 
red arrow.
RV=right ventricle, LV=left ventricle, Ao=aorta, 
LA=left atrium.

Figure 10 A transthoracic two dimensional echo-
cardiogram showing increased echodensity and thick-
ening of the myocardial walls and valves. This also 
demonstrates the sparkling and granular appearance 
of the walls.
LV=left ventricle, RV=right ventricle, RA=right  
ventricle.

possibility that elevation of BNP levels in cardiac 
amyloidosis could be direct myocyte damage due 
in addition to a rise in left ventricular end  
diastolic pressure.

In a small study, troponin levels were elevated 
in all patients with amyloid cardiomyopathy, of 
which 70% had values above the threshold used 
for the diagnosis of cardiac ischemia. In this study 
only 15% of patients had severe coronary artery 
disease. Amyloid deposition within the intramu
ral epicardial coronary artery was found in all 
patients, and 38% had obstructive findings  
with greater than 60% obstruction. Interestingly, 
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troponin I elevation was higher in patients with 
no or mild coronary artery disease. In this study, 
no statistical correlation was noted between  
troponin elevation and left ventricular ejection 
fraction, left ventricular wall thickness, pulmo
nary artery wedge pressure, or pulmonary artery 
pressure. This suggests that, in amyloid cardio
myopathy, elevation in troponins may be due to 
amyloid infiltration of the heart.79

Diagnosis

The diagnosis of cardiac amyloidosis should be 
considered in any patient who has unexplained 
cardiomyopathy, in particular in the setting of 
conditions known to be associated with amyloi
dosis. Although secondary (AA) amyloidosis 
rarely causes cardiac involvement, a high index  
of suspicion is needed in these cases as well. 
Patients who have amyloid involvement else
where, (eg, those with proteinuria or GI involve
ment with amyloidosis), should have an ECG  
and an echocardiogram as baseline investigations. 
In those with a high clinical suspicion of cardiac 
amyloidosis, the next step would be to establish a 
diagnosis by cardiac biopsy. When a cardiac 
biopsy is not possible, then a biopsy of the subcu
taneous abdominal fat can be obtained.80 Once a 
positive tissue diagnosis is obtained, the next step 
is to find out the type of amyloidosis. AL amyloi
dosis is the most common type, and the next  
step is to search for plasma cell dyscrasia by 
immunofixation electrophoresis of the serum and 
urine or by a bone marrow biopsy with immuno
histochemical staining of plasma cells for kappa 
or lambda light chains.65 The bone marrow biopsy 
will also help exclude myeloma or other condi
tions like Waldenström’s macroglobulinemia as a 
cause of amyloidosis. If these are negative, then 
the next step, even in the absence of a family  
history of amyloidosis, is to look for a mutant 
TTR protein in serum, a mutant TTR gene in 
genomic DNA or both.65

Although there may be no clinical features to 
differentiate senile cardiac amyloidosis from the 
AL type, the absence of abnormal M protein in 
serum and urine plus the presence of cardiac 
amyloidosis in patients greater than 60  years of 
age with no extracardiac manifestation of primary 
amyloidosis, raises the possibility of systemic 
senile amyloidosis (senile cardiac amyloidosis).

Treatment

Treatment of cardiac amyloidosis should not be 
limited to those with clinical cardiac presenta
tions, as treatment of concomitant disease (such 
as myeloma, nephrotic syndrome, and neuropa
thy or Gastrointestinal symptoms symptoms) is 
essential to the general wellbeing of the patient.

Angina should be treated with standard  
antianginal medications, albeit with cautious use 

of bblockers and calcium channel blockers. In a 
small group of patients with AL amyloidosis, 
chest pain on exertion was promptly relieved  
by nitrates, but recurred frequently despite long
term use of these drugs.71,81 Due to the recurrence 
of chest pain despite longterm nitrates, some 
have advocated the use of antianginal medica
tions like nicorandil (not available in the US) 
which, in a study of normal population, was 
found to cause a dosedependent increase in cor
onary flow velocity and a decrease in coronary 
vascular resistance, following intracoronary injec
tion.82 In one case report, despite use of diltiazem 
and nicorandil, the patient developed recurrent 
angina with ECG changes.83

There is not enough data available to make 
any firm recommendations on ideal medication 
for patients with angina and amyloid, but nitrates 
seem to be the logical and most prevalent choice 
made in these patients.

Treatment of congestive heart failure is with 
standard heartfailure medications, which include 
diuretics, angiotensinconverting enzyme inhibi
tors (ACE inhibitors) and bblockers, although 
these medications have not been systematically 
studied in any large group of patients with  
amyloid cardiomyopathy.

ACE inhibitors should be used cautiously 
because of the potential for causing or exacerbat
ing postural hypotension. This category of drug 
should be started in small doses, and increments 
made gradually and cautiously. Calcium channel 
blockers theoretically have been beneficial in  
diastolic heart failure,84 and along with bblockers 
and ACE inhibitors have a class 2b indication  
for treatment of patients with heart failure  
and normal left ventricular ejection fraction.85 
Calcium channel blockers should also be used 
cautiously in patients with amyloidosis because 
they have been reported to precipitate and worsen 
heart failure even in the presence of normal left 
ventricular ejection fraction.86 Discontinuation of 
verapamil in this case was followed by clinical  
and echocardiographic improvement with nor
malization of left ventricular systolic function.86 
Digoxin should be avoided, as it avidly binds to 
amyloid fibrils,87 which may lead to toxicity.

Indications for pacemakers are the same as in 
the general population.88 However, when there is 
extensive involvement of the heart by amyloid 
tissue, successful insertion of pacemaker may still 
not be lifesaving.

Clinical and echocardiographic improve
ment has been reported with thalidomide treat
ment in a patient with primary (AL) amyloidosis 
with cardiac involvement.89 In a study of primary 
amyloidosis, for patients with cardiac involve
ment (21% of the study population), treatment 
with melphalan improved survival compared to 
colchicine.90

Heart transplantation is a last resort because 
there is a recurrence of amyloid deposition in 

transplanted hearts, and, therefore, only provides 
shortterm benefit because it does not influence 
the underlying disease process.91 It may have a 
role in a selective group of patients who are  
considered to be cured of the primary disease 
with highdose chemotherapy and stem cell  
transplant.

Prognosis
In patients with primary amyloidosis, the pres
ence of cardiac involvement is associated with  
a worse outcome, and the majority of deaths  
are cardiacrelated.90 Cardiac amyloidosis is asso
ciated with variable prognoses, depending upon 
the presence of other disease and concomitant 
involvement of other organs. In patients with  
primary amyloidosis (AL), the most common 
cause of death is due to either sudden cardiac 
death or congestive heart failure.68 The median 
survival in the 232 patients following a diagnosis 
of AL amyloidosis was 1.08 years (range 0.83 to 
1.25), and from the date of the index echocardio
gram, median survival was 0.50 years (range 0.42 
to 0.66).68 In this study, patients with congestive 
heart failure median survival from diagnosis was 
0.75  years (range 0.59 to 1.00), which was signifi
cantly shorter when compared to patients with 
heart involvement but no congestive heart failure, 
where median survival was 2.34  years (range 1.58 
to 2.92).68 In patients with systemic amyloidosis, 
elevated troponin and BNP levels also provide 
important prognostic information and are  
predictors of mortality in these patients.92

Patients with senile systemic amyloidosis 
with cardiac amyloidosis, despite being older and 
exhibiting greater left ventricular wall thickness, 
appear to have a survival advantage and better 
prognosis when compared to patients with AL 
amyloidosis involving the heart.93

Amyloid infiltration may affect the geometry 
of the ventricles in a discordant fashion, and when 
right ventricular dilation occurs greater than the 
left ventricle, it is associated with a poor progno
sis with a median survival of only 4  months.94 
Right ventricular dilatation in these patients may 
be due to elevated left ventricular end diastolic 
pressure or elevated pulmonary vascular resis
tance and pulmonary hypertension from amyloid 
involvement of pulmonary arterioles.
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The Pericardium in the Cancer Patient
Steven M. Ewer, MD

Michael S. Ewer, MD, JD

Heart disease and cancer are the two most 
common causes of death in developed countries. 
While primary cardiac malignancy is relative rare, 
involvement of the heart either by malignant 
spread of the tumor, or as a sequel to the various 
treatment strategies, occurs much more fre
quently. The pericardium is of especial interest  
to those treating patients with cancer, as it is  
the cardiac structure most frequently affected  
by tumor spread, and it is the cardiac structure  
most sensitive to the effects of ionizing radiation. 
Pericardial disease and cancer are therefore two 
closely related fields of interest.

Approximately 9% of patients who eventu
ally succumb to malignancy have direct cancer
ous involvement of the pericardium, and for 80% 
of these patients, their pericardial involvement 
will contribute to their demise.1 An even greater 
number develop pericardial disease via other 
mechanisms that are related to their malignancy. 
Likewise, 7% of patients presenting with acute 
pericardial disease have a neoplastic etiology,2 
and 35% of procedures performed for pericardial 
disease are done on cancer patients.3 Usually, 
pericardial disease in the cancer patient presents 
well after the diagnosis of cancer has been  
established. Typical questions that arise include: 
(1) what aspect of malignancy or its treatment are 
the cause; (2) what are the implications for pro
gnosis and further cancer treatment; and (3) what 
is the best way to manage the pericardial disease. 
In rare cases, however, a patient with no history  
of cancer may present with malignant pericardial 
disease as the first manifestation. Sometimes, 
pericardial involvement during life remains 
unsuspected and is an incidental finding at 
autopsy.

Historically, malignant pericardial disease 
was relegated to a medical curiosity and was  
diagnosed almost exclusively on autopsy. With 
the advent of imaging technology in the 20th  
century, ante mortem diagnosis became possible, 
but prognosis remained grim and little could be 
offered to patients besides occasional brief pallia
tion. Currently, even earlier diagnosis of malig
nant pericardial disease is possible, and a much 
greater number of treatments are available for the 

systemic and local management of their malig
nancy, as well as management of treatment
related pericardial disease. These advances have 
rendered pericardial disease in the cancer patient 
increasingly relevant in modern medicine. Despite 
these accomplishments, however, quality evi
dence for optimizing diagnostic and therapeutic 
strategies for these conditions has lagged, and we 
are left with a considerable degree of uncertainty 
as to the ideal management of an exceedingly 
complex group of patients.

Malignant disease and its treatment affect the 
pericardium in a variety of ways. While primary 
pericardial tumors are very rare, metastases are 
quite common. Nearly all cancers (with perhaps 
the exception of primary brain tumors) are capa
ble of metastasizing to the pericardium through 
either direct extension (ie, lung, esophageal),  
retrograde lymphatic spread (ie, lung, breast),  
or hematogenous seeding (ie, melanoma,  
lymphoma, leukemia). Other causes of pericar
dial abnormalities in the cancer patient that  
do not involve direct invasion include adjacent 
inflammation, interruption of lymphatic or 
venous drainage, infection, hypoalbuminemia, 
congestive heart failure, renal failure, toxicities of 
chemotherapeutics, and chest irradiation. Many 
cases of pericardial disease in the cancer patient 
are idiopathic, and it should be recognized that 
the pericardial disease is often unrelated to the 
underlying malignancy. The etiology of a pericar
dial abnormality in a cancer patient is thus critical 
to his or her management, having important 
implications for prognosis and treatment. The 
possibility that the etiology of a sanguineous  
pericardial effusion in a lung cancer patient may 
be caused by tuberculosis, for example, cannot be 
overemphasized.

Symptoms of pericardial disease are often 
vague and nonspecific, and can mimic disease  
in many other organ systems, which are often also 
affected by the malignancy. Diagnosis can be very 
challenging, and even after diagnosis, treating 
existing pericardial disease does not ensure relief 
of an individual’s symptoms. The clinician  
must approach these patients with a broad view of 
clinical medicine in order to minimize the possi
bility of incorrect diagnoses and inappropriate 
interventions.

Despite the fact that the diagnosis of pericar
dial problems may be difficult, the management 
of such problems may be tremendously gratify
ing. The improvement experienced by a patient 
following drainage of pericardial fluid in the  
setting of cardiac tamponade is one of the most 
dramatic and rewarding interventions that we  
as internists or cardiologists can undertake.  
As cancer treatments continue to improve, we  
will have increasing opportunity to offer our 
patients both quantity and quality of life through 
management of their pericardial disease.

After a brief discussion of normal pericardial 
structure and function, this chapter will examine 
the spectrum of primary and metastatic tumors  
of the pericardium, pericardial sequelae of chest 
radiation, and other aspects of malignancy and  
its treatment that affect the pericardium. We will 
then review the more common manifestations of 
pericardial disease as it pertains to the patient 
with diagnosed or undiagnosed malignancy. 
Mechanisms, diagnosis, and treatment of these 
entities, including acute pericarditis, pericardial 
effusion, tamponade, and pericardial constriction 
will be discussed.

Normal Pericardial Structure and 
Function

The pericardium consists of a fibrous sac that 
contains the heart. There are two pericardial 
layers: the inner visceral pericardium, attached 
directly to the surface of the heart, and the outer 
parietal pericardium, separated from the visceral 
pericardium by the pericardial space. The peri
cardial space contains a small amount of serous 
fluid. The two layers meet at or near the origin of 
the great vessels (the superior vena cava, aorta, 
pulmonary artery, and pulmonary veins), and 
these attachments serve to anchor the pericar
dium and heart within the mediastinum. The two 
layers thus completely enclose the pericardial 
space, which is often considered a “potential 
space” because, while usually containing a mini
mal amount of fluid between the two adjacent 
surfaces, this space can greatly expand in patho
logic states, holding more than two liters of  
pericardial fluid in some cases.
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teratomas, mesotheliomas, and angiosarcomas. 
Other tumors are found in the literature only as 
isolated case reports and very small series and will 
be mentioned briefly. The bulk of epidemiologic 
data regarding primary cardiac tumors comes 
from a series of 533 such cases by the Armed 
Forces Institute of Pathology,6 and was summa
rized and updated more recently.5

Pericardial Cysts
Pericardial cysts are the most common primary 
pericardial tumor.21 They consist of a lining of 
mesothelial cells surrounded by a layer of fibrous 
connective tissue, much like the structure of the 
pericardium itself. Occasionally, hyperplasia of 
the mesothelium is found, and rarely, inflamma
tory cells may also be present. The interior of the 
cyst contains a clear, strawcolored fluid, and may 
communicate with the pericardial space. Pericar
dial cysts usually contain only small amounts of 
fluid (less than 10  cc) and are usually less than  
3  cm in their widest dimension. They can,  
however expand considerably, and may achieve 
maximal dimensions of up to 15  cm.5 The most 
common location is along the right heart border.5 
Pericardial cysts can present at any age, but the 
majority are diagnosed before the age of 30. They 
have also been noted as incidental findings at 
autopsy. Only onethird of patients present with 

From an embryologic perspective, the vis
ceral pericardium is a monolayer of mesothelial 
cells on the surface of the epicardium, which also 
consists of some connective tissue, adipose tissue, 
the coronary blood vessels, nerves, and lymphatic 
vessels. The parietal pericardium consists of a 
monolayer of mesothelial cells along with a thicker 
serosa, which is made of fibrous connective tissue 
including collagen and elastin. The normal thick
ness of the parietal pericardium is 1 to 3.5  mm, 
depending on variations in the serosa.4 The thick
ness of the parietal pericardium increases with 
most pericardial disease states, including those 
related to malignancy, and, indeed, is the primary 
abnormality in the case of constriction.

Most references to “the pericardium” as a 
tissue structure are understood to imply the pari
etal pericardium; the visceral pericardium usually 
is included as part of the epicardium. While  
this convention has the potential for confusion, 
the meaning is usually clear from the context. 
Metastases to the pericardium, however, may 
involve both the parietal and visceral layers.

Innervation of the pericardium is derived 
from the phrenic nerve anteriorly and the esoph
ageal plexus posteriorly, both carrying fibers 
derived from the vagus nerve. These fibers are the 
source of chest pain in acute pericarditis. Myocar
dial innervation is supplied by the same nerves, 
which helps explain the similarities of anginal 
pain and pericardial pain when prominent pleu
ritic features are absent. Lymphatic drainage is  
to the anterior and posterior mediastinal lymph 
nodes, and retrograde spread through these  
vessels is an important source of metastatic tumor 
spread, especially for cases of breast and lung  
cancers that involve mediastinal lymph nodes. 
Obstruction of lymphatics by tumor is also a 
mechanism for pathologic accumulation of peri
cardial fluid that does not require invasion of the 
pericardium per se.

The pericardial space normally contains 15 
to 50  mL of fluid, which is continuously secreted 
by the mesothelial cells of the visceral pericar
dium. This fluid is essentially a plasma ultrafil
trate and serves to lubricate the movements of the 
heart. Pericardial fluid is resorbed via lymphatics 
and veins. When secretion is increased (eg with 
inflammation) and/or resorption is decreased  
(eg tumor obstruction), fluid can accumulate 
abnormally in the pericardial space and is then 
referred to as an effusion. Three major sinuses, as 
well as several minor ones within the pericardial 
space, serve to store accumulated fluid without 
affecting cardiac function or causing symptoms: 
the transverse sinus lies between the superior  
pulmonary veins and the main pulmonary artery; 
the oblique sinus lies between the right and left 
pulmonary veins behind the left atrium; and  
the superior sinus surrounds the base of the 

ascending aorta. When preclinical (but neverthe
less pathologic) pericardial effusions are present, 
these sinuses can be seen to be enlarged with var
ious imaging modalities, including computed 
tomography (CT), magnetic resonance imaging 
(MRI), and transesophageal echocardiography. 
Because of their location, the pericardial sinuses 
are not typically seen on transthoracic echocar
diography.

In addition to lubricating the movements of 
the heart, the pericardium serves many other 
physiologic functions. The relatively fixed volume 
and inherent elasticity combine to keep the  
pericardial sac under tension, which contributes 
to diastolic pressures within the heart and helps 
maintain the classic pressurevolume relation
ships of cardiac physiology. For instance, under 
conditions that increase left ventricular volume, a 
condition commonly encountered in the cancer 
patient (eg, anthracycline cardiomyopathy, renal 
dysfunction), the structural integrity of the  
pericardium helps take on some of the burden of 
increased wall stress. Within the pericardial space, 
there is a small negative pressure (≈3  mmHg)  
that serves to augment diastolic filling.4 Other 
functions include a physical tethering of the  
heart within the mediastinum, a barrier against  
infection and inflammation, participation in the 
cardiac autonomic reflexes, and paracrine func
tions (releasing mediators such as endothelin  
and prostacyclins). When cancer results in a  
diseased pericardium, any of these functions can 
be altered or disrupted, often leading to complex 
pathophysiology with subtle, multifaceted  
contributions to morbidity.

Primary Tumors of the Pericardium

Primary pericardial tumors are extraordinarily 
rare. The reported incidence of all cardiac tumors 
ranges from 0.001% to 0.28% in autopsy series,5 
and pericardial tumors make up only a fraction  
of these cases. (By comparison, the incidence of 
pericardial metastases is approximately 2.5% in a 
similar general autopsy series.) Both benign and 
malignant pericardial tumors will be addressed. A 
list of primary tumors of the pericardium is shown 
in Table  1. Relative incidence as a percentage of 
all primary pericardial tumors is shown where 
possible.

Five tumor types make up the vast majority 
of primary pericardial tumors, accompanied by  
a longer list of very rare entities (see Table  1). 
Approximately 25% of primary pericardial 
tumors are malignant. In general, the benign 
lesions present more commonly in infancy or 
childhood, and malignant tumors are seen more 
frequently after the third decade. The exceptions 
are slowgrowing benign tumors such as lipomas, 
which may also present later in life. We will briefly 
discuss some of the more common pericardial 
tumors below, including pericardial cysts,  

Table 1  Primary Tumors of the Pericardium

Benign
Pericardial Cyst (62%)
Teratoma (11%)
Bronchogenic Cyst
Dermoid
Lipoma
Fibroma
Solitary Fibrous Tumor
Neuroma
Lymphangioma 
Lymphangioepithelioma
Hemangioma
Neurofibroma 
Leiomyoma 
Hamartoma

Malignant
Mesothelioma (15%)
Angiosarcoma (7%)
Malignant Teratoma (3%)
Kaposi’s Sarcoma
Rhabdomyosarcoma
Fibrosarcoma
Synovial Sarcoma
Spindle Cell Sarcoma
Thymoma
Primary Cardiac Lymphoma
Hodgkin’s Lymphoma
Malignant NerveSheath Tumors
Hemangioepithelioma
Liposarcoma
Pheochromocytoma
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symptoms, which consist primarily of chest pain, 
but can also include dyspnea and arrhythmias.4 
More typically, an abnormality is seen on chest 
Xray obtained for other reasons, which then 
leads to the diagnosis of a cardiac tumor. More 
detailed imaging can be obtained with echocar
diography, computed tomography, or magnetic 
resonance imaging. Treatment consists of surgi
cal excision, percutaneous drainage, or thora
scopic drainage. Pericardial cysts do not have 
malignant potential, and the prognosis is  
excellent.

Teratoma
Teratomas are composed of tissue derived from 
all three germ layers. They are usually, but not 
always, benign. Pericardial teratomas arise from 
the base of the pulmonary artery or aorta, which 
often complicates their surgical removal. Approx
imately 80% occur in the pediatric population,5 
typically in infancy or in utero.7,8 There is  
a remarkable femaletomale preponderance.  
Clinical presentation is far more dramatic than 
for pericardial cysts. Because of their location and 
size, compression of the right atrium is the rule, 
and right ventricular compression is not uncom
mon. Furthermore, pericardial teratomas are  
frequently accompanied by a large pericardial 
effusion, which exacerbates tamponade physio
logy. Presentation includes hydrops fetalis, fetal 
pericardial effusion, and dyspnea, cyanosis, car
diomegaly, cardiac murmurs, and sudden cardiac 
death in the neonatal or pediatric patient. Treat
ment includes surgical excision, and a nontrivial 
operative mortality exists for these patients. Occa
sionally, fetal pericardiocentesis is also necessary.9 
After recovery from surgery, the prognosis is 
excellent and recurrences are uncommon. Rarely, 
teratomas can undergo malignant transforma
tion, invading adjacent structures, including the 
myocardium. In these unfortunate cases, surgical 
excision is not feasible and the prognosis is  
poor; death usually occurs within weeks of the 
diagnosis.

Mesothelioma
Mesothelioma is the most common primary 
malignancy of the pericardium. It usually pres
ents in middle age, with males affected twice as 
often as females.10 It is unclear from the scant lit
erature available if exposure to inhaled asbestos is 
a significant risk factor for pericardial mesotheli
oma as it is for its pleural counterpart, but several 
cases without any apparent asbestos exposure 
have been documented.4,11 Another series, how
ever, found no difference in asbestos exposure in 
patients with pleural versus pericardial mesothe
lioma,12 implying an association. Additionally, 
the issue is confused by the fact that some meso
theliomas thought to be of pericardial origin  
are actually derived from the pleura with local 

invasion into the pericardium. Some evidence 
implicates simian virus 40 as well as asbestos  
in the pathogenesis of mesothelioma; this virus  
has been found in up to 80% of patients with 
mesothelioma, and has been found to cause 
mesothelioma in animal models.13

Although localized nodules can exist, meso
thelioma usually spreads uniformly throughout 
the pericardial space. Invasion occurs locally  
and includes spread to the pleura, mediastinum, 
mediastinal lymph nodes, and occasionally, 
through the diaphragm to the peritoneum. Inva
sion to the deep myocardium or endocardium is 
rare, in contrast with other pericardial malignan
cies. Distant metastases are also notably uncom
mon, but have been found in the brain.14 Clinical 
presentation spans the spectrum of pericardial 
disease, including acute pericarditis, chronic or 
recurrent pericardial effusions, and constriction. 
Constitutional symptoms are also common.

Diagnosis of mesothelioma is confirmed by 
cytologic evaluation of the fluid or pericardial 
biopsy along with suggestive clinical features. 
Pathologic distinction between mesothelioma 
and reactive mesothelial hyperplasia (seen in 
response to inflammation) can be challenging.5 
Treatment is mainly palliative, and consists of 
radiation, chemotherapy, and local measures to 
control pericardial symptoms. Given the beha vior 
patterns of this malignancy, surgical resection is 
generally impossible. The very high operative 
mortality makes surgical intervention prohibi
tively risky, including treatment of pericardial 
constrictive disease due to mesothelioma. Pro
gnosis is poor with or without surgery, with one 
series reporting a 60% 6month mortality.5

Angiosarcoma
Angiosarcoma is the second most common pri
mary pericardial malignancy after mesothelioma, 
and is the most common cardiac sarcoma overall. 
Angiosarcomas originate in either the right atrium 
or pericardium in 80% of cases.5 Patients usually 
present as young or middleaged adults, and as  
is the case with mesothelioma, men are more  
susceptible than women. Unlike mesothelioma, 
however, angiosarcoma commonly invades the 
myocardium and endocardium, and can present 
with intracardiac masses or valvular obstruction. 
Distant metastases are possible and occur in 
approximately onequarter of all cases,5 with a 
predilection for the central nervous system. 
Symptoms and clinical findings include those of 
acute pericarditis, pericardial effusion, congestive 
heart failure (especially rightsided failure result
ing from obstruction of the superior or inferior 
vena cava, or the tricuspid valve), arrhythmias, 
and constitutional symptoms. Pericardial effu
sions are typically hemorrhagic. Surgical resec
tion may be possible in selected patients, but 
treatment is generally palliative, and includes 

chemotherapy and radiation. The prognosis is 
generally poor.

Other Primary Pericardial Tumors
Pericardial lipomas resemble lipomas found else
where in the body. They are slowgrowing benign 
tumors that are asymptomatic until they begin to 
compress adjacent structures. Unlike teratomas, 
there is no significant inflammatory reaction,  
and effusion is usually absent. If not compressing 
critical structures, they can grow to giant propor
tions—nearly 5 kg in one case report.15 They are 
often confused with the more common pericar
dial cysts, in part because of their homogenous, 
lowdensity signal on various imaging modalities. 
Surgery is curative, and offered only when  
symptoms warrant intervention or diagnostic 
uncertainty remains. As with lipomas elsewhere, 
there is an exceedingly low rate of malignant 
transformation to liposarcoma. Liposarcomas 
can recur after surgical resection, and repeat  
surgery can be an effective way to manage such 
cases.16,17

Occasionally, thymomas can arise from the 
parietal pericardium without evidence of anterior 
mediastinal involvement. Tumors can be benign 
or malignant, and do not appear to be associated 
with myasthenia gravis. Hemangiomas and 
lymphangiomas can occur in the pericardium, 
often mimicking pericardial cysts. Intrapericar
dial pheochromocytoma is a rare but well 
documented phenomenon. Diagnosis includes 
measurement of active metabolites in the blood 
and urine, and imaging with MRI or targeted 
nuclear scanning. Pericardial neurofibromas have 
been described in the context of von Reckling
hausen’s disease. Primary cardiac lymphoma is 
usually of Bcell origin and tends to involve  
both the myocardium and pericardium simulta
neously. Treatment is similar to extracardiac  
lymphoma.

Metastatic Disease of the  
Pericardium

In several large autopsy series, 10% of all patients 
who die because of cancer have metastases to the 
heart. Of these, approximately 85% have pericar
dial involvement.18 Not only is malignant pericar
dial disease fairly common, it contributes to death 
in the majority of cases.1 Pericardial metastases 
outnumber primary pericardial tumors by about 
two orders of magnitude, and thus are by far  
the more important clinical entities. Nearly all 
cancers have been found to metastasize to the 
pericardium, but only a handful of these are seen 
with any meaningful frequency. Table  2 shows a 
list of these more common pericardial metastases 
with their relative frequencies.19–21 Lung cancer, 
breast cancer, and hematologic malignancies 
together account for approximately twothirds of 
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pericardial metastases. In some series, this group 
accounts for 80%.18

Of equal relevance is the likelihood of a given 
malignancy to metastasize to the pericardium. 
Melanoma is the most likely to do so, with up to 
70% of metastatic cases involving the pericar
dium.18 Leukemia and lymphoma are found to 
involve the pericardium in approximately 33% of 
cases. Breast cancer metastasizes to the pericar
dium in approximately 21% of cases, and lung 
cancer in 19%.1

Cancer can metastasize to the pericardium in 
one of three ways: direct extension, lymphatic 
spread, and hematogenous spread. All three 
mechanisms are fairly common and clinically  
relevant. Direct extension to the pericardium  
is facilitated by aggressive tumor behavior and 
proximity to the heart. Malignancies in this  
category include lung cancer, esophageal cancer, 
and, to a lesser degree, breast cancer. (The mid 
esophagus is separated from the left atrial cavity 
by as little as 3 mm of tissue in some locations!) 
Often overlooked members of this category are 
primary cardiac tumors that originate elsewhere 
in the heart and invade the pericardium, such as 
rhabdomyosarcoma and fibrosarcoma. Angiosar
coma is a unique, albeit confusing, example, in 
that it can originate in either the myocardium or 
pericardium and then proceed to invade adjacent 
structures.

Lymphatic spread is probably the most 
common mechanism of metastatic spread to the 
pericardium. As noted above, lymph node groups 
that receive drainage from the heart are the ante
rior and posterior mediastinal nodes, and cancers 
that metastasize to these nodes, most notably 
breast and lung cancer, can reach the pericardium 
via retrograde lymphatic spread. Careful histo
logic study has confirmed this mechanism in  
the majority of cases involving pericardial metas
tases.22–24 Note that invasion and obstruction  
of these lymphatics is also likely to be the main  
contributor to malignant and nonmalignant 
pericardial effusions in this group.

Leukemia, lymphoma, and melanoma most 
commonly seed the heart, including the pericar
dium, through the blood vessels. Hemorrhage 

often accompanies metastases in this category, 
contributing to the pericardial effusion. It is inter
esting that these malignancies are precisely the 
ones most likely to involve the pericardium, 
implying perhaps that this route of metastasis  
is more efficient than lymphatic spread or direct 
extension.

Presentation of metastatic pericardial disease 
is highly variable. Some cases are asymptomatic 
and are diagnosed incidentally on autopsy, while 
others present as lifethreatening catastrophic 
events such as pericardial tamponade. Most 
patients with pericardial metastases are symp
tomatic however, and as noted above, pericardial 
involvement very often leads to their demise.1 
The most common presentations, namely acute 
pericarditis, chronic effusion, tamponade, and 
constrictive disease, all occur in cancer patients 
and will be discussed in detail below. In general, 
malignant pericardial disease presents more often 
as chronic pericardial effusions or tamponade, 
and less often as acute pericarditis. Pericardial 
constriction can be seen following chest irra
diation. However, it is worth mentioning that 
patients rarely present in classical textbook fash
ion. Sorting out pericardial disease in the setting 
of malignancy can be extremely challenging.

Case series have been collected that specifi
cally look at symptoms and signs of metastatic 
pericardial disease. One study reports dyspnea  
in 91%, cough in 67%, pleural effusion in 53%, 
and venous distension in 30%.25 Another reports 
tachycardia in 46%, pleural effusion in 44%,  
dyspnea at rest in 40%, and abnormal chest Xray 
in 32%.19 Other findings include rales, pulsus 
paradoxus, distant heart sounds, and abdominal 
symptoms related to congestion. Many of these 
are nonspecific and can mimic other diseases, 
especially lung disease, which is frequently coex
istent as the primary site of malignancy, another 
site of metastasis, or pneumonia. Arrhythmias are 
a common manifestation of malignant pericar
dial disease,26 and a new arrhythmia in a cancer 
patient should raise suspicion for cardiac metas
tases if this has not previously been diagnosed. 
Congestive heart failure can present similarly, but 
symptoms include orthopnea and paroxysmal 
nocturnal dyspnea, which are usually not present 
with symptomatic pericardial effusions. Because 
symptoms are relatively nonspecific, or even  
misleading, and the differential diagnosis in these 
patients is always broad, the clinician must have  
a high index of suspicion to detect clinically  
relevant pericardial involvement. The adage that 
pericardial disease can act as a masquerader is 
especially true in the cancer patient.

Once pericardial disease is suspected based 
on history and physical examination, the most 
useful initial test is the transthoracic echocar
diogram because of its high diagnostic yield,  
ready availability, and noninvasive nature.  
Echocardiographic findings for specific entities 

will be discussed below. Chest Xray may reveal 
cardiomegaly, pleural effusions, and mediastinal 
lymphadenopathy, but is not definitive. Electro
cardiography may reveal several aspects of peri
cardial disease, and these will also be considered 
below. CT and MRI can be helpful adjuncts, espe
cially useful because of their expanded field of 
view (including lungs, pleura, mediastinum, and 
great vessels), which helps put malignant pericar
dial disease in a broader perspective. Indeed, peri
cardial effusions are often discovered incidentally 
on chest CT scans done for other indications, 
such as to rule out pulmonary metastases or 
thromboembolic disease. Additionally, MRI is 
especially able to visualize cardiac masses due to 
its excellent contrast resolution.27 Melanoma has 
unique features on MRI because of the ability of 
melanin to bind paramagnetic metals. This gives 
melanoma a bright appearance on T1weighted 
images, in contrast to other tumors.27 Both MRI 
and CT can help determine pericardial thickness 
if constriction is being considered.

Pathology, including cytology of pericardial 
fluid and tissue from surgical specimens, is an 
important aspect of diagnosis. The finding of 
malignant cells in pericardial fluid or in tissue 
samples of parietal or visceral pericardium help 
make the diagnosis of malignant pericardial effu
sion, which may be defined as an effusion associ
ated with any evidence for malignant invasion of 
the pericardium. Not all pericardial effusions in a 
patient with cancer are necessarily malignant. 
Other mechanisms for effusion in these patients 
include adjacent inflammation, interruption of 
lymphatic or venous drainage, infection, hypoal
buminemia, congestive heart failure, renal failure, 
toxicities of chemotherapeutics, and chest irradi
ation. The pericardial space has even been found 
to be a site of extramedullary hematopoiesis in 
cases of chronic myeloid leukemia,28,29 and amy
loid accumulation in multiple myeloma.30 Effu
sions can also be idiopathic, seemingly unrelated 
to malignancy. In addition to cell morphology, 
fluid and tissue analysis with chemistry and 
microbiology may help to diagnose some of these 
other entities, and will be discussed in more detail 
below.

Treatment of malignant pericardial disease 
involves two parallel strategies—local control of 
the pericardial disease and, where feasible, sys
temic treatment for the underlying malignancy. 
Since the overall prognosis of patients with peri
cardial metastases from any cancer is generally 
poor, palliation is usually the goal. Tumor type 
and aggressiveness influence treatment. As with 
any treatment in oncology, quality and quantity 
of life must both be considered when choosing a 
therapeutic strategy. In general, the more defini
tive procedures carry a higher risk of morbidity 
and mortality, and less burdensome strategies 
may sometimes be more prudent. Good commu
nication between the cardiologist, oncologist,  

Table 2  Metastatic Cancers to the Pericardium

Lung Cancer 33% (includes roughly equal  
 numbers of squamous cell, adenocarcinoma, 
 and small cell carcinoma)
Breast Cancer 19%
Hematologic Malignancies 13%
Gastrointestinal Carcinomas 7.7% (includes  
 adenocarcinoma and squamous cell  
 carcinoma)
Malignant Melanoma 4.6%
Prostate Cancer 3.5%
Thyroid Cancer 3.5%
Pancreatic Cancer 3.5%
Gynecologic Malignancies 3.5%
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primary care physician, patient, and family is 
essential to arriving at a medically reasonable  
and appropriate treatment strategy that can be 
accepted by the patient and his decisionmakers.

Malignancy-Related Pericardial 
Disease

It has been estimated that nearly twothirds of 
patients with malignancy who present with peri
cardial disease do not have direct pathologic inva
sion of the pericardium by the tumor.3 In many 
cases, pericardial disease is related indirectly to 
the malignancy or its treatment; radiation peri
carditis and opportunistic infections are examples 
of this phenomenon. In some instances, pericar
dial disease is entirely unrelated to the malig
nancy. We will discuss some of the nonmalignant 
but malignancyrelated conditions here.

Radiation-Induced Pericardial Disease
It has been well established that external radiation 
to the thorax is associated with cardiac sequelae. 
All three cardiac layers can be involved, but  
the pericardium is the most radiosensitive; the 
myocardium and endocardium are postmitotic 
tissues, and thus are less susceptible.5 Radiation
related cardiac disease depends mostly on radia
tion dose, volume of the heart exposed, and 
specific techniques used, but other factors play  
a role, including age at the time of exposure 
(younger patients are at higher risk) and even 
genetic susceptibility, as discovered by examina
tion of certain single nucleotide polymor
phisms.31

The most common malignancies treated with 
chest radiation, and thus associated with cardiac 
disease, are lung cancer, breast cancer, and lym
phoma. Other relevant malignancies are esopha
geal and thyroid cancers. Radiation doses typically 
associated with cardiac disease start around  
25 gray (Gy) (or 2,500 Rads), with disease quite 
common at doses above 40 Gy. One study found 
acute pericarditis in over 30% of patients who 
received greater than 40 Gy to the heart.5 The 
incidence of cardiac sequelae also increases when 
more than 50% of the volume of the heart is  
contained in the radiation field.32

The mechanism of cardiac damage from 
radiation is not well understood, but is thought to 
consist of microvascular destruction, including 
lymphatics, and apoptosis from direct cellular 
injury.33 Inflammation from necrosis of tumor 
cells and hypersensitivity reactions may also play 
a role.5 Over time, fibrosis and/or pericardial  
effusion can form, and pericardial thickening is 
usually a late manifestation. One theory explain
ing late development of pericardial disease (over 
20 years after exposure in some cases) involves an 
increased susceptibility or an exaggerated response 
to infection conferred upon an irradiated peri

cardium,4 but little evidence is yet available to  
support this hypothesis. Although pathologic 
changes can be found in many patients exposed to 
radiation, symptoms occur in only a small number 
of cases.

The exact incidence of radiationrelated peri
cardial disease is difficult to discern because of the 
potentially long delay between radiation exposure 
and the development of late pericardial disease. 
Furthermore, improvement in radiation tech
niques over the last 30 years have led to remark
able reductions in the incidence of disease, making 
older epidemiologic studies obsolete. One study 
examined the burden of cardiac irradiation in all 
patients with pericardial disease and found radia
tion to be the cause in 7.3%. This was further 
broken down, and radiation was implicated in 
11% of cases of constriction, 7.5% of pericardial 
effusion, and 9.1% of acute pericarditis.20

Hodgkin’s and nonHodgkin’s lymphoma 
have the highest incidence of radiationrelated 
cardiac disease, attributable to disease prevalence, 
a younger patient population, and to anatomic 
considerations. The relative risk of fatal cardiac 
events has been reported as high as 7.2 after treat
ment for Hodgkin’s lymphoma.34,35 A typical regi
men includes 30 to 39 Gy at 1.5 to 1.8 Gy/fraction 
over 4 to 5 weeks. Mantle radiation (parallel 
opposed AP and PA fields) is given to the medi
astinum, although the heart is usually shielded for 
part of the treatment. Total radiation dose to the 
heart depends on the location of the malignancy 
within the mediastinum. Mantle radiation is asso
ciated with a higher incidence of pericarditis than 
radiation for lung or breast cancer because the 
total dose to the heart is higher. In one study of 48 
longterm Hodgkin’s survivors with an average 
14year followup and a median dose of 40  Gy, all 
patients studied were found to have pericardial 
thickening, and one was found to have constric
tion.36 An autopsy study of young patients who 
received over 35 Gy to the heart found pericardial 
thickening in 15 of 16 cases, and clinical evidence 
of tamponade was present in 5 cases prior to 
death.37 In the largest cohort to date of patients 
with mediastinal radiation for Hodgkin’s lym
phoma, 2.2% of 590 patients developed clinical 
pericarditis.38

Breast cancer is typically treated with 50  Gy 
at 2  Gy/fraction over 5 to 6 weeks. The radiation 
field is tangential, such that no more than 2  cm  
of lung or chest wall tissue is involved. External 
beam radiation is also sometimes applied to the 
internal mammary chain of lymph nodes, which 
is focused at a prescribed depth. The heart is 
nearly completely shielded during radiation of 
rightsided breast cancer, and is minimized with 
the above techniques during leftsided radiation. 
One study found the mean radiation dose to  
the heart for leftsided disease to be 3.8  Gy for 
tangential field alone, and 6.4 Gy when external 

beam to the internal mammary chain was 
included.39 Respiratory gating with breath 
holding techniques can further reduce cardiac 
irradiation.40 Significant cardiac toxicities of  
radiation for breast cancer are fairly uncommon, 
including pericardial disease. One study found no 
increase in cardiac mortality when comparing 
patients with left and rightsided breast cancer 
treated with radiation and followed for 12 
years.41

Radiation therapy for lung cancer is usually 
palliative. Regimens consist of 60 Gy to the hilum 
or mediastinum at 1.8 to 2 Gy/fraction over 7 to  
8 weeks. Radiation is usually administered only to 
active macroscopic lesions, rather than compre
hensive inclusion of all potentially involved tis
sues. Extent of heart involvement thus is highly 
dependent on location of mediastinal disease. 
The heart can be fairly effectively shielded during 
left hilar radiation. Prognosis is generally very 
poor in this group of patients, so manifestations 
of late pericardial disease are decidedly rare. Acute 
pericarditis is possible, but infrequent.

Clinical manifestations of radiationinduced 
pericardial disease are highly variable. Patients 
can present acutely during their treatment, sub
acutely weeks or months later, or as late as decades 
after radiation exposure. Presentations include 
acute pericarditis, chronic pericardial effusion, 
cardiac tamponade, and pericardial constriction. 
The peak incidence of pericardial sequelae occurs 
5 to 9 months after radiation exposure,32 but all 
patients are indefinitely susceptible, with inci
dence increasing with the duration of followup.4 
Interestingly, acute disease does not seem to  
predispose a higher risk of late chronic disease.32

Acute pericarditis is an early manifestation 
and presents with chest pain, fever, a pericardial 
rub, and electrocardiographic changes. Effusion 
may or may not be present. The differential diag
nosis includes other causes of chest pain, espe
cially pulmonary embolism, which can cause 
pleuritic chest pain similar to pericarditis, and 
myocardial infarction, which is also found with 
increased prevalence after radiation. Malignant 
pericardial disease is much less likely to present 
with classic acute pericarditis. Treatment consists 
of nonsteroidal antiinflammatory drugs, and 
corticosteroids are sometimes necessary for 
refractory cases. Radiation can usually be contin
ued once antiinflammatory treatment has been 
initiated. Prognosis is excellent for this form of 
pericardial disease, but late sequelae may be more 
frequent in those who experience a significant  
initial inflammatory reaction.

Subacute or chronic pericardial effusion is 
the most common manifestation of radiation
induced pericardial disease. Symptoms are  
similar to other causes of pericardial effusion. 
Although tamponade is possible with radiation, 
this entity should raise suspicion for malignant 
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pericardial disease, which is a much more likely 
cause for tamponade. Effusions range from serous 
to hemorrhagic, and over time become more 
fibrinous with evidence of adhesions. Increased 
protein and lymphocyte count are seen on fluid 
analysis, and are similar to other inflammatory 
conditions. The diagnosis is one of exclusion, and 
diagnostic pericardiocentesis may be required to 
rule out malignant effusion. Another helpful clin
ical finding is the absence of metastatic disease 
elsewhere; if no other metastases are found  
with appropriate testing, radiation is much more 
likely to be the cause.11 Treatment includes anti
inflammatory drugs, with drainage as needed. 
Definitive surgical procedures are rarely needed, 
as the condition generally responds well to con
servative management. Prognosis is generally 
good, although some patients do go on to develop 
constrictive disease.

Pericardial constriction is the feared outcome 
of chronic radiationinduced pericardial disease. 
Although its incidence is uncommon, the prog
nosis is grave. Clinical manifestations of con
striction will be discussed below, but a few points 
specific to radiation disease will be considered 
here. Although other causes of pericardial con
striction (eg, tuberculosis, postcardiac surgery) 
typically involve diffuse pericardial calcification, 
radiation disease tends to be noncalcific.3 A diag
nostic dilemma with this entity is in distinguish
ing it from myocardial fibrosis, which may also 
result from cardiac irradiation. Myocardial radia
tion damage presents as a restrictive cardiomy
opathy, which is difficult to distinguish from 
constriction. In fact, both entities can be present 
in patients with chest radiation. The distinction  
is critical, because performing pericardiectomy 
on patients with predominantly restrictive disease 
leads to increased operative mortality. Some 
authors advocate endomyocardial biopsy at the 
time of catheterization for any patient suspected 
of having radiationinduced cardiac disease to 
rule out restriction preoperatively.4 Even with 
predominant constriction, operative mortality  
is very high—21% in one study, with a 5year  
survival of only 1%.3

A variation of pericardial constriction in the 
setting of radiation is effusiveconstrictive dis
ease, which involves substantial pericardial effu
sion in addition to the presence of constrictive 
physiology. This is typically discovered at the time 
of pericardiocentesis for tamponade, after which 
constriction becomes evident.

Lastly, a known complication of chest irra
diation is the development of secondary malig
nancies. These can arise from virtually any tissue 
exposed to the radiation, including the pericar
dium in very rare instances. Cases invol ving  
“primary” pericardial lymphoma,42 pericardial 
angiosarcoma,43 and pericardial mesothelioma44 
have been described, occurring years after  

radiation therapy to the chest for the initial  
malignancy.

Chemotherapy-Related Pericardial 
Disease
Several antineoplastic or related agents have  
been implicated in pericardial disease,45 and  
are summarized in Table  3. The incidence of  
chemotherapyrelated pericardial disease is rare, 
and the mechanisms are generally poorly under
stood. They are important, however, in the con
text of the differential diagnosis of pericardial 
conditions in the cancer patient. Chemotherapy
related pericardial disease is usually selflimited, 
and may be treated with antiinflammatory drugs 
and removal of the offending agent when practi
cal. In very rare cases, pericardiocentesis may be 
necessary to treat tamponade or as a diagnostic 
intervention to help rule out malignant effusion 
or infection.

Anthracyclines can cause pericarditis (more 
specifically myopericarditis) as a manifestation  
of their early cardiotoxicity. These effects are not 
related to cumulative dose, although the relation
ship with later cardiac dysfunction has been  
suggested. The recognition of pericarditis alone, 
however, should not be considered sufficient 
grounds for altering the anthracyclinecontaining 
chemotherapeutic regimen in patients who are 
otherwise stable.46

Alltrans retinoic acid is used for induction 
and maintenance of remission in patients with 
acute promyelocytic leukemia. The main toxicity 
of this agent is retinoic acid syndrome, which 
consists of fever, weight gain, interstitial pulmo
nary infiltrates, pleural and pericardial effusions, 
hypotension, and acute renal failure. It is seen 
during induction in approximately 25% of cases, 
but has not been observed with maintenance 
therapy. Pleural and pericardial manifestations 
occur in about onethird of patients with the  

syndrome.47 The mechanism involves the differ
entiation and extravasation of leukemic cells into 
affected organs, which causes a brisk inflamma
tory response and capillary leak. Mortality ranges 
from 5 to 30%, but cause of death is not usually 
related directly to the pericardial effusion.47  
Treatment involves early recognition and admin
istration of dexamethasone 10 mg intravenously 
twice daily. Development of retinoic acid syn
drome does not preclude further treatment with 
this agent, but prophylactic steroids and close 
monitoring are required.

Infectious Pericardial Disease
Of all pericardial disease with a recognized cause, 
infections make up the largest category. A long 
list of potential pathogens exist, including viruses, 
bacteria, rickettsia, fungi, and parasites.4 Cancer 
patients are a uniquely susceptible group as their 
disease or its treatment routinely causes immu
nosuppression, leukopenia, multisystem organ 
disease, and loss of tissue integrity (and hence loss 
of normal barriers to infection). Frequent hospi
talizations and longterm intravascular access 
catheters add to the infectious burden. Thus, 
infections should routinely be included in the dif
ferential diagnosis of malignant pericardial dis
ease. During any pericardial drainage procedure, 
samples should always be collected for cell count, 
Gram stain, and culture, with additional micro
biologic studies obtained if indicated. Because 
treatment is usually curative, correct diagnosis is 
essential.

Cancer or complications of its treatment can 
lead to suppurative infections of the pericardium 
via fistula formation. Given the close proximity of 
the esophagus to the heart, esophageal cancers 
can invade locally and create esophagopericardial 
fistulas with resulting purulent pericarditis.48–50 
Gastric cancer has likewise created fistulas to the 
pericardium in rare cases.51 Metallic stents placed 
into the esophagus for an obstructing tumor can 
also lead to fistula formation.52

Tuberculous pericarditis is especially impor
tant in the cancer patient because of this organ
ism’s predilection for immunocompromised 
hosts and the elderly, and because clinical features 
can often mimic malignant disease. Although 
Mycobacterium tuberculosis can present with the 
entire spectrum of pericardial syndromes, the 
most common presentation is an insidious 
chronic effusive pericarditis, which has a ten
dency to progress to calcific constrictive disease. 
Chronic fevers and cachexia are frequent. Inter
estingly, most patients do not have coexistent 
pulmonary infection.4 Diagnosis is challenging 
because many tests, including acidfast staining, 
culture, and tuberculin skin testing all have  
relatively low sensitivity. Polymerase chain  
reaction (PCR) to test for mycobacterial DNA is 

Table 3  Antineoplastic Agents Associated with 
Pericardial Toxicity

Medication Comment

Cytarabine (AraC) Pericarditis, effusion
Cyclophosphamide Pericarditis
Ifosfamide Pericarditis
Anthracyclines Myopericarditis, early  
  toxicity, not doserelated
Sargramostim Effusion, constriction
Busulfan Tamponade, pericardial   
  fibrosis
Cisplatin Pericarditis at high doses
Methotrexate Pericarditis, effusion,  
  possibly  
  immunemediated
Imatinib Effusion
Alltrans Retinoic  Effusion (Retinoic  
 Acid  Acid Syndrome)
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increasingly being used. Treatment includes  
multidrug regimens based on local susceptibility 
patterns as well as pericardiocentesis or surgery  
as needed. If pericardiectomy is necessary for 
constriction, earlier intervention leads to better 
outcomes.4

Since human immunodeficiency virus (HIV) 
is classically associated with certain malignancies 
and also causes pericardial disease, it is of special 
interest; HIV can lead to pericardial disease via 
direct effects, secondary infections, and malig
nancies. Other cardiovascular sequelae include 
myocarditis, heart failure, pulmonary hyperten
sion, and premature coronary artery disease.53 
Before the era of highly active antiretroviral  
therapy (HAART), the incidence of pericardial 
effusion was found to be 11% per year and was 
associated with a poor prognosis.54 Typically, 
pericardial effusions are small, asymptomatic, 
and sterile, and do not lead directly to death. 
Tamponade and constrictive disease are possible, 
however. Notable secondary pericardial infec
tions include typical and atypical mycobacteria 
and fungi. HIVrelated malignancies such as pri
mary cardiac lymphoma, metastatic lymphoma, 
and Kaposi’s sarcoma have all been known to 
involve the pericardium.

Pericardial Syndromes in the Cancer 
Patient

Pericardial disease in the cancer patient can pres
ent with a diverse group of clinical syndromes. 
This spectrum includes acute pericarditis, peri
cardial effusion, cardiac tamponade, and pericar
dial constriction. The boundaries between these 
syndromes are somewhat arbitrary, however, and 
much overlap is seen in actual practice. Despite its 
limitations, it is helpful to organize one’s approach 
to pericardial disease within this framework.

Acute Pericarditis
Acute pericarditis is a syndrome of chest pain 
caused by inflammation of the pericardium and 
surrounding structures. At least some component 
of myocarditis is almost universally present and 
accounts for many of the clinical findings; some 
authors prefer the term “myopericarditis” for this 
reason. A clinically apparent pericardial effusion 
may or may not be present. Of the many possible 
etiologies, viral infections make up a large seg
ment, and indeterminate etiologies grouped as 
“idiopathic” constitute a major portion, as well. 
Many of the less common causes are associated 
with previously wellestablished diagnoses or 
obvious clinical scenarios. The causes of acute 
pericarditis are summarized in Table 4.

In the general population (ie, without previ
ous diagnosis of malignancy), acute pericarditis is 
very rarely the first presentation of a malignancy. 

In one series, of 387 patients with acute pericardi
tis without tamponade, 9 (2.3%) were ultimately 
found to have occult malignancy as the cause.2 In 
this series, features that increased the likelihood 
of malignancy included the presence of a large 
effusion and the lack of response to NSAIDs. Of 
the malignancies that presented with acute peri
carditis as the first manifestation, almost all cases 
were primary lung cancers.

Even in the patient with known malignancy, 
idiopathic and viral etiologies are still the most 
likely. Malignant pericarditis moves higher in  
the differential diagnosis, however, and serious 
consideration must be given to this entity. In 
addition to the clinical clues mentioned above, a 
reasonable search for other metastatic disease is 
helpful, as the pericardium is very seldom the 
only site of metastatic spread. Radiation, chemo
therapy, renal failure, and postpericardiotomy, 
for example, are possible etiologies in the appro
priate setting. Infections are also more likely in 
the cancer patient, given the relative immunosup
pression sometimes imposed by malignancy or its 
treatment.

Acute inflammation of the pericardium pres
ents primarily with chest pain. Other symptoms 
include fever, dyspnea, and cough. The chest pain 
is classically located over the left precordium,  
is sharp in quality and demonstrates pleuritic  
features. The pain is also positional, worsened by 
lying supine, and relieved with sitting up. Alter
nately, the pain can mimic myocardial ischemia 
with a dull or pressurelike quality and radiation 
to the jaw, left shoulder, and left arm, a feature 
probably attributable to the myocarditic com
ponent. Onset can be abrupt. Rapid, shallow 
breathing or splinting are commonly present  
with pleuritic pain, and can be confused with true 
dyspnea.

Physical examination findings of acute peri
carditis can include lowgrade fever, tachycardia, 
and a pericardial rub. The classic three 
component rub is derived from audible move
ments of the heart within the pericardium. Its 
phases are timed with systole, early diastole, and 
atrial contraction, but not all three components 
of a pericardial rub may be audible. Rubs are 
characteristically transient and are often posi
tional, and may not be heard at all. Thus, while 
the presence of a pericardial rub is generally  
specific for pericarditis, it is not a very sensitive 
finding. While rubs are more common in cases  
of pericarditis without significant effusions, they 
may still be present with large or even hemody
namically significant fluid collections.

Electrocardiographic findings of acute peri
carditis are generated by the superficial myocar
ditis that is almost always present. A current of 
injury similar to acute ischemia is seen, but it is 
more generalized as to location and does not  
correspond anatomically to the distribution of a 
single coronary artery. A progression of stereo
typical electrocardiogram (ECG) changes over 
the hours and days following the onset of symp
toms has been carefully described,4 but patients 
can also present with atypical electrocardio
graphic features or an entirely normal ECG.  
Initially, ST elevation and PR depression are pres
ent in the inferior, anterior, and lateral leads 
(Figure 1). These changes are the most character
istic of acute pericarditis when they occur. Over 
hours or days, the ST and PR segments return to 
baseline, and the T waves flatten and then become 
inverted. Given more time, the T waves return  
to normal. Both the ST and T wave changes  
can mimic acute myocardial ischemia; a helpful  
feature is the presence of similar ECG changes  
in leads I and II in pericarditis, which does not  
correspond to a typical coronary distribution. 
Diffuse T wave inversions are nonspecific; other 
features must be used to support the diagnosis.

Echocardiography is useful, especially in the 
emergency setting, where myocardial infarction is 
often in the differential diagnosis of acute pericar
ditis. Echocardiography can rule out significant 
segmental wall motion abnormalities, and it also 
detects the presence or absence of pericardial 
effusions. Even in the hemodynamically stable 
patient with acute pericarditis, impending cardiac 
tamponade is occasionally discovered. Earlier 
diagnosis and prompt treatment of this entity in a 
controlled setting is far more preferable than 
waiting until hemodynamic compromise is overt. 
Echocardiography is also useful for imaging  
pericardial masses, which are sometimes seen in 
cases of malignant pericarditis (Figure 2). Fibrin
ous exudates are sometimes seen, as well, with or 
without malignant involvement.

Other findings include leukocytosis and 
other evidence of acute systemic inflammation, 

Table 4  Causes of Acute Pericarditis

Idiopathic
Viral (Coxsackie viruses, echoviruses, influenza,  
 HIV, etc.)
Tuberculous
Lyme Disease
Other Infections (includes bacterial, fungal,  
 parasitic)
Collagen Vascular Diseases (systemic lupus  
 erythematosus and others)
Drug Reactions
Hypothyroidism
Myocardial Infarction (coexistent or up to  
 months later)
Postpericardiotomy
Uremia and Renal Dialysis
Neoplastic Pericarditis
Radiation
Trauma
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advanced age, smoking history, chronic systemic 
inflammation, chest radiation, etc. Symptom 
characteristics, ECG abnormalities, and elevated 
cardiac markers can all mimic an acute myocar
dial infarction and lead to this misdiagnosis.  
Distinguishing ischemia from pericarditis in  
some cases can thus be difficult, especially in  
the acute setting. Correct diagnosis is crucial,  
however, as administration of thrombolytics to  
a cancer patient with pericarditis can have  
disastrous consequences, such as hemorrhagic  
tamponade or intracranial bleed. Features that 
favor the diagnosis of acute pericarditis include  
pleuritic chest pain, PR depression, generalized  
distribution of ECG changes, presence of per
icardial effusion, and absence of wall motion 
abnormalities on echocardiography.

Pulmonary embolism is also an important 
consideration when a cancer patient presents with 
acute pleuritic chest pain. Given the obvious risk 
of thromboembolic disease in this population 
and its high overall incidence, a search for pul
monary embolism is mandatory unless specific  
findings of pericarditis (such as a pericardial  
rub) are present. Hypoxemia and obvious  

lowerextremity, deep venous thrombosis are 
helpful when present, but pulmonary emboli 
often present without these features. Pneumonia, 
other lung diseases, and metastases to the ribs  
are also in the differential diagnosis of acute  
pericarditis, but are usually easily excluded after 
preliminary evaluation.

Management of nonmalignant acute pericar
ditis consists of a short course of a nonsteroidal 
antiinflammatory drug such as aspirin, ibupro
fen, or naproxen. Recent evidence suggests  
that colchicine may also be beneficial, especially 
in recurrent disease.55,56 Corticosteroids may be 
needed for refractory cases but are generally 
avoided given their substantial sideeffect profile 
and possible increased likelihood of recurrence. A 
followup echocardiogram is often obtained 1 to 
2 weeks after symptoms resolve to rule out a late
forming pericardial effusion, even if effusion is 
absent initially.

Even in the cancer patient, acute pericarditis 
without effusion that responds rapidly and  
completely to therapy is unlikely to represent 
malignant disease, and an exhaustive search for 
pathologic evidence of pericardial invasion is not 
warranted. Features that make malignant pericar
ditis more likely include recurrent or refractory 
symptoms, large pericardial effusions, and  
evidence of widespread metastatic disease. Peri
cardial masses on echocardiography are highly 
suggestive of malignant involvement. As noted 
above, when radiation or chemotherapy are the 
likely causes of pericarditis, the physician can 
usually continue these treatments after initial 
symptoms have resolved with the administration 
of antiinflammatory drugs; prophylaxis against 
recurrence with antiinflammatory drugs has also 
been successfully employed. When infectious 
agents are identified as the etiology, appropriate 
antimicrobial therapy is indicated.

Pericardial Effusion
Pathologic accumulation of fluid in the pericar
dial space is the most common manifestation of 
pericardial disease in cancer patients. Clinical 
presentation is widely variable, and possible  
etiologies are numerous. Unlike acute “dry” peri
carditis, which is typically not related directly to 
malignancy, a pericardial effusion in a patient 
with cancer is always of concern, and often a poor 
prognostic sign. Because malignant invasion of 
the pericardium occurs frequently, all patients 
with pericardial effusion need to be carefully eval
uated. It should be noted, however, that up to 
twothirds of cancer patients who develop peri
cardial effusions do so through mechanisms other 
than malignant invasion of the pericardium.3

In the general population without preceding 
diagnosis of malignancy, large pericardial  
effusions are usually associated with an obvious 

such as Creactive protein, erythrocyte sedimen
tation rate, and platelet count. Serum cardiac 
markers such as troponin can be mildly elevated, 
reflecting some degree of associated myocarditis.

Differential diagnosis of acute pericarditis 
includes, most importantly, acute myocardial 
ischemia. Cancer patients often have multiple 
risk factors for coronary artery disease, such as 

FiguRe 1 A, Electrocardiogram of a patient with multiple myeloma presenting with acute pericarditis. Diffuse 
ST elevation in a non-coronary distribution is evident. B, Two hours later, the same patient showed diffuse PR 
depression (arrows) and partial resolution of the ST elevation.

A

B

FiguRe 2 Parasternal long axis echocardiographic 
view showing a large pericardial tumor (arrows) in a 
patient with metastatic lung cancer compressing the 
left atrium.
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nonmalignant etiology. When a significant effu
sion is discovered unexpectedly, however, and 
especially when clinical features of inflammation 
are absent, the likelihood of finding malignancy is 
greatly increased. In one series, positive cytology 
was found in 2 of 63 samples of pericardial fluids 
from patients without prior diagnosis of malig
nancy,57 but true incidence in this group is prob
ably much lower.

Mechanistically, pericardial effusions result 
from increased production or decreased resorp
tion of pericardial fluid. Alternatively, “foreign” 
material such as blood, lymph, pus, or tumor can 
fill the pericardial space. Thus, the nature of the 
pericardial fluid provides clues as to its origin. 
Any cause of acute pericarditis (see Table  4), 
including malignant invasion, radiation, and 
antineoplastic medications, can also lead to an 
effusion due to increased production of an inflam
matory exudate. Diseases that alter the oncotic 
and hydrostatic balance between serum and 
tissue, such as heart failure, renal failure, or  
hypoalbuminemia, can result in effusions as well. 
Obstruction of pericardial lymphatics or veins by 
tumor or fibrinous inflammatory debris results in 
decreased resorption. When malignancy invades 
and disrupts the normal tissue integrity, hemor
rhage can result, and the possibility of infection is 
increased.

Pericardial effusions of all sizes are frequently 
asymptomatic and are discovered as incidental 
findings on chest radiographs or CT scans. Other 
presentations include acute and chronic pericar
ditis, gradually worsening dyspnea or functional 
capacity, and cardiac tamponade with impending 
hemodynamic collapse. Occasionally, cough or 
dysphagia is among the presenting symptoms. 
Symptoms that arise from hemodynamic effects 
are not predicted by the size of the effusion, but 
rather are more closely related to intrapericardial 
pressure, a feature that depends on rapidity of 
fluid accumulation and distensibility of the peri
cardium. In the absence of acute pericarditis or 
frank tamponade, physical examination findings 
may be absent. Decreased intensity of heart 
sounds is neither sensitive nor specific. The ECG 
may show nonspecific findings; decreased QRS 
voltage can sometimes help to raise suspicion of 
pericardial effusion, but is also seen with other 
conditions, such as a leftsided pleural effusion.

If pericardial effusion is suspected or disco
vered on cardiac imaging, echocardiography is 
the test of choice for confirmation of the diagno
sis and assessment of its hemodynamic signifi
cance. First and foremost, it shows the size and 
location of the effusion. Pericardial effusions 
appear as echofree spaces that separate the  
parietal from the visceral pericardium. When 
effusions are small (< 100 cc), they tend to appear 
only posterior to the left ventricle and are  
< 10  mm in depth when measured in diastole. 

through pericardioscopy and pericardial biopsy 
without a substantially increased risk. Differences 
between various pericardial drainage procedures 
will be discussed further under the heading of 
cardiac tamponade.

The European Society of Cardiology has 
issued evidencebased guidelines regarding indi
cations for pericardiocentesis.3 Class I indications 
include clinical tamponade or a high suspicion 
for neoplastic or purulent pericarditis. Diagnostic 
pericardiocentesis for large effusions (as defined 
above) in asymptomatic patients is a class IIa 
indication if further diagnostic information may 
be obtained that would affect management deci
sions. Level of evidence for these recommenda
tions is B, indicating data from nonrandomized 
studies or a single randomized trial. Thus, in a 
patient with known malignancy, a relatively low 
threshold exists for drainage as long as it is safe to 
do so, considering the likelihood of diagnosing 
malignant pericardial effusion. Findings that 
favor malignant effusion are larger size, recurrent 
or persistent effusions despite medical treatment, 
unclear etiology, widespread metastatic disease 
elsewhere, and lack of inflammatory features, 
such as chest pain and fever.

Gross features of pericardial fluid, such as 
color and consistency at the time of pericardial 
drainage, can provide useful information. Pus, 
chylous effusion, and frank hemorrhage are easily 
recognized. Congestive heart failure and related 
conditions usually produce a clear, strawcolored 
fluid (hydropericardium). Increasing levels of 
inflammation will render the fluid turbid with 
cells and fibrinous debris, which also increase the 
viscosity.

Analysis of pericardial fluid should include 
cell count, leukocyte differential, Gramstain, 
culture, and cytology to rule out infection and 
malignancy; additional studies may also be indi
cated. Chemistries such as lactate dehydrogenase, 
glucose, and protein levels are also routinely mea
sured, but are unlikely to add much diagnostic 
information. Some authors suggest that a bloody 
effusion with a protein level > 3  mg/dL is highly 
suggestive of malignancy.18 One series looking  
at mean values of various parameters from malig
nant pericardial effusion found glucose to be  
54  mg/dL, protein 5.3 mg/dL, hematocrit 12.9%, 
leukocyte count 6x103/mL, and roughly equal 
numbers of neutrophils and lymphocytes.1 Other 
tests appropriate for pericardial fluid include 
staining and culture for acidfast bacilli, lipid 
levels, and immunologic factors (antinuclear 
antibody, rheumatoid factor) as indicated by the 
clinical scenario.

Malignant pericardial effusion, as defined by 
pathologic evidence for tumor invasion of the 
pericardium with associated effusion, is the main 
diagnostic consideration when cancer patients 
present with pericardial effusion. Among such 

Because of the pericardial reflection at the base of 
the right and left inferior pulmonary veins, small 
effusions tend not to involve the space posterior 
to the left atrium (the oblique sinus), and appear 
to stop at the atrioventricular groove (Figure  3). 
The oblique sinus can, however, be involved  
when larger effusions are present. With moderate  
effusions (100 to 500  cc), a more evenly distrib
uted echofree space is visualized, including the  
anterior, lateral, and apical areas. Posteriorly, a 
moderate effusion measures 10 to 20  mm in dias
tole. Large effusions (> 500  cc) are obvious in 
multiple views and > 20  mm thick posteriorly; 
independent motion of the heart compared  
with the parietal pericardium may be evident. At 
the extreme (ie, tamponade), this independent 
motion manifests as a swinging of the heart within 
the pericardial space.58

In addition to size and location of pericardial 
effusions, echocardiography can detect multiple 
other aspects of pericardial pathology seen in 
cancer patients. A fibrinous exudate can often be 
seen on the epicardial surface in cases of inflam
matory origin and is sometimes confused with 
tumor. Later manifestations of chronic peri
carditis, such as fibrinous bands, loculations, and 
adhesions, may also be evident. Tumors from 
metastatic malignancies can be seen on both the 
parietal and visceral pericardial surfaces. Pericar
dial calcification and intrapericardial thrombi 
can also be visualized.

To help determine the cause of a pericardial 
effusion, and often as a therapeutic maneuver, as 
well, pericardial fluid can be drained and the fluid 
analyzed. In the nonemergent setting, this is  
best done in a controlled fashion by experienced  
physicians in order to reduce potentially serious 
complications. Most commonly, pericardiocen
tesis is performed by a cardiologist with the aid of 
ultrasonography and/or xray fluoroscopy. Alter
nately, a minimally invasive surgical pericardiot
omy under local anesthesia is an option that  
may allow for additional diagnostic information 

FiguRe 3 Parasternal long axis echocardiographic 
view showing an anterior and posterior pericardial 
effusion (P). Although this effusion is large, it is seen 
extending to the AV groove posteriorly (arrow) between 
the left ventricle (LV) and left atrium (LA).
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patients, between onethird and one half will have 
malignant pericardial disease.18 Once diagnosed, 
the prognosis for patients with a malignant effu
sion is typically measured in months, and aggres
sive local and systemic cancer treatment is needed 
to provide palliation and prevent rapid demise. 
Since up to twothirds of such patients will have a 
nonmalignant and easily treatable etiology, the 
correct diagnosis is of utmost importance.

The mainstay of pathologic diagnosis of 
malignant pericardial disease is cytology from 
pericardial fluid. The reported sensitivity ranges 
generally from 80 to 90% in the literature,1,11  
and the specificity is virtually 100%. The false
negatives that do occur have been attributed to 
either very low cell counts or large amounts of 
obscuring blood. Sensitivity of cytology is also 
lower for certain malignancies, namely leukemia 
and lymphoma.11 One problem encountered in 
sensitivity analysis is that some studies used 
autopsy findings as the gold standard. Since there 
is usually a significant time delay between a diag
nostic pericardiocentesis and death, there is the 
possibility that pathologic invasion of the pericar
dium occurred in the interim, and the presenting 
effusion may well have been nonmalignant at the 
time of pericardiocentesis.

In cases of malignant pericardial disease, 
diagnostic yield can be enhanced with biopsy. 
Percutaneous biopsy of the parietal pericardium 
or intrapericardial tumors has been shown to be 
feasible,59,60 but surgery is the more usual route of 
obtaining tissue samples. Through a surgical 
approach, biopsy specimens from both the vis
ceral and parietal pericardium can be obtained. 
These are often facilitated by pericardioscopy, 
which can directly visualize tumors protruding 
into the pericardial space and thus help direct 
biopsy. Without direct visualization, pericardial 
biopsy alone is less sensitive than cytology because 
of sampling errors.61 When both cytology and 
pericardioscopyguided biopsy are used, sensiti
vity is maximized. This approach, however, may 
not be feasible for certain patients or may not be 
available at certain institutions. Fluid analysis is 
usually adequate to make the diagnosis, but if the 
clinical suspicion for malignant effusion is high 
and cytology findings are benign, a more rigorous 
investigation is warranted.

Carcinoembryonic antigen (CEA) has been 
found to be elevated in the pericardial fluid of 
patients with malignant effusions due to most 
cancers.62,63 Although series have been small, 
results have been promising. Sensitivity and spec
ificity are high, but both falsepositive and false
negative results have been reported. One study 
found the sensitivity of CEA to be 86% for malig
nant effusion, and, when combined with cytol
ogy, the sensitivity was 100%.63 Another more 
recent study derived an optimal cutoff for CEA  

of 5 ng/mL and found that 14 of 15 patients with 
a malignant effusion but negative cytology had 
elevated CEA levels.62 Given the ease of measure
ment once pericardial fluid has been obtained, 
CEA level should probably be routinely included 
in fluid analysis if malignancy is suspected. With 
cytology, it promises to increase sensitivity to 
nearly 100% if it is validated by larger studies.

Analysis of DNA ploidy by flow cytometry 
has been investigated as an additional means of 
diagnosing malignant pericardial effusion. In one 
small series, diploid DNA was associated with 
benign pathology, and aneuploid and tetraploid 
with positive cytology. In this series, findings 
other than diploidy had a sensitivity of 80% and a 
specificity of 100% for diagnosing malignant effu
sions.64 Other studies have found similar results 
with DNA cytology on various different effusions, 
including from the pericardium.65,66 Although  
not routinely performed in practice, DNA ploidy 
analysis has the potential to help detect malig
nancy when cytology is inconclusive. Immunocy
tochemistry has shown promise, not only in 
diagnosing malignancy, but also helping to dis
tinguish among various forms. For example,  
staining with the monoclonal antibody BerEP4 
was 95.4% sensitive for detecting metastatic car
cinoma in effusions, but was not seen in any cases 
of mesothelioma or in benign effusions.67 In the 
future, tumorspecific markers may be available 
for use in evaluating pericardial effusions of 
unclear origin in the cancer patient with very high 
sensitivity and specificity for detecting malignant 
disease.

Treatment of pericardial effusions in the 
cancer patient is aimed at the underlying cause. 
Acute inflammation, infection, hypothyroidism, 
heart failure, renal failure, etc., can all be man
aged appropriately, and favorable outcomes with 
regards to the pericardial disease can be expected. 
When chemotherapeutic medications or acute 
chest radiation are the culprit, conservative man
agement is usually adequate, and these cancer 
treatments need not usually be interrupted. 
Malignant effusions are managed with a combi
nation of local measures and systemic antitumor 
therapy if indicated. Chest radiation for pericar
dial metastases can help control aggressive disease 
as well. Pericardiocentesis, followed by several 
days of drainage, can often be adequate to prevent 
recurrences, as well as making the diagnosis. 
When this fails, a variety of percutaneous and 
minor surgical approaches can provide more 
definitive treatment.

Pericardiocentesis is the easiest and least 
risky of the drainage procedures. It can be done in 
a catheterization laboratory or at the bedside with 
echocardiographic guidance. The procedure is 
described in detail under the section on the  
emergent management of cardiac tamponade 

below (see “Cardiac Tamponade”). Advantages 
include use of local anesthesia, percutaneous 
approach, and low complication rate with experi
enced operators. Fluid is available for analysis, 
and the catheter can be left in place for several 
days to allow continued drainage and prevent 
early recurrence of the effusion. Disadvantages 
include later recurrence of the effusion and lack 
of tissue for biopsy.

In some centers, intrapericardial administra
tion of sclerosing agents or antitumor agents 
through the drainage catheter are used to help 
prevent reaccumulation of pericardial fluid. These 
interventions have not been the subject of con
trolled trials, but several small series have been 
published with encouraging results. Sclerosis with 
tetracycline analogues provides control of malig
nant pericardial disease in 90% of patients,68–70 
preventing recurrent effusion and alleviating 
symptoms. Significant side effects, including pain 
with administration, fever, and atrial arrhyth
mias, were more common with tetracycline than 
with newer agents such as minocycline. Intraperi
cardial chemotherapy has also shown promise  
for local control of malignant disease, regardless 
of primary tumor site. Pharmacokinetic study of 
intrapericardial cisplatin and 5fluorouracil has 
shown much higher drug concentrations and 
greatly increased halflives than can be obtained 
with systemic therapy.71 Series with cisplatin  
have shown response rate of virtually 100% with 
minimal toxicity.61,72–74 Results with mitoxantrone 
have been similarly encouraging,75,76 but 5 
fluorouracil appears to be less effective in control
ling local pericardial disease.77 Thiotepa, which 
has both sclerosing and antineoplastic properties, 
has recently been studied and showed excellent 
control of malignant pericardial disease with 
minimal toxicity.78

Subxiphoid pericardiotomy is a minimally
invasive surgical procedure that can be performed 
under local anesthesia at the bedside. It allows for 
direct visualization as well as thorascopic exami
nation. A pleuropericardial window can also be 
created via the subxiphoid approach. Fluid and 
tissue specimens can be obtained for diagnostic 
purposes. Recurrences of the malignant effusion 
are possible, but less likely than with pericardio
centesis alone. Complication rates are low, making 
this the preferred treatment strategy for recurrent 
malignant effusions at many centers. Pericardio
peritoneal shunt is an alternative drainage proce
dure that is likewise minimally invasive and can 
be done under local anesthesia. It is technically 
simpler than subxiphoid pericardiotomy and has 
been associated with shorter recovery times.79 
Catheterbased pericardiotomy, using a balloon 
across the pericardium that can be inflated to  
disrupt the pericardium and allow drainage, has 
been explored but is seldom undertaken, espe
cially in view of the newer surgical techniques for 
subxiphoid pericardiotomy. The procedure is 
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especially uncomfortable for the patient, and has 
only been used in a number of centers.

More definitive surgical management of 
malignant pericardial disease requires partial or 
complete pericardiectomy. This requires general 
anesthesia for anterior thoracotomy or sternot
omy, and is associated with significant morbidity 
and mortality. In most patients with malignant 
pericardial effusions, prognosis is limited, and 
less invasive strategies are preferred, but pericar
diectomy can be considered in those with a rela
tively good prognosis in whom more definitive 
therapy is desired.

Patients who have undergone needle or  
catheter drainage should have a followup cardiac 
ultrasound examination one month following the 
procedure, or sooner in the event symptoms of 
recurrent pericardial tamponade appear. Patients 
who undergo pericardiotomy or creation of a 
pleuropericardial window should have a follow
up ultrasonography two months following the 
procedure; these guidelines are based on personal 
preference and prudence. There is no clear evi
dence, however, that discovering a recurrence  
by ultrasonography prior to the development  
of symptoms alters the course or improves the 
quality of life in these patients.

Cardiac Tamponade
Cardiac tamponade is a condition that exists 
when the pericardial space contains fluid under 
sufficient pressure to interfere with cardiac filling, 
resulting in decreased cardiac output and the 
inability to sustain vital functions. Tamponade is 
not created merely by a certain quantity of fluid, 
but by the pressure created by that fluid in the 
pericardial sac. Lifethreatening increases may be 
seen with relatively small quantities of fluid, as 
may occur following traumatic injury to the heart 
with hemorrhage into the pericardium. In the 
cancer patient, the fluid is more likely to accumu
late at a slower rate allowing the pericardial space 
to expand gradually, and the quantity of fluid 
required to raise pressure sufficiently to impede 
cardiac filling is usually much larger. In some 
instances, the quantity of fluid is greater than two 
liters.

Malignant pericardial disease is the most fre
quent cause of cardiac tamponade in the general 
inpatient population. Furthermore, among the 
various pericardial syndromes, tamponade is the 
most likely to be associated with malignancy.1 It  
is not rare that cardiac tamponade is the first  
indication of malignancy; in one clinical series  
of consecutive patients with tamponade and no 
prior diagnosis of cancer, 9 of 52 patients (17%) 
were ultimately diagnosed with malignant effu
sions.2 It is more common, however, that a patient 
with known malignancy who is unaware of mali
gnant spread to the heart experiences cardiac 
decompensation with cardiac tamponade as the 

mechanism. Any malignancy that spreads to the 
pericardium is capable of causing pericardial 
tamponade, and the phenomenon is seen with 
some regularity in the face of metastatic breast 
cancer. Despite the close association between 
tamponade and malignant pericardial disease,  
any nonmalignant etiology of pericardial disease 
is capable of causing tamponade—even in a 
patient with known malignancy. It is thus best  
to keep open a broad differential for pericardial 
disease, even in a patient with known malig
nancy.

Patients with tamponade may not experience 
the typical chest discomfort of acute pericarditis, 
and the first clinical manifestation may be increas
ing shortness of breath. Anxiety, cough, and 
severe weakness are other common symptoms. 
Overt tamponade can present as cardiogenic 
shock or pulseless electrical activity requiring 
immediate intervention. Physical examination 
characteristically demonstrates hypotension, 
tachycardia, and jugular venous distention that 
may be very pronounced; right atrial activity may 
be transmitted to the jugular veins with a promi
nent x descent. Cardiac auscultation may demon
strate distant heart sounds because the fluid 
separating the heart from the stethoscope may 
diminish the amplitude. Pericardial friction  
rubs and pericardial knocks are usually absent or  
distant on auscultation. The pulse is characteristi
cally weak, and may show an exaggerated decrease 
during inspiration, known as the phenomenon of 
pulsus paradoxus. This finding is a manifestation 
of the interdependence of the right and left car
diac chambers; a preferential filling of the right 
ventricle during inspiration must be at the cost of 
left ventricular filling due to the external volume 
limitation imposed by the pressurized effusion.  
A paradoxical pulse is defined as a > 10  mm  Hg 
drop in systolic blood pressure with inspiration, 
and should be measured quantitatively in any 
patient suspected of having cardiac tamponade. It 
may also be appreciated by palpating the radial 
pulse, which can disappear during inspiration in 
frank tamponade.

Laboratory studies confirm the diagnosis  
of tamponade. The chest roentgenogram shows  
an enlarged cardiac silhouette with a saclike  
configuration—a helpful, although nonspecific, 
finding. The electrocardiogram may show electri
cal alternans, a cyclical variation in QRS voltage 
occurring with a twocycle period. Electrical 
alternans is caused by the heart moving towards 
and away from the exploring electrode as the 
heart rocks back and forth within the sac of fluid. 
Electrical alternans may be seen in some (but not 
all) electrocardiographic leads; its clear presence 
in any single lead is sufficient to establish electri
cal alternans, a very specific (although not espe
cially sensitive) finding in patients with pericardial 
tamponade.

The most useful noninvasive test is cardiac 
ultrasonography. A complete transthoracic  
echocardiogram not only demonstrates the size 
and location of the pericardial effusion, but  
several hemodynamic findings suggestive of tam
ponade as well. One of the earliest findings is 
compression of the right atrium during systole 
(Figure  4A), as this chamber typically has the 
lowest pressures. As tamponade progresses, right 
ventricular compression during diastole may be 
evident (Figure  4B). In all patients with frank 
tamponade, the inferior vena cava is dilated and 
fails to collapse with inspiration. Doppler echo
cardiography reveals respiratory variation in ven
tricular filling velocities that corresponds to the 
pulsus paradoxus; > 25% decrease in mitral inflow 
velocities or > 50% decrease in tricuspid inflow 
velocities with respiration are suggestive of tam
ponade (Figure 4C). Realtime twodimensional 
as well as Mmode echocardiograms may demon
strate the toandfro rocking motion of the heart 
that is responsible for electrical alternans. It 
should be noted that cardiac tamponade pro
gresses along a continuum, and not all of the 
above echocardiographic findings may be present 
in individual patients. Furthermore, care must be 
taken not to attempt to predict the pace of pro
gression based on echocardiography alone; it is 
impossible to tell the rate of fluid accumulation 
and the distensibility of the pericardium. Cardiac 
tamponade is ultimately a clinical diagnosis, and 
echocardiography serves a basically confirmatory 
role.

Advanced pericardial tamponade with hemo
dynamic collapse constitutes a medical emergency 
of the first order, and any temporizing in  
establishing the diagnosis or delay in drainage 
may prove fatal. Prompt drainage often provides 
very dramatic symptomatic improvement. When 
tamponade is hemodynamically compromising, 
emergent needle drainage is the most expedient.

 The most direct technique for needle dra
inage for patients with pericardial tamponade 
involves inserting the exploring needle just to the 
left of the xiphoid process in the angle formed by 
the xiphoid and the ribs. With the patient lying  
as flat as can be tolerated, the 18gauge needle 
attached to a syringe containing 1% lidocaine is 
advanced in the direction of the acromial process 
of the left shoulder until fluid is aspirated. A  
small aliquot of agitated saline may be injected 
and visualized under echocardiographic guidance  
to confirm entry into the pericardial space  
(Figure  5); echocardiographic visualization has 
made obsolete the use of the electrocardiographic 
confirmation of an electrical current of injury as 
the exploring needle serving as an electrode 
touches the myocardium.

Once the pericardial space has been entered 
and the location confirmed, a guide wire is 
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advanced through the needle, a dilator is advanced 
over the wire, and a catheter introducer is inserted 
into the pericardial space. A catheter may then be 
inserted and fluid drained through the catheter. 
In most instances, the fluid is drained in a single 
sitting using a vacuum bottle. The catheter may 
remain in place for several days so that additional 
drainage can be undertaken without reinserting a 
new catheter. We usually drain each day until the 
daily aliquot fluid that can be removed is less than 
50  mL, the catheter has been in place for five days, 
or the amount of fluid remains constant at greater 
than 50  mL for more than two days; while these 
guidelines have not been scrutinized by clinical 
trials, they represent a reasonable compromise in 
that the risk of infection is maintained at safe 
levels, and the return of fluid is less than would be 
the case if the catheter were removed immediately 
following initial drainage.

In cases of cardiac tamponade where hemo
dynamic collapse does not appear imminent, 
consideration can be given to some of the other 
methods of pericardial drainage discussed above. 
Recurrent pericardial effusion and tamponade 
may warrant a more definitive procedure, for 
example. Any therapeutic strategy for tamponade 
must be instituted without delay, however, as 
small increases in pericardial fluid volume are 

associated with large increases in intrapericardial 
pressure; rapid progression can occur without 
warning and may be fatal.

Pericardial Constriction
Pericardial constriction occurs when a thick and 
inflexible shell of pericardium compresses the 
heart and interferes with normal chamber filling. 
It causes a syndrome seemingly similar to conges
tive heart failure, but systolic function of the right 
and left ventricles are preserved, and important 
differences exist in the pathophysiology. Con
striction is usually seen as a fibrous or calcific 
response to chronic pericardial inflammation, 
but can also be caused by direct tumor infiltra
tion.80 Carcinoid syndrome has also been found 
to lead to constrictive pericarditis without evi
dence of pericardial invasion by tumor.81 In the 
general population, most causes of pericardial 
constriction are unknown or follow cases of  
pericarditis, which are themselves idiopathic.20 Of 
the known causes, infection, postcardiac surgery, 
and chest radiation are the most commonly 
implicated. Tuberculous pericarditis was for
merly the most common etiology of constriction, 
but its incidence has decreased in industrialized 
nations. Any cause of acute or chronic pericardial 

disease, however, can lead to subsequent  
constriction.

One surgical pathology series from the Mayo 
Clinic looked at specimens from 143 consecutive 
cases of constrictive pericarditis.20 Etiology  
was idiopathic in 49%, postpericardiotomy in 
30%, and postirradiation in 11%. Interestingly, 
although malignant pericardial disease is a well
established, if uncommon, cause for constrictive 
pericarditis, no cases were reported, which is 
likely a reflection of the fact that surgical resection 
is not feasible in this group.

In the cancer patient exposed to previous 
chest radiation, this is by far the most likely etiol
ogy of constrictive disease. Other possible causes 
include any pericardial disease that results in a 
hemorrhagic effusion, as blood typically produces 
a brisk inflammatory response. Malignant peri
cardial disease (especially from breast or lung 
cancer) can lead to constriction, but this is not a 
common entity, likely because malignant effu
sions are not especially inflammatory and because 
the prognosis is so poor in these patients that con
striction has not yet had the chance to develop. 
Complete encasement of the heart by solid tumor 
in the pericardium can also be clinically indistin
guishable from constriction. Mesothelioma has 
rarely presented as pericardial constriction.4

A B C

FiguRe 5 Echocardiography-guided pericardiocentesis (apical four-chamber views). A, Large effusion is present with systolic notching of the right atrium (arrow). B, 
Agitated saline (arrow) has been injected into the pericardial space to confirm proper location of the pericardiocentesis needle. C, After drainage, the effusion is no longer 
evident and all four cardiac chambers have re-expanded.

FiguRe 4 Echocardiographic features of pericardial tamponade. A, Non-traditional four-chamber view showing a large pericardial effusion and notching of the right 
atrium during systole (arrow), one of the early hemodynamic alterations of pericardial tamponade. B, Further hemodynamic embarrassment results in compression of 
the right ventricle (arrow), seen in this parasternal long axis view. C, Pulse-wave Doppler of the mitral valve showing marked respiratory variation of the mitral inflow 
velocities consistent with tamponade.

A B C
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Pericardial constriction can result from 
pathologic changes to the parietal pericardium, 
visceral pericardium, or both. These changes  
primarily include fibrotic thickening and chronic 
lymphocytic inflammation, with gross calcifica
tion present in less than onethird of cases.20  
Pericardial thickening is usually symmetric and 
completely encases the heart, but other patterns 
are possible, including loculated or bandlike 
pathology. At its maximum thickness, the parietal 
pericardium ranged from 1 to 17  mm, with a 
mean of 4 mm in the Mayo Clinic series of patients 
with constriction.20 Interestingly, 4% of cases 
were categorized as having normal pericardial 
thickness.

Effusiveconstrictive disease is a variation on 
this theme, which includes features of constric
tion as well as a significant effusion. It can be  
seen with malignant pericardial invasion or  
postirradiation. Most typically, presentation is  
consistent with tamponade, and the features of 
constriction become apparent after pericardio
centesis. Not surprisingly, these cases usually 
involve constriction by the visceral pericardium.

The pathophysiology of pericardial constric
tion involves impaired right and left ventricular 
filling and ventricular interdependence, which is 
caused by the externally imposed volume limit. 
Any increased filling in the right heart must be at 
the expense of leftsided filling, and vice versa. 
Diastolic pressures in all four cardiac chambers 
are nearly equalized as well as significantly ele
vated. Hemodynamic findings with respiratory 
variation are a key diagnostic feature of constric
tion; both the right and left atria become insu
lated from the normal intrathoracic pressure 
changes, which leads to characteristic patterns 
during catheterization and echocardiography that 
are unique to constriction.

Symptoms of constriction arise from eleva
tion of either left or rightsided filling pressures. 
Gradually worsening weakness, fatigue, and  
dyspnea on exertion are prominent, but highly 
nonspecific in the cancer patient. Lower extrem
ity edema, abdominal congestion, and ascites  
are common, and are often confused with heart 
failure or tamponade.

Physical examination can be helpful in peri
cardial constriction. Tachycardia or an irregular 
heart rate from atrial fibrillation may be present. 
Pulsus paradoxus may be present, but is less of  
a phenomenon than it is in the presence of  
tamponade; it is nearly always under 15  mm  Hg. 
Jugular venous pressure is elevated, and pulsa
tions reveal prominent x and y descents. Kuss
maul’s sign is a failure of the central venous 
pressure to decrease with inspiration, owing to 
high right atrial pressure and the physiologic  
isolation of the right atrium from changes in 
intrathoracic pressure. If the central venous  
pressure is high enough, pulsations of the jugular  

vein may be absent and erroneously suggest 
normal or low pressures. A loud S3, also referred 
to as a pericardial knock, is due to rapid  
ventricular filling. Hepatomegaly (sometimes 
pulsatile), ascites, and lower extremity edema can 
be present.

Chest radiographs may reveal cardiomegaly, 
pericardial calcification, an enlarged azygous 
vein, and pleural effusions. MRI and CT can 
define pericardial anatomy fairly well and are 
both more accurate at determining pericardial 
thickness than echocardiography. They can also 
show dilation of the superior and inferior vena 
cavae. ECG findings in constriction are nonspe
cific. Diagnosis of constriction, however, really 
requires the hemodynamic data available from 
echocardiography and catheterization.

Echocardiography can reveal several aspects 
of pericardial constriction, but the findings can be 
subtle, and the interpreting cardiologist must 
have a reasonable index of suspicion to make the 
diagnosis. Pericardial anatomy can be visible, but 
image quality is often limited by the high echo
genicity of the pericardium, especially when calci
fication is present. Increased pericardial thickness 
can sometimes be measured (Figure  6), but this is 
not a consistent finding and is better evaluated by 
CT or MRI. The inferior vena cava is dilated and 
fails to compress with respiration. The interven
tricular septum can show a characteristic “bounce” 
corresponding to the rapid ventricular filling in 
early diastole. An Mmode through the posterior 
wall of the left ventricle sometimes shows  
separate densities corresponding to parietal and 
visceral pericardium that are adherent to the  
posterior wall and move with the myocardium,  
a phenomenon known as “tramtracking”  
(Figure 7).

Doppler examination of mitral inflow reveals 
a restrictive filling pattern of severe diastolic dys
function, including E wave >> A wave velocities 
and very rapid deceleration time. Unlike restric
tive cardiomyopathy, however, tissue Doppler 
measurements of the mitral annulus can remain 

normal. Ventricular interdependence is probably 
the most specific finding, and is demonstrated by 
mitral inflow velocities that decrease with inspira
tion and increase with expiration, and tricuspid 
velocities that conversely increase with inspira
tion and decrease with expiration.

Hemodynamic measurements during car
diac catheterization play a confirmatory role. 
Elevation and equalization of diastolic pressures 
is seen. Left and right ventricles both show a char
acteristic diastolic pressure tracing—“dip and 
plateau”—which reflects rapid early filling fol
lowed by abrupt cessation of filling due to a rigid 
unexpandable heart. This is also affectionately 
known as the “squareroot sign” for obvious  
reasons (Figure  8). Right atrial pressure tracings 
demonstrate the prominent x and y descents 
(Figure  9) and Kussmaul’s sign. Simultaneous 
right atrial and pulmonary capillary wedge trac
ings can demonstrate the equivalent of ventricu
lar interdependence, with one rising while the 
other falls.

In practice, diagnosis of pericardial constric
tion is not straightforward, as many of the above 
findings can also be seen with tamponade, restric
tive cardiomyopathy, or right ventricular failure. 
The findings that are most specific for constric
tion are often the hardest to measure. Further
more, combinations of these entities exist, such as 
in effusiveconstrictive disease or the combined 
restriction and constriction that frequently occurs 
after chest irradiation. Sometimes endomyocar
dial biopsy is used to help rule out a myopathic 
process if surgical intervention for constriction is 
being considered. Diagnosis requires a high index 
of suspicion, an appropriate clinical setting, and 
radiology, catheterization, and echocardiography 
findings that help support the diagnosis of  
pericardial constriction.

Treatment of pericardial constriction is sur
gical, and complete pericardiectomy is required, 
usually through a median sternotomy approach. 

FiguRe 6 Parasternal short axis echocardiographic 
view through the left ventricle in a patient with con-
strictive pericarditis. The posterior pericardium 
(arrows) is markedly thickened and echogenic.

FiguRe 7 M-mode echocardiogram with slice taken 
through the left ventricle in a patient with constrictive 
pericarditis. The pericardium is thickened (bracket) 
and echogenic, and the adherent parietal pericardium 
(arrow) moves in concert with the contracting  
ventricle, a finding known as “tram-tracking.”
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The surgery is long and technically challenging 
due to adherent fibrotic debris, and can be com
plicated by severe bleeding, myocardial damage, 
arrhythmias, and hypotension. Overall operative 
mortality is 6 to 12%, and is even higher (21%)  
in the case of radiation disease.3 If myocardial 
fibrosis or atrophy is present, the results after 
pericardiectomy are dismal. Good outcomes rely 
on careful patient selection, and it is the rare 
patient with metastatic cancer who is able to  
tolerate such a procedure.
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Arrhythmias in cancer patients may be due to a 
condition related to the primary malignancy (eg, 
pericarditis and pericardial effusion) or related  
to the treatment of the disease. Various chemo-
therapeutic agents can lead to a wide variety of 
cardiovascular problems, including ischemia, 
prolongation of QT interval and arrhythmias1. 
Atrial fibrillation (AF) and supraventricular 
tachycardia are probably the most common 
arrhythmias encountered in the cancer popula-
tion and have been reported with the use of  
chemotherapeutic agents,1– 4 following lung  
surgery5,6 and bone marrow transplant.7,8

Atrial Fibrillation

This is the most common sustained arrhythmia  
in both the general population and the cancer 
population.4–8 The prevalence of atrial fibrillation 
increases with age and is about 0.5% for patients 
aged 50 to 59  years and 8.8% for those aged 80 to 
89  years.9 It may become a major drain on health 
care resources as it is estimated that the lifetime 
risks for development of atrial fibrillation are 1  
in 4 for men and women 40  years of age.10 It  
is associated with increased mortality and, in  
subjects from the original cohort of the Framing-
ham Heart Study, atrial fibrillation was associated 
with a mortality risk 1.5 to 1.9  times higher after 
adjustment for the preexisting cardiovascular 
conditions with which atrial fibrillation was 
related.11

Mechanism of Atrial Fibrillation

Two theories for mechanism of atrial fibrillation 
have been advanced; enhanced automaticity 
involving one or more foci firing rapidly or  
reentry involving one or more circuits.12,13 The 
most widely accepted is the multiple wavelet 
reentry theory.12 This hypothesis envisions  
multiple reentrant impulses of variable sizes  
wandering through the atria creating continuous 

electrical activity that creates daughter wavelets. 
The number of wavelets present at any time 
depends on the refractory period, mass, and the 
conduction velocity in different parts of the 
atria.

Risk Factors

The clinical risk factors for atrial fibrillation 
include advancing age, diabetes, hypertension, 
congestive heart failure, rheumatic and non-
rheumatic valve disease, and myocardial infarc-
tion.14 The echocardiographic risk factors for 
non-rheumatic atrial fibrillation include left  
atrial enlargement, increased left ventricular wall  
thickness, and reduced left ventricular fractional 
shortening.15 

Causes and Associated Conditions

Atrial fibrillation is usually precipitated by under-
lying cardiac or noncardiac disease. The resultant 
atrial abnormality (frequently inflammation or 
fibrosis) acts as a substrate for the development of 
the arrhythmia.16 In addition, the onset of atrial 
fibrillation usually requires a trigger. Triggers that 
may initiate the arrhythmia include alterations in 
autonomic tone17 and acute or chronic changes  
in atrial wall tension.18 Lung surgery is a potent 
trigger of atrial fibrillation.6

Atrial fibrillation is also the most common 
arrhythmia after hematopoietic stem cell trans-
plantation, affecting about 4% of patients after 
transplant, with a relapse rate of 49%.8 In the  
vast majority of these patients, multiple antiar-
rhythmics are needed for rate control.8

Various chemotherapeutic agents cause heart 
failure,1 and a history of heart failure is signifi-
cantly more common in patients with chronic 
atrial fibrillation compared to other forms of 
atrial fibrillation.19 Patients with chronic atrial 
fibrillation also have significantly lower left  
ventricular ejection fraction compared to patients 

with paroxysmal or recent atrial fibrillation.19 The 
increased propensity for atrial arrhythmias in 
patients with heart failure results from structural 
heart disease secondary to congenital, valvular, or 
ischemic etiologies. These patients have underly-
ing substrate that predisposes them to develop 
electrically irritable foci, functional or fixed  
conduction block, and consequently, recurrent 
tachyarrhythmias. For example, atrial enlarge-
ment and hypertrophy predisposes to atrial 
arrhythmias by decreasing conduction velocity 
and myocardial refractoriness, while low cardiac 
output increases sympathetic tone, thereby  
accelerating the frequency and prolonging the 
duration of such arrhythmias.

Recently inflammation has been linked to 
atrial fibrillation,20 with an elevated C-reactive 
protein (CRP) level in patients with atrial fibrilla-
tion. In the same study, cancer was significantly 
associated with atrial arrhythmias, with 18.3% of 
patients with atrial arrhythmias having a history 
of cancer.21 Cancer was also significantly associ-
ated with elevated CRP levels,21 although multi-
variate analysis did not identify cancer as an 
independent predictor of atrial arrhythmias,  
leading the authors to suggest that inflammation 
may be the casual intermediary link between 
cancer and atrial fibrillation. In another study,22 
patients with colorectal cancer were twice as likely 
to have atrial fibrillation. At our institution, atrial 
fibrillation is a common postoperative arrhyth-
mia after lung surgery, with an incidence of about 
12%,6 although others have reported a higher rate 
of postoperative atrial fibrillation affecting about 
26% patients after non-cardiac chest surgery.23 
Male sex, history of arrhythmia, peripheral vascu-
lar disease, congestive heart failure, type of proce-
dure performed, and the use of intraoperative 
transfusion are predictors of postoperative atrial 
fibrillation.6 Postoperative atrial fibrillation is 
usually self-limiting, but in most instances, it  
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is associated with increased duration of hospital-
ization and higher mortality.6,23

Atrial fibrillation may be paroxysmal, persis-
tent, or permanent 24,25:

•	 Paroxysmal—self-terminating episodes of 
atrial fibrillation

•	 Persistent—atrial fibrillation does not termi-
nate spontaneously, but reverts to sinus 
rhythm with electrical or pharmacological 
cardioversion

•	 Permanent—return of sinus rhythm is not 
feasible 

The term “lone atrial fibrillation” describes 
atrial fibrillation in the absence of demonstrable 
underlying cardiac disease or a history of hyper-
tension. Although by definition there is an absence 
of any demonstrable cardiac disease, it has been 
found that localized atrial myocarditis frequently 
(up to 66 %) exists in these patients.26 It has been 
estimated that lone atrial fibrillation occurs  
in approximately 30% of patients with atrial 
fibrillation.19

Conditions associated with atrial fibrillation 
include:

•	 Ischemic heart disease/myocardial infarc-
tion

•	 Hypertensive heart disease
•	 Rheumatic heart disease
•	 Cardiomyopathy (dilated or hypertrophic)
•	 Thyrotoxicosis
•	 Alcohol 
•	 Chronic pulmonary disease
•	 Post cardiac or other surgery
•	 Idiopathic 
•	 Sick sinus syndrome.
•	 Congenital heart disease (eg ASD and Ebstein 

anomaly)
•	 Pericarditis
•	 Tumor 
•	 Catheter in the right atrium

Compared to pre-infarct atrial fibrillation or 
sinus rhythm, atrial fibrillation that develops in 
the setting of an acute myocardial infarction is 
associated with an adverse prognosis.27

Clinical Manifestations

Clinical symptoms depends upon the ventricular 
rate, underlying functional status, presence of  
any coronary artery disease, obstructive valvular 
disease, or heart failure.

In an individual, the symptoms vary from  
the patient being asymptomatic to syncope and 
congestive heart failure. The dysrhythmia may 
present for the first time with an embolic compli-
cation or exacerbation of heart failure, but most 
patients with atrial fibrillation complain of palpi-
tations, chest pain, dyspnea, fatigue, lightheaded-
ness, or syncope.19 Atrial fibrillation associated 

with a fast ventricular response, may lead  
to tachycardia-mediated cardiomyopathy,25 and 
dilated cardiomyopathy may be the initial presen-
tation, especially in patients who are unaware of 
the tachycardia. Syncope is an uncommon but 
serious complication that is usually associated 
with sinus node dysfunction or hemodynamic 
obstruction, such as valvular aortic stenosis, 
obstructive cardiomyopathy, or an accessory 
atrio-ventricular (AV) pathway.

Clinical History and Physical  
Examination

The initial evaluation of a patient with suspected 
or proven atrial fibrillation includes characteriz-
ing the pattern of the arrhythmia as paroxysmal 
or persistent, determining its cause, and defining 
associated cardiac and extracardiac factors.

Precipitating factors should be specifically 
enquired for; commonly mentioned triggers 
include alcohol, sleep deprivation, caffeine,  
exercise, and emotional stress, but vagally medi-
ated AF episodes may occur during sleep or after 
a large meal and are more likely to arise during a 
period of rest after a period of stress. Vagally 
mediated atrial fibrillation is also suggested when 
a b-blocker or digitalis has increased the tendency 
towards atrial fibrillation.28

The clinician should determine whether the 
onset and termination of palpitations is abrupt  
or gradual; the former favors atrial fibrillation  
or another supraventricular tachyarrhythmia, 
whereas the latter suggests a mechanism other 
than atrial fibrillation, including sinus tachycar-
dia. Are there associated symptoms? Dyspnea 
may indicate underlying heart disease, whereas 
angina pectoris points toward coronary artery 
disease (CAD).

The physical examination may suggest atrial 
fibrillation on the basis of irregular pulse, irregu-
lar jugular venous pulsations, and variation in the 
loudness of the first heart sound. Examination 
may also disclose associated valvular heart disease 
like mitral stenosis or heart failure.

The findings on examination are similar in 
patients with atrial flutter, except that the rhythm 
may be regular, and rapid venous oscillations may 
occasionally be visible in the jugular pulse.

Investigations

Hemoglobin, electrolytes, and thyroid function 
should be checked. Thyrotoxicosis is important 
to consider if the heart rate remains uncontrolled, 
despite therapy.

Electrocardiogram
Normally during atrial fibrillation, the underly-
ing atrial rate is greater than 300 per minute,25 

resulting in small (or “fine”), irregular f (fibrilla-
tion) waves. The amplitude of these waves varies 
and may be especially prominent (or “coarse”) in 
lead V1. As only occasional impulses penetrate 
the atrioventricular node, a totally irregular  
ventricular rhythm results, which is the charac-
teristic of this arrhythmia.

In most cases, this is a narrow complex  
tachycardia, but occasionally, a broad complex 
tachycardia can be seen in atrial fibrillation. Broad 
complex tachycardia with atrial fibrillation can 
occur in the following settings:

•	 Atrial fibrillation with conduction over an 
accessory pathway

•	 Atrial fibrillation with underlying bundle-
branch block

•	 Atrial fibrillation with aberrant ventricular 
conduction 

A review of a previous electrocardiogram 
(ECG) may show pre-excitation or bundle branch 
block.

A rapid, irregular, wide-QRS-complex tachy-
cardia strongly suggests atrial fibrillation with 
conduction over an accessory pathway or atrial 
fibrillation with underlying bundle-branch block. 
Extremely rapid rates (over 200 beats per minute 
[bpm]) suggest the presence of an accessory  
pathway.

Aberrant ventricular conduction results in 
wide QRS complexes. In these circumstances, it is 
important to differentiate atrial fibrillation with 
aberrant ventricular conduction tachycardia  
from ventricular tachycardia. This can be done by  
careful analysis of the rhythm strip.

Factors favoring aberrant ventricular con-
duction includes long–short cycle length sequence, 
typical right bundle branch block, relatively rapid 
ventricular rate, lack of compensatory pause, 
absence of bundle branch block with shorter cycle 
length without preceding pause, and normaliza-
tion of QRS complexes with minimal change in 
cycle length.25

Holter and Event Recorder
If episodes are frequent, then a 24-hour Holter 
monitor can be used. If episodes are infrequent, 
then an event recorder, which allows the patient 
to transmit the ECG to a recording facility when 
the arrhythmia occurs, may be more useful.

Imaging
A chest radiograph may detect enlargement of the 
cardiac chambers and heart failure.

Two-dimensional transthoracic echocardio-
graphy should be acquired to determine chamber 
dimensions, function, and to exclude occult  
valvular, pericardial disease, cardiomyopathy, 
and pulmonary hypertension. Thrombus should 
be sought in the left atrium but is seldom detected 
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without a transesophageal echocardiogram 
(TEE), which is the most sensitive and specific 
technique to detect sources and potential mecha-
nisms for cardiogenic embolism.29

Electrophysiologic Study
An electrophysiologic study is rarely needed to 
establish the diagnosis of atrial fibrillation but 
may be useful for other reasons. In patients with 
paroxysmal atrial fibrillation, an electrophysio-
logic study may help define the mechanism of 
atrial fibrillation, which is especially important 
when curative catheter ablation is considered for 
selected patients.

Treatment
The major issues in management of patients with 
atrial fibrillation are related to the arrhythmia 
itself and to prevention of thromboembolism.

In patients with recurrent, persistent, atrial 
fibrillation, rate control is an acceptable alterna-
tive to rhythm control, and two strategies are 
associated with a similar number of major  
cardiovascular events.30

General Approach to Antiarrhythmic 
Drug Therapy 
Before any antiarrhythmic agent is administered, 
reversible cardiovascular and non-cardiovascular 
precipitants of atrial fibrillation should be 
addressed. Most of these relate to CAD, valvular 
heart disease, hypertension, pericardial disease, 
and heart failure. Those who develop atrial fibril-
lation in association with alcohol intake should 
practice abstinence. Prophylactic drug treatment 
is not usually indicated in case of a first-detected 
episode of atrial fibrillation. Antiarrhythmic 
drugs may also be avoided in patients with infre-
quent and well-tolerated paroxysmal atrial fibril-
lation. In patients who develop atrial fibrillation 
only during exercise, administration of a b-
blocker may be effective. Selection of an appro-
priate agent is based first on safety and is tailored 
to any underlying heart disease that may be  
present, as well as the number and pattern of  
previous episodes of atrial fibrillation.31

Combination Therapy
When treatment with a single agent fails, combi-
nations of antiarrhythmic drugs may be tried, 
keeping in mind that combination therapy may 
cause bradycardia and side effects, some of which 
may be related to the proarrhythmic effects and 
prolongation of QT interval. Extra care should be 
taken in older populations who already have an 
element of degenerative conduction system  
disease. Drug interaction should be kept in mind; 
concurrent administration of amiodarone and 
propafenone with digoxin may result in a rise in 
serum digoxin level. Careful follow-up is needed, 

as a drug that is initially safe may become proar-
rhythmic when the patient develops CAD or heart 
failure or starts other medication that, in combi-
nation, may be arrhythmogenic. Thus, the patient 
should be alerted to the potential significance of 
such symptoms as syncope, angina pectoris, or 
dyspnea, and warned about the use of noncardiac 
drugs that can prolong the QT interval.

Plasma, potassium, and magnesium levels, 
and renal function should be checked periodically 
during follow-up because renal insufficiency  
leads to drug accumulation and predisposes to 
proarrhythmia.

Drugs for Pharmacologic Cardioversion
Drugs that have proven efficacy for pharmaco-
logic conversion include amiodarone, dofetilide, 
flecainide, ibutilide fumarate, propafenone, and 
quinidine.24

Digoxin and sotalol are not recommended 
for pharmacologic conversion and, in fact, has 
been labeled as class 111 (conditions in which 
there is evidence and/or general agreement that 
the procedure or treatment is not useful/effective 
and, in some cases, may be harmful) in recent 
ACC guidelines.24

Drugs used to maintain sinus rhythm in 
patients with atrial fibrillation include amio-
darone, disopyramide, dofetilide, flecainide,  
propafenone, quinidine, sotalol.24

Like other type IC drugs, propafenone should 
not be used in patients with ischemic heart  
disease or LV dysfunction.

There is no evidence to support the antiar-
rhythmic efficacy of calcium channel antagonist 
drugs in patients with paroxysmal atrial fibrilla-
tion, but they reduce heart rate during an 
attack.24

Medications Used in Special  
Subgroup of Patients

Heart Failure
Patients with congestive heart failure are particu-
larly prone to the ventricular proarrhythmic 
effects of antiarrhythmic drugs related to under-
lying myocardial dysfunction and electrolyte  
disturbances. Randomized trials have demon-
strated the safety of amiodarone and dofetilide 
(given separately) in patients with heart failure32,33 
and these are the recommended drugs for  
maintenance of sinus rhythm.

Coronary Artery Disease
In stable patients with CAD, b-blockers may be 
considered first, as in one study in which more 
than 50% of patients had hypertension, 26% had 
CAD, and 26% had CHF, and in which use of 
metoprolol XL was effective in preventing relapse 
into atrial flutter or fibrillation.34 Other b- 
blockers that reduce the duration and episodes of  

paroxysmal atrial fibrillation are sotalol and  
atenolol.35 In this study, about 32% of patients 
had ischemic heart disease.35 Sotalol has substan-
tial b-blocking activity and may therefore be 
chosen as the initial antiarrhythmic agent in atrial 
fibrillation patients with ischemic heart disease 
because it is associated with less long-term  
toxicity than amiodarone.

Hypertensive Heart Disease
Patients with left ventricular hypertrophy (LVH) 
may be at increased risk of developing torsades  
de pointes related to early ventricular afterdepo-
larization.31 Thus, a drug that does not prolong 
the QT interval is preferable as first-line therapy, 
and in the absence of CAD or marked LVH  
(LV wall thickness g1.4  cm), propafenone and 
flecainide are reasonable choices.24 Proarrhyth-
mia with one agent does not predict this type of 
response to another type of drug. For example, 
patients with LVH who develop torsades de 
pointes during treatment with a type III agent 
may tolerate a type IC agent uneventfully.24 Ami-
odarone prolongs the QT interval but carries a 
very low risk of ventricular proarrhythmia; its 
extracardiac toxicity profile relegates it to second-
line therapy in these individuals, but amiodarone 
becomes first-line therapy when marked LVH is 
present. When amiodarone and sotalol either fail 
or are inappropriate, disopyramide, quinidine, or 
procainamide may be used as alternatives.24

Nonpharmacologic Correction of Atrial 
Fibrillation
In a selected group of patients, surgical ablation 
(Maze operation) or catheter ablation can be  
carried out. In one small study, 64% of patients 
who were in atrial fibrillation at the beginning of 
the procedure converted into sinus rhythm during 
ablation.36

Although these procedures have produced 
promising results, they have not yet been widely 
applied. Potential complications of catheter  
ablation for atrial fibrillation include systemic 
embolism, pulmonary vein stenosis, pericardial 
effusion, cardiac tamponade, and phrenic nerve 
paralysis.

Drugs for Heart Rate Control during 
Atrial Fibrillation
The adequacy of rate control during atrial fibrilla-
tion may be judged from clinical symptoms and 
ECG recordings. The rate is generally considered 
controlled when the ventricular response ranges 
between 60 and 80 beats per minute at rest and 
between 90 and 115 beats per minute during 
moderate exercise.37,38 Achieving a target ventric-
ular rate of 90 beats per minute in patients with 
atrial fibrillation at rest would result in control 
with the least compromise of cardiac output.37
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The following agents may be administered to 
achieve control of the ventricular response to 
atrial fibrillation in an emergency setting.

Digoxin

Although intravenous digoxin may effectively 
slow the ventricular rate at rest, there is a delay of 
at least 60 minutes before onset of a therapeutic 
effect in most patients, and a peak effect does not 
develop for up to 6 hours. Digoxin is no more 
effective than placebo in converting atrial fibrilla-
tion to sinus rhythm.39 Intravenous digoxin offers 
no substantial advantage over placebo for conver-
sion to sinus rhythm and also provides weak rate 
control.40 Given the availability of more effective 
agents, digoxin is no longer first-line therapy  
for management of acute atrial fibrillation, except 
in patients with heart failure or left ventricular 
dysfunction.

Non-dihydropyridine Calcium Antagonists

The most commonly used calcium channel  
antagonist agents for treatment of atrial fibrilla-
tion are verapamil and diltiazem. Intravenously, 
each drug is effective in emergency settings, but 
the response is transient, and repeated doses or a 
continuous intravenous infusion may be required 
to maintain heart rate control. These agents,  
particularly verapamil, generally should not be 
used in patients with heart failure due to systolic 
dysfunction.

b-Blockers

Intravenous b-blockade with propranolol, ateno-
lol, metoprolol, or esmolol hydrochloride may 
help to control the rate of ventricular response to 
AF in specific settings. b-blockers may be particu-
larly useful in states of high adrenergic tone (eg, 
postoperative atrial fibrillation). In the immedi-
ate postoperative period, b-blockers appear to 
provide a more rapid conversion to sinus rhythm 
compared to calcium channel blockers 41.

Amiodarone

Amiodarone has both sympatholytic and calcium 
antagonistic properties, depresses AV conduc-
tion, and is effective in controlling the ventricular 
rate in patients with atrial fibrillation. Intrave-
nous amiodarone is effective and well tolerated in 
critically ill patients, and amiodarone is consid-
ered a suitable alternative agent for heart rate 
control when conventional measures are ineffec-
tive.42 It not only decreases heart rate but also sig-
nificantly improves blood pressure and lowers 
pulmonary artery wedge pressure in this group of 
patients.42 Unlike oral amiodarone, short-term 
dosing with intravenous amiodarone is not  
associated with any significant prolongation of 
action potential duration (QT interval) or use 
dependent sodium channel blockade,43 and hence 

may be particular useful in the intensive care 
patients in cancer population, a lot of whom  
are on antifungals and other medications that 
prolong QT interval.

In the acute setting, in the absence of con-
duction over an accessory pathway, the current 
recommendation24 is to administer intravenous 
b-blockers or calcium channel antagonists (vera-
pamil, diltiazem) to slow the ventricular response 
to atrial fibrillation, exercising caution in patients 
with hypotension or heart failure. Immediate 
electrical cardioversion should be performed in 
patients with acute paroxysmal atrial fibrillation 
and a rapid ventricular response associated  
with acute myocardial infarction, symptomatic 
hypotension, angina, or cardiac failure that  
does not respond promptly to pharmacological  
measures.24

In patients with accessory pathway (Wolff-
Parkinson-White [WPW] syndrome) and symp-
tomatic atrial fibrillation, catheter ablation of the 
accessory pathway is the treatment of choice.24

In hemodynamically stable patients with 
atrial fibrillation and accessory pathway (WPW 
syndrome), intravenous quinidine, procain-
amide, disopyramide, ibutilide fumarate, or  
amiodarone can be used.24 In such patients, it is 
critically important to avoid agents with the 
potential to increase the refractoriness of the  
AV node, which could encourage preferential 
conduction over the accessory pathway. Hence, 
administration of AV nodal blocking agents such 
as digoxin, diltiazem, or verapamil is contraindi-
cated in patients with atrial fibrillation in associa-
tion with WPW syndrome.24

Control of heart rate is important not only 
for prevention of tachycardia-induced cardiomy-
opathy, but it may also lead to improvement  
in left ventricular (LV) systolic function and  
ejection fraction.25

Anti-Coagulation in Atrial Fibrillation

In patients with persistent (also known as  
sustained, and including patients categorized as 
permanent in certain classification schemes) or 
paroxysmal (intermittent) atrial fibrillation at 
high risk of stroke (ie, having any of the following 
features: prior ischemic stroke, Transient Isch-
emic Attack (TIA) or systemic embolization, age 
>75  years, moderately or severely impaired left 
ventricular systolic function and/or congestive 
heart failure, history of hypertension or diabetes 
mellitus) the recommendation is for oral antico-
agulation with warfarin (target International 
Normalized Ratio (INR) 2.5; range 2.0 to 3.0).44

In patients with persistent or paroxysmal 
atrial fibrillation at age 65 to 75  years, in the 
absence of other risk factors, anti-thrombotic 
therapy with either warfarin (target INR 2.5; 
range 2.0 to 3.0) or aspirin 325  mg daily are 
acceptable alternatives in this group of patients 

who are at intermediate risk of stroke.44 In patients 
with persistent or paroxysmal atrial fibrillation, 
who are < 65  years of age and with no additional 
risk factors, aspirin 325  mg daily is recom-
mended.44 

Atrial Flutter

Atrial flutter is due to a re-entry circuit in the 
atrium.45 This produces atrial contractions at a 
rate of about 300 beats/min seen on the ECG as 
flutter (F) waves. These are broad and appear 
saw-toothed and are best seen in the inferior leads 
and in lead V1 without an isoelectric baseline 
between deflections. Atrial flutter may degenerate 
into atrial fibrillation, or vice versa, which may be 
reflected on the ECG. The ventricular rate depends 
on conduction through the atrioventricular node. 
Typically 2:1 block (atrial rate to ventricular rate) 
occurs, giving a ventricular rate of 150 beats/min. 
Identification of a regular tachycardia with this 
rate should prompt the diagnosis of atrial flutter. 
The non-conducting flutter waves are often  
mistaken for, or merged with, T waves and 
become apparent only if the block is increased. 
Maneuvers that induce transient atrioventricular 
block (such as carotid sinus massage or use of 
adenosine) will slow the conduction and help in 
identification of flutter waves.

Not all atrial contractions are propagated 
through to the ventricles due to a variable block 
within the junctional area (this is due to the 
refractory nature of the conduction pathway at 
the higher rate). When conduction through the 
ventricles does occur, the morphology is normal 
but the RR interval is irregular.

Cause
The causes of atrial flutter are similar to those  
of atrial fibrillation, although idiopathic atrial 
flutter is uncommon. It may convert into atrial 
fibrillation over time or, after administration of 
drugs such as digoxin.

The findings on examination are similar to 
those in patients with atrial fibrillation, except 
that the rhythm may be regular, and rapid venous 
oscillations may occasionally be visible in the  
jugular pulse.

Treatment
The treatment of atrial flutter is almost similar  
to atrial fibrillation, as these two conditions are 
frequently present together in the same patient. 
When rapid control of ventricular response rate 
to atrial flutter is desired, intravenous adminis-
tration of a calcium channel blocker (eg, vera-
pamil or diltiazem) or of a b-blocker is usually 
effective.45 Sometimes, combination therapy 
using a calcium channel blocker and a b-blocker 
is needed for rate control. For ventricular rate 
control during atrial flutter, drugs should be  
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prescribed that prolong the refractory period of 
the AV node, such as b-blocking agents, calcium 
antagonists, digitalis, and amiodarone.45 With 
Ibulitide, there is a 60% likelihood of converting 
atrial flutter to sinus rhythm,46 and hence, this 
provides a valuable tool for treatment of atrial 
flutter.

For prevention of recurrence, class I drugs 
(flecainide, procainamide, quinidine), b- 
blockers, class III drugs, and amiodarone can be 
used.45 When deciding on pharmacologic therapy, 
side effects and the possible dangers of drug 
administration (including arrhythmias and  
torsades de pointes) should be considered.47

Nonpharmacologic Therapy

Electrical Cardioversion and Overdrive Pacing

External electrical cardioversion is safe and  
effective, terminating atrial flutter in > 90% of 
episodes.45 Because external electrical cardiover-
sion requires sedation and anesthesia, some  
doctors and patients prefer atrial overdrive pacing 
to terminate atrial flutter. This also has the advan-
tage of being able to pace in the case of sick sinus 
syndrome after termination of atrial flutter. 
Implantable devices have become available,  
allowing both anti-tachycardia and burst pacing, 
as well as (when needed) internal cardioversion of 
atrial flutter.

Catheter Ablation   Nowadays, catheter abl-
ation of atrial flutter has become a safe, curative, 
and highly successful procedure.45 In a selected 
group of patients with atrial flutter, the patients 
treated with catheter ablation reported a signifi-
cant improvement in their quality of life and 
symptoms scores.48 The indications for long-term 
anticoagulation and anti-thrombotic therapy is 
the same as for atrial fibrillation.44

Anticoagulation for Elective Cardioversion of Atrial 
Fibrillation or Atrial Flutter   Patients For 
patients with atrial fibrillation of >48  h or of 
unknown duration for whom pharmacologic or 
electrical cardioversion is planned, anticoagula-
tion with warfarin (target INR, 2.5; range 2.0 to 
3.0) is recommended for 3  weeks before elective 
cardioversion and for at least 4  weeks after  
successful cardioversion.44

For patients with atrial fibrillation of >48  h 
or of unknown duration undergoing pharmaco-
logic or electrical cardioversion, an alternative  
to the strategy outlined above is anticoagulation 
(immediate unfractionated intravenous (IV) 
heparin with target PTT of 60 seconds [range, 50 
to 70 seconds], or at least 5 days of warfarin with 
a target INR of 2.5 [range, 2.0 to 3.0] at the time 
of cardioversion), and a screening multiplane  
TEE should be performed. If no thrombus is  
seen and cardio version is successful, then antico-
agulation (target INR, 2.5; range 2.0 to 3.0) is  
recommended for at least 4  weeks. If a thrombus 

is seen on TEE, then cardioversion should be 
postponed and anticoagulation should be contin-
ued indefinitely. A TEE should be repeated before 
attempting later cardioversion.44

For patients with atrial fibrillation of known 
duration <48  h, cardioversion can be performed 
without anticoagulation.44 However, in patients 
without contraindications to anticoagulation, 
anticoagulation with IV heparin (target Activated 
Partial Thromboriatin Time (APTT), 60 seconds; 
range 50 to 70 seconds) or Low Mokeular Weight 
Heparin (LMWH) (at full Deep Veiw Thrombo-
sis (DVT) treatment doses) should be started at 
presentation.44

For patients with risk factors for stroke, it is 
particularly important to be confident that the 
duration of AF is <48  h. In such patients with 
risk factors, a TEE-guided approach is a reason-
able alternative strategy. According to ACC/AHA 
guidelines,24 cardioversion without TEE guidance 
during the first 48  hours after the onset of atrial 
fibrillation is a class 11 b indication.

For emergency cardioversion where a TEE-
guided approach is not possible, IV unfraction-
ated heparin (target PTT, 60 seconds; range 50  
to 70 seconds) be started as soon as possible,  
followed by 4  weeks of anticoagulation with  
warfarin (target INR, 2.5; range 2.0 to 3.0).44  
Following cardioversion, the continuation of 
anticoagulation beyond 4  weeks is based on 
whether the patient has experienced more than 
one episode of atrial fibrillation and on risk factor 
status. Patients experiencing more than one  
episode of atrial fibrillation should be considered 
as having paroxysmal atrial fibrillation.44

Anticoagulation increases the frequency and 
severity of major extracranial and intracranial 
hemorrhage and the issue of anticoagulation  
in the cancer population is complex, for most 
patients in clinical trials are carefully selected,  
and exclude those with a high risk of bleeding. 
Presence of thrombocytopenia prevents the use 
of warfarin in a number of patients with cancer 
and atrial fibrillation. There are no guidelines  
in existence regarding how to best manage  
these patients. Clinical judgment is needed and  
a decision about initiating anticoagulation, or 
even aspirin, should be made on an individual 
basis.

Broad Complex Tacycardia

Broad complex tachycardias occur by various 
mechanisms and may be ventricular or supraven-
tricular in origin.

Varieties of broad complex tachycardia 
include ventricular (regular, monomorphic  
ventricular tachycardia, irregular, torsades de poi-
ntes tachycardia, and polymorphic ventricular 
tachycardia), and supraventricular (bundle 
branch block with aberrant conduction, and atrial 
tachycardia with pre-excitation).

Ventricular Tachycardia

Ventricular tachycardia (VT) is defined as three 
or more ventricular extrasystoles in succession at 
a rate of more than 100 beats/min. The tachycar-
dia may be self-terminating but is described as 
“sustained” if it lasts longer than 30 seconds  
or results in hemodynamic collapse. Ventricular 
tachycardia is described as “monomorphic” when 
the QRS complexes have the same general appear-
ance, and “polymorphic” if there is wide beat-to-
beat variation in QRS morphology. Monomorphic 
ventricular tachycardia is the most common form 
of sustained ventricular tachycardia

Mechanism of Ventricular  
Tachycardia

The mechanisms responsible for ventricular 
tachycardia include reentry or increased myocar-
dial automaticity. Ventricular tachycardia in a 
patient with chronic ischemic heart disease and in 
post-myocardial infarction patients is caused by 
reentrant mechanism.49 The reentry circuits  
that support ventricular tachycardia can be micro 
or macro in scale and often occur in the zone  
of ischemia or fibrosis surrounding damaged  
myocardium.

Triggered automaticity of a group of cells can 
result from congenital or acquired heart disease. 
Once initiated, these tachycardias tend to acceler-
ate, but slow markedly before stopping. The 
mechanism of ventricular tachycardia in dilated 
cardiomyopathy is less well understood, but even 
in patients with nonischemic cardiomyopathy, 
reentry appears to play a role in the initiation of 
sustained monomorphic VT.50

Ventricular tachycardia may result from 
direct damage to the myocardium secondary to 
ischemia or cardiomyopathy, or from the effects 
of myocarditis or drugs—for example, class 
1 antiarrhythmics (such as flecainide, quinidine, 
and disopyramide).

Broad Complex Tachycardia of 
Supraventricular Origin

In the presence of aberrant conduction or  
ventricular pre-excitation, any supraventricular 
tachycardia may present as a broad complex 
tachycardia and mimic ventricular tachycardia.

Atrial Tachycardia with Aberrant  
Conduction
Aberrant conduction is defined as conduction 
through the atrioventricular node with delay  
or block, resulting in a broader QRS complex. 
Aberrant conduction usually manifests as left or 
right bundle branch block, both of which have 
characteristic features. The bundle branch block 
may predate the tachycardia, or it may be a  
rate-related functional block, occurring when 
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atrial impulses arrive too rapidly for a bundle 
branch to conduct normally. When atrial fibrilla-
tion occurs with aberrant conduction and a rapid 
ventricular response, a totally irregular broad 
complex tachycardia is produced.

Wolff-Parkinson-White Syndrome
Broad complex tachycardias may also occur in 
the Wolff-Parkinson-White syndrome, either  
as an antidromic atrioventricular reentrant  
tachycardia or in association with atrial flutter or 
fibrillation.

Antidromic Atrioventricular Reentrant 
Tachycardia
In this relatively uncommon tachycardia, the 
impulse is conducted from the atria to the ven-
tricles via the accessory pathway. The resulting 
tachycardia has broad, bizarre QRS complexes.

Atrial Fibrillation
In patients without an accessory pathway, the 
atrioventricular node protects the ventricles from 
the rapid atrial activity that occurs during  
atrial fibrillation. In the Wolff-Parkinson-White 
syndrome, the atrial impulses are conducted 
down the accessory pathway, which may allow 
rapid conduction, and consequently, very fast 
ventricular rates.

Drugs that block the atrioventricular node—
such as digoxin, verapamil, and adenosine—
should be avoided as they can produce an 
extremely rapid ventricular response.

The impulses conducted via the accessory 
pathway produce broad QRS complexes. Occa-
sionally, an impulse will be conducted via the 
atrioventricular node and produce a normal  
QRS complex or a fusion beat. The result is a 
completely irregular, and often rapid, broad  
complex tachycardia with a fairly constant QRS 
pattern, except for occasional normal complexes 
and fusion beats.

Differentiating Between Ventricular and 
Supraventricular Origin

Clinical Features
The presentation and symptoms related to broad 
complex tachycardia are similar to other tachy-
cardia and are largely dependent upon heart rate, 
underlying cardiac function, and hemodynamic 
consequences of the arrhythmia. Symptoms relate 
to the heart rate and the underlying cardiac 
reserve rather than to the origin of the arrhyth-
mia. Rapid tachycardia in the presence of heart 
disease can lead to syncope and sudden death, 
whereas those with slower heart rate and normal 
heart may remain asymptomatic.

It is wrong to assume that a patient with  
ventricular tachycardia will inevitably be in a state 
of collapse; some patients look well but present 

with dizziness, palpitations, syncope, chest pain, 
or heart failure. In contrast, a supraventricular 
tachycardia may cause collapse in a patient with 
underlying poor ventricular function.

A history of coronary artery disease, conges-
tive heart failure, or age >35  years are 90%  
specific for ventricular tachycardia, but their 
absence does not establish the diagnosis of supra-
ventricular tachycardia.51 

Physical Examination
Physical examination of a patient with ventricular 
tachycardia may reveal the clinical evidence of 
atrioventricular dissociation—that is, “cannon” 
waves in the jugular venous pulse or variable 
intensity of the first heart sound. However, these 
signs will be absent if there is 1:1 retrograde  
conduction, and absence of these findings does 
not exclude the diagnosis.

ECG
Electrocardiographic diagnosis of monomorphic 
ventricular tachycardia is based on the following 
features:52,53

Duration and Morphology of QRS Complex

In ventricular tachycardia, the sequence of  
cardiac activation is altered, and the impulse  
no longer follows the normal intraventricular 
conduction pathway. As a consequence, the  
morphology of the QRS complex is bizarre, and 
the duration of the complex is prolonged (usually 
to 0.12 seconds or longer). The exception is  
fascicular ventricular tachycardia, which can have 
relatively narrow QRS complexes.52

As a general rule, the broader the QRS com-
plex, the more likely the rhythm is to be ventricu-
lar in origin, especially if the complexes are greater 
than 0.16 seconds. Duration of the QRS complex 
may exceed 0.2 seconds, particularly if the patient 
has electrolyte abnormalities or severe myocar-
dial disease or is taking antiarrhythmic drugs, 
such as flecainide.

The QRS complex in ventricular tachycardia 
often has right or left bundle branch morphology. 
In general, a tachycardia originating in the left 
ventricle produces a right bundle branch block 
pattern, whereas a tachycardia originating in the 
right ventricle results in a left bundle branch block 
pattern. The intraventricular septum is the focus 
of the arrhythmia in some patients with ischemic 
heart disease, and the resulting complexes have 
left bundle branch block morphology.

Rate and Rhythm

In ventricular tachycardia, the rate is normally 
120 to 300  bpm. The rhythm is regular or almost 
regular (<0.04 seconds beat-to-beat variation), 
unless disturbed by the presence of capture or 
fusion beats. If a monomorphic broad complex 

tachycardia has an obviously irregular rhythm, 
the most likely diagnosis is atrial fibrillation with 
either aberrant conduction or pre-excitation.

Frontal Plane Axis

In a normal electrocardiogram, the QRS axis in 
the mean frontal plane is between -30° and 
+90°, with the axis most commonly lying at 
around 60°. With the onset of ventricular tachy-
cardia, the mean frontal plane axis changes from 
that seen in sinus rhythm and is often bizarre. A 
change in axis of more than 40° to the left or right 
is suggestive of ventricular tachycardia.

Direct Evidence of Independent Atrial Activity

In ventricular tachycardia, the sinus node contin-
ues to initiate atrial contraction. Since this atrial 
contraction is completely independent of ven-
tricular activity, the resulting P waves are dissoci-
ated from the QRS complexes and are positive  
in leads I and II. The atrial rate is usually slower 
than the ventricular rate, though occasionally 1:1  
conduction occurs. It is important to scrutinize 
the tracings from all 12 leads of the electrocardio-
gram, as P waves may be evident in some leads 
but not in others.

Although evidence of atrioventricular disso-
ciation is diagnostic for ventricular tachycardia, a 
lack of direct evidence of independent P wave 
activity does not exclude the diagnosis. Artifacts 
that simulate P wave activity may complicate the 
situation.

However, beat to beat differences, especially 
of the ST segment, suggest the possibility of  
independent P wave activity, even though it may 
be impossible to pinpoint the independent P wave 
accurately.

Indirect Evidence of Independent Atrial Activity 

Capture Beat
Occasionally an atrial impulse may cause ventric-
ular depolarization via the normal conduction 
system. The resulting QRS complex occurs earlier 
than expected and is narrow. Such a beat shows 
that, even at rapid rates, the conduction system is 
able to conduct normally, thus making a diagno-
sis of supraventricular tachycardia with aberrancy 
unlikely.

Capture beats are uncommon, and although 
they confirm a diagnosis of ventricular tachycar-
dia, their absence does not exclude the diagnosis.

Fusion Beats
A fusion beat occurs when a sinus beat conducts 
to the ventricles via the atrioventricular node and 
fuses with a beat arising in the ventricles. As the 
ventricles are depolarized, partly by the impulse 
conducted through the His-Purkinje system and 
partly by the impulse arising in the ventricle,  
the resulting QRS complex has an appearance 
intermediate between a normal beat and a  
tachycardia beat.
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Like capture beats, fusion beats are uncom-
mon, and although they support a diagnosis of 
ventricular tachycardia, their absence does not 
exclude the diagnosis.

QRS Concordance throughout the Chest Leads

Concordance exists when all the QRS complexes 
in the chest leads are either predominantly  
positive or predominantly negative. Concordance 
can be either positive or negative. The presence of 
concordance suggests that the tachycardia has a 
ventricular origin.

A previous electrocardiogram may give  
valuable information. Evidence of a myocardial 
infarction increases the likelihood of ventricular 
tachycardia, and a change in mean frontal plane 
axis during the tachycardia (especially if the 
change is >40° to the left or right), points to a 
ventricular origin. Ventricular tachycardia and 
supraventricular tachycardia with bundle branch 
block may produce similar electrocardiograms. If 
a previous electrocardiogram shows a bundle 
branch block pattern during sinus rhythm that  
is similar to or identical with that during the 
tachycardia, the origin of the tachycardia is likely 
to be supraventricular. But if the QRS morphol-
ogy or axis changes during the tachycardia, then a 
ventricular origin is suspected.

Maneuvers to Elicit the Underlying 
Rhythm

Vagal stimulation—for example, carotid sinus 
massage or Valsalva’s maneuver—does not usu-
ally affect a ventricular tachycardia but may  
affect arrhythmias of supraventricular origin. 
Transiently slowing or blocking conduction 
through the atrioventricular node may terminate 
an atrioventricular nodal reentrant tachycardia or 
atrioventricular reentrant tachycardia. In atrial 
flutter transient block may reveal the underlying 
flutter waves

Adenosine can also be used to block conduc-
tion temporarily through the atrioventricular 
node to ascertain the origin of a broad complex 
tachycardia, but failure to stop the tachycardia 
does not necessarily indicate a ventricular origin. 
In one study of adenosine in broad complex 
tachycardia, adenosine terminated the arrhyth-
mia or induced diagnostic atrioventricular block 
in 8 of 9 patients with broad complex Supraven-
tricular tachycardia and all nine patients with 
narrow complex Supraventricular tachycardia.54 
However, adenosine terminated VT in only 1 of 
17 patients.54

Danger of Misdiagnosis

The safest option is to regard a broad complex 
tachycardia of uncertain origin as ventricular 
tachycardia unless good evidence suggests a 
supraventricular origin.

If a ventricular tachycardia is wrongly treated 
as supraventricular tachycardia, the consequences 
may be extremely serious. Misdiagnosis of broad 
complex tachycardia and use of verapamil in 
patients who actually have VT, results in worsen-
ing of clinical condition in most of these patients, 
with poor outcome.55

Treatment of Ventricular  
Tachycardia

In any patient with ventricular tachycardia it is 
important to exclude coronary ischemia and 
structural heart disease, including dilated cardio-
myopathy, hypertrophic cardiomyopathy, and 
arrhythmogenic right ventricular dysplasia. Ther-
apy for patients who present with ventricular 
tachycardia should be determined by the hemo-
dynamic status, symptoms, and history. In unsta-
ble patients, electrical cardioversion should be 
carried out promptly.56 Treatment of hemody-
namically stable ventricular tachycardia depends 
on whether the VT is monomorphic or polymor-
phic and whether left ventricular systolic function 
is normal or impaired. Treatment of polymorphic 
VT depends on whether QT intervals are normal 
or prolonged (as in torsades de pointes, when  
QT is prolonged during sinus rhythm). When 
polymorphic VT develops in patients who have 
prolonged QT during sinus rhythm, treatment 
with magnesium is recommended.56 Polymorphic 
VT in the absence of prolong QT is treated the 
same as monomorphic VT. For stable monomor-
phic VT in patients with normal LV function, 
intravenous procainamide, lidocaine, or amioda-
rone can be used.56 In patients with stable mono-
morphic VT and impaired LV function, use of 
amiodarone or lidocaine is preferred.56 Ideally, 
clinicians should attempt to identify whether a 
broad complex tachycardia is supraventricular or 
ventricular and treat accordingly. However this is 
not always possible diagnostically, hence the wise 
thing is to assume that wide complex tachycardia 
is VT until proven otherwise. From a statistical 
point of view, such an assumption sounds like 
safe practice, since about 90% of wide complex 
tachycardia are VT.56 Also, use of medications like 
verapamil can have disastrous consequences in 
such cases.55 Unstable wide complex tachycardia 
should be treated with immediate cardioversion. 
For stable wide complex tachycardia of uncertain 
origin, amiodarone and procainamide are good 
choices since they are effective for treating both 
supraventricular tachycardia and ventricular 
tachycardia.56 As a general rule, it is better to use 
just one antiarrhythmic agent in a given patient to 
avoid proarrhythmic effects. If one agent has not 
converted a tachycardia after an appropriate dose, 
then the next step should usually be DC cardio-
version.56 The long-term therapy for patients with 
sudden cardiac death is largely determined by the 

presence of concomitant disease, each of which 
has specific risk stratification and treatment.57 
Ventricular tachycardia can degenerate into ven-
tricular fibrillation, which should be treated with 
an unsynchronized electric shock using an initial 
energy of 200 joules (J). If this is unsuccessful, a 
second shock using 200 to 300 J and, if necessary, 
a third shock using 360 J is indicated.56

Ventricular fibrillation that is not easily  
converted by defibrillation may be treated with 
additional adjunctive measures. Epinephrine  
(1  mg intravenously) should be given and 
repeated every 3 to 5 minutes, or Vasopressin (40 
units intravenously) as a single dose should  
be given.56 For persistent and recurrent VF and 
ventricular tachycardia (VT), amiodarone in a 
dose of 300  mg intravenously can be given.56

Pacemakers

Pacemakers are increasingly being used in the 
United States. At our institution, we implanted 22 
permanent pacemakers in the 19 months prior to 
this writing. Cancer patients, particularly in the 
elderly population who have underlying degen-
erative conduction system disease, are prone to 
the side effects of chemotherapeutic agents, a 
wide variety of which can cause bradycardia and 
heart block.1 The treatment of asymptomatic and 
symptomatic bradycardia in cancer patients is 
generally the same as in other populations. Where 
a clear offending agent is considered to be the 
cause, the approach is to discontinue the medica-
tion and observe. In most cases, the bradycardia 
and heart block resolves over time. In patients 
who have persistent sinus symptomatic bradycar-
dia and heart block, the indications for pace-
makers are the same as those for the general 
population.58 In some cancer populations, a  
particular group of patients (ie, those with ongo-
ing infection) poses a dilemma: any permanent 
pacemaker implantation in the face of infection 
creates a potential for infection of the pacemaker 
pocket site. In these cases, a temporary pacemaker 
is left in place for few days until the infection is 
controlled. Although the indication for a pace-
maker involves clinical judgment, in the cancer 
population, this is an overwhelming necessity, as 
the main objective in some cases is only comfort 
care.

Pacing Modes
The generic pacemaker code of the North Ameri-
can Society of Pacing and Electrophysiology and 
the British Pacing and Electrophysiology Group is 
used to describe various pacing modes. The first 
letter denotes the chamber or chambers that are 
paced (A=atrial, V=ventricular, D=dual [atrial 
and ventricular]). The second letter describes 
which chambers detect (sense) electrical signals. 
The third letter represents the response to sensed 
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events (I=inhibition, T=triggering, D=dual 
[inhibition and triggering]). A fourth letter, R, 
denotes activation of rate-response features. The 
most commonly used pacing modes are: AAI(R) 
single-chamber atrial pacing without (or with) 
rate response, VVI(R) single-chamber ventricular 
pacing without (or with) rate response, and 
DDD(R) dual-chamber pacing without (or with) 
rate response. In the latest version of the code, a 
fifth position denotes the chamber or chambers 
in which multisite pacing is delivered.59

Indications
The decision to implant a permanent pacemaker 
should involve the cardiologist, the primary  
physician, the patient and the family. Before 
embarking on a pacemaker insertion, the need for 
pacing should be clearly documented. To evalu-
ate patients more uniformly, the Joint American 
College of Cardiology–American Heart Associa-
tion Task Force established a classification system 
for the indications for pacemaker implantation.58 
Class I includes all conditions for which it is  
generally agreed that a permanent pacemaker 
should be implanted; class II, all conditions for 
which such pacemakers are frequently used but 
for which there is disagreement about the need 
for their use; and class III, all conditions for which 
it is generally agreed that permanent pacing is not 
required.

Atrioventricular Block 
Atrioventricular heart block can be classified as 
first-degree, second-degree, or third-degree (ie, 
complete) heart block. Generally, first-degree 
atrioventricular block is not considered an indi-
cation for pacing, but in some patients with severe 
first-degree block and who are symptomatic, a 
pacemaker may be helpful.

Second-degree atrioventricular block is 
divided into type I (in which there is progressive 
prolongation of the PR interval before a blocked 
beat), type II (in which there is no such progres-
sive prolongation), or advanced (in which two or 
more consecutive P waves are blocked). Second-
degree type I atrioventricular block usually occurs 
in the atrioventricular node, whereas type II and 
the advanced type usually occur in tissues below 
the node.58 When every other beat is conducted 
(in what is known as 2:1 block), the distinction 
between types I and II often cannot be made with 
certainty, and the site of the block may be either 
at or below the atrioventricular node.58 Type I 
second-degree AV block is usually due to delay  
in the AV node, irrespective of QRS width, and 
progression to advanced AV block in this situa-
tion is uncommon, hence pacing is usually not 
indicated unless the patient is symptomatic.58 

Type II second-degree AV block and a wide 
QRS indicate diffuse conduction system disease 
and constitute an indication for pacing even in 

the absence of symptoms58 as progression to 
third-degree AV block is common in this condi-
tion. However, it is not always possible to deter-
mine the site of AV block without electrophysiologic 
evaluation; hence, if type I second-degree AV 
block with a narrow or wide QRS is found to be 
intra- or infra-His upon electrophysiologic study, 
pacing should be considered.58 Any form of 
second-degree atrioventricular block, regardless 
of the site or type of block that is associated with 
symptomatic bradycardia, is a class I indication 
for pacing.58 

Asymptomatic second-degree type II and 
advanced atrioventricular blocks are class II  
indications for pacing.58 An asymptomatic patient 
with a second-degree type I atrioventricular block 
should not receive a permanent pacemaker. 
Asymptomatic patients who have second-degree 
atrioventricular block with 2:1 conduction and 
evidence of infranodal block (based on the results 
of electrophysiologic study or the presence of  
a bundle-branch block) are considered to have a 
class II indication for pacing.58 

In third-degree atrioventricular block or 
advanced second degree AV block, class I indica-
tion for pacing is present if (1) bradycardia with 
symptoms are present, (2) arrhythmias or other 
medical conditions that require drugs result in 
symptomatic bradycardia, (3) if pauses in the 
QRS rhythm exceed three seconds in length, or if 
there are escape rates <40 beats per minute in 
awake, symptom-free patients.58

In general, the decision regarding implanta-
tion of a pacemaker must be considered with 
respect to whether or not AV block will be perma-
nent. In conditions such as electrolyte abnor-
malities, medications, and conditions causing 
excessive vagal tone (where a clear precipitating 
factor is present), correction usually resolves the 
block. Similarly peri- and postoperative AV block, 
in which inflammation near the AV conduction 
system after surgery in this region plays a part, 
usually resolves over time. In systemic conditions 
like neuromuscular diseases, sarcoidosis, and 
amyloidosis, a pacemaker should be considered 
even if significant heart block is transient, since 
this may recur.

In patients with chronic bifascicular or  
trifascicular block, the presence of intermittent 
third-degree AV block, type II second degree AV 
block, and alternating bundle branch block is a 
class I indication for permanent pacing.58

In patients with sinus node dysfunction, 
symptomatic bradycardia (including frequent 
sinus pauses) that produces symptoms or symp-
tomatic chronotropic incompetence is a class I 
indication for permanent pacing.58

In patients with tachyarrhythmias, like 
supraventricular tachycardia, in cases in which 
ablation and/or drugs fail to control arrhythmias, 
an anti-tachycardia pacing is considered.58 Other 
conditions in which prevention of arrhythmias  

by pacing is a reasonable choice is the Long QT 
syndrome (LQTS), in which pacing may be  
especially beneficial for patients with pause-
dependent arrhythmias, and use of a pause  
prevention pacing algorithm for arrhythmia  
prevention in a young patient with congenital 
LQTS and documented pause-dependent  
torsades de pointes has been reported.60

Syncope

Syncope in the absence of a clear cardiac cause 
like marked bradycardia or significant pause with 
carotid sinus hypersensitivity is, in general, not an 
indication for a pacemaker. Recurrent syncope 
caused by carotid-sinus hypersensitivity associ-
ated with pauses of more than three seconds in 
symptomatic patients is a class I indication for 
pacing.58 For symptomatic and recurrent neuro-
cardiogenic syncope associated with bradycardia 
documented spontaneously (or at the time of tilt 
table test) is a class II indication for pacing.58 The 
two conditions where a pacemaker may be may 
be useful in cardiomyopathy are in patients  
with hypertrophic or dilated cardiomyopathy. In 
patients with moderate-to-severe heart failure, 
cardiac resynchronization therapy (CRT) pro-
duced significant improvement in Left Ventricle 
size and function, improved New York Heart 
Association functional class, exercise capacity, 
and quality of life.61 In patients with hypertrophic 
obstructive cardiomyopathy (HOCM), those with 
significant LV outflow tract gradient may obtain 
symptomatic benefit from pacing,58 although this 
may not result in improved survival.58

Complications of Pacemakers

Complications related to venous access include 
hemothorax, air embolism, and pneumothorax. 
Lead-related complications include perforation, 
dislodgment, diaphragmatic stimulation, and 
malposition. Perforation can involve the great 
vessels, right atrium, or right ventricle. Cardiac 
tamponade, usually as a result of chamber  
perforation, is the most ominous implant com-
plication and should be suspected whenever 
hypotension occurs. Any suspicion of tamponade 
can be confirmed by hemodynamics or an emer-
gent echocardiogram and definitive treatment  
via emergent pericardiocentesis should not be 
delayed. Electrocorticogram during pacing nor-
mally should show a Left Bundle Branch Block 
pattern and any Right Bundle Branch Block  
pattern raises the questions of pacing lead being 
in the left ventricle, which is possible in cases of 
an atrial or ventricular septal defect. However, 
this configuration (RBBB pattern) is sometimes 
seen with properly placed right ventricular leads. 
In clinical practice, a chest radiograph and  
echocardiogram would usually resolve the issue, 
although following an algorithm to distinguish 
right versus left ventricular lead positions when 



516 Chapter 53

pacing produces a right bundle-branch block 
configuration by simple ECG is also possible.62 
Pocket-related complications include hematoma, 
wound pain, pocket erosion, and infection.  
In cancer patients, some of whom are severely 
immunosuppressed, every precaution should be 
taken to avoid pacemaker infection, because when 
any infection is strongly suspected, the entire 
system should be regarded as contaminated  
and the treatment of choice is complete system 
removal (pulse generator explant plus trans-
venous lead extraction), and antimicrobial  
therapy.63

Delayed complications of permanent pacing 
include venous thrombosis, exit block, insulation 
failure, and conductor fracture. Exit block mani-
fests as increased pacing thresholds. Insulation 
failure results in decreased lead impedance.  
Conduction fracture manifests as increased  
lead impedance. Definitive treatment for these 
complications is lead replacement.

Implantable Cardioverter  
Defibrillators

The modern implantable cardioverter defibrilla-
tor (ICD) is a transvenous system. The device is 
implanted either subcutaneously, as for a pace-
maker, in the left or right deltopectoral area, or 
subpectorally in thin patients to prevent the 
device eroding the skin. The ventricular lead tip is 
positioned in the right ventricular apex, and a 
second lead can be positioned in the right atrial 
appendage to allow dual chamber pacing if 
required and discrimination between atrial and 
ventricular tachycardias. The ventricular defibril-
lator lead has either one or two shocking coils. 
Most new defibrillators have the ability to record 
intracardiac electrograms. This allows monitor-
ing of each episode of anti-tachycardia pacing or 
defibrillation. If treatment has been inappropri-
ate, then programming changes can be made with 
a programming unit placed over the defibrillator 
site. Current devices use anti-tachycardia pacing. 
Should anti-tachycardia pacing fail, then energy 
shocks are given to terminate the ventricular 
tachycardia.

Complications
Complications include infection, perforation, 
displacement, fracture, or insulation breakdown 
of the leads; over-sensing or under-sensing of  
the arrhythmia; and inappropriate shocks for 
sinus tachycardia or supraventricular tachycar-
dia. Psychological problems are common, and 
counseling plays an important role.

Indications For ICD Implantation

Recommendations for ICD Therapy
The 2002 ACC guidelines58 indicate that the  
following are class I indications (ie, conditions for 

which there is evidence and/or general agreement 
that a given procedure or treatment is beneficial, 
useful, and effective) for insertion of ICD:

•	 Cardiac arrest due to VF or VT not due to a 
transient or reversible cause

•	 Spontaneous sustained VT in association 
with structural heart disease

•	 Syncope of undetermined origin with clini-
cally relevant, hemodynamically significant 
sustained VT or VF induced at electrophysi-
ologic study when drug therapy is ineffective, 
not tolerated, or not preferred

•	 Non-sustained VT in patients with coronary 
disease, prior MI, LV dysfunction, and induc-
ible VF or sustained VT at electrophysiologic 
study that is not suppressible by a class I  
antiarrhythmic drug

•	 Spontaneous sustained VT in patients  
without structural heart disease not amena-
ble to other treatments 

Implantation is also appropriate for cardiac 
conditions with a high risk of sudden death—long 
QT syndrome, hypertrophic cardiomyopathy, 
Brugada syndrome, arrhythmogenic right ven-
tricular dysplasia, and after repair of tetralogy of 
Fallot.64

A number of studies of primary and second-
ary prevention have shown benefit of ICD in 
patients with cardiomyopathy and depressed  
left ventricular ejection fraction.65 In these trials 
compared with usual care (most commonly ami-
odarone), ICD significantly reduced mortality.65 
In most of these studies, the EF was <30%. In the 
Multicenter Automatic Defibrillator Implanta-
tion Trial 2 study,66 patients with prior myocar-
dial infarction and advanced left ventricular 
function (LVEF of 30% or less) benefited from 
prophy lactic insertion of automatic implantable 
cardioverter defibrillators (AICD). In this study, 
compared with conventional medical therapy, 
defibrillation therapy was associated with a 31% 
reduction in the risk of death.66 This has gener-
ated a lot of questions as to which patients  
with coronary artery disease and depressed LV 
function should receive a defibrillator and at what 
time in the course of their disease. Studies have 
included a heterogeneous group of patients, and, 
in MADIT 2, almost 88% of patients were enrolled 
at >6  months intervals after their myocardial 
infarction; patients with NYHA class 4 were also 
excluded.66 In further analysis of this study,67 it 
was shown that ICD provided a substantial reduc-
tion in mortality for patients with remote MI, but 
almost no survival benefit was found in patients 
with recent MI (<18  months).67 In another 
recent study in which the average time from MI to 
randomization was 18 days,68 use of prophylactic 
ICD implants in high risk patients who recently 
had an MI and who had low EF (35% or less), 
prophylactic insertion of ICD did not reduce 
overall mortality.

In all these studies, the LVEF was taken at 
one point in time, and in clinical practice, its 
application post-MI is somewhat difficult for it’s 
known that, by day 90 post-MI, a substantial 
number of patients who have abnormal baseline 
ejection fraction and wall motion abnormalities 
recover their systolic function, with nearly 22%  
of these patients having complete recovery of 
function.69

Special Considerations for  
Pacemakers And ICDs in Cancer 
Patients

Potential life-threatening malfunction of ICDs 
and pacemakers has been reported in cancer  
in patients undergoing radiation therapy.70,71  
The three different manufacturers (Medtronic, 
Guidant, and St Jude Medical) offer widely differ-
ent guidelines during radiotherapy.71 Previous 
recommendations regarding pacemaker and 
radiation therapy do not include guidelines for 
ICD.71 After completion of radiotherapy full 
interrogation of pacemakers and ICDs should be 
carried out.71

The defibrillator affects the lives of patient 
and families72 and, in terminally ill cancer patients, 
inappropriate triggering of a defibrillator can be 
an extremely distressing event for all concerned.73 
A deactivation of the ICD may be appropriate in 
such cases, but a recent review has suggested that 
clinicians rarely discuss deactivating ICDs, even 
in those who are perceived to be near death or 
those who have expressed a desire to limit life 
prolonging therapy.74 For a family to see a loved 
one shocked from an ICD at the end of life can be 
very distressing.74 In this survey of 100 patients 
who died with an ICD in place, the discussion 
about deactivation occurred in only 27 patients, 
of which three-quarters of these conversations 
occurred within the last few days of the patient’s 
life.74
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To promote community awareness of the social 
impact of heart failure (HF), some have utilized  
a comparison with cancer outcomes (Table  1) to 
underscore the gravity of this public epidemic as 
noted in a recent article by Stewart.1 He keenly 
observes that cancer, despite tremendous advances 
in treatment, persists as one of the most recog-
nized but feared disease states. Recent statistics 
suggest that, in people younger than 85 years of 
age, cancer exceeds heart disease as the leading 
cause of death (Figure 1).2 This approach to rais-
ing cancer awareness has energized the subse-
quent demand for aggressive screening, research, 
and treatment programs that have established the 
necessary support for earlier detection of cancer, 
as well as the development of more effective  
therapies. This process would appear to be an 
exemplary model for other disease states and 
raises an intriguing contrast to heart failure. 
Though a complex array of medical and device 
therapies are available for the management of  
cardiac disease, the prevalence of heart failure 
continues to rise as the direct and indirect costs of 
this disease swell at an alarming rate.3 Yet, the 
comparisons between cancer and the heart do not 
end at the socioeconomic level.

The biologic principles underlying cell sur-
vival and apoptosis appear to be just as central to 
the onset of heart failure as in tumor progression, 
and pathways for cell proliferation and cardiac 
myocyte hypertrophy are highly conserved.4 
However, the burgeoning field of biologically  
targeted therapy seen with cancer has not been 
paralleled in heart failure research.5 This is, in 

part, due to the potentially exorbitant cost of 
rando mized, multicenter trials, but there has also 
been a lack of effective, molecular surrogate  
end points in cardiovascular research that would 
make these trials meaningful. In the new era of 
heart failure research, lessons can be learned from 
the field of cancer biology whereby future drug 
development can be tailored to specific molecular 
targets in order to customize medical care for 
patients in order to maximize benefits and  
minimize side effects.

Treatment-Related Cardiomyopathy

Anthracycline Treatment
Background

Anthracyclines are well established as highly  
efficacious antineoplastic agents for various 
hemopoietic6 and solid tumors.7 However, the 
cardiotoxicity of these agents has been docu-
mented for more than 30 years8 and remains  
a potential limitation for many patients with 
cancer.

Clinical Manifestation

Doxorubicin produces a cardiomyopathy clini-
cally indistinguishable from other forms of con-
gestive heart failure. Patients may be asymptomatic 
in the early stages and may exhibit only minimal 
signs of cardiac dysfunction. Among the first signs 
of cardiac abnormality are new-onset resting 
tachycardia and loss of normal heart variability 
due to impaired autonomic function.9 Without 
intervention, the cardiac impairment may pro-
gress, thus leading to advanced symptomatology 
with rest dyspnea generally being a poor pro g-
nostic sign. Cardiac examination of a patient  
with decompensated cardiomyopathy often 
reveals jugular venous distension, an S3 gallop, 
lower extremity edema, and pulmonary rales.  
Not all of these physical signs may be present in 
every patient, but the constellation of findings is  
generally quite suggestive of acute heart failure.

Three discrete types of anthracycline-induced 
cardiotoxicity have been described in the  
literature. First, acute or subacute injury can 
occur soon after anthracycline exposure. This 

Table 1  Comparison of Heart Failure and Cancer 
Mortality

 Men  Women

Heart failure  59  45
 (Framingham data)
Breast cancer —  14
Ovarian cancer —  45
Colorectal cancer  40*
Lung Cancer  84*

Adapted from Stewart S.1 
*Gender-specific data is not available.

FiguRe  1  Death rates from cancer and heart disease in people younger than 85. Redrawn based on data from 
Jemal A et al.
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the same studies used in the routine evaluation of 
congestive heart failure are generally employed 
for surveillance during and after anthracycline 
exposure to identify functional changes from 
baseline.

The experience with anthracycline chemo-
therapy has demonstrated that the early detection 
of cardiotoxicity in preclinical stages can reduce 
the development of symptomatic cardiac mani-
festations through modification of the dosing 
schedule. There is little consensus on which tech-
nique is best when monitoring for evidence of 
anthracycline-induced cardiotoxicity. Endomyo-
cardial biopsy is considered to be the most sensi-
tive and specific test for the detection of cellular 
injury; studies have shown the characteristic 
ultrastructural changes are present before cardiac 
imaging reveals any evidence of left ventricular 
dysfunction.21 Unfortunately, the procedure is 
limited, not only by its invasive nature but by  
the expertise required in biopsy interpretation, 
making it less desirable in the routine evaluation 
of patients.

Cardiac imaging for the assessment of ven-
tricular structure and function has long been the 
standard of care for routine follow-up of cancer 
patients receiving cardiotoxic chemotherapy, 
despite the lack of clearly established guidelines 
concerning type, frequency, and duration of test-
ing. The most common method of monitoring 
for myocardial toxicity with anthracyclines has 

infrequent form of cardiotoxicity may manifest as 
transient arrhythmias,10 a pericarditis-myocardit is 
syndrome, or acute failure of the left ventricle.11 
Second, anthracyclines can induce a chronic form 
of injury over the course of cumulative exposure 
that may eventually result in overt cardiomyopa-
thy. This represents the most common type of 
damage and warrants careful long-term obser-
vation for appropriate diagnosis and treatment.12 
Finally, a delayed (or late-onset) anthracycline 
cardiotoxicity has been well described as a  
precipitator of left ventricular dysfunction13 that 
may manifest years to decades after anthracycline 
treatment has been completed.14 Further con-
founding this presentation is the observation  
that many individuals may actually have asy m p-
tomatic left ventricular dysfunction, thus  
representing a dormant, subclinical form of  
toxicity.15 

Chronic anthracycline-induced cardiomy-
opathy characteristically presents within 1 year  
of treatment. Von Hoff describes a large series of 
patients who developed congestive heart failure 
secondary to anthracycline-induced chronic  
cardiomyopathy usually within 231 days after the 
completion of anthracycline therapy.16 On the 
other hand, delayed anthracycline cardiotoxicity 
may not be apparent for many years. Unfortu-
nately, the concurrent presence of other heart 
failure risk factors, such as occult hypertension 
and subclinical coronary artery disease, makes it 
difficult to precisely ascertain the singular contri-
bution for anthracycline-mediated injury. Never-
theless, anthracyclines are clearly an important 
independent risk factor leading to both early and 
delayed congestive heart failure in survivors of 
cancer.

Pathophysiology

The use of doxorubicin, a highly effective anti-
neoplastic agent of the anthracycline family, has 
been extensively studied and is associated with 
various types of cardiotoxicity. Doxorubicin 
intercalates into the deoxyribonucleic acid (DNA) 
and thus interferes with both DNA and ribonu-
cleic acid polymerase activity. The exact mecha-
nism of cardiac toxicity is not known; however, it 
may be related to the generation of highly reactive 
oxygen species.17 These free radicals may lead to 
the production of superoxide anions and highly 
reactive metabolites, such as hydroxyl radicals 
and hydrogen peroxide, resulting in membrane 
lipid peroxidation and direct damage to the  
cardiac myocytes (Figure 2). This toxic effect may 
be amplified by the relatively poor antioxidant 
defense system of the heart.18 Thus, there is  
evidence that free-radical scavengers, such as  
the bispiperazine dexrazoxane, might provide 
protection from this toxicity.15 Doxorubicin  
may interfere with the sarcolemmic sodium- 
potassium pump, and may also hinder the  
mitochondrial electron-transport chain. This 

may explain the propensity for toxicity in the 
mitochondrial-rich myocardium. Doxorubicin 
might stimulate certain immune responses, and 
induce myocardial apoptosis.19 Future research 
will be necessary to elucidate these mechanisms 
and clarify the underlying pathology that leads to 
long-term disease sequelae.

Cardiac function is generally preserved until 
a critical point of myocardial damage is achieved, 
at which time ventricular impairment progresses 
rapidly. This is clearly related to the total cumula-
tive dose.20 Clinically perceptible doxorubicin-
induced cardiotoxicity is rarely observed below 
cumulative doses of 400  mg/m2, but becomes 
increasingly common with higher dosages  
(Figure  3).16 However, subclinical toxicity is  
much more frequent and occurs at much lower 
cumulative dosages. This is demonstrated in the 
study by Bristow and colleagues of patients  
who had received doxorubicin and underwent 
evaluation with serial echocardiography, cardiac  
catheterization, and endomyocardial biopsy.21 
Twenty-seven of 29 patients who received greater 
than 272  mg/m2 had endomyocardial biopsy  
evidence of myocyte damage, and one patient had  
histologic changes after only 45  mg/m2.

Evaluation

Noninvasive cardiac imaging cannot distinguish 
anthracycline-related cardiomyopathy from other 
causes of left ventricular dysfunction. Indeed,  

FiguRe 2  Proposed pathways for formation of reactive oxygen species in anthracycline-induced cardiac 
injury.
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been the assessment of left ventricular systolic 
function, either with radionuclide ventriculo-
graphy or echocardiography. The measurement 
of fractional shortening and the calculation of left 
ventricular ejection fraction (LVEF) have been 
the most frequent measurements. These mea-
surements, however, are preload- and afterload-
dependent, thereby affecting their reliability as 
hallmarks of cardiotoxicity. Previous studies have 
suggested that diastolic dysfunction may actually 
be the earliest pathology detected by echocar-
diography in cardiac dysfunction associated with 
anthracycline toxicity, suggesting a role for dia-
stolic assessment in the preclinical identification 
of cardiovascular disease.9 

The echocardiographic evaluation of left 
ventricular (LV) diastolic filling patterns by  
Doppler has become widely available and better 
characterized in recent years, thereby yielding a 
reliable and noninvasive measure of diastolic per-
formance. Newer methods involve the measure-
ment of transmitral flow, pulmonary venous flow, 
and, more recently, tissue Doppler imaging.22 
Tissue Doppler imaging (TDI) is a newer ultra-
sound modality that records systolic and diastolic 
velocities within the myocardium at the corners 
of the mitral annulus. It provides information 
concerning intramyocardial velocity and, thus, 
LV mechanics during isovolumic contraction  
and relaxation.23 Thus, TDI has been proposed as 
a reliable marker for early identification of myo-
cardial disease before the overt development of 
LV systolic dysfunction.

Recently, interest has grown in the utilization 
of circulating markers that may allude to covert 
myocardial injury or impending decompensa-
tion. In the past decade, several studies have  
confirmed the usefulness of the measurement of 

the B-type natriuretic peptide (BNP), a cardiac 
neurohormone, in the diagnosis and manage-
ment of heart failure. Not only is BNP inversely 
correlated with ejection fraction, but it is also 
directly proportional to the degree of heart failure 
decompensation and left ventricular end diastolic 
pressure elevation.24 Notably, elevated secretion 
of natriuretic peptides has been associated with 
both left ventricular systolic dysfunction25 and 
diastolic filling abnormalities26 in doxorubicin-
treated patients. Transient increases in BNP  
are seen after administration of a single dose of 
anthracycline, but the patients with sustained 
elevation appear to have the greatest risk for 
developing cardiotoxicity.27 BNP has also been 
shown to be elevated prior to the development of 
LV dysfunction in patients undergoing high-dose 
therapy and hematopoietic stem cell transplanta-
tion.28 Other biomarkers for early doxorubicin 
cardiotoxicity, such as cardiac troponins I and T, 
have recently been shown to be elevated prior  
to changes in LVEF and before the appearance of 
cardiac symptoms.29,30 Such testing is minimally 
invasive and inexpensive, yielding an excellent 
means for longitudinal monitoring if further 
research clearly establishes the utility.

Treatment

Patients who develop congestive heart failure are 
given standard treatment according to the guide-
lines of the American College of Cardiology/
American Heart Association and the Heart  
Failure Society of America.31,32 Our practice and 
formal recommendation is the use of angiotensin 
converting enzyme (ACE) inhibitors and b- 
blockers to treat most anthracycline-associated 
congestive heart failure. Specific drug regimens 
are dictated by disease severity, renal function, 

and level of symptoms, but they may include a 
variety of oral and intravenous agents, including 
vasodilators, nesiritide, inotropes, and pressors as 
indicated. In patients with heart failure who are 
black or who have significant renal insufficiency, 
the combination of nitrates and hydralazine  
may be employed. Depending upon the prognosis 
from the patient’s cancer, device therapy such  
as biventricular pacemakers and/or defibrillators 
may be appropriate. Consideration of cardiac 
transplantation is generally not warranted unless 
disease-free survival from cancer is at least five 
years.

Observational data from our institution sup-
ports the long-term continuation of ACE inhibi-
tors and b-blockers is necessary for maintenance 
of cardiac compensation. Withdrawal of heart 
failure therapy for chemotherapy-induced car-
diac dysfunction at our institution has been 
shown to commonly result in relapse of heart  
failure symptoms (New York Heart Association 
classification) as well as a recurrent decline in left 
ventricular ejection fraction (Figure 4).33 

Cardioprotective agents have been devel-
oped; however, clinical practice guidelines do not 
recommend their routine use.34 Dexrazoxane can 
be considered for use in breast cancer patients 
who are receiving more than 300  mg/m2 of doxo-
rubicin, but this has not been a habitual practice 
at our institution. Theoretically, if the cardiac 
complications resulting from anthracycline expo-
sure could be reduced or prevented, higher and 
potentially more effective doses could be consid-
ered. Furthermore, avoidance of cardiotoxicity 
may preserve alternative therapeutic options 
should cancer recur in a patient. On a broader 
scale, such preventative strategies may have favor-
able economic implications given the annual cost 
of treating patients with chemotherapy-induced 
congestive heart failure.35 

Summary

Certainly, the management of patients with 
anthracycline-induced cardiomyopathy can pose 
various dilemmas to oncologists and cardiologists 
alike. Nevertheless, irrespective of the stage at 
which it is recognized, the therapeutic tactic 
remains consistent; that is, to employ appropriate 
medical therapy that may stabilize the cardiac dis-
ease as soon as possible. By accomplishing this 
task effectively, patients may go on to receive fur-
ther cancer treatment before disease progression 
negatively impacts their options and outcomes.

Trastuzumab
Background

Herceptin (Genentech, South San Francisco, CA) 
(trastuzumab) is a monoclonal antibody effective 
against breast cancers that overexpress the  
receptor Her-2/neu (erb-B2), a characteristic 

FiguRe 3  Effect of cumulative anthracycline dose on the development of heart failure.
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present in about 27% of all breast cancers, through 
its inhibition of tyrosine kinase. Herceptin used 
in combination with first-line chemotherapy, 
including doxorubicin, has been associated with 
significantly longer time to disease progression, 
higher response rate, and overall significantly 
improved survival rates, representing a major 
advance in therapy for metastatic breast cancer. 
Importantly, this efficacy has been coupled with a 
good tolerability profile.

Herceptin alone is infrequently associated 
with significant cardiomyopathy. However, the 
incidence of cardiomyopathy has been reported 
to be as high as 28% in the Herceptin Pivotal  
Trial (Table 2) among patients who received the 
combination of Herceptin and anthracyclines.36 

Clinical Manifestation

As with other cardiac complications of cancer 
therapy, the precise incidence of trastuzumab-
related events is limited by the retrospective 
nature of their collection and the fact that there  
is a diminished tendency to report milder, non-
specific symptoms. Furthermore, to be able to 
understand the true significance of trastuzumab- 
related events, it is important to determine the 
baseline incidence of systolic dysfunction as well 
as the influence of other clinical syndromes unre-
lated to trastuzumab cardiotoxicity, such as sepsis 
or pulmonary embolism.

Most reported trastuzumab-related cardiac 
events appear to be asymptomatic decreases in 

left ventricular ejection fraction. However, when 
symptoms do occur, they initially tend to be 
milder in severity and include nonspecific dys-
pnea, tachycardia, and, occasionally, chest pain. 
Without appropriate recognition and interven-
tion, symptoms may progress to more advanced 
stages of heart failure. The clinical findings are 
identical to those for other causes of cardiomy-
opathy and are detailed in the prior section for 
anthracycline-induced cardiomyopathy.

Pathophysiology

As with anthracyclines, the underlying mecha-
nism for this observed cardiomyopathy has  
not been fully explained, but several hypotheses 
have been offered. One such theory proposes a 
“sequential stress” phenomenon that is produced 
by Herceptin exposure superimposed on the  
previous or concurrent damage of doxorubicin or 
other preexisting cardiac disease.37 Such explana-
tions offer a framework for understanding the 
concept of this process, but it is laboratory 
research that has yielded greater insight into  
a potential cellular basis for this theory. For 
instance, Chien and colleagues have shown that 
ERBB2 knockout mice can develop a dilated car-
diomyopathy with impaired systolic and diastolic 
function in response to hemodynamic stress.38 
Conversely, overexpression of BcL-xL can lead to 
rescue through the salvage pathway, suggesting 
that the erb-B2 myocyte survival pathway may 
lead to a modifiable predisposition to heart  
failure.

Such research into the pathophysiology has 
yielded important findings that may also allude to 
the regulation of cardiac myocytes. The epider-
mal growth factor (EGF) signaling system appears 
to have a vital role in cardiac growth and develop-
ment. EGF ligands, such as the neuregulins (NRG) 
seem to mediate interactions between the endo-
thelial cell and the myocyte. The neuregulins pro-
mote stabilization of structural proteins and can 
lead to attenuation of myocyte death.39 Further-
more, NRG-erb-B2 signaling is important not 
only for cardiac function under normal condi-
tions but also for attenuation of stress-induced 
myocyte apoptosis.40 Therefore, trastuzumab, 
through its effect on erb-B2, may down-regulate 
this essential pathway and impair the counter-
regulatory mechanism for preserving cardiac 
function (Figure 5).

Evaluation

The identification of trastuzumab -induced car-
diotoxicity is similar to that used for the monitor-
ing of anthracycline treatment by noninvasive 
cardiac imaging. Please see “Evaluation” above 
for further information.

Treatment

Herceptin has an FDA warning for cardiomyopa-
thy and, historically, has not been administered to 
patients with preexisting LV systolic dysfunction. 
Traditionally, patients without prior cardiac  
dysfunction who developed overt heart failure  
or asymptomatic declines in LV systolic function 
were denied further trastuzumab treatment. 
Although congestive heart failure occurring in 
patients treated with trastuzumab may be moder-
ate or severe, the majority of patients at our center 
who develop congestive heart failure tend to 
improve with standard treatment. In fact, the  
use of angiotensin converting enzyme-inhibitors  
and b-blockers appears to be quite important in 
reversing symptomatic and asymptomatic LV 
dysfunction related to trastuzumab therapy. Our 
experience has shown that withdrawal of such 
therapy may lead to recurrent left ventricular  
dysfunction and relapse of symptoms. Based on 
observational data from the M. D. Anderson 
Cancer Center, certain patients with metastatic 
breast cancer may be safely rechallenged with 
Herceptin after heart failure has been stabilized 
with the use of standard HF therapy, especially 
angiotensin converting enzyme-inhibitors and  
b-blockers. If clinical benefit from treatment with 
trastuzumab has been observed then reinitiation 
must be seriously considered after the risks  
and benefits of continued use of trastuzumab  
are thoroughly discussed with the patient. If 
trastuzumab has been discontinued because of 
cardiac dysfunction yet symptoms respond to 
treatment, then resumption of trastuzumab is 
acceptable with close observation for signs and 

FiguRe 4  Response to initiation and withdrawal of heart failure medication in chemotherapy-induced cardiac 
dysfunction.

Table 2  Incidence of Cardiac Dysfunction according to Background Chemotherapy

 Herceptin Cardiac Dysfunction
 Results from Pivotal Trials

 H H+P P H+AC AC
 N = 213 N = 91 N = 95 N = 143 N = 135

Any Cardiac Dysfunction 7% 11% 1% 28% 7%
Class III–IV 5%  4% 1% 19% 3%

AC = anthracycline + cyclophosphamide; H = Herceptin; P = paclitaxel.
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symptoms of heart failure. Routine cardiac imag-
ing and regular clinical assessment should also be  
performed.

ischemic Cardiomyopathy

Background
Despite the proliferation of therapeutic interven-
tions for numerous cardiovascular conditions, 
coronary heart disease continues to be the most 
common cause of death in the United States and 
remains the principal reason for heart failure. 
Ischemic heart disease is identified as the primary 
etiology for approximately two-thirds of the  
5 million heart failure patients in this country. 
While cancer is observed in a much smaller subset 
of this group, coronary disease continues to be  
an exceedingly common comorbid condition  
that not only complicates therapy, but also often 
leads to death during the course of treatment for 
malignancy.

Thus, the effective management of the cancer 
patient requires careful attention to the signs and 
symptoms that may signal cardiac decompensa-
tion related to myocardial ischemia. The specific 
issues surrounding the diagnosis and treatment 
of chronic or acute ischemic syndromes are 
addressed in another chapter of this book.  
However, it is worth reiterating that there is a  
significantly elevated risk for coronary heart  
disease in cancer patients due to the prepon-
derance of risk factors in this population and  
to the concurrent existence of conditions that  
can potentiate ischemia (such as anemia, hypoxia, 

and increased myocardial demand). Additionally, 
several chemotherapeutic agents can actually 
induce coronary events through vasospasm, 
thrombosis or other less understood mechanisms. 
As in non-cancer patients, single or multiple  
ischemic insults can lead to left ventricular  
dysfunction requiring medical therapy and/or 
revascularization to restore compensation. How-
ever, many issues unique to cancer patients can 
complicate the clinical management decisions. 
These will be discussed in detail in this chapter.

Clinical Manifestation
There is no set pattern for the presenting clinical 
syndrome of ischemic cardiomyopathy, and this 
appears to be particularly true of those patients 
who also have active neoplastic disease. Typical 
anginal symptoms may not necessarily be noticed 
prior to presentation with overt heart failure 
decompensation. Furthermore, misdiagnosis of 
heart disease may be promoted by the vague  
presenting complaints that are often attributed  
to coexisting medical conditions. For instance,  
general fatigue is a common symptom related to 
both the presence of cancer and to its treatment 
with chemotherapy. Similarly, dyspnea may be 
attributed to the anemia often seen with hema-
tologic malignancies or with myelosuppression 
from cancer treatment. And many other comor-
bid conditions such as obstructive lung disease or 
severe cachexia can confound both the history 
and physical examination. It is not surprising  
that the earliest stages of heart failure may go 
unnoticed, even in experienced hands, and  

diagnosis may be made “incidentally” when 
declines in left ventricular ejection fraction are 
revealed on screening imaging studies.

These things said, the greatest diagnostic 
yield may be obtained from a carefully performed 
evaluation that collects multiple elements of  
the classic constellation of signs and symptoms. 
Hallmarks of heart failure caused by ischemic 
myocardial dysfunction and recurrent ischemia/
infarction can dominate the clinical picture, espe-
cially at advanced stages of presentation. Under 
such circumstances, suggestive symptoms include 
exertional dyspnea, orthopnea, paroxysmal  
nocturnal dyspnea, fatigue, weight gain, lower 
extremity edema, and activity tolerance, as well  
as typical anginal chest pain with radiation and 
associated symptoms that are relieved with rest or 
nitroglycerin.

The differentiation of heart disease from 
other diseases is often made difficult by the fre-
quency with which concurrent illnesses appear in 
cancer patients. Pulmonary embolism, pericar-
dial disease and pneumonia can all present with 
varying degrees of dyspnea and chest pain, and 
each has a dramatically different therapeutic 
course compared to ischemic cardiomyopathy. 
Additionally, esophageal disease is not uncom-
monly observed and may be indistinguishable 
upon initial presentation.

Pathophysiology
A detailed discussion of the progression of ath-
erosclerotic disease to eventual cardiac dysfunc-
tion is beyond the scope of this chapter. Suffice  
it to say that the process has been well described 
in a number of animal and human studies.  
Nevertheless, there are several important points 
to be made about the coronary pathophysiology 
as it pertains to the cancer patient:

The underlying mechanism of disease is fre-
quently identical to that seen in other patients 
with ischemic cardiomyopathy. That is, the dis-
ease may be initiated/propagated by a localized 
infarct with subsequent diffuse fibrosis, areas  
of dysfunctional ischemic myocardium, or a  
combination of these.

Several chemotherapeutic agents, such as the 
antimetabolite 5-fluorouracil, may elicit ischemic 
symptoms.41 Usually, the ischemia is reversible 
with cessation of the agent and initiation of anti-
anginal medical therapy. Underlying coronary 
artery disease (CAD) is not necessarily a prerequi-
site to the development of symptoms, but the 
incidence is higher in those with preexisting  
coronary disease (1.1% in those without CAD 
and 4.5% in patients with CAD).42 Several mecha-
nistic theories have suggested a metabolite that  
is directly toxic to the myocardium, an autoim-
mune process, thrombogenesis or inducible  
vasospastic coronary ischemia.

FiguRe 5  Proposed pathways involved in trastuzumab-mediated susceptibility to cardiac dysfunction through 
inhibition of erb-B2.
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Radiation has a unique potential for the  
initiation of coronary vascular disease with an 
increased risk of death due to ischemic events  
in patients treated for Hodgkin’s disease and 
breast cancer (see “Effects of Radiation Therapy” 
below).43

Cancer patients commonly exhibit a variety 
of triggers that may precipitate an acute coronary 
syndrome, such as anemia, hypoxia, hypotension, 
infection, up-regulated markers of inflammation, 
and the need for transfusion of blood products.  
If these factors are not addressed, recurrent  
ischemic insult and cardiac decompensation may 
result.

Evaluation
The evaluation for ischemic disease in the cancer 
patient is performed using the same methods for 
non-cancer patients. The history and physical 
examination may help to identify the presence of 
suggestive features; however, as noted previously, 
atypical presentations with non-specific symp-
toms are quite common. Assessment of global 
function and regional wall motion by echocar-
diography or radionuclide ventriculography can 
allude to areas of anatomic coronary involve-
ment. The decision to pursue further ischemic 
assessment by invasive or noninvasive imaging 
should be tempered by the clinical features of 
comorbid conditions, such as cancer prognosis  
or general state of illness. At our institution, the 
needs of the individual patient are taken into  
consideration and appropriate treatment options 
such as revascularization are discussed in the  
context of expected risk/benefit ratio. Factors, 
such as bleeding risk due to thrombocytopenia or 
to metastatic brain lesions, for example, are  
carefully weighed beforehand. A multidisciplinary 
discussion amongst healthcare providers is often 
performed to clarify such issues before proceed-
ing with extensive evaluations. Under these cir-
cumstances, appropriate candidates will enter a 
workup that may ultimately culminate in coro-
nary revascularization through percutaneous or 
surgical means. On occasion, myocardial perfu-
sion imaging or stress echocardiography may be 
used as a risk assessment tool in the preoperative 
setting with deferment of cardiac catheterization 
unless large areas of ischemia are identified.

Treatment
When possible, identification and treatment of a 
reversible etiology is important for the acute and 
long-term survival of these patients, as demand 
ischemia is a common problem throughout  
the course of cancer treatment. Importantly, the 
medical management of patients with large areas 
of hibernating myocardium remains suboptimal 
compared to revascularization strategies.44 As 
with other cardiomyopathies treated at our  

institution, patients are given standard therapy 
according to the guidelines of the American  
College of Cardiology/American Heart Associa-
tion and the Heart Failure Society of America.31,32 
This generally includes not only angiotensin  
converting enzyme inhibitors and b-blockers,  
but also 3-hydroxy-3-methyl-glutaryl-Coenzyme 
A reductase (HMG-CoA) inhibitors, nitrates and 
diuretics as indicated. When permissible by bleed-
ing risk and platelet count, aspirin and/or clopi-
dogrel are used. Provided that longevity is 
expected beyond six months, device therapy with 
defibrillators or pacemakers is also considered.

Valvular Heart Disease

Specific Disease Entities
While there are several diseases listed below that 
may lead to valvular heart disease, these entities 
also may lead to heart failure through other 
mechanisms. These various syndromes are 
described in detail separately.

Carcinoid Heart Disease

Pathophysiology   Carcinoid tumors are 
generally rare (1.2 to 2.1 per 100,000).45 Cardiac 
involvement may occur in more than 50% of 
patients diagnosed with carcinoid syndrome,  
a constellation of symptoms that may include 
flushing, bronchospasm, and secretory diarrhea. 
Carcinoid tumors can lead to cardiac valvular dis-
ease through the action of peptides that induce 
the formation of fibromuscular plaques, thereby 
disrupting valvular integrity. The precise mecha-
nism for plaque creation is somewhat uncertain 
but may involve several potential mediators  
of injury including serotonin, 5-hydroxytrypto-
phan, histamine, prostaglandins, bradykinins  
and tachykinins. Observational data indicates 
that serotonin levels are higher among carcinoid 
patients who demonstrate cardiac involvement, 
compared to patients without cardiac involve-
ment. Such an association implies causality, but 
does not exclude the role of other cytokines in the 
pathogenesis.46 

Mediator release into the hepatic vein from 
metastatic liver disease predisposes patients to 
right-sided cardiac lesions. The margins and distal 
portions of the tricuspid leaflets are often thick-
ened, and involvement of the chordae tendineae 
may also be seen. Similarly, the pulmonic valve 
shows thickening and retraction. However, when 
the primary or metastatic tumor is in the lung, 
mediators are then released directly into the  
pulmonary venous bed, thereby bypassing inacti-
vation within the lung tissue and predisposing  
to left-sided valvular lesions.47 While left-sided 
lesions are encountered less frequently than  
those on the right side, when they are present, 
they are more likely to result in hemodynamic  
compromise.

The ultrastructure of cardiac plaques has 
been studied extensively. These lesions are formed 
of smooth muscle cells embedded in a stroma of 
acid mucopolysaccharide and collagen, and they 
lack elastic fibers.48 The most important con-
sequence of carcinoid plaques is fibrosis of the 
valves with resultant distortion of the valvular 
apparatus and ring. Tricuspid regurgitation and 
pulmonic stenosis are typically seen, but in the 
case of progressive destruction, a rigid tricuspid 
valve may be encountered with characteristic 
hemodynamic abnormalities. Significant pul-
monic regurgitation is rare. Stiffening of the  
right atrium may be noted and contributes to  
the neck-vein distention commonly seen with the 
carcinoid syndrome.

The diagnosis of carcinoid syndrome is  
usually suggested by the clinical features and 
established by elevation of 5-hydroxy indole 
acetic acid (5-HIAA), a product of serotonin 
metabolism. Urinary 5-HIAA provides a depend-
able biologic marker, not only for the activity of 
the tumor but also the response to treatment.49 

Evaluation   Echocardiography is the most 
useful noninvasive diagnostic tool for evaluating 
patients with carcinoid heart disease (Figure 6). 
Echocardiography not only identifies the valvular 
abnormality but, when coupled with Doppler 
ultrasonography studies, can also provide  
hemodynamic data for estimating the degree of 
valvular involvement.50 

Concomitant with the thickening and loss of 
mobility of the tricuspid leaflets, there is increased 
flow velocity across the tricuspid valve during 
diastole. Likewise, a regurgitant jet can be seen in 
the right atrium during systole.51 Furthermore, 
chamber enlargement may also be quantified, 
where both right atrial and right ventricular 
enlargement are characteristic.

Treatment   During the past decade, pro-
gress in the management of malignant carcinoid 
tumors and carcinoid syndrome has resulted  
in better patient survival. Octreotide acetate 
(Sandostatin) (Novartis Incorp., New York, NY), 
the somatostatin analog, is a synthetic octapep-
tide that binds to subtypes of the somatostatin 
receptors and inhibits the secretion of bioactive 
substances that cause the carcinoid syndrome. 
Treatment with the somatostatin analog relieves 
symptoms in more than 70% of patients.52

Cardiac surgery is the only effective treat-
ment for carcinoid heart disease and should  
be considered for symptomatic patients whose  
metastatic carcinoid disease and symptoms of 
carcinoid syndrome are well controlled. The 
timing of cardiac operation for carcinoid heart 
disease remains difficult. No definitive guidelines 
can be established from the published series  
to date. Cardiac surgery has been successful in 
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reducing or relieving the cardiac symptoms  
of many patients with carcinoid heart disease.  
However, review of a small surgical series from 
the Mayo Clinic suggests a high surgical mortality 
and incomplete symptom resolution among sur-
gical survivors.53 Despite the high surgical mortal-
ity, the survival among surgically treated patients 
was better than the survival among patients  
with similar symptoms related to carcinoid heart 
disease who were treated medically.

Effects of Radiation Therapy   Radiation ther-
apy is frequently utilized as an adjunct to 
 chemotherapy or surgery in the treatment of  various 
cancers. Radiation to the thorax can cause damage 
to the pericardium, myocardium, valves, and 
 coronary vessels, with pericardium being most 
 frequently involved.54 The risk of radiation-induced 
cardiac disease is greater in patients who receive 
high doses of radiation or concurrent treatment 
with doxorubicin43,55 as well as in those patients 
with cardiac risk factors or preexisting coronary 
artery disease.56 Preemptive treatment strategies to 
minimize the effects of cardiac  irradiation include 
subcarinal shielding techniques, lower total radia-
tion doses, and avoidance of concurrent cardiotoxic 
agents.

The precise incidence of radiation-induced 
atherosclerosis is difficult to determine due to the 
high prevalence of preexisting coronary artery 
disease in the United States, but it has certainly 
been observed in a number of patients without 
the traditional risk factors for coronary heart dis-
ease,57 including young adults. The exact mecha-
nism responsible for vascular injury is not clearly 
delineated but is possibly related to triggered 
endothelial damage that leads to accelerated  
vascular fibrosis.58 

Vascular injury due to radiotherapy may be 
silent, considering that half of asymptomatic 

patients develop new myocardial perfusion 
defects, possibly due to damage at the microvas-
cular level.59 Clinically, most symptomatic patients 
present with angina, dyspnea, or heart failure, 57 
though reports of sudden cardiac death have been 
noted. The mean time interval from radiation 
treatment to development of coronary heart 
 disease is approximately 82 months according to 
one study.54 The management of radiation- 
induced atherosclerosis is identical to that for 
athero sclerotic disease due to traditional causes. 
Both percutaneous intervention and coronary 
artery bypass graft have been used, though 
 thoracic surgery may pose a particular challenge 
in these patients due to mediastinal fibrosis and a 
concomitantly elevated incidence of complica-
tions.57 

Radiation-induced myocardial fibrosis 
resulting from deposition of fibrous tissues in all 
three layers of the ventricular wall has also been 
observed.54 There is marked alteration in collagen 
synthesis with increases in collagen as well as 
increases in the ratio of type I versus type III  
production.60 

Similarly, valvular heart disease is commonly 
seen following radiation treatment due fibrous 
thickening of cardiac valves with a predilection 
for left-sided valvular involvement being noted.58 
Only rarely do these patients with radiation-
induced valvular disease have clinically moderate 
or severe dysfunction, with the mean time from 
radiation to onset of symptoms being approxi-
mately 98 months in one observational study.54 
The treatment of valvular disease related to  
radiotherapy is the same as in the general  
population.

Radiotherapy may cause fibrous thickening 
of the pericardium,58 pericardial effusion, or peri-
carditis with or without constriction.54 Pericardial 

disease is described in greater detail in another 
chapter of this book (see Chapter 52, “The  
Pericardium in the Cancer Patient”).
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Vascular Disease
Daniel J. Lenihan, MD 
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The manifestations of vascular disease in patients 
with cancer can affect any organ and may have a 
profound influence on overall outcomes. In the 
general population, arterial and venous thrombo-
embolic disease portends a worse prognosis and  
is associated with important morbidity, but these 
complications are even more important in a 
patient with cancer.1 Frequently, these patients 
already have other comorbidities,2 including 
immunosuppression and hematologic manifesta-
tions, placing them at higher risk of major  
complications. Thus, optimal therapy for throm-
boembolic disease, including prevention, is of 
paramount importance in this particular group  
of patients. This chapter focuses on a discussion 
of vascular disease manifested by aortic aneu-
rysms, arterial thromboembolism, and venous 
thrombosis. The emphasis is on the clinical  
manifestations, pathophysiologic mechanisms  
(if known), diagnostic approaches, and optimal 
treatment in the cancer patient. Additionally, 
anticipated developments that may further 
improve the care of these patients are highlighted. 
The goal of this chapter is to provide a basis for 
improved understanding of vascular disease in 
the patient with cancer, which, it is hoped, will 
lead to development of improved evidence-based 
treatment and subsequent outcomes.

Aortic Aneurysm

The development of aneurysmal vascular diseases 
is intimately associated with atherosclerosis, 
which is typically of a diffuse nature. The common 
feature involves weakened elastin or collagen that 
leads to poor arterial tensile strength that results 
in aneurysmal dilatation.3 In special populations, 
such as patients with Ehler-Danlos or Marfan 
syndrome, the defect may be specifically with 
elastin or collagen. However, in the cancer patient, 
there is likely a combination of atherosclerosis, 
owing to the aging population, and other compli-
cations of cancer or cancer therapy that predis-
poses a patient to the development of aortic 
aneurysms. Radiation therapy, a known contrib-
utor to atherosclerosis,4–7 and disseminated fungal 
infections leading to mycotic aneurysms are 
examples of such conditions.

Clinical Manifestations
The large majority of aneurysms, particularly 
abdominal aortic aneurysms (AAAs), are asymp-
tomatic and frequently detected at physical  
examination or during radiologic or ultrasound 
evaluation. This may occur in up to 75% of 
patients.8 The minority of patients will develop 
abdominal, flank, or back pain if an AAA is  
present and may have early satiety, occasionally 
nausea and vomiting, or, uncommonly, ureteral 
obstruction owing to local compression. How-
ever, since these are also manifestations of intra-
abdominal malignancy, an unwary physician 
might miss them. Acute rupture, an immediate 
life-threatening condition, may occur in up to 
20% of cases and results in death more than 50% 
of the time.9,10 This may initially manifest clini-
cally with retroperitoneal bleeding and resultant 
physical findings (psoas sign), which demand 
immediate recognition. Additionally, thrombus 
or atheromatous material may embolize distally 
and patients may develop livido reticularis, renal 
insufficiency, or blue toe syndrome as a result. 
Because cancer patients may have mycotic aneu-
rysms in a variety of locations, other manifesta-
tions of embolic phenomenon may be evident in 
the tissues subtended by the aneurysmal segment. 
Thus, a high degree of suspicion is necessary  
to detect these serious conditions by both physi-
cal examination and radiologic examination 
(Table 1).

Pathophysiologic Mechanisms
The etiology of aneurysmal disease in general is 
multifactorial, with genetic predisposition and 
atherosclerosis, as well as other vascular risk  
factors (such as hypertension or hyperlipidemia) 
being most commonly associated. In the patient 
with cancer, other factors may predominate. 
Radiation therapy enhances the atherosclerotic 
process in cancer patients, and this is an impor-
tant risk factor.5 For instance, in patients with 
lymphoma who receive mantle radiation to great 
vessels, the incidence of significant vascular  
disease appears to be increased.4 Additionally, 
patients with breast cancer have an increased 
incidence of atherosclerosis and a higher than 

expected mortality.11 Likewise, immunosuppres-
sion from chemotherapy increases the risk of dis-
seminated fungal infections in cancer patients. 
Certain fungal infections, such as aspergillosis 
and mucormycosis, are angioinvasive and can 
result in aneurysmal changes in any vessel in  
the body (Figures  1 and 2).12 The final common 
pathway for development of aneurysmal disease 
is insufficient elastin, collagen, or both that results 
in a weakened vessel wall. Once this process  
produces dilatation and resultant increased wall 
tension it will continue to progress. Ultimately, 
rupture is the end result if uncontrolled.

Diagnostic Approaches and Optimal 
Treatment
The increasing age of the population in general 
and specifically those being diagnosed with cancer 
has led to the more common occurrence of mul-
tiorgan disease. AAAs are more common in the 
elderly, and the concomitant occurrence of these 
two potentially lethal diseases always presents  
a therapeutic dilemma regarding the priority  

Table 1  Risk Factors for and Clinical  
Manifestations of Aortic Aneurysmal Disease in 
Cancer Patients

Risk factors
 Atherosclerosis
 Radiation therapy
 Hypertension
 Diabetes
 Hyperlipidemia
 Genetic predisposition (family history)
 Disseminated fungal infections (aspergillosis or
  mucormycosis)

Clinical presentation
 Asymptomatic; detected on imaging studies
  (>50%)
 Abdominal or flank pain
 Early satiety
 Retroperitoneal bleeding
 Distal embolism/blue toe syndrome
 Livido reticularis
 Renal insufficiency
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of treatment. Intra-abdominal or thoracic malig-
nancy may be discovered unexpectedly at lapa-
rotomy for elective treatment of an AAA and vice 
versa. The incidence of coexistence ranges from 
as low as 0.5% to as high as 22% depending on  
the patient population. Of note, in one study, 
22% of patients were found to have abdominal 
malignancy at the time of AAA repair.13,14

Although it is generally agreed that both 
lesions should be treated to achieve optimal  
life expectancy, significant uncertainty revolves 
around whether to treat them simultaneously or 
as staged procedures. A risk of postoperative rup-
ture of the aneurysm exists when the malignancy 
is resected first. On the other hand, contamina-
tion by gastrointestinal or urinary tract contents 
may infect the prosthetic graft during simultane-
ous surgery. Additionally, delaying necessary 
cancer surgery for approximately 2 months to 
allow recovery after aneurysmectomy may result 
in a poorer cancer outcome.

The general principles of surgical approaches 
for concomitant AAA and intra-abdominal cancer 
depend on (1) the urgency of the operation, (2) 
the site and staging of the malignant lesion, (3) 
the size and location of the aortic aneurysm, and 
(4) the projected long-term survival of the patient. 
Aneurysms over 6 cm in diameter pose a greater 
threat for rupture to the patient and should be 
treated, initially or simultaneously, in view of  
the high risk of rupture. This may include a  
percutaneous repair with a stent graft placement 
(Figure 3). In many situations, this may be an 
ideal choice owing to comorbidities.15 On the 
other hand, aneurysms of less than 5 cm are usu-
ally not life-threatening, and unnecessary repara-
tive surgery may significantly delay the treatment 
of cancer. For AAAs between 5 and 6 cm in diam-
eter, a multidisciplinary approach to address rela-
tive risks would be recommended to determine a 
strategy. Simultaneous resection, by way of segre-
gated approaches, is useful in some patients with 
early intra-abdominal cancer. However, eventu-
ally both lesions must be resected for improve-
ment of the long-term survival.16 When both 
lesions are complicated, a case for simultaneous 
treatment may be appropriate.17 Many authors 

believe that simultaneous AAA repair and resec-
tion of an associated, unexpected abdominal  
neoplasm can be safely performed in most of the 
patients, sparing the need for a second procedure, 
except for malignancies requiring major surgical  
resections.18

In patients who are considered too ill for an 
open AAA repair, endovascular grafting may be  
a valuable tool in simplifying simultaneous treat-
ment or in staging the procedures with a very 
short delay.19 Since the approval of endoluminal 
grafts for treatment of AAA, endoluminal aortic 
repair has gained increasing popularity as an 
alternative to traditional open surgery in the  
setting of associated malignancy and multiple 
comorbid conditions. However, despite well-
documented, good, early results and the benefits 
of endoluminal stent graft repair of AAA,20 the 
role of endovascular stent grafting in patients 
with challenging medical and anatomic problems 
remains a developing area. Some concern has 
been expressed regarding technical failure and  
the durability of endovascular grafts, although, 
overall, the reports are promising.

Many patients with AAA may also have aneu-
rysms at multiple sites within the aorta, for exam-
ple, thoracoabdominal (TAA) and aortoiliac 
aneurysms.3,21 Repair of TAA presents additional 
challenges secondary to obligate intraoperative 
visceral, renal, and spinal cord ischemia. Various 
novel operative techniques for sequential visceral 
revascularization and reconstruction have been 
attempted.22 Others have reported success with 
endovascular treatment of TAA combined with a 
simultaneous open AAA repair. In general, 
patients with at least one of the following catego-
ries are considered to be at high risk: age more 
than 80 years, renal insufficiency (creatinine  
>2.0 mg/dl), multivessel coronary artery disease, 
poor left ventricular function, poor pulmonary 
reserve, reoperative aortic procedure, a “hostile” 
abdomen, or an emergent operation.23 In the case 
of patients with an aortoiliac aneurysm and a 
concurrent gastrointestinal tumor, not an infre-
quent occurrence, there is less of a therapeutic 
challenge; these patients can be managed as  
discussed previously, and a multidisciplinary 
approach is encouraged. With appropriate care  
to identify high-risk patients, it is feasible to  
do synchronous conventional resection or use 
endoluminal techniques.

In summary, the concurrent presence of 
aortic aneurysmal disease and cancer is a not 
infrequent occurrence and presents a therapeutic 
challenge. The open repair of AAA continues to 
evolve with incorporation of less invasive meth-
ods for surgical exposure. Endovascular treat-
ment presents an appealing alternative and will 
likely continue to develop as a preferred treat-
ment for this condition. In cancer patients, as in 
the general population, the therapeutic decision 

Figure 1  Two computed tomographic images of a 
ruptured mycotic aortic aneurysm in a patient with 
underlying atherosclerosis and hematologic malig-
nancy. The top image indicates the area of rupture 
(white arrow), and the bottom image indicates the 
resultant pseudoaneurysm (hatched white arrow).

Figure 2  Two computed tomographipc images  
indicating a right pulmonary artery mycotic aneurysm 
that developed in a patient with a prolonged fungal 
illness. The arrows indicate the aneurysm.

Figure 3  A, An abdominal aortogram showing the 
AneuRx (Medtronic Vascular, Santa Rosa, CA) stent 
graft with the cephalic portion deployed just below 
renal arteries (white arrow) and the caudal end 
anchored in the common iliac arteries. Proximal  
stenosis of the left internal iliac artery is noted. B, A 
cartoon depiction of the AneuRx stent graft.
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remains an individualized approach with a multi-
disciplinary input recommended to explore the 
best therapy for the patient. 

Arterial Thromboembolism

The incidence of de novo arterial thromboem-
bolic phenomenon is much lower than that of 
thrombotic events in the venous system; however, 
the risk is several-fold higher in cancer patients 
compared with the general population.24 This 
high incidence may be attributable to the general 
inflammatory condition associated with cancer25,26 
or may be the result of cancer therapy. Athero-
sclerosis is again the principal culprit when arte-
rial insufficiency is noted; however, in the present 
and future of cancer therapy, in which antiangio-
genesis is a focus, the risk of arterial insufficiency 
or thrombosis is likely to be increased.27 An 
increased awareness and attention to arterial 
thrombotic events are therefore necessary. There 
is no better example to illustrate this point than 
the issues related to rofecoxib and celecoxib, 
which revealed increased serious arterial throm-
botic events in cancer prevention trials.28–30 

Clinical Manifestations
The complications related to arterial thrombo-
embolism differ significantly from those related 
to venous thrombosis, mostly owing to the organs 
supplied by the respective tissues. This could 
include unstable angina, acute myocardial infarc-
tion, stroke, arterial insufficiency, ischemic coli-
tis, and progressive renal insufficiency in specific 
clinical situations (Table 2). Disseminated intra-
vascular coagulation and marantic endocarditis 
(Figure 4) are late-stage manifestations of these 
processes in cancer patients.31

Pathophysiologic Mechanisms
In contrast to altered blood flow that may result 
in venous stasis, arterial thrombosis typically 
stems from endothelial injury and platelet activa-
tion, especially in the presence of athero sclerosis.32 
Platelet activation, rather than inherited hyperco-
agulability, plays a dominant role in arterial 
thromboembolism. This may explain the increase 
in arterial thrombosis in patients with cancer 
since disorders of platelet number and function 

are common in these patients. Arterial throm-
bosis tends to occur more commonly in hyper-
tensive patients at sites of turbulent blood flow, 
primarily owing to endothelial injury associated 
with shearing forces at points of narrowing and 
branching in the arterial tree. Other pathogenetic 
mechanisms for arterial thrombosis and throm-
boembolism include nonbacterial endocarditis,33 
autoimmune vasculitis, aortic aneurysms, the 
presence of mechanical prosthetic valves, sus-
tained spasm of arteries, precipitation of cryo-
globulins or other abnormal proteins in small 
arteries, direct tumor invasion of arteries, frag-
mentation and embolization of intracardiac or 
intra-arterial metastases, and spontaneous arte-
rial thrombosis owing to hypercoagulability.34,35 
Growth factor administration may stimulate  
atherosclerosis36 or a hypercoagulable state.37 It 
should be noted that hyperhomocysteinemia  
and the antiphospholipid syndromes are risk  
factors for both arterial and venous thrombosis 
(Table 3).

Diagnostic Approaches and Optimal 
Treatment
Diagnostic approaches to arterial embolic  
phenomenon in the cancer patient require a high 
level of suspicion. At times, the ischemic tissue  
is plainly evident and diagnostic strategies are 

obvious. Common locations for arterial thrombi 
include the cerebral vasculature (stroke), coro-
nary arteries (myocardial infarction or unstable 
angina), mesenteric arteries (ischemic bowel), 
and renal arteries (renal insufficiency with casts). 
These conditions are discussed in greater detail in 
other sections of this text. In many other clinical 
situations, the diagnosis of arterial embolism may 
not be as obvious and frequently eludes diagnosis 
until there is marked deterioration. For instance, 
worsening hypertension or proteinuria may be an 
early indicator of arterial embolic disease to the 
renal arteries. Livido reticularis, a characteristic 
rash usually apparent on the lower extremities, 
may be a harbinger of ischemic vascular injury. 
Typical risk factors for vascular disease, which are 
commonly present in those who develop embolic 
phenomenon, likely contribute in a significant 
manner.

Various methods of diagnosis and treatment 
of these conditions have been discussed elsewhere 
in this text (see Chapter 5). Therapeutic appro-
aches should therefore include aggressive vascu-
lar risk factor modification with lipid reduction 
therapy (particularly statins), control of diabetes 
and hypertension, and an exercise program.  
Acetylsalicylic acid and clopidogrel are the main-
stays of therapy to prevent recurrence. In selected 
patients, warfarin-based therapy may be chosen; 
however, there is an associated increased bleeding 
risk to consider. In patients with critical limb 
ischemia, revascularization may be necessary  
by the usual surgical or percutaneous techniques, 
and, in general, these approaches are effective. 
The key for success in management involves  
prevention of these end-organ manifestations.

It is being recognized that cancer therapy–
induced arterial thrombosis may be a separate 
entity to consider. For example, the results from 
randomized controlled studies show that patients 
with colorectal cancer receiving bevacizumab 
(Avastin) in addition to 5-fluorouracil infusional 
therapy had a twofold higher risk of serious  
arterial thromboembolic events, including cere-
brovascular accident (stroke), myocardial infarc-
tion, transient ischemic attack, and angina,  
with an estimated overall risk of 5%. Risk  
factors causing higher rates of arterial thrombosis 
include age 65 years and older and a history of 
arterial thromboembolism prior to bevacizumab 
therapy.38 The overall effect of this medication is 
beneficial in selected cancer patients,39,40 under-
standing that the increased risk of thrombosis 
and developing a strategy for minimizing these 
complications may lead to an even greater  
beneficial outcome for patients. 

Venous Thromboembolism in Cancer 
Patients

Cancer is inextricably intertwined with thrombo-
embolic phenomenon. Thrombi are solid masses 

Table 2  Manifestations of Arterial  
Thromboembolism in Cancer Patients

Unstable angina
Acute myocardial infarction
Cerebrovascular accident (stroke)
Arterial insufficiency
Progressive renal insufficiency
Ischemic colitis
Disseminated intravascular coagulation
Marantic endocarditis

Figure 4  Echocardiography indicating marantic 
endocarditis (white arrow), with the left ventricle (LV), 
mitral valve (MV), right ventricle (RV), and left atrium 
(LA) indicated in a patient with multiple embolic  
phenomena or events.

Table 3  Pathophysiologic Mechanisms for  
Arterial Thromboembolism in Cancer Patients

Platelet activation
Inherited or acquired hypercoagulability
Vasculitis
Arterial spasm
Cryoglobulinemia
Tumor invasion
Antiphospholipid syndrome
Hyperhomocysteinemia
Atherosclerosis
Compression of vascular bed by tumors
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composed of platelets, insoluble fibrin, and 
entrapped red blood cells that form on flow  
disturbed endovascular surfaces. By definition,  
a thrombus is attached to vascular endothelium 
or to endocardium and a thromboembolus is a 
detached fragment of a thrombus that is carried 
forward to occlude a smaller vessel. This associa-
tion of cancer and thromboembolism was noted 
140 years ago by Armand Trousseau. He described 
phlegmasia alba dolens or migratory thrombo-
phlebitis as a sign of internal malignancy.41  
Recurrent thromboembolism in cancer patients 
frequently interferes with the management of 
cancer and the patients’ quality of life and may be 
massive, resulting in death despite early and 
aggressive treatment. Cancer is usually associated 
with other known risk factors for thromboembo-
lism, such as old age, extensive surgery, and 
decreased mobility, all of which increase the risk 
of thromboembolic disease in these patients. It 
has been noted, for example, that the incidence  
of thromboembolism is up to 5 to 7% in breast 
cancer patients compared with approximately 
0.1% in the general population.42 Furthermore, 
patients with cancer represent 15 to 20% of all 
patients with thrombosis; additionally, 10% of 
patients with venous thromboembolism (VTE) 
are diagnosed with malignancy in a 2-year 
period.43,44 Hence, approximately one-quarter of 
all VTE are related to malignancy. 

Clinical Manifestations
The symptoms and signs of VTE are caused by 
obstruction to venous flow, vascular inflamma-
tion, or embolization. The most common presen-
tation of venous thromboembolic disease in 
cancer patients is unilateral leg edema. This is 
usually associated with redness and warmth in  
the affected extremity. Many patients with cancer, 
however, do not complain of pain and calf ten-
derness. A confounding, or perhaps coexistent, 
condition is cellulitis, and cancer patients with 
profound immunosuppression are certainly at 
higher risk of developing this condition. It is not 
uncommon that patients may develop bilateral 
lower extremity edema as a manifestation of VTE, 
but other conditions, such as congestive heart 
failure, should be considered in that instance. 
Additionally, thrombosis may be evident in 
unusual locations, such as the upper extremity,45 
right atrium (Figure 5), or even the internal jugu-
lar veins (Figure 6). The most common clinical 
manifestation of a pulmonary embolus is sudden 
onset of shortness of breathing and tachypnea. 
This may be accompanied by pleuritic chest pain, 
cough, and possibly hemoptysis. Occlusion of 
small pulmonary arterioles leading to segmental 
pulmonary infarction may go unnoticed. On the 
other hand, obstruction of the main pulmonary 

artery by a large thromboembolus can cause acute 
right ven tricular failure, cardiogenic shock, and 
death (Figure 7). Other clinical consequences of 
venous thrombosis and thromboembolism 
include pulmonary hypertension, postphlebitic 
syndrome, and peripheral venous insufficiency 
(Table 4).

Pathophysiology of the Coagulation 
Abnormalities in Cancer
The pathophysiology of thromboembolism in 
cancer is not clearly understood. It is known that 
several changes in the coagulation cascade may 
contribute to this complex phenomenon, result-
ing in hypercoagulability. In general, the mecha-
nisms involved in thrombus formation include 
endothelial injury, alterations in blood flow,  
or hypercoagulability. Normal hemostasis is a 
balance between opposing coagulative and  
fibrinolytic mechanisms within intact blood  
vessels. Intact vascular endothelium produces 
coagulation inhibitors such as prostacyclin and 
endothelium-derived nitric oxide, which inhibit 
intravascular platelet aggregation. Heparin-like 
molecules on the endothelial surface combine 
with the plasma antithrombin III to inactivate 
thrombin, factors Xa and IXa, and most other 

coagulation factors. Another cell surface mole-
cule, thrombomodulin, binds to thrombin. This 
complex prevents the conversion of fibrinogen to 
fibrin and activates two other naturally occurring 
anticoagulants, protein C and protein S, which 
degrade activated factors V and VIII. Addition-
ally, laminar blood flow without turbulence 
maintains the platelets in the center and away 
from the vessel wall, which prevents activation on 
contact with the endothelium. 

Once formed, a thrombus may progress in a 
variety of stages: (1) the fibrinolytic system may 
completely degrade the clot, allowing normal 
blood flow to return, that is, resolution; (2) the 
thrombus may accumulate more fibrin and plate-
lets and grow along the course of the vessel, that 
is, propagation (an example is a calf vein throm-
bus that propagates into the thigh and pelvis 
becoming high risk of embolism); (3) the throm-
bus may become incorporated into the vessel wall 
by the process of fibrosis, that is, organization (an 
example of this process is postphlebitic syndrome 
or chronic venous insufficiency); and (4) the 
thrombus may be partially resorbed despite occlu-
sion of the vessel, resulting in restoration of blood 
flow, that is, recanalization.46

In the specific instance of cancer, neoplastic 
cells may activate platelets and coagulation prote-
ases by secreting adenosine diphosphate–like 
activating substances and expressing tissue factor 
on exposed membrane surfaces.47 Many cancers 
generate procoagulants such as tissue factor  
or enzymes that activate plasma coagulation  
factors. Levels of protein C and antithrombin III, 
which are natural anticoagulants, are decreased in  
malignancy.48 Tumor necrosis factor and other 
substances secreted by malignancies induce the 
release of intracellular tissue thromboplastin into 
the bloodstream,42 which promotes thrombin 
formation. There may be increased turnover of 
clotting factors such as fibrinogen and factors V, 
VIII, IX, and XI in patients with malignancy.49,50 
Mucin and the proteases secreted by malignant 
cells may activate factor X.51 Thrombocytosis  
and megakaryocyte hyperplasia are known to be 
associated with lung, breast, gastric, and ovarian 

Figure 6  A carotid sonogram showing the right 
internal jugular vein (Right I J) with a thrombus  
present (white arrow).

Table 4  Clinical Manifestations of Venous 
Thromboembolic Disease in Cancer Patients

Unilateral/bilateral extremity swelling, pain, or
 numbness
Sudden onset of shortness of breath
Hemoptysis
Pulmonary hypertension
Facial edema
Chronic venous stasis
Sinus tachycardia
Right heart failure
Ascites
Shock
Death

Figure 5  A transesophageal echocardiogram with a 
thrombus evident (white arrow) attached to the right 
atrium (RA). Ao = aorta; LA = left atrium. , RV = right 
ventricle.
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cancers and in Hodgkin’s disease.52 Furthermore, 
some substances secreted by various human 
tumors can directly stimulate the aggregation  
of platelets.53 The treatment of cancer may also 
induce abnormalities in the levels of endogenous 
anticoagulant factors. Levels of protein C and S 
may be decreased in breast cancer patients treated 
with cyclophosphamide, methotrexate, and 5-
fluorouracil.54 Similarly, tamoxifen decreases 
antithrombin III.55 Corticosteroids are not only 
known to decrease the platelet count and the 
levels of clotting factor VIII–von Willebrand 
factor complex; they may also inhibit blood fibri-
nolytic activity56 and decrease the clearance rate 
of activated clotting factors by reticuloendothelial 
blockade.57 The use of estrogen and progesterone 
agents promotes thrombosis in patients by 
decreasing coagulation inhibitors antithrombin 
III, protein C, and protein S. Furthermore, 
advanced metastatic disease may induce dissemi-
nated intravascular coagulation by unknown 
causes (Table 5). 

As a result of these complex interactions, it is 
clear that thrombus formation is a multifactorial 
process, but its predisposition is clinically identi-
fiable. In general, well-known risk factors for the 
development of VTE include prolonged immobi-
lization (bed rest, stroke, prolonged travel), surgi-
cal and nonsurgical traumas (including burns), 
congestive heart failure, pregnancy, estrogen 
therapy, age over 50 years, malignancy, a history 
of previous deep venous thrombosis (DVT), acute 
infectious disease, and immunologic or inherited 
disorders, such as protein S, protein C, and  
antithrombin III deficiency.58,59

Increased Risk of Venous Thrombosis 
Unique to Cancer Patients
The presence of cancer itself increases the risk of 
recurrent thromboembolic disease threefold,60 
more so with metastasis.61 For example, patients 
with liver and massive retroperitoneal metastases 
have more thromboembolic events than those 
without them. In patients with metastatic liver 
disease, a predisposing factor for the development 
of thromboembolism may be the impaired  

clearance of activated coagulation factors and the 
decreased synthesis of anticoagulants in the liver.62 
Large retroperitoneal metastases, on the other 
hand, may increase the risk of thrombosis by 
mechanical obstruction of the femoral and 
abdominal vessels.

Similarly, the treatment of cancer may 
increase the risk of both arterial and venous 
thromboembolism through a variety of mecha-
nisms,24 including administration of prothrom-
botic medications, the placement of long-term 
venous catheters, and residual mechanical effects 
resulting from the underlying cancer, as well as 
the treatment or complications therein.35

Prothrombotic Medications in Cancer 
Patients
In terms of medications with prothrombotic 
effects, several are known from clinical experi-
ence, although there are likely to be many others 
in which the association is either not established 
or not suspected at present. Tamoxifen, for exam-
ple, widely used in the treatment of estrogen 
receptor–positive breast cancer, is known to be 
associated with a several-fold increase in throm-
boembolism.63–67 The risk of venous and arterial 
thromboembolism is even higher in patients 
receiving tamoxifen in combination with chemo-
therapy compared with those receiving tamoxifen 
or chemotherapy alone.64 This increased inci-
dence of venous and arterial thromboembolic 
complications is more prevalent in premeno-
pausal patients receiving combination therapy.  
In addition, postmenopausal women also have  
a higher incidence of venous thromboembolic 
complications when receiving tamoxifen and 
chemotherapy compared with those receiving 
tamoxifen alone.64 These data, taken together, 
may suggest that tamoxifen may be dangerous; 
however, the recurrence rate of breast cancer is 
markedly reduced with tamoxifen, and, when 
taken in context, the benefit from cancer reduc-
tion outweighs the risk of thrombosis.68 Further-
more, newer agents, such as raloxifene, may be 
superior to tamoxifen regarding thrombosis  
while still reducing the cancer risk.69 Similarly, a 
higher incidence of arterial thrombosis has also 
been reported with multiagent chemotherapy in 
patients with breast cancer,63 but it is still unclear 
if this is due to the medication or the disease  
itself. Other medications associated with a higher  
than expected rate of thrombosis include the  
use of cytokines and hematopoietic growth  
factors.36,37,48,70 Furthermore, the use of high-dose 
corticosteroids and administration of intravenous 
contrast medium are recognized risk factors for 
the development of both arterial and venous 
thrombosis and thromboembolic events in  
cancer patients.71–73 Corticosteroids, especially 
dexamethasone at a dosage of 80 mg or higher per 
cycle of chemotherapy, increase thromboembolic 

complications.71–74 Thalidomide, a medication 
used to treat multiple myeloma, is known to sig-
nificantly increase the rate of venous thrombosis, 
and current practice includes prophylactic anti-
coagulation to prevent this complication.75–77  
A burgeoning area of cancer therapy includes  
antiangiogenic medications intended to decrease 
the blood supply to specific tumors. It stands to 
reason that this therapeutic aim will likely have an 
important impact on vasculature throughout the 
body. In fact, early studies have confirmed this 
suspicion. Bevacizumab has been associated with 
increased thrombotic events and substantial 
hypertension, although it appears to be effective 
in reducing cancer recurrence.78,79 New chemo-
therapy agents or combinations of established 
medications should continue to be monitored for 
an increased risk of thromboembolism.  

Catheter-Related Venous Thrombosis
The placement of indwelling long-term central 
venous catheters is common in cancer patients  
to aid in administration of chemotherapy, anti-
biotics, or other drugs. However, an indwelling  
central venous catheter substantially increases  
the risk of thromboembolism. The reported inci-
dence of symptomatic catheter-related DVT in 
adult patients varies from 0.3 to 28.3%.80,81 These 
patients are prone to two kinds of catheter-related 
thromboembolism: sleeve thrombi that build 
around the indwelling catheters82 and intralumi-
nal thrombi that build inside the lumen of the 
catheter.83 Potential risk factors include the size  
of the catheter, the position of the catheter, and 
the site of insertion.84 The type of chemotherapy 
appears to influence the rate of catheter- 
associated thrombosis. Infusion of sclerosing  
chemotherapy through the catheter increases  
the risk of thrombosis compared with those 
patients treated with nonsclerosing chemother-
apy.85 Catheter-associated venous thrombi may 
partially or completely occlude the blood vessel. 
In symptomatic patients, swelling or pain of  
the arm or neck, erythema and numbness of the 
extremity, jaw pain, and headache may be the 
presenting symptoms. The prevalence of pulmo-
nary embolism in patients with an upper extrem-
ity venous thrombosis is high, and it is close to 
that observed in cohorts of patients with lower 
extremity DVT.86 

Mechanical Effects of Cancer Resulting 
in Thrombosis
There are many potential examples of how 
mechanical impingement or obstruction may 
result in venous thrombosis. Certainly, a large 
pelvic tumor can physically compress the iliac 
veins, resulting in lower extremity DVT. Any 
other location in which a tumor results in com-
pression has the potential for a similar thrombotic 
complication. These include splenic or hepatic 

Table 5  Altered Factors in Malignancy  
Promoting Thrombosis

Reduced Increased Thrombotic
Anticoagulants Factors

Protein C Activated platelets
Antithrombin III Tissue factor
Protein S Thromboplastin
 Activated factor X
 Thrombocytosis
 Reduced reticuloendothelial
  system
 Thrombin production
 Factor VIII and fibrinogen
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vein thrombosis. An extraordinary example of 
this concept is a superior vena cava (SVC) throm-
bosis or SVC syndrome, which is an emergent 
condition. It is caused by direct invasion and/or 
compression of the SVC, typically from an intra-
thoracic malignancy (> 90% of cases). Although 
any cancer involving the intrathoracic lymph 
nodes may result in compression of the SVC, the 
most common cause (67%) is related to advanced 
lung cancer (particularly right upper lobe tumors 
or those with paratracheal adenopathy), lympho-
mas (20%), and metastatic solid malignancy 
(5%).87 Some patients may present with an SVC 
syndrome as their first indication of cancer. 
Rarely, thrombosis related to a central venous 
catheter may contribute to an SVC syndrome.

The clinical features of SVC syndrome 
include swelling of the face, neck, and upper arm; 
cyanosis; and papilledema and may be associated 
with shortness of breath and cough. It may very 
rapidly progress to obstruct the airway, necessi-
tating assisted ventilation. Typically, a complete 
history and physical examination often reveals  
the diagnosis of SVC syndrome in a patient with 
known intrathoracic malignancy; however, addi-
tional confirmatory tests are performed, includ-
ing radiography (a widened mediastinum or a 
mass in the right side of the chest), computed 
tomography (CT), or magnetic resonance imag-
ing (MRI) of the chest. CT has replaced invasive 
contrast venography and may guide attempts at 
biopsy by mediastinoscopy, bronchoscopy, or 
percutaneous fine-needle aspiration. It should be 
kept in mind that biopsy presents an increased 
risk of bleeding in patients with SVC syndrome 
secondary to elevated central venous pressure. 
Sputum cytology and biopsy of a palpable supra-
clavicular node may give diagnostic information 
in more than two-thirds of patients.

SVC syndrome may progress rapidly in 
cancer patients and requires prompt workup and 
treatment.88,89 Intravenous steroids and local 
external beam radiation therapy may give rapid 
relief by reducing the obstructing mass. Chemo-
therapy and surgery may also be used in appro-
priate situations as primary management of SVC 
syndrome.90–92 Palliative bypasses may be consid-
ered for symptoms that do not respond to medi-
cal therapy.93 Survival in patients with SVC 
syndrome is related to the course of the underly-
ing malignancy, and patients with untreated 
malignant SVC syndrome survive, on average, 
less than 30 days.94

Inferior vena cava (IVC) syndrome is a poorly 
characterized complication of intra-abdominal 
cancer. It has neither been commonly recognized 
nor adequately described. This syndrome results 
from occlusion of the IVC, either by external 
tumor compression (malignant hepatic enlarge-
ment, either secondary or primary), intraluminal 
tumor invasion (hypernephroma, hepatoma, and 

adrenal carcinoma), or propagation of throm-
botic tumorous material in cancer patients.95 
Clinically, IVC syndrome is characterized by 
abrupt onset of ascites, bilateral lower extremity 
edema, and unusual patterns of dilated abdomi-
nal wall collateral veins. Up to one-third of 
patients have thromboembolic complications, 
but fatal pulmonary embolism is rarely reported. 
A high index of suspicion must accompany the 
evaluation of a patient at risk of IVC syndrome. 
Duplex ultrasonography, CT, or MRI usually 
yields the diagnosis, and venocavography is rarely 
needed. Patients with primary or secondary 
tumoral occlusion of the IVC are difficult to 
manage with safety and success. When IVC syn-
drome is identified, prophylactic anticoagulation 
is recommended. Although patient survival is 
generally short, life expectancy and treatment 
depend on the type of accompanying tumor. 
Nevertheless, their survival may be prolonged by 
an aggressive surgical approach, chemotherapy, 
or radiation. Intravascular stenting96–98 is a rapidly 
expanding and useful palliative procedural option 
and will, at least partially, relieve the IVC pressure 
gradient in these unfortunate patients and pro-
vide symptomatic relief by improving lower 
extremity edema and ascites.

Diagnostic Approaches and Optimal 
Treatment
VTE is a common disorder associated with sig-
nificant morbidity and mortality. In the case of 
patients with cancer, the concurrent mortality 
associated with DVT or pulmonary embolism  
is substantially higher than in those without 
cancer.1,99 As a result, accurate diagnosis and 
treatment are crucial. Physical examination is 
often inadequate for establishing the diagnosis of 
VTE,100 and, in most cases, noninvasive testing  
is needed as an adjunct to clinical assessment.101 
Venography is the diagnostic reference stan-
dard102; however, because of its invasive nature 
and technical difficulty, venography is rarely used 
for routine clinical evaluation of suspected DVT 
owing to sophisticated and reliable ultrasound 
techniques. Color flow venous duplex scanning of 
the proximal and distal veins performed by skilled 
operators provides the most practical and cost-
effective method for assessing DVT of the proxi-
mal and distal lower extremity veins. Current 
ultrasound technology is able to image calf veins 
in the large majority of patients. Overall, venous 
duplex scanning has a very high sensitivity and 
specificity for the diagnosis of symptomatic prox-
imal DVT (above 90%). This allows initiation or 
withholding anticoagulation treatment without 
further confirmatory tests. However, a normal 
bilateral proximal venous sonogram may not 
exclude a pelvic source of thrombosis. Even in the 
presence of objective evidence of pulmonary 
embolism, compression ultrasonography may 

detect DVT of the proximal lower extremity veins 
only in approximately 50% of patients.46 Other 
less commonly used procedures to diagnose DVT 
include impedance plethysmography (IPG), CT, 
and MRI. IPG has a sensitivity for proximal DVT 
of approximately 65%103 and was used as the ini-
tial noninvasive test for patients with suspected 
lower extremity DVT before the widespread use 
of venous duplex scanning.104 The limitations of 
IPG include its failure to detect nonocclusive 
proximal DVT and those isolated to the calf veins 
or occlusive proximal DVT present in parallel 
venous systems.105 Less commonly, a thrombus is 
noted in the cardiac chambers on echocardiogra-
phy either related to a catheter or other pathol-
ogy. Ventilation-perfusion scanning is still being 
used but is certainly being supplanted by CT 
angiography. Ultrasonography for extremity 
swelling has excellent sensitivity and specificity, 
whereas CT for pulmonary emboli and other 
organ thromboses is well established as the diag-
nostic procedure of choice.68,101 The use of mag-
netic resonance angiography is also increasing 
but is limited to tertiary care centers.106–108 Sero-
logic testing with the measurement of d-dimer is 
very useful in the general population as a screen 
for thrombus, but the lack of specificity of the d-
dimer assay for VTE in cancer patients warrants 
interpreting positive assay results with caution.109  

The diagnostic approaches to venous throm-
bosis in cancer patients are no different from 
those for patients without cancer. The level of 
suspicion must be higher, but the techniques are 
similar. The diagnosis of catheter-associated DVT 
may be difficult, and Doppler ultrasonography 
has a lower accuracy in this setting than it does in 
symptomatic lower extremity venous thrombo-
sis.110 Therefore, when the suspicion for catheter-
associated thrombosis is high, it should be 
objectively followed by venography or be treated 
empirically on clinical suspicion. Catheter-asso-
ciated DVT (intraluminal) can be lysed in most 
situations (80–95%) with fibrinolytic agents such 
as urokinase, streptokinase, and tissue plasmino-
gen activator,111–114 but if there is a complicating 
line infection, this catheter will likely have to be 
removed.

Initiating antithrombotic therapy in cancer 
patients frequently presents a clinical dilemma.  
A variety of factors may contribute. These include:  
difficult venous access, increased risk of bleeding 
associated with warfarin, hepatic and renal dys-
function, thrombocytopenia, and other comor-
bid conditions are only a portion of the 
considerations that often complicate therapeutic 
decisions in patients with cancer. In general,  
antithrombotic therapy involves the use of  
thrombolytics, anticoagulants, and antiplatelet 
medications. Thrombolytic therapy removes an 
established thrombus, whereas anticoagulants 
and antiplatelet drugs are mostly used to prevent 
or limit the propagation of a thrombus. The  
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treatment of thromboembolism varies signifi-
cantly depending on which portion of the circula-
tory system (venous or arterial) is involved; the 
size and location of the thrombus; the risks of 
extension, embolization, or recurrence; and the 
benefits of therapy while balancing the risks of 
hemorrhage.

Guidelines for antithrombotic therapy for 
VTE have been published by the Seventh  
American College of Chest Physicians.115 Stan-
dard treatment for acute VTE traditionally uses 
low-molecular-weight heparin, unfractionated 
intravenous heparin, or adjusted-dose subcuta-
neous heparin, followed by long-term therapy 
with an oral anticoagulant.116 The use of unfrac-
tionated heparin has been replaced by low- 
molecular-weight heparin as the first-line 
treatment in the majority of cancer patients with 
VTE and cancer, in the hospital or as an out-
patient. Long-term oral anticoagulation with  
warfarin may be complicated by several factors, 
including drug-drug interactions, malnutrition, 
nausea and vomiting during chemotherapy,  
and thrombocytopenia. Additionally, hepatic 
dysfunction coexisting in cancer patients either 
from a primary tumor or secondary to chemo-
therapy may lead to unpredictable levels of  
anticoagulation, resulting in increased bleeding 
complications. Recent studies suggest that low-
molecular-weight heparin may be more efficient 
when compared with oral anticoagulant therapy 
with coumarin for the prevention of recurrent 

VTE in patients with cancer who had acute, symp-
tomatic, proximal DVT, pulmonary embolism, 
or both.44 Furthermore, low-molecular-weight 
heparin allows easy dose adjustment, has predict-
able pharmacokinetic properties, does not require 
routine laboratory monitoring, and has fewer 
drug interactions compared with oral anticoagu-
lants. There have also been reports that heparins 
have antiproliferative, antiangiogenic, antimeta-
static effects and that low-molecular-weight hep-
arin may increase the response to chemotherapy 
and prolong the survival of cancer patients.117 
Thus, secondary prophylaxis with low-molecu-
lar-weight heparin may be a more effective and 
feasible alternative to oral anticoagulant therapy,44 
although the risk of bleeding is not different 
between the two groups. Very recently, in patients 
with polycythemia vera, low-dose acetylsalicylic 
acid has been safely used to prevent thrombotic 
complications118 and has been suggested as an 
alternative option in patients with cancer present-
ing with paraneoplastic thrombocytosis, who 
have no contraindications to such treatment.

Recent data suggest that certain anticoagu-
lants might also improve cancer survival rates 
independently of their effect on thromboembo-
lism.119,120 New antithrombotic agents, such as 
oral direct thrombin or long-acting synthetic 
factor Xa inhibitor, may be useful in cancer 
patients.121,122 Furthermore, mechanical treat-
ments, such as compression stockings, used to 
prevent post-thrombotic syndrome,123 have value, 
as well as selected surgical techniques to treat 
venous ulceration to improve outcomes.124 In 
patients with recurrent DVT or in whom the risk 
of serious bleeding is high, vena cava filters may 
be employed instead of anticoagulation.125 It is 
known that vena cava filters have inherent risks126 
and should be limited to patients with specific 
contraindications to anticoagulation. Other fac-
tors to consider include the life expectancy and 
quality of life of a cancer patient and the patient’s 
preferences for therapy.

Conclusion

Vascular disease in a cancer patient represents a 
unique and special entity. Pathogenesis of various 
vascular and thromboembolic mechanisms may 
be a feature of the primary malignancy, related  
to the growth and metastasis of cancer. Patients 
undergoing chemotherapy or radiation therapy 
for cancer also mandate a high index of suspicion 
for thromboembolic complications, and therapy 
may need to be carefully considered when  
compared with the general population.
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Hematologic complications are common in 
patients with cancer and can also complicate and 
potentially compromise cancer treatment. Fur-
thermore, the morbidity of febrile neutropenic 
episodes, the risk of hemorrhagic and thrombotic 
events, and the potential hazards associated with 
blood product transfusions can further compro-
mise the patients’ quality of life. Although some 
of these clinical problems are due to the malig-
nancy, many are iatrogenic and secondary to 
treatments for the cancer. Over the past decade, 
significant advances and technologies have 
emerged to help guide clinical practice in some  
of these areas. This chapter provides physicians 
who care for these patients with a broad overview 
of the management of secondary hematologic 
problems in patients with cancer. The topics  
are organized according to clinical problems that 
are encountered in daily practice.

Anemia

Anemia is the most common hematologic 
problem complicating the management of 
patients diagnosed with cancer. It is associated 
with increased morbidity, decreased quality of 
life, and reduced survival compared with similar 
patients without anemia. A systematic approach 
to the evaluation of anemia in this patient popu-
lation is critical because the differential diagnosis 
is broad and because multiple causes may be 
occurring simultaneously. Only after an accurate 
diagnosis is made can appropriate therapies be 
administered.

The World Health Organization has defined 
anemia as a hemoglobin concentration below  
130 g/L for men and 120 g/L for women.1 The 
prevalence of anemia in cancer patients varies 
across individual studies, depending on the  
definition used and the patient population evalu-
ated. Data from a recent meta-analysis found  
that moderate anemia (hemoglobin 80–110 g/L) 
occurred in 30 to 90% of patients, most frequently 

in those with an underlying hematologic malig-
nancy or a solid tumor at an advanced stage.2 In 
addition, anemic patients had poorer overall sur-
vival compared with nonanemic patients in 18 of 
19 studies included in this analysis. Whether this 
represents a causal relationship or simply reflects 
differences in the population studied is not clear. 
To date, definitive evidence that correcting 
anemia improves disease-free or overall survival 
is lacking.

A comprehensive clinical assessment is 
important when evaluating a patient with anemia. 
However, laboratory parameters are often more 
useful when formulating a diagnostic approach. 
Historically, the two most common approaches 
have classified anemia according to either  
the underlying pathophysiologic mechanism 
(decreased erythropoiesis, increased red blood 
cell [RBC] destruction, blood loss) or changes  
in the RBC mean cell volume (MCV) and  
reticulocyte count (Table 1).3 Although the  

differential diagnosis for anemia is broad, the eti-
ology in cancer patients is usually due to one or 
more of a few common causes that are associated 
with the underlying malignancy or its treatment. 
Cancer-related anemia is a general term used to 
describe anemia that is due to the underlying 
malignancy (malignant bone marrow infiltration 
and anemia of chronic inflammation) and  
the myelosuppressive effects of cancer therapy 
(chemotherapy-associated anemia). 

Anemia of Chronic Inflammation
Anemia of chronic inflammation (ACI), also 
called anemia of chronic disease, is one of the 
most common causes of anemia in cancer 
patients.4 It is characterized by normocytic or 
slightly microcytic anemia (80–110 g/L), low 
serum iron, normal or elevated serum ferritin, 
and preserved bone marrow iron stores; however, 
about 20% of patients may present with severe 
anemia (<80 g/L).5 Clinically, it is often difficult 

Table 1  Common Causes of Anemia 

Microcytic Anemia Normocytic Anemia (MCV 80–100 fl) Macrocytic Anemia
(MCV<80 fL)  (MCV>100 fl)
 Increased Reticulocyte Decreased Reticulocyte 
 Count Count

Iron deficiency* Blood loss ACD* Vitamin B12 deficiency*
Thalassemia Hemolysis Renal insufficiency Folate deficiency*
ACD* Immune hemolysis† Bone marrow failure* Clonal bone marrow 
Sideroblastic  Nonimmune  Malignant infiltration  disorders
 anemia  Intrinsic RBC abnormalities  Aplastic anemia MDS*
   Membranopathies  Pure red cell aplasia Hypothryoidism
   Enzymopathies  MDS Liver disease
   Hemoglobinopathies  Drugs/toxins (including Reticulocytosis
  Microangiopathy*   chemotherapy-associated Alcohol
   HUS-TTP   anemia) Drugs (hydroxyurea, 
    methotrexate, AZT)

ACD = anemia of chronic disease; AZT = azathioprine; HUS = hemolytic-uremic syndrome; MCV = mean cell volume; MDS = 
myelodysplasia; RBC = red blood cell; TTP = thrombotic thrombocytopenic purpura.

*Diseases associated with an underlying malignancy or its treatment.
†See Table 4 for classification of immune hemolysis.
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to differentiate ACI from iron deficiency anemia. 
Furthermore, concomitant ACI and iron defi-
ciency are not uncommon in cancer patients, par-
ticularly those with gastrointestinal malignancies. 
The diagnostic approach should emphasize the 
use of serum ferritin and bone marrow aspirate 
because serum iron, transferrin, and iron satura-
tion may be reduced in both ACI and iron defi-
ciency and, thus, are generally not helpful. A 
reduced serum ferritin level confirms iron defi-
ciency and should prompt a search for its cause. 
In the setting of a normal or increased ferritin, 
bone marrow aspirate may be required to estab-
lish a diagnosis of ACI and/or iron deficiency. In 
ACI, iron staining is classically normal or increased 
in bone marrow macrophages and absent in  
erythroid precursors.

The reduction in bone marrow erythropoi-
esis in ACI is due to impaired iron regulation, 
trapping of iron in tissue macrophages, decreased 
erythropoietin production, and poor erythropoi-
etin responsiveness.6,7 Although the precise mech-
anisms have not been fully elucidated, recent 
evidence suggests a central role for the iron  
regulatory hormone called hepcidin.8–10 This 25–
amino acid protein is a key regulator of intestinal 
iron absorption and iron release from tissue  
macrophages. It is synthesized by hepatocytes  
and induced by infection or inflammation  
primarily via cytokine-mediated up-regulation 
(interleukin-6).8,11

Treatment

The management of patients with ACI or cancer-
related anemia is directed at treating associated 
diseases, excluding other causes of anemia (see 
Table 1), and maintaining an adequate hemo-
globin in patients with symptomatic anemia. His-
torically, the administration of allogeneic RBC 
transfusions was the only option for cancer 
patients with symptomatic anemia; indeed, they 
remain an important treatment modality today. 
Newer strategies include administration of 
recombinant human erythropoietin (rhEPO) 
and, possibly in the future, infusion of synthetic 
oxygen-carrying products.

RBC Transfusions   The indications for RBC 
transfusion depend on the presence of bleeding 
or anemia-related symptoms in addition to  
the absolute hemoglobin concentration prior  
to transfusion. Since the therapeutic goals are to 
maintain hemodynamic stability, limit anemia-
related symptoms, and prevent ischemic events, 
the need for transfusion will vary from patient  
to patient. Setting absolute hemoglobin concen-
tration triggers below which RBC transfusions  
are indicated are appealing; however, a patient-
specific transfusion strategy may be more appro-
priate than universal RBC transfusion triggers.12,13 
In the absence of randomized clinical trials in 

cancer patients, a hemoglobin concentration of 
80 g/L is often used as a trigger for RBC transfu-
sions for clinically stable, nonbleeding patients 
with anemia owing to myelotoxic chemother-
apy.14–16 A review of published clinical practice 
guidelines for RBC transfusions found that only 1 
of 13 guidelines recommended a specific hemo-
globin trigger for RBC transfusions and that most 
others advocated either a range of hemoglobin 
values based on clinical judgment or clinical judg-
ment alone.17 One randomized controlled trial in 
critically ill adult patients admitted to the inten-
sive care unit showed that a restrictive RBC trans-
fusion strategy (transfusion trigger of 70 g/L) was 
as safe as a liberal transfusion strategy (trigger  
of 100 g/L).18 Further studies are needed to  
determine whether these results can be applied  
to patients with cancer-associated anemia.

Erythropoiesis-Stimulating Agents (ESAs)       More 
recently, recombinant erythropoiesis-stimulating 
agents (ESAs) have been accepted as a standard 
alternative to RBC transfusion for the treatment 
of chemotherapy-associated anemia; the best 
studied of these agents are epoetin alpha and  
darbepoietin alpha. Tested in large randomized 
controlled trials that have been summarized in 
several meta-analyses, the use of ESAs have been 
outlined in practice guideline recommendations 
in both North America and Europe.19–22 Overall, 
the administration of an ESA has consistently 
demonstrated a significant reduction in the need 
for RBC transfusion (app roximately 20–55%) 
and an increase in the hemoglobin concentration 
from baseline. Evidence for a positive impact on 
quality of life is more difficult to demonstrate 
because studies are generally of poorer quality 
and show conflicting results.20–22 No clear benefit 
has been observed in terms of overall survival, 
tumor response rate, and response duration. 
Erythropoiesis-stimulating agents are generally 
well tolerated; however, an increased incidence of 
thromboembolic events (both venous and arte-
rial) and hypertension has been reported in some 
clinical trials (Singh AK, Szczch L, Tang KL, Barn-
hart H, Sapp S et al. Correction of Anemia with 
Epoetin Alfa in Chronic Kidney Disease. N Engl  
J Med 2007;355:2085–2098). In a recent meta-
analysis of 12 randomized controlled trials evalu-
ating 1,738 cancer patients, treatment with an 
ESA, increased the relative risk of thromboem-
bolic events (1.58, 95% confidence interval 0.94–
2.66), and hypertension (1.19, 95% confidence 
interval 0.96–1.49) compared with placebo.23 A 
recently completed randomized, double-blind, 
placebo controlled trial evaluated whether the use 
of epoetin alpha titrated to maintain a hemoglo-
bin level between 120-140 g/L improved quality 
of life in non-small cell lung cancer patients  
not receiving chemotherapy (unpublished data).  
Overall survival was significantly reduced (median 
68 days vs. 131 days, p=0.040) in patients  

randomized to receive epoetin alpha compared 
with placebo; in addition, no beneficial effect was 
observed on quality of life in patients treated with 
epoetin alpha.  These findings have resulted in a 
black box warning issued by the FDA. Until addi-
tional data become available, it remains prudent 
to inform patients of these potential risks prior to 
initiating therapy. Acquired pure red cell aplasia 
(PRCA) owing to antierythropoietin antibodies 
has not been reported in patients treated for 
cancer-associated anemia.

The use of ESAs in cancer patients should be 
limited to patients that are receiving chemo-
therapy.   The smallest dose required to achieve a 
hemoglobin level sufficient to maintain transfu-
sion independence (approximately 100–120 g/L) 
should be administered as per manufacturer 
instructions.

RBC Substitutes   RBC substitutes are an 
attractive alternative to allogeneic RBC transfu-
sions because they avoid alloimmunity and  
minimize the risk of transfusion-transmissible 
disease. Three types of RBC substitutes have  
been tested in human clinical trials: perfluorocar-
bons, hemoglobin-based oxygen carriers, and 
liposomes containing hemoglobin.24 Perfluoro-
carbons are chemically and biologically inert  
substances prepared as emulsions for intravenous 
administration that are capable of dissolving large 
volumes of oxygen. In clinical studies, these agents 
have shown promise in the treatment of periop-
erative anemia but were associated with toxicities 
attributed to the emulsifying agent.25,26 Hemoglo-
bin solutions, derived from outdated human 
RBCs, bovine RBCs, or recombinant technology, 
have oxygen-carrying capacity and oxygen  
delivery properties that are similar to those of 
endogenous hemoglobin. So far, clinical benefit 
derived from hemoglobin solutions has been 
offset by safety concerns.27,28 Liposomes of bila-
mellar spheres of phosphatidylcholine loaded 
with hemoglobin solution can also act as oxygen 
transporters and may have a role as substitutes  
for RBC tran sfusions. These agents have a long 
half-life in circulation, but they are technically 
difficult to prepare and currently remain in  
preclinical stages of investigation only.29

Therapy-Related Acute myeloid  
Leukemia–myelodysplastic Syndrome
In rare instances, anemia in patients with a  
history of cancer may be caused by a secondary 
hematologic malignancy. Patients treated with 
radiation therapy or certain chemotherapeutic 
agents subsequently have an increased risk of 
developing clonal bone marrow cytogenetic 
abnormalities, myelodysplasia (MDS), and acute 
myeloid leukemia (AML). Therapy-related AML-
MDS is a devastating late complication of cancer 
therapy and is associated with specific cytogenetic 
abnormalities that portend a poor prognosis. Two 
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distinct syndromes have been identified: one  
is characterized by a prolonged latency period 
(5–7 years) and an antecedent period of MDS  
following treatment with alkylating agents; the  
other has a shorter latency period (1–3 years) and 
often transforms to AML without an antecedent 
myelodysplastic phase following treatment  
with topoisomerase II inhibitors (Table 2).30 The 
cumulative incidence of therapy-related AML-
MDS varies between 1.5 and 10% and peaks 
approximately 5 to 9 years after treatment expo-
sure.31–33 Combined-modality therapy with radio- 
and chemotherapy results in a synergistic increase 
in the frequency of therapy-related AML-MDS, 
thus creating a treatment paradox that can com-
plicate management decisions: improved disease 
control with combined-modality therapy may be 
offset by increased morbidity and mortality from 
delayed therapy-related cancers. Host factors  
that predispose patients to the development of 
therapy-related AML-MDS have not been clearly 
identified; therefore, prevention has focused on 
reducing the exposure to offending agents where 
possible.

Treatment

In general, the treatment of therapy-related AML-
MDS has been disappointing.30 Treatment deci-
sions must be individualized. Younger patients 
with adequate organ function may be candidates 
for aggressive induction chemotherapy and allo-
geneic hematopoietic stem cell transplantation 
(HSCT) with curative intent.34–36 In contrast, 
elderly patients may be candidates only for  
low-dose chemotherapy and palliative, supportive 
measures.

Acquired PRCA   Acquired PRCA is a rare 
condition characterized by profound anemia, 
marked reticulocytopenia, and absent bone 
marrow erythroid precursors in the setting of 
normal white blood cell and platelet lineages. 
Malignancy, thymoma, and lymphoproliferative 
disorders in particular are well-known causes of 
PRCA (Table 3).37–39 Several unique mechanisms, 
occurring alone or in combination, have been 

implicated in the pathophysiology of acquired 
PRCA, including (1) T cell–mediated inhibition 
of erythropoiesis (thymoma, T-cell lymphopro-
liferative diseases); (2) development of antibodies 
with selective cytotoxicity for bone marrow  
erythroid progenitors; (3) direct infection and 
lysis of erythroid progenitor cells (parvovirus 
B19); (4) intrinsic stem cell defects (MDS); and 
(5) antierythropoietin antibodies (rhEPOs, con-
nective tissue diseases).37 Diagnostic hallmarks of 
PRCA include peripheral blood reticulocytopenia 
(usually <1%) and absent erythroblasts in a nor-
mocellular bone marrow. The presence of giant 
proerythroblasts in the bone marrow is virtually 
pathognomonic for parvovirus B19 infection.

The incidence of antibody-associated PRCA 
in patients treated with rhEPO increased dramat-
ically after 1998, peaked by approximately 2002, 

and has now sharply declined. This observation 
was limited almost exclusively to patients treated 
for anemia owing to end-stage renal disease. This 
association has been linked to a variety of factors 
that appear to influence the immunogenicity of 
the recombinant product, including the route  
of administration (subcutaneous injection may 
be more immunogenic compared with intrave-
nous administration) and differences in manu-
facturing, processing, and storage (formulations 
stabilized in human serum albumin appear to  
be less immunogenic than products using  
polysorbate-based vehicles).40,41 To date, no cases 
of rhEPO-induced PRCA have been reported  
in cancer patients treated for chemotherapy- 
associated anemia.

Treatment   Management of PRCA should 
focus on transfusional support in patients with 
symptomatic anemia and on treatment of any 
associated conditions, including removal of 
offending medications. Patients with PRCA owing 
to infection with parvovirus B19 often respond to 
therapy with intravenous immunoglobulin 
(IVIG).42 Otherwise, first-line therapy for patients 
with idiopathic PRCA usually consists of immu-
nosuppression based on the assumption that 
immune mechanisms play an important role in 
the pathophysiology of PRCA. Owing to a lack of 
well-designed clinical trials to determine the opti-
mal immunosuppressive regimen, treatment 
decisions are often empiric. Prednisone, adminis-
tered at a dose of 1 mg/kg, is a standard first-line 
agent. In refractory cases, cyclophosphamide, 
cyclosporine, rituximab (anti-CD20 monoclonal 
antibody), alemtuzumab (anti-CD52 monoclo-
nal antibody), antithymocyte globulin, and IVIG 
have been used, with variable success.43–52

Autoimmune Hemolytic Anemia 
Autoimmune hemolytic anemia (AIHA) repre-
sents a group of diseases characterized by the 
development of autoantibodies with specificity to 
one or more RBC antigens (Table 4). Subsequent 
RBC destruction follows owing to (1) intravas-
cular hemolysis if the autoantibody can suffi-
ciently activate complement on RBC membranes 
and/or (2) extravascular hemolysis owing to Fc 
and/or complement receptor-mediated destruc-
tion by phagocytic cells of the reticuloendothelial 
system. Among patients with secondary immune 
hemolysis owing to an underlying malignancy, 
warm AIHA accounts for greater than 80% of 
cases and is associated most often with lymphop-
roliferative diseases or their treatment (fludara-
bine therapy) and less frequently with solid 
tumors. Cold agglutinin disease (CAD) accounts 
for most of the remaining cases of immune- 
mediated hemolysis and is associated with a  
similar spectrum of malignancies.

Table 2  Clinical Characteristics of Therapy-Related Acute Myeloid Leukemia–Myelodysplastic Syndrome

Therapy Latency Clinical Presentation Cytogenetic Median
 Period (yr)  Abnormalities Survival
    (mo)

Alkylating agents or radiation 5–7 Insidious onset Preceding Deletions involving 6–8
 (cyclophosphamide,   myelodysplastic phase  chromosomes 5
 procarbazine, nitrogen    and 7 Complex (g3)
 mustard, vinblastine)     cytogenetic
    abnormalities
Topoisomerase II inhibitors 2–3 AML without a preceding Translocations involving 6–8
 (etoposide, tenoposide,   myelodysplastic phase  the MLL gene
 doxorubicin)    (chromosome 11q23)

AML = acute myeloid leukemia.

Table 3  Causes of Acquired Pure Red Cell 
Aplasia

Lymphoid Malignancies
 B- and T-cell chronic lymphocytic leukemia 
 Multiple myeloma
 Non-Hodgkin’s lymphoma
 Large granular lymphocytic leukemia
Other Malignancies
 Thymoma
 Other solid tumors (rare)
Medications
 Phenytoin
 Sodium valproate
 Recombinant human erythropoietin products
 Mycophenolate mofetil
 Azathioprine
 Isoniazid
Infection
 Parvovirus B19
 Viral hepatitis
 HIV
Immune disorders
 Systemic lupus erythematosus
 Rheumatoid arthritis
 ABO-incompatible hematopoietic stem cell 
  transplantation

HIV = human immunodeficiency virus.
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Warm AIHA

Warm AIHA is usually due to polyclonal  
immunoglobulin (Ig)G autoantibodies that react  
more strongly with RBC antigens at core body 
temperature than at lower temperatures—hence 
the term “warm.” Warm autoantibodies are usu-
ally panagglutinins, that is, they react will all cells 
in a panel of RBC antigens, but occasionally will 
show specificity, most often to Rh blood group 
antigens. Definitive diagnosis relies on demon-
strating the presence of autoantibody (IgG) or 
complement (C3) on the RBC surface (positive 
direct antiglobulin test [DAT]) and laboratory 
evidence of extravascular hemolysis (reticulocy-
tosis, elevated unconjugated bilirubin and lactate 
dehydrogenase, decreased or absent haptoglobin, 
and peripheral blood spherocytosis and poly-
chromasia). Greater than 95% of patients will 
have a positive DAT owing to IgG and/or C3 
coating the RBC surface; the small percentage of 
DAT-negative patients likely represents IgG auto-
antibodies below the detectable threshold of the 
DAT, IgA autoantibodies, or IgM autoantibodies 
that do not fix and activate complement.53,54 
Delayed hemolytic transfusion reaction, charac-
terized by a positive DAT, the detection of a new 
alloantibody, and laboratory evidence of extra-
vascular hemolysis 2 to 14 days following transfu-
sion, should be excluded in those patients who 
have been recently transfused. 

Treatment of malignancy-associated warm 
AIHA should focus on limiting hemolysis by 
treating the underlying malignancy and the use  
of immunosuppressive therapy, generally pred-
nisone 1 mg/kg/d. Splenectomy and additional 

immunosuppressive agents, such as cyclophos-
phamide, rituximab, cyclosporine, and IVIG,  
may be beneficial in refractory cases.55–57 The indi-
cations for RBC transfusion are the same as for 
anemic patients without warm AIHA; however, 
the presence of panagglutinating autoantibodies 
usually renders all RBC units cross-match 
“incompatible.” Nevertheless, in the absence of 
an occult alloantibody, the life span of the  
transfused RBCs should be similar to that of  
the patient’s own RBCs. Consultation with the 
transfusion medicine laboratory is often required 
to exclude occult hemolytic alloantibodies.58

Cold Agglutinin Disease

CAD is usually caused by IgM autoantibodies that 
react optimally between 0 and 4°C, often with 
specificity to I/i and Pr blood group antigens. The 
thermal range of the antibody and the titer are 
important determinants in the degree of hemo-
lysis. Clinically, symptoms relate to the presence 
of anemia and/or agglutination of RBCs in the 
distal extremities (acral discoloration, pain, skin 
ulceration, and necrosis, especially on exposure 
to a cold environment). A marked spurious 
increase in the MCV, the presence of RBC agglu-
tination on examination of a peripheral blood 
smear, and laboratory evidence of hemolysis are 
clues to the presence of a clinically significant cold 
agglutinin. IgM antibodies can efficiently fix  
and activate complement; therefore, the DAT is 
usually positive with anti-C3 but negative with 
anti-IgG antibodies.

Treatment of CAD should focus on three 
issues: (1) keeping patients warm (avoidance of 

cold environments to reduce hemolytic exacer-
bations); (2) reducing the antibody titer with  
systemic chemotherapy for underlying malignan-
cies, additional immunosuppressive therapies, 
and plasmapheresis, when necessary; and (3)  
RBC transfusions in symptomatic patients using 
warmed blood products administered slowly. In 
contrast to warm AIHA, glucocorticoid therapy 
and splenectomy are generally not effective thera-
pies for CAD. Cyclophosphamide, rituximab, 
and plasmapheresis used alone or in combination 
may be able to reduce autoantibody titer and  
control hemolysis more effectively.59–61

Thrombocytopenia
Thrombocytopenia is defined as a platelet count 
of less than 150x109/L. Clinically significant 
bleeding rarely develops until the platelet count 
falls below 50x109/L unless there is an accompa-
nying platelet function defect or coagulopathy. 
Once the platelet count drops below 10 to 
20x109/L, patients have a higher risk of sponta-
neous bleeding, ecchymoses, mucosal bleeding 
(gums, epistaxis, gastrointestinal tract), and  
intracranial hemorrhage.

A common diagnostic approach divides the 
causes of thrombocytopenia into disorders asso-
ciated with increased peripheral platelet destruc-
tion, impaired bone marrow platelet production, 
or splenic sequestration (hypersplenism) (Table 
5). Careful examination of the peripheral blood 
smear is critically important when evaluating 
thrombocytopenia and should be performed for 
several reasons: (1) to exclude “pseudothrombo-
cytopenia” owing to ethylenediaminetetraacetic 
acid–induced platelet clumping; (2) to look for 

Table 4  Classification of Autoimmune Hemolytic Anemias

 Warm Autoantibodies Cold Autoantibodies

 Primary Secondary Primary Secondary PCH
 AIHA AIHA CAD CAD

Etiology Idiopathic Lymphoproliferative Idiopathic Lymphoproliferative Syphilis
   disorders (CLL,   disorders (NHL,  Viral
   LGL, NHL, MM)   CLL, MM, LGL)   infections
  Drugs (fludarabine,  Infections (EBV, 
   penicillin,   Mycoplasma
   methyldopa,   pneumonia)
   quinidine)
  Autoimmune
   disorders (SLE)
   Infections (viral)
Immunoglobulin Polyclonal Polyclonal Monoclonal Monoclonal Polyclonal
Clonality     (malignancy)
    Polyclonal (infection)
DAT IgG IgG C3 C3 C3
RBC antigen Panagglutinin Panagglutinin I I/i P
 specificity

AIHA = autoimmune hemolytic anemia; CAD = cold agglutinin disease; DAT = direct antiglobulin test; EBV = Epstein-Barr virus; 
Ig = immunoglobulin; PCH= paroxysmal cold hemoglobinuria; MM=multiple myeloma; NHL = non-Hodgkin’s lymphoma; 
RBC = red blood cell; SLE = systemic lupus erythematosus.

Table 5  Common Causes of Thrombocytopenia 
in Cancer Patients

Decreased platelet production
 Myelosuppressive chemotherapy/radiation
 Bone marrow infiltration by malignancy
 Myelodysplastic syndrome
 Vitamin B12 or folate deficiency
Increased platelet destruction
 Immune mechanisms:
  Immune thrombocytopenic purpura
   (often associated with  
   lymphoproliferative diseases)
  Post-transfusion purpura
  Heparin-induced thrombocytopenia
 Nonimmune mechanisms:
  DIC
  HUS-TTP
Hypersplenism
 Splenomegaly (lymphoproliferative 
  diseases, other)

DIC = disseminated intravascular coagulation; HUS = 
hemolytic-uremic syndrome; TTP = thrombotic 
thrombocytopenic purpura.
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RBC fragments suggestive of a microangiopathic 
process, such as disseminated intravascular  
coagulation (DIC), hemolytic-uremic syndrome 
(HUS), or thrombotic thrombocytopenic pur-
pura (TTP); and (3) to examine for evidence  
of decreased platelet production (eg, circulating 
blast cells suggestive of acute leukemia, macrocy-
tosis and hypersegmented neutrophils suggestive 
of vitamin B12 or folate deficiency). Drug-induced 
causes of thrombocytopenia are common and 
should always be considered. In particular, physi-
cians should have a high index of suspicion  
for heparin-induced thrombocytopenia (HIT)  
in hospitalized patients because of its paradoxical 
and potentially life-threatening thrombotic  
complications, and commonly used antibiotics 
such as Vancomycin must be considered as a 
cause of severe thrombocytopenia and bleeding 
(REF Annette Von Drygalski, NEJM 2007).  
A bone marrow aspirate and biopsy may be 
required to determine the cause of thrombocyto-
penia in selected patients, especially when a 
malignant infiltrate or myelodysplastic syndrome 
is suspected. Peripheral consumption of platelets 
is suggested when increased numbers of mor-
phologically normal megakaryocytes are observed 
in the bone marrow concurrently with peripheral 
blood thrombocytopenia and megathrombo-
cytes.

Cancer-Related Thrombocytopenia
Thrombocytopenia is common in cancer patients 
and is most often due to reduced thrombopoiesis 
from the myelosuppressive effects of radiation or 
chemotherapy or from bone marrow infiltration 
by tumor cells. Chemotherapy-induced throm-
bocytopenia is temporally and predictably related 
to cancer treatment; bone marrow examination is 
generally required to diagnose a myelophthisic 
syndrome.

Treatment

Recombinant Thrombopoietin   The dis-
covery of thrombopoietin (TPO), the principal 
megakaryopoietic growth factor, garnered initial 
enthusiasm as a potential therapeutic alternative 
to platelet transfusions for the treatment of  
chemotherapy-associated thrombocytopenia. 
Two forms of recombinant human thrombopoi-
etin (rhTPO) have undergone clinical drug  
development: (1) a full-length molecule (rhTPO) 
and (2) a truncated molecule called pegylated 
recombinant human megakaryocyte growth and 
development factor (PEG-rHuMGDF). Produc-
tion of PEG-rHuMGDF has now been suspended 
owing to the development of neutralizing  
anti-TPO antibodies and clinically significant 
thrombocytopenia in some patients. rhTPOs have 
been evaluated in patients with chemotherapy-
associated thrombocytopenia, but the results have 
generally been disappointing thus far. In a series 

of randomized controlled trials evaluating patients 
being treated for acute leukemia, the concomitant 
administration of rhTPO did not reduce the dura-
tion of severe thrombocytopenia or platelet trans-
fusion requirements.62–64 It is now recognized that 
the effects of rhTPO are delayed compared with  
those of other cytokines (ie, granulocyte colony-
stimulating factor [G-CSF]). Therefore, ongoing 
clinical trials have been developed to test  
alter native dosing regimens in a variety of disease 
states. 

TPO agonists

A new class of molecules that is currently under-
going clinical trials are TPO agonists.  These are 
small molecules that activate the TPO receptor 
and stimulate platelet production, but are suffi-
ciently different from endogenous TPO that they 
do not induce anti-TPO antibodies.  Results of 
phase II trials in immune mediate thrombocyto-
penia have been encouraging (REF Bussel J,  Kuter 
D, George J, NEJM 2006); testing in cancer related 
thrombocytopenia is ongoing.  

Indications for Platelet Transfusions   Plate-
let transfusions are generally indicated for the 
treatment or prevention of bleeding in patients 
with thrombocytopenia. Given that the risk of 
bleeding increases as the platelet count decreases,65 
the absolute platelet count often dictates when 
platelet transfusions are administered. However, 
the decision to transfuse platelets should not be 
influenced only by the platelet count but also  
by the presence of bleeding or bleeding risk  
factors, including concurrent coagulopathies or 
the presence of underlying comorbid illness.66  
Platelet transfusions should generally be avoided 
in thrombocytopenic patients with TTP67,68 or 
HIT69,70 as platelet transfusions can worsen the 
outcome of these disease processes.

In clinically stable, nonbleeding thrombocy-
topenic patients with hematologic malignancies, 
prophylactic platelet transfusions are recom-
mended for patients with platelet counts below 
10x109/L. A recent meta-analysis, which included 
three randomized controlled trials enrolling 492 
patients, concluded that bleeding complications 
were not different using a platelet transfusion 
trigger of 10x109/L or 20x109/L. The studies 
were insufficiently powered to claim that a trigger 
of 10x109/L is as safe as (or not inferior to) 
20x109/L. However, platelet transfusion triggers 
even lower than 10x109/L appear to be safe in 
certain circumstances.72 Although there is less 
evidence to guide platelet transfusion practice for 
patients with solid tumors, a platelet trigger of 
10x109/L is generally recommended, with the 
exceptions of patients receiving aggressive therapy 
for bladder tumors and patients with necrotic 
tumors (of any type), who may benefit from a 
more liberal platelet transfusion strategy (trigger 
of 20x109/L) owing to the increased risk of 

bleeding from these sites.73 Additional random-
ized trials are needed to determine safe  
triggers for prophylactic platelet transfusions in 
anticipation of invasive procedures and in throm-
bocytopenic disorders other than myelotoxic 
chemotherapy that commonly affect patients with 
cancer, such as DIC and sepsis. Recommended 
platelet transfusion triggers for various clinical 
indications are summarized in Table 6.73–76

Platelet Transfusion Alternatives   Novel 
platelet products are being developed to improve 
on the safety and quality of allogeneic platelet 
transfusions.77 Frozen platelets, lyophilized plate-
lets, and hemostatically intact platelet membrane 
microparticles are currently under investigation. 
Red cells with surface-bound fibrinogen or RGD 
(Arg-Gly-Asp) ligand, the fibrinogen peptide that 
binds to platelet integrin on glycoprotein GpIIb/
IIIa, fibrinogen-coated albumin microcapsules  
or microspheres, and liposome-based hemostatic 
agents also hold promise as substitutes to platelet 
transfusions. In addition, recombinant activated 
factor VII and adequate correction of concomi-
tant anemia may be important adjuncts in the 
treatment of bleeding owing to thrombocytope-
nia.78,79

Leukopenia

Leukopenia refers to a decrease in the peripheral 
blood white blood cell count and can be due  
to lymphopenia, granulocytopenia, or both. 
Although numerous causes for leukopenia exist, 
when it occurs in patients with an underlying 
malignancy, it is usually due to either malignant 
infiltration of the bone marrow or the myelo-
suppressive effects of chemo- or radiotherapy. 
The term neutropenia is generally used inter-
changeably with granulocytopenia. Neutropenic 
fever is one of the most serious complications of 
cancer therapy and a harbinger of potentially  
life-threatening infection.

Neutropenia
Neutropenia is defined by an absolute neutrophil 
count (ANC) of less than 1.5x109/L and is  
further classified as mild (ANC 1.0–1.5x109/L), 
moderate (ANC 0.5–1.0x109/L), or severe 
(defined as ANC 0.5x109/L or less or 0.1x109/L 
or less). The risk of infection is determined by 
both the degree and duration of neutropenia. 
This relationship was demonstrated in a study 
that evaluated the frequency of infections in 52 
patients with acute leukemia and neutropenia of 
variable duration and severity; 80% of patients 
with severe neutropenia lasting 2 weeks (ANC 
<0.1x109/L) developed an identifiable infec-
tion, and 100% of patients with severe neutro-
penia lasting 3 weeks or more developed an 
infection.80 Clinically, the risk of infection begins 
to increase once the ANC falls below 1.0x109/L. 
Most infections that occur in the setting of  
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moderate to severe neutropenia are due to endog-
enous pyogenic bacteria (both gram positive  
and gram negative) and certain fungal pathogens. 
Prolonged neutropenia, therapy with broad- 
spectrum antibiotics, and treatment with cortico-
steroids predispose patients to systemic fungal 
infections.

Patients receiving systemic chemotherapy 
who become neutropenic are consequently at  
risk of infection-related morbidity and mortality, 
cancer treatment delays, and chemotherapy dose 
reductions. The degree and duration of neutro-
penia are determined predominantly by the spe-
cific chemotherapeutic regimen, but host-related 
factors are also important. Predictors for the 
development of chemotherapy-induced neutro-
penia include advanced patient age, poor func-
tional status, and the presence of underlying 
comorbid illnesses (eg, renal disease, cardiovas-
cular disease).81,82 Attempts to limit the degree 
and duration of neutropenia are accomplished by 
either chemotherapy dose reduction or myeloid 
growth factor support. Granulocyte transfusions 
are no longer routinely used.

Treatment

The prophylactic administration of myeloid 
growth factors (G-CSF, granulocyte-macrophage 
colony-stimulating factor) following chemo-
therapy has been evaluated in randomized  
controlled trials.83–86 In general, prophylactic 
administration of myeloid growth factors results 

in a higher ANC nadir, shortened duration of 
severe neutropenia, and fewer episodes of febrile 
neutropenia compared with placebo. However, 
no improvement in overall survival, tumor 
response rates, or progression-free survival has 
been shown. Furthermore, economic analyses 
suggest that the incidence of febrile neutropenia 
associated with a specific chemotherapeutic reg-
imen must be 40% or higher before prophylaxis 
with myeloid growth factors is cost-effective.87,88 
With the exception of treatments for advanced 
germ cell tumors and small cell lung cancer,  
chemotherapeutic regimens for most common 
malignant diseases are associated with rates of 
febrile neutropenia that are substantially below 
40%.

Based on the most recent update of the prac-
tice guidelines developed by the American Society 
of Clinical Oncology in 2000, primary prophy-
laxis with myeloid growth factors is not recom-
mended for most patients because there is no 
evidence of improved overall or progression-free 
survival and therapy is not cost-effective. In 
patients with an expected risk of febrile neutro-
penia of at least 40%, primary growth factor sup-
port is recommended. Therapy in these patients 
reduces the risk of febrile neutropenia by approx-
imately 50% but does not change response rates 
or progression-free or overall survival. Also, there 
may be special circumstances, such as advanced 
patient age, poor functional status, and poor bone 
marrow reserve owing to previous chemotherapy 

or cytopenias prior to therapy, that may influence 
the decision to administer primary prophylaxis, 
but the evidence for a positive impact on clinical 
outcomes is not strong. Recommendations are 
similar for secondary prevention of infections in 
patients with a previous episode of febrile neutro-
penia. Chemotherapy dose reduction rather than 
growth factor administration is recommended 
for most patients. Secondary prophylaxis may be 
appropriate for a subset of patients undergoing 
chemotherapy for potentially curable malig-
nancies (eg, germ cell tumors, non-Hodgkin’s  
lymphoma) to maintain dose intensity. There  
is little evidence to support the routine use of 
myeloid growth factors for patients with severe 
neutropenia.

Hemorrhagic Complications

Bleeding is one of the most common hematologic 
problems encountered in patients with cancer. 
This is usually directly related to the malignancy, 
but it may also be due to thrombocytopenia, 
invasive procedures, and other acquired hemor-
rhagic syndromes. The two most serious coagu-
lopathies are DIC and acquired inhibition of 
coagulation factors.

Disseminated Intravascular  
Coagulation
DIC is common in malignancy. It is a syndrome 
characterized by widespread fibrin deposition in 
the vasculature owing to systemic intravascular 
activation of coagulation. It can be chronic and 
clinically silent or present acutely with symp-
tomatic thrombosis, mild to catastrophic hemor-
rhage, or end-organ damage.89,90 Diagnosis of DIC 
requires laboratory evidence of microangiopathy, 
thrombin generation, fibrinolytic activation, and 
consumption of platelets and pro- and anticoagu-
lant factors in a clinical setting associated with  
a hypercoagulable state, such as malignancy and 
sepsis.91,92 The exact pathogenesis of DIC is not 
understood, but excessive activation of coagula-
tion via the tissue factor-factor VIIa pathway  
is considered to be the initiating event. Propaga-
tion of this process occurs because there is  
concomitant suppression of the natural inhibi-
tory pathways, impairment of fibrinolysis, and  
an inflammatory cytokine response to the initial 
insult.93 The most common malignancies that  
are associated with DIC are acute myelogenous 
leukemias, particularly M3 and M5, and cancer of 
the prostate, ovary, or lung.89,90 Tumor expression 
of procoagulant molecules is likely involved in 
the activation of coagulation.

Management

Clinical studies are lacking to guide therapy in 
patients with DIC. Treatment is usually directed 
at supporting the patient with blood products if 

Table 6  Recommended Platelet Transfusion Triggers according to Indications

Indication for Platelet Transfusion Platelet Count Trigger

Patients with acute leukemia or HSCT and bone marrow failure owing to disease or  10x109/L
 its therapy, in the absence of additional risk factors such as bleeding, sepsis, or the
 concomitant use of drugs
Chemotherapy-induced thrombocytopenia for the treatment of solid tumors  10x109/L
  20x109/L 
 for bladder tumors 
 or necrotic tumors
Chronic, stable, severe thrombocytopenia in the absence of bleeding Observation only
Bone marrow aspiration and biopsy Generally not 
 recommended
Lumbar puncture and epidural anesthesia  50x109/L
Gastroscopy and biopsy  50x109/L
Insertion of indwelling endovascular catheters  50x109/L
Transbronchial biopsy  50x109/L
Liver biopsy  50x109/L
Laparotomy  50x109/L
Operation in critical sites including brain and eyes 100x109/L
Massive transfusion (transfusion of a volume of red cell concentrates equivalent to  50x109/L
 two blood volumes)
Multiple trauma or CNS injury 100x109/L
Acute disseminated intravascular coagulation  50x109/L
Autoimmune thrombocytopenia Platelet transfusion
 should be reserved 
 for life-threatening 
 bleeding

CNS = central nervous system; HSCT = hematopoietic stem cell transplantation.
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bleeding is the major manifestation and with hep-
arin therapy if symptomatic thromboembolism  
is present. Intervention is not recommended if 
the patient is asymptomatic and only laboratory 
parameters are abnormal. Treatment of the 
underlying disease is necessary to terminate the 
ongoing stimulus for activation of coagulation. 
The role of restoring acquired deficiencies in 
physiologic anticoagulants such as antithrombin 
and tissue factor pathway inhibitor has not been 
evaluated in patients with DIC related to cancer, 
but these products have had disappointing results 
in patients with DIC and sepsis.94,95 Recently, 
infusion of activated protein C concentrate was 
shown to improve survival in patients with sepsis; 
however, patients treated with this product  
had a higher incidence of bleeding.96 Whether 
activated protein C will be beneficial to patients 
with fulminant DIC and malignancy has not been 
tested.

Acquired Inhibitors of Coagulation 
Factors
The development of an acquired inhibitor of a 
coagulation factor protein represents a rare but 
potentially life-threatening cause of bleeding in 
cancer patients.97 Although the pathophysiology 
resulting in their formation is not clearly under-
stood, inhibitors are usually IgG autoantibodies 
that bind to specific epitopes on coagulation  
factors and interfere with their normal function. 
Most cases are idiopathic, but approximately  
10% are associated with an underlying solid 
tumor or hematologic malignancy, the presence 
of which imparts an adverse prognosis.98 Patients 
typically present with a bleeding diathesis that  
can range from mild bruising to catastrophic, life-
threatening hemorrhage. The most frequent sites 
of bleeding include soft tissues, retroperitoneal 
structures, skin, mucosal surfaces, and the  
gastrointestinal tract; in contrast to patients with 
congenital hemophilia A, hemarthroses occur 
infrequently. An acquired inhibitor should be 
suspected when a prolonged activated partial 
thromboplastin time (aPTT), international nor-
malized ratio (INR), or both either fail to correct 
when patient plasma is mixed in a 1:1 ratio with 
normal plasma or correct with excess pho-
spholipid, suggesting the presence of an anti-
phospholipid antibody. Specific coagulation 
factor assays (guided by whether the aPTT, INR, 
or both are prolonged) allow subsequent inhib-
itor identification. The vast majority of acquired 
inhibitors are directed against factor VIII. The 
inhibitor titer can be estimated using the Bethesda 
assay, which measures residual coagulation factor 
activity after incubation of patient plasma with 
normal plasma for 2 hours at 37°C.

Treatment

The management of patients with an acquired 
inhibitor is difficult owing to potentially  

life-threatening bleeding episodes and a lack of  
well-designed, prospective clinical trials to help 
guide treatment decisions. Specific therapeutic 
recommendations are beyond the scope of this 
chapter, and referral to a specialist with expertise 
in disorders of hemostasis and coagulation is  
recommended. Two main therapeutic goals exist 
for the treatment of acquired inhibitors: termina-
tion of active bleeding and eradication of the 
inhibitor to prevent future episodes of bleeding. 
Strategies to control active bleeding include intra-
venous infusions of specific factor concentrates 
or factor-bypassing agents such as activated  
prothrombin complex concentrates, factor VIII 
inhibitor bypassing activity, or activated factor 
VII (niastase).98,99 Initial treatment decisions 
should be dictated by the severity of the bleeding 
symptoms and the inhibitor titer. The mainstay 
of inhibitor eradication has focused on immu-
nosuppressive therapies, most commonly  
prednisone alone or in combination with cyclo-
phosphamide. Treatment directed toward the 
underlying malignancy may contribute to inhib-
itor regression, particularly in patients with 
hematologic cancers100; the relationship in patients 
with solid tumors is less certain.

Thrombotic Complications

Thrombotic complications in cancer patients 
may occur spontaneously or secondary to addi-
tional risk factors, such as surgery and central 
venous catheterization. Although the vast majority 
of the events are venous, arterial thrombosis  
can also develop. Paradoxically, the two most  
fulminant thrombotic complications are HIT  
and TTP, both of which are characterized by an 
acute onset of severe thrombocytopenia.

Venous Thromboembolism
Active malignancy, with or without chemo-
therapy, increases the risk of venous thromboem-
bolism (VTE) by four- to sixfold.101 Cancer is also 
an independent risk factor for death within 7 days 
after a thrombotic event, with up to an eightfold 
increased risk of death in patients receiving  
chemotherapy.102 Moreover, cancer patients with 
VTE have worse survival than cancer patients free 
of this complication. In a population-based study, 
the 1-year survival rate of patients diagnosed with 
cancer and VTE at the same time was 12%, com-
pared with 36% in cancer patients without VTE, 
who were matched for gender, age at the time of 
the diagnosis of cancer, and year of cancer diag-
nosis.103 The poor prognosis may indicate that 
patients are dying prematurely of VTE, that  
VTE is a harbinger of aggressive malignancies, or 
that activation of coagulation promotes tumor 
progression. VTE often presents late in the  
course of malignancy, but it can also be the first 

mani festation of occult cancer. Approximately 
10% of patients with unprovoked or idiopathic 
VTE are diagnosed with cancer within the first 
year after their diagnosis of VTE.104 Although 
extensive screening for underlying cancer in such 
patients allows earlier detection of the malig-
nancy, a positive impact on survival has not been  
demonstrated.105

Although the risk of VTE by tumor type 
remains uncertain for the majority of cancers,  
the risk appears to be highest for patients with 
malignant brain tumors and cancer of the ovary, 
pancreas, and lung.106 On the other hand, the 
most common tumor types found in patients 
with VTE are cancers of the lung, colon, breast, 
and prostate, which largely reflect the prevalence 
of these cancers in the general population. The 
risk of thrombosis is increased with the use of 
chemotherapy, hormonal therapy, and indwelling 
central venous catheters.104 Recent clinical trials 
also report a high incidence of VTE associated 
with the use of antiangiogenic agents, such as  
thalidomide and inhibitors of the vascular  
endothelial growth factor/receptor pathway.

Venous thrombotic complications in cancer 
patients can occur in any venous bed, although 
the most common manifestations are deep venous 
thrombosis (DVT) of the legs and pulmonary 
embolism (PE). Most of the clinical studies  
to date have focused on the prevention and  
treatment of VTE at these two sites.

Prophylaxis of VTE in Surgical Patients

Anticoagulant prophylaxis is recommended for 
patients undergoing major surgery because the 
risk of postoperative thrombosis is substantial.107 
After surgery, cancer patients have twice the risk 
of DVT and over three times the risk of fatal  
PE compared with patients free of cancer.107 Low-
molecular-weight heparin (LMWH) or unfrac-
tionated heparin (UFH) can reduce the risk by 
approximately 70%, and these agents are compa-
rable in efficacy and safety for the prevention of 
postoperative thromboembolism.108,109 The major 
advantages of LMWH over UFH are the lower 
risk of HIT and the requirement for only once-
daily injection. Newer and more selective antico-
agulants, such as fondaparinux, are also effective 
for prophylaxis but do not appear to be better 
than the heparins.110 More recently, it was shown 
that extending prophylaxis with LMWH for  
3 weeks after hospital discharge in cancer patients 
can reduce the risk of venographic and proximal 
VTE by 60%.111,112 This benefit was achieved 
without an increase in bleeding. Therefore, cancer 
patients undergoing surgery should receive phar-
macologic prophylaxis with either LMWH or 
UFH while in hospital. Continuing prophylaxis 
after hospitalization is reasonable and should be 
considered in those patients with additional risk 
factors.
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Prophylaxis of VTE in Medical Oncology 
Patients

The indications for primary prophylaxis in  
medical oncology patients remain undefined. To 
date, only one publication has addressed the effi-
cacy and safety of thromboprophylaxis in medical 
oncology outpatients. In a placebo-controlled 
trial, it was demonstrated that low-dose warfarin 
is effective and safe in reducing the incidence of 
symptomatic thromboembolic events during 
chemotherapy.113 However, standard practice 
does not include routine prophylaxis of ambula-
tory medical oncology patients because of con-
cerns for anticoagulant-related bleeding and the 
need for laboratory monitoring. Recent reports  
of a relatively low incidence of symptomatic  
VTE (3%) in ambulatory patients with advanced 
or metastatic malignancies also argue against  
routine prophylaxis.114 For hospitalized patients, 
there is indirect evidence that cancer patients 
would benefit from thromboprophylaxis with 
LMWH.115,116 The risk of bleeding is likely low, 
but, currently, there are no reliable data about 
bleeding associated with anticoagulant prophyl-
axis specifically in cancer patients.117 In summary, 
it is reasonable to use LMWH for primary  
prophylaxis in cancer patients when they are 
admitted to hospital with an acute illness, but  
evidence is lacking to support routine prophylaxis 
in patients in an outpatient setting.

Treatment of VTE

To date, multiple randomized trials and meta-
analyses of these trials have confirmed that for 
initial therapy, LMWHs are at least as efficacious 
as UFH in reducing recurrent thrombosis and  
are associated with a lower risk of major 
bleeding.118–121 Furthermore, LMWH can be given 
safely in an outpatient setting without the need 
for laboratory monitoring and has a lower risk of 
HIT.122,123 However, whether LMWHs and UFH 
perform comparably in patients with cancer and 
acute VTE has not been formally investigated.

Although vitamin K antagonists are the 
mainstay of long-term anticoagulant treatment 
for VTE because they are highly effective in 
reducing recurrent thrombosis in the general 
population, treatment failures, serious bleeding, 
and difficulties with maintaining the INR within 
the therapeutic range are common problems in 
patients with cancer. A prospective cohort study 
reported that the 12-month cumulative incidence 
of recurrent VTE in cancer patients was 20.7%, 
versus 6.8% in patients without cancer, whereas 
the corresponding estimate for major bleeding 
was 12.4% versus 4.9%, respectively.124 Patients 
with cancer also experience recurrent VTE despite 
having therapeutic INR levels and suffer serious 
bleeding complications without receiving exces-
sive anticoagulation.125 Cases of warfarin-induced 
limb gangrene owing to protein C depletion have 
also been reported in patients with cancer.126,127

Recent evidence from randomized trials 
shows that LMWH should be the first-line treat-
ment for long-term anticoagulation in cancer 
patients with VTE.128,129 In the CLOT trial, LMWH 
dalteparin was found to reduce the risk of recur-
rent VTE by 52% (p=.002), from 17 to 9% at  
6 months, compared with warfarin therapy.128 
Patients in the dalteparin group received thera-
peutic doses at 200 U/kg once daily for the first 
month and then 75 to 80% of the full dose for the 
next 5 months. Overall, there were no differences 
in bleeding between the groups. Other trials have 
suggested that LMWHs may be safer than war-
farin therapy for long-term treatment of VTE in 
cancer patients.129,130 In addition, LMWHs have 
few drug interactions, do not require laboratory 
monitoring, and can readily accommodate 
thrombocytopenia and invasive procedures. 
Improvement in overall survival may also be 
associated with LMWH use in patients with a 
better prognosis, but further studies are needed  
to confirm this observation.114,131,132

Thrombosis Associated with Central 
Venous Catheters
Recent studies show that the incidence of  
catheter-related thrombosis (CRT) is much lower 
than what was previously reported in historical 
studies. According to randomized trials and  
prospective cohort studies, approximately 15%  
of patients develop CRT that is detectable with 
venography, but only 4% of patients have symp-
tomatic CRT.133–135 Furthermore, recent placebo-
controlled trials showed that prophylaxis with 
low-dose warfarin or low-dose LMWH is not 
effective in reducing symptomatic thrombotic 
events.133,134 In addition, low-dose warfarin can 
produce supratherapeutic anticoagulant levels  
in one-third of patients receiving fluorouracil-
based chemotherapy and therefore should not  
be given without laboratory monitoring.136 There-
fore, contradictory to previous guideline recom-
mendations, routine prophylaxis for CRT is not 
warranted.107

Treatment   The lack of prospective data on 
the natural history and treatment of CRT pre-
cludes any evidence-based recommendation for 
therapy. In general, patients with symptomatic 
CRT are treated with anticoagulant therapy, using 
the same regimens as those for VTE. Some clini-
cians advocate removal of the involved central 
line, but this has not been proven to improve 
short-term morbidity or reduce long-term 
sequelae. Anticoagulant therapy should be con-
tinued for a minimum of 3 months and perhaps 
until the catheter is no longer needed and is 
removed.

Arterial Thrombotic Events
Patients with cancer receiving active cancer treat-
ment have an increased risk of arterial thrombotic 

events. The true incidence is not well defined, but 
approximately 20% of all thrombotic complica-
tions in cancer patients are arterial thrombotic 
events.90 These include myocardial infarction, 
cerebrovascular accidents, nonbacterial throm-
botic endocarditis, and peripheral arterial throm-
boembolism.90,137–140 The pathogenic mechanisms 
are unknown, but these events may due to treat-
ment-related injury to the endothelium.141–143 In 
reviews of studies evaluating adjuvant therapy for 
breast cancer, the risk of arterial thrombosis was 
approximately 1%.144,145 Estimates in other types 
of cancer are not available. In general, standard 
antithrombotic therapies appropriate for the 
clinical situation are recommended.

Heparin-Induced Thrombocytopenia
HIT is an immune-mediated drug reaction to 
heparin caused by the development of antibodies 
directed against an antigenic target formed by 
heparin bound to platelet factor 4. Binding of  
the resultant immune complex to the FccRII 
receptors on circulating platelets induces platelet 
activation and aggregation and ultimately leads  
to thrombin generation.146 A definitive diagnosis 
of HIT requires confirmation of the presence of 
functional HIT antibodies, but treatment should 
not be withheld until the laboratory result is avail-
able. Currently, commercially available assays for 
HIT antibodies are not completely satisfactory 
and are not standardized. Enzyme-linked immu-
nosorbent assays are designed to detect the pres-
ence of HIT antibodies, whereas functional 
14C-serotonin release assays detect antibodies 
with the ability to induce platelet activation.147,148 
The most common presentation of HIT is new or 
extension of existing venous or arterial throm-
bosis in a patient who has received heparin as 
recently as 5 days previously (or longer) and who 
has a platelet count of less than 150x109/L or a 
platelet count that has dropped by more than 
50% below baseline values. HIT should also be 
considered in cases of rapid onset thrombocyto-
penia (less than 5 days after heparin exposure) in 
patients who have previously received heparin in 
the past 120 days.147,149

Generally, HIT with thrombosis is most 
commonly described in patients who have inflam-
matory processes that lower the threshold for 
platelet activation, for example, surgery. Theo-
retically, the incidence of HIT may be lower in 
patients with cancer because of their immuno-
suppression, but a small retrospective study  
suggested that cancer patients with HIT are  
more likely to develop thrombosis than non-
cancer patients with HIT.150 In addition, HIT is 
more difficult to diagnose in this population 
because thrombocytopenic disorders are rela-
tively common. Therefore, it is important  
to maintain a high index of suspicion and  
investigate for HIT in patients presenting with 
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unexplained thrombocytopenia following  
exposure to heparin.

Treatment

In patients with a confirmed diagnosis of HIT or 
in whom there is a high clinical suspicion for HIT, 
alternative anticoagulants are now available for 
prophylaxis and treatment.147,149,151 Argatroban 
and lepirudin are direct thrombin inhibitors that 
are given intravenously and must be monitored 
according to the aPTT.152,153 Argatroban is pre-
ferred in patients with renal insufficiency because 
it is primarily metabolized by the liver, whereas 
lepirudin is cleared by the kidneys. Danaparoid 
sodium is a low-molecular-weight heparinoid 
that can be given as fixed-dose subcutaneous 
injections, and its anticoagulant effect can be 
monitored by antifactor Xa activity.154 In patients 
with acute thrombosis with HIT, all heparins 
should be stopped immediately and treatment 
with one of these alternative anticoagulants 
should be instituted and continued for a min-
imum of 5 days. Warfarin should be avoided until 
thrombocytopenia has resolved. Heparin should 
also be discontinued in patients with HIT who 
have isolated thrombocytopenia even without 
evidence of thrombosis. These patients may  
benefit from the prophylaxis using an alternate 
anticoagulant because they have a higher risk of 
developing thrombosis.155

Thrombotic Thrombocytopenic  
purpura
TTP is a microangiopathic hemolytic anemia 
characterized by platelet-rich microvascular 
thrombosis. The clinical syndrome is character-
ized by the pentad of thrombocytopenia, micro-
angiopathic hemolytic anemia (schistocytic 
anemia), neurologic complications, renal impair-
ment, and fever; however, it is uncommon for all 
five elements to occur concomitantly. A large 
prospective study of TTP patients found that 
100% of patients had schistocytic anemia and 
thrombocytopenia, 71% had neurologic com-
plications, 59% had renal impairment, and 24% 
had fever.156 Significant overlap exists between 
TTP and HUS, another thrombotic microangi-
opathy. However, HUS generally affects children, 
is marked by renal impairment, and, in its classic 
form, follows a diarrheal illness triggered by an 
infection with Escherichia coli O157:H7.

Excess ultralarge-molecular-weight multi-
mers of von Willebrand’s factor (vWF) have been 
demonstrated in the plasma of patients with TTP 
and facilitate the formation of microvascular 
thrombosis, the hallmark of this disease.157 
Recently, using a genome-wide linkage analysis  
in four pedigrees of affected patients, mutations 
in the ADAMTS13 gene (a disintegrin metallo-
proteinase and thrombospondin-like domain) 
have been identified as the cause of congenital 

TTP.158 Mutations in this gene result in decreased 
vWF protease activity and high levels of plasma 
ultralarge-molecular-weight VWF. The under-
lying mechanism of acquired TTP, the more 
common form of the disease, may also be a muta-
tion of ADAMTS13; however, vWF protease 
activity has been shown to be reduced not only  
in TTP but also in other thrombocytopenic  
disorders.159,160

TTP is a recognized complication of cancer 
and occurs most commonly in one of three  
clinical settings: metastatic disease, treatment 
with chemotherapy, and HSCT. The tumors most 
commonly associated with TTP are metastatic 
adenocarcinomas of the stomach, breast, and 
lung.161,162 Certain chemotherapeutic agents have 
been implicated in TTP, in particular, mitomycin 
C. Up to 10% of patients who receive a cumula-
tive dose of 60 mg or more of mitomycin C have 
been reported to develop this complication.163 
Chemotherapy-induced TTP portends a poor 
prognosis with a mortality rate of over 50% within 
2 months despite adequate therapeutic plasma 
exchange (TPE), the mainstay of treatment.163 For 
HPCT-associated TTP, a recent systematic review 
reported that the frequency of diagnosis of TTP-
HUS following allogeneic HSCT varied from 0.5 
to 63.6%.164 TTP may mimic other HSCT-related 
complications, such as sepsis and graft-versus-
host disease, which should be excluded prior to 
initiating therapy with TPE.165 Risk factors for  
the development of TTP in the setting of HSCT 
include total-body irradiation,166 the use of cyclo-
sporine,167,168 and graft-versus-host disease.167 
Cyclosporine, a common medication used in  
the post-HSCT setting, is the most common cause 
of drug-associated TTP.169 In general, the prog-
nosis of cancer-associated TTP is worse than  
sporadic or hereditary TTP and responds poorly 
to TPE.170

Management

The mainstay of treatment for TTP is TPE. Prior 
to the use of plasma exchange, 90% of patients 
with TTP died171; with current therapies, the  
mortality from TTP is close to 20%. Patients who 
respond poorly to once-daily plasma exchange 
(generally defined as patients with persistence  
or recurrence of severe thrombocytopenia and 
hemolysis or patients with new neurologic abnor-
malities while on TPE) may benefit from increased 
frequency or increased volume of TPE or the 
addition of corticosteroids.172 Other ancillary 
treatments include vincristine, splenectomy, 
IVIG, immunosuppressive therapy, or antiplatelet 
agents.

Transfusion Medicine Issues in 
Cancer Patients 

Blood transfusion is an important component of 
the care of cancer patients. Roughly half of all 
RBC transfusions are administered to medical 

patients, and patients with hematologic disorders 
account for approximately 15% of overall RBC 
use on medical wards.173–175 In the mid-1980s, 
blood transfusion was plagued by a high rate of 
viral disease transmission; however, since then, 
refined donor testing and better methods of  
virus inactivation have rendered the current risk 
of transfusion transmission of known viruses 
extremely low. Currently, bacterial contamina-
tion has become recognized as the most impor-
tant infectious disease threat to the safety of  
the blood supply. New and emerging pathogens 
are a constant threat, and thus, general methods 
of pathogen inactivation, including the addition 
of alkylating agents or photosensitive agents such 
as riboflavin or psoralens, are currently being 
developed.176

Apart from infectious risks, blood transfu-
sion can be associated with important clinical 
complications that require prompt recognition 
and treatment. Knowledge of infectious and  
noninfectious transfusion-associated complica-
tions is essential so that these complications can 
be managed appropriately and prevented when 
possible and patient requiring blood transfusions 
can be adequately informed.177

Infectious Complications of Blood 
Transfusion
Virus and Prion Transmission

The risks of transfusion transmission of known 
viruses are summarized in Table 7. With current 
nucleic acid-amplification testing (NAT) of blood 
donors, the residual risk of human immuno-
deficiency virus (HIV) and hepatitis C virus trans-
mission is approximately 1 in 2 million blood 
units.178 The rate of transmission of cytomegalo-
virus and human T-lymphotrophic virus I  
and II is effectively reduced by the removal of 
white blood cells from the donor unit,179,180 a 

Table 7  Infectious risks of blood Transfusion

Infection Risk per unit transfused

HIV 1: 2–1:4 million
Hepatitis C 1: 2–1:3 million
Hepatitis B 1:30,000–1:500,000
Hepatitis A Extremely low risk
HTLV I/II 1:2 million; lower rate with 
  leukoreduction
Cytomegalovirus Up to 1–2% in high-risk 
  patients
Syphilis Extremely low risk
West Nile virus Risk unknown
Variant 2 cases reported in the 
 Creutzfeld-Jacob  United Kingdom
 disease

Adapted from Dodd RY et al, Kleinman S et al, and 
Chiavetta JA et al.233–235

HIV = human immunodeficiency virus; HTLV = human  
T-lymphotrophic virus.
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practice that has become routine in many centers. 
Screening of blood donors for West Nile virus by 
minipool (six sample) NAT testing was imple-
mented in the United States in June 2003, ever 
since transfusion-transmission of West Nile  
virus infection became recognized following the 
2002 US epidemic. Seven cases of transfusion 
transmitted West Nile virus disease have been 
reported in the United States since testing was 
implemented, prompting the implementation of 
more sensitive, single-donor NAT testing.181,182

Two cases of transfusion transmission of the 
prion protein associated with variant Creutzfeldt-
Jacob disease have been reported in the recent 
literature.183,184 Currently, no effective donor 
screening test is available; however, many blood 
collection agencies defer donors who resided in 
areas where bovine spongiform encephalopathy 
was prevalent.185

Bacterial Contamination

Bacteria are currently the greatest infectious dis-
ease risk of blood transfusion186 and the second 
most common cause of transfusion-related deaths 
reported to the US Food and Drug Administra-
tion (FDA) after transfusion-related acute lung 
injury.187 Platelet products are especially prone to 
bacterial contamination as they are stored for up 
to 5 days at room temperature, thus providing an 
ideal growth medium for bacteria. It is estimated 
that 1 in 1,000 to 1 in 3,000 platelet concentrates 
is contaminated with bacteria.188,189 The incidence 
is approximately fivefold higher for a typical 
transfusion of random donor platelets (trans-
fused as a pool of five whole blood–derived 
platelet concentrates).190 The prevalence of  
transfusion-associated sepsis is estimated to occur 
following one-sixth of contaminated transfu-
sions,191 and one study estimated a fatality rate  
of 1 in 500,000 platelet units transfused.192  
The organisms most commonly implicated in 
bacteria-contaminated platelets are Staphylo-
coccus aureus, coagulase-negative staphylococci, 
Corynebacterium, Propionibacterium, and Strepto-
coccus species. These organisms form part of the 
normal skin flora that can contaminate the blood 
unit at the time of donation.

Bacterial contamination of RBCs is much 
less common; however, RBC-associated sepsis  
is more often fatal.193 The most common organ-
isms implicated in septic RBC transfusion reac-
tions are Yersinia enterocolitica, Serratia, and 
Pseudomonas species. These gram-negative organ-
isms can cause endotoxic shock and are not  
inactivated during cold storage.

The clinical presentation of septic reactions 
to platelet transfusions varies from fever and chills 
to hypotension and shock. Generally, these reac-
tions occur shortly after the transfusion. A body 
tem perature elevation of at least 2°C is invariably 
present. RBC-associated sepsis tends to be more 
severe, with shock and DIC often occurring  

even before the transfusion is completed. Blood 
products are often overlooked as the source of 
sepsis, especially in patients with malignancy, 
who may acquire infections from multiple other 
sources. However, vigilance in recognizing and 
preventing septic transfusion reactions is espe-
cially important in cancer patients, who may be  
at increased risk of infection owing to underlying 
immunosuppression.

Treatment   In cases of new fever and/or 
hypotension associated with a blood transfusion, 
the transfusion should be immediately stopped, 
blood cultures should be drawn from the recipi-
ent and from all implicated blood components, 
and the transfusion medicine service should be 
notified so that co-components can be recalled if 
necessary. Hemolytic transfusion reactions should 
be excluded. Empiric therapy with antibiotics and 
hemodynamic support are often required even 
before an organism can be isolated.

To prevent septic reactions owing to bacte-
rial contamination, the American Association of 
Blood Banks implemented a new safety standard 
in March 2004 requiring blood banks to imple-
ment strategies to limit and detect bacterial  
contamination of all platelet products.194 Such 
strategies may include ensuring proper donor 
skin antisepsis and initial aliquot diversion from 
blood collections, bacterial detection of platelets 
by culture or indirect methods (ie, measurement 
of oxygen tension or pH), and the use of apheresis 
platelets instead of pooled random donor plate-
lets.190 Ensuring the appropriate use of blood 
products for all patients is another important 
principle that should be upheld.

Non-infectious Transfusion  
Complications
Noninfectious complications of blood transfu-
sion are common (Table 8). Discussed in the fol-
lowing section are the clinical emergencies: 
transfusion-related acute lung injury (TRALI), 
hemolytic transfusion reactions, anaphylactic 
transfusion reactions, and post-transfusion  

purpura (PTP); and the most common transfu-
sion reaction, febrile nonhemolytic transfusion 
reaction (FNHTR).

Transfusion-Related Acute Lung Injury

TRALI is a rare complication of blood transfusion 
characterized by the rapid development of acute 
lung injury occurring within 6 hours of the trans-
fusion. The clinical presentation is indistinguish-
able from adult respiratory distress syndrome, 
with hypoxemia, bilateral pulmonary infiltrates 
on chest radiograph, and preservation of cardiac 
function (noncardiogenic pulmonary edema). 
Other features include fever and hypotension that 
is generally refractory to fluid resuscitation, the 
need for intubation and mechanical ventilation, 
and, in most cases, a rapid recovery within 48  
to 96 hours.195 However, TRALI is fatal in approx-
imately 5 to 10% of cases and was the most 
common cause of transfusion-related deaths 
reported to the FDA from 2001 to 2003.187

Both immune and nonimmune mechanisms 
have been proposed in the pathophysiology of 
TRALI. Antileukocyte antibodies, usually with 
specificity for human leukocyte, granulocyte, or 
monocyte antigens, have been detected in patients 
with TRALI or in implicated donors.187,196,197 These 
antibodies are thought to react with recipient leu-
kocytes, causing leukosequestration and activa-
tion of monocytes and complement, endothelial 
damage, and a capillary leak syndrome in the 
lungs.197 Antileukocyte antibodies may also form 
immune complexes, causing neutrophil activa-
tion.198 Some authors report a low rate of anti-
body detection, suggesting that other, nonimmune 
mechanisms may be important in the pathophys-
iology of TRALI,199 such as the accumulation of 
neutrophil-priming lipids in stored blood prod-
ucts that cause neutrophil activation and lung 
injury.200,201 Patients with hematologic malignancy 
and cardiac disease seem to be at greatest risk of 
TRALI.199 It has been hypothesized that two events 
are required for TRALI to occur: the first is a pre-
disposing clinical condition such as surgery, 
trauma, or severe infection that results in activa-
tion of the pulmonary endothelium and the 
second is the transfusion of cytokines, biologi-
cally active lipids, or leukoagglutinating anti-
bodies that results in neutrophil activation and 
acute lung injury.202 

Treatment for TRALI is largerly supportive, 
and patients often require a brief period of  
inutbation and mechanical ventilation. Diuretics 
are generally ineffective, and the benefit of corti-
costeroids, prostaglandins, nonsteroidal anti-
inflammatory medications, and antibody-based 
therapies remains unproven.195,203

Hemolytic Transfusion Reactions

Acute hemolytic transfusion reaction (AHTR)  
is the accelerated destruction of donor and/or 

Table 8  Non-infectious risks of blood transfusion

Transfusion Reaction Risk per unit transfused

Transfusion-related 1:5,000–1:100,000
 acute lung injury
Acute hemolytic 1:20,000
Anaphylactic 1:1,500–1:23,000
Allergic 1:33–1:300
Delayed hemolytic 1:10,000
Febrile nonhemolytic 1:500 RBC transfusions
 1:14 platelet
   transfusions
Transfusion-associated 1:100
 circulatory overload

Adapted from Kleinman S et al.234

RBC = red blood cell.
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recipient RBCs immediately following or within 
24 hours of a transfusion.204 These reactions most 
often occur when preexisting antibodies in the 
recipient’s circulation react with RBC antigens  
on donor cells (ie, group A or red cells transfused 
to a group O recipient); however, AHTRs may 
also occur as a result of the passive transfer of 
hemolytic antibodies in plasma-containing blood 
products.205–208 Clerical errors (ie, inadvertently 
transfusing the wrong units of blood) accounted 
for 86% of fatal AHTRs reported to the FDA 
between 1976 and 1985.209 The consequence is 
intravascular hemolysis, and the clinical presen-
tation includes fever, pain, hemoglobinemia, and 
hemoglobinuria. In severe cases, hypotension, 
DIC, and acute renal failure ensue as a result of 
cytokine release,210–212 endothelial tissue factor 
overexpression,213 and the nephrotoxic effects of 
free hemoglobin.214,215

The severity of AHTR is directly related to 
the volume of incompatible blood transfused. 
Therefore, the transfusion must be stopped as 
soon as hemolysis is suspected. Vigorous fluid 
resuscitation and vasopressor agents are often 
required in cases of hemodynamic compromise. 
Exchange transfusion with antigen-negative 
blood should be considered in patients who 
respond poorly to supportive measures and  
who have been exposed to large volumes of 
incompatible blood.

Delayed hemolytic transfusion reaction 
occurs when the transfusion of RBCs induces an 
anamnestic antibody response and hemolysis of 
the transfused cells 2 days to 3 weeks following 
the transfusion. Patients generally have an alloan-
tibody to RBC antigens that is of sufficiently low 
titer to elude detection at pretransfusion testing; 
however, on secondary exposure to the offending 
antigen, the alloantibody titer rapidly rises and 
causes hemolysis. Extravascular hemolysis is  
the main feature of a delayed hemolytic transfu-
sion reaction, which is characterized clinically by 
an unexplained post-transfusion drop in hemato-
crit, a positive DAT with IgG or complement 
coating the cells, and laboratory evidence of 
hemolysis. Treatment is supportive and, if 
required, additional transfusions must be antigen 
negative.216

Anaphylactic Transfusion Reactions

Anaphylactic transfusion reactions are character-
ized by skin rash, respiratory compromise, upper 
airway obstruction, bronchospasm, cardiovas-
cular collapse, nausea, vomiting, and abdominal 
pain occurring rapidly within 1 to 45 minutes  
following the start of the transfusion. The absence  
of fever and the presence of cutaneous signs  
distinguished anaphylactic reactions from  
septic or severe hemolytic reactions. Less severe 
allergic reactions, generally manifested by  
cutaneous reactions only, are far more common, 

com plicating up to 2 to 3% of transfusions.217  
The mechanisms of anaphylactic transfusion 
reactions include IgE-mediated mast cell activa-
tion from allergens in the transfused product; the  
passive transfer of exogenous anaphylatoxins 
such as IgE, C3a, C5a, and histamine; and  
IgG antigen-antibody interactions resulting in 
endogenous anaphylatoxins. Preformed (IgG) 
anti-IgA antibodies causing anaphylactic trans-
fusion reactions was first described in 1968 by 
Vyas and colleagues.218 However, most anaphy-
lactic reactions are likely not due to anti-IgA219 
but to other mechanisms or perhaps other  
preformed IgG antibodies in the recipient (eg,  
antihaptoglobin antibodies).220

Anaphylaxis following blood transfusion is a 
medical emergency and should be managed in the 
same manner as anaphylaxis to other allergens. 
The offending agent must be removed immedi-
ately by stopping the transfusion, epinephrine 
should be administered subcutaneously or intra-
venously depending on the severity of the reac-
tion, and cardiovascular support must be initiated 
with fluids, inotropes, oxygen therapy, and endo-
tracheal intubation when necessary. Antihista-
mines may be given for the treatment of urticaria. 
For mild allergic reactions (itching and hives), 
administration of antihistamines alone may suf-
fice and the transfusion may be slowly restarted 
once the reaction abates. Washed RBCs and plate-
lets should be used for patients with repeated ana-
phylactic or anaphylactoid reactions who required 
additional transfusions and who do not have anti-
IgA antibodies. Patients with undetectable IgA 
levels in whom anti-IgA antibodies are detected 
following an anaphylactic transfusion reaction 
should receive subsequent transfusions from  
IgA-deficient donors only.221 

Post-Transfusion Purpura

PTP is characterized by the sudden onset of severe 
thrombocytopenia 5 to 10 days following blood 
transfusion in a patient sensitized by previous 
pregnancies or transfusions.222 Platelet counts 
usually fall below 10x109/L, and mucocutaneous 
bleeding, including wet purpura, epistaxis, and 
gastrointestinal or urinary tract hemorrhage, is 
common. In fact, PTP is associated with a 7% risk 
of death owing to intracranial hemorrhage.223,224 
Although other platelet antigens have been impli-
cated in this syndrome, most patients with PTP 
are homozygous for the human platelet antigen 
1b (HPA-1b, formerly PLA2) and have formed 
alloantibodies against HPA-1a in response to pre-
vious exposure. Blood transfusions containing 
platelet antigens, including whole blood, RBCs, 
platelets, and plasma transfusions, invoke a brisk 
antibody response, which destroys not only  
transfused antigen-positive platelets but also 
autologous antigen-negative platelets. The pro-
posed mechanisms for autologous platelet 
destruction include immune complex formation 

and platelet Fc receptor binding,225 platelet auto-
antibody formation in response to exogenous 
platelet antigen,226 and adsorption of soluble 
platelet antigen onto autologous platelets.227 
Platelets from patients with PTP should be  
phenotyped for common platelet antigens using 
serologic or deoxyribonucleic acid (DNA)-based 
assays.

PTP is a rare syndrome; only 3% of Cauca-
sians in North America do not express HPA-1a in 
their platelets, and less than one-third of them 
would be expected to mount the required immune 
response.228 In addition, patients invariably have a 
history of pregnancies or transfusions. With these 
figures, 8,000 to 9,000 cases of HPA-1a-negative 
PTP would be expected per year in the United 
States; however, approximately 300 cases have 
been reported in the literature.223

IVIG (0.5 g/kg on each of 2 consecutive days) 
is considered first-line therapy for PTP.229 Other 
therapies that have been used include high-dose 
corticosteroids and therapeutic plasma exchange. 
Platelet transfusions are generally ineffective; 
however, in patients with severe bleeding com-
plications, a trial of antigen-negative platelet 
transfusions should be attempted.230

Febrile Nonhemolytic Transfusion Reactions

FNHTRs are characterized by a rise in tempera-
ture of at least 1°C that cannot be explained by the 
patient’s clinical condition, often accompanied 
by chills, rigors, and a feeling of discomfort. The 
frequency of FNHTR following RBC transfusion 
ranges from 1 to 12% and following platelet trans-
fusion from 11.4 to 37.5%.231 Product storage 
time, leukocyte content, and cytokines present in 
the transfusion have been associated with FNHTR; 
thus, leukocyte depletion of platelets, especially 
prior to storage, use of fresh platelets, and plasma 
removal of platelets are effective methods of  
preventing FNHTRs.232

FNHTR should be managed according to  
the severity of the reaction; mild reactions  
can usually be managed with antipyretics and  
a brief interruption of the transfusion; for mod-
erate and severe reactions that include hypo-
tension and dyspnea, the transfusion should be 
stopped and hemolytic or septic reactions should 
be excluded.232
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Neoplastic diseases often present with manifesta-
tions in the musculoskeletal system or as mimics 
of systemic rheumatic diseases. Recognition of 
these paraneoplastic syndromes and their associ-
ated malignancies can lead to earlier cancer  
diagnosis and treatment. Often treatment of the 
cancer causes resolution or, at least, stabilization 
of the rheumatologic disease. At times, however, 
the paraneoplastic disease can be as morbid as  
the underlying cancer and require treatment in 
addition to primary oncologic care. This chapter 
reviews the most common paraneoplastic  
rheumatic syndromes and suggestions for their 
diagnosis and treatment. 

Hypertrophic Osteoarthropathy

Hypertrophic osteoarthropathy (HO), also 
known as Marie-Bamberger syndrome, is charac-
terized by chronic proliferative periostitis of the 
long bones, clubbing of the fingers and toes, and 
oligoarticular or polyarticular synovitis.1 It may 
be primary or secondary. Primary hypertrophic 
osteoarthropathy, or pachydermoperiostosis, is 
usually hereditary, but idiopathic cases have been 
reported. Secondary causes include malignancy, 
infectious diseases, especially of the lung, chronic 
liver disease, inflammatory bowel disease, hyper-
thyroidism, and cyanotic or congenital heart  
disease. When HO begins acutely and other causes 
are not apparent, it almost always indicates an 
underlying malignancy, usually bronchogenic 
carcinoma. It also may be seen in a multitude  
of other malignancies, including carcinoma of  
the esophagus, colon, liver, and intrathoracic 
lymphomas.2–5 More recently, it has been reported 
in liver rhabdomyosarcoma and nasopharyngeal 
carcinoma.6,7

Clinical Manifestations
Early recognition of HO, especially of rapid onset, 
should prompt an evaluation for an underlying 

cancer. HO may precede the symptoms of a 
malignant diagnosis by as many as 18 months or 
follow the diagnosis of malignancy by months to 
years.1,3

Clubbing is characterized by1,8

1. Softening of the nail bed
2. A loss of the normal 15° angle between the 

nail and the soft tissue
3. Increased convexity of the nail
4. A shiny appearance of the nail and adjacent 

skin
5. Local warmth and swelling.

It is usually asymptomatic but may present 
with dysesthesias and stiffness of the fingers 
(Figure 1).

Periostitis is inflammation of the fibrous 
membrane that covers the bones. It may be 
asymptomatic or may lead to a burning, deep-
seated pain, usually located in the distal extremi-
ties. The pain is exacerbated when the limb is  
in a dependent position and is alleviated by  
elevation.

Arthritis, with pain, stiffness, and swelling, 
may involve both the large and small joints; typi-
cally, it affects the metacarpophalangeal, wrist, 
elbow, and knee joints. On physical examination, 
there may be joint effusions, decreased range of 
motion, and tenderness of both joints and inter-
vening bony structures. Arthrocentesis typically 
reveals a noninflammatory fluid, with a synovial 
white blood cell count usually less than total WBC 
1,000 count/min.9 

Pathophysiology
Clubbing is the result of edema and accumulation 
of collagen deposition in the nail bed. The etiol-
ogy of this process is unclear, but it is hypothe-
sized that a growth factor from the tumor enters 
the systemic circulation and induces endothelial 
cell activation with vascular and periosteal hyper-
plasia.9 Patients with lung cancer have elevated 
levels of vascular endothelial growth factor, which 
may play a role in the pathogenesis of HO.10

Investigations
There are no definitive laboratory studies of the 
blood that diagnose HO. Inflammatory parame-
ters such as a sedimentation rate and C-reactive 
protein may be elevated but more likely reflect the 
underlying malignancy. Plain radiographs of the 
involved bones usually reveal the diagnosis. The 
most consistent finding is periosteal thickening 
(Figures 2 and 3) and, at times, seeming detach-
ment along the shafts of the long bones.11 Mild 
periostosis typically involves only a few bones 
(usually the tibia and fibula), but severe periosto-
sis may involve all tubular bones. Acro-osteolysis 
(extensive bone remodeling) may be present  
in long-standing clubbing. Bone scans also are 
useful, especially in early disease. Tracer is 
observed in a pericortical line adjacent to the long 
bones and occasionally at the digits (referred to as 
a “string of lights”).12 Once the diagnosis is estab-
lished, evaluation for age-appropriate malignancy 

Figure 1  Acute clubbing and polyarthritis in a patient 
subsequently found to have bronchogenic carcinoma 
(courtesy of the American College of Rheumatology).
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weakness. Legs and then arms are most com-
monly affected, but if the disease is not treated 
early, pharyngeal muscles may become involved, 
resulting in dysphagia, aspiration into the lungs, 
and dysphonia. Eventually, distal, truncal, and 
extraocular muscles become weak. Dermatomyo-
sitis includes cutaneous features such as a helio-
trope rash, a violaceous rash that characteristically 
occurs over the eyelids (Figure 4). Other cutane-
ous features include erythema over the neck  
and shoulders (the shawl sign), erythema over the 
anterior neck and chest (the V sign) (Figure 5), 
and periungual telangiectasias. Gottron’s papules 
are violaceous or pink plaques located over  
the interphalangeal joints, elbows, or knees that 
are diagnostic for dermatomyositis (Figure  6).  
There may be an associated inflammatory arthri-
tis that typically affects the knees, elbows, wrists, 
ankles, metacarpophalangeal (MCPs), and proxi-
mal interphalangeal (PIP) joints, and, occasion-
ally, symptoms of Raynaud’s phenomenon are 
reported.

A multitude of malignancies have been 
described in association with dermatomyositis 
and polymyositis. Most commonly, these are car-
cinomas, which are age and gender appropriate  
to the patient. Virtually all types of tumors have 

should begin, with the lung the focus of the initial 
evaluation, especially in patients who have 
smoked tobacco or been occupationally exposed 
to inhaled carcinogens.

Treatment
Treatment of the underlying malignancy usually 
results in improvement in symptoms of periosto-
sis. If the malignancy is surgically resectable, 
improvement may occur rapidly over the course 
of hours to days.13 Interim treatment involves 
nonsteroidal anti-inflammatory drugs (NSAIDs) 
and other analgesics, or, if needed, low-dose cor-
ticosteroids may be helpful in controlling pain.13 
For those cases that are refractory to treatment, 
thoracic vagotomy should be considered.

Carcinoma Polyarthritis

Polyarthritis may be the initial complaint in  
a patient with an underlying malignancy.  
Car cinomatous polyarthritis is well described  
in both solid tumors and hematologic mali-
gnancies.11 However, 80% of cases in women  
are reported to be associated with breast  
carcinoma.14

Clinical Manifestations
The clinical presentation is most commonly  
confused with rheumatoid arthritis, although 

adult-onset Still’s disease is a diagnostic consider-
ation when a patient presents with fever.15 There 
are clinical features that suggest carcinoma poly-
arthritis rather than rheumatoid arthritis or Still’s 
disease. These include16

1. A close temporal relationship (10 months) 
between the onset of arthritis and malig-
nancy

2. Late age at onset of inflammatory arthritis
3. Asymmetric joint involvement
4. Explosive onset
5. Lower extremity involvement with sparing of 

the wrists and small joints of the hands
6. Absence of rheumatoid nodules
7. Absence of rheumatoid factor
8. Absence of family history of rheumatic  

disease
9. Nonspecific biopsy findings of the synovial 

lining

Pathophysiology
The pathophysiology of carcinoma polyarthritis 
is poorly understood. Many theories have been 
proposed, including antigenic cross-reactivity 
between the synovium and the tumor, abnormal-
ities in cell-mediated immunity, and circulating 
immune complex deposition.11 A study on syno-
vial fluid from a patient with carcinoma polyar-
thritis failed to reveal any evidence of immune 
complex deposition, thus calling into question 
this last theory.17 Most recently, Schultz and  
colleagues suggested that tumor-specific T  
lymphocytes might induce chronic synovitis by 
cross-reacting with synovial tissue components.18

Investigations
Serologic studies in patients with carcinoma poly-
arthritis are generally unrevealing, although some 
patients are reported to have positive antinuclear 
antibodies (ANAs) and rheumatoid factor.11,19 
The sedimentation rate and C-reactive protein 
also may be elevated. Synovial fluid analyses 
depict a mildly inflammatory pattern, although 
studies on synovial fluid are few.11,20,21 No specific 
radiographic findings have been reported.

Treatment
The most convincing evidence that carcinoma 
polyarthritis is a paraneoplastic syndrome is  
the resolution of symptoms following successful 
treatment of the malignancy.11,14 Recurrence of 
arthritis may indicate a relapse of the primary 
malignancy.11,14 Patients also may respond to 
NSAIDS and intra-articular corticosteroids.20

Dermatomyositis and Polymyositis

Clinical Features
Dermatomyositis and polymyositis are inflam-
matory muscle disorders characterized clinically 
by progressive, symmetric, proximal muscle 

Figure 2  Typical periostial thickening and separa
tion along the femur in a patient with HO (courtesy of 
the American College of Rheumatology).

Figure 5  Typical “V” sign in a patient with dermato
myositis.  Note also lilac discoloration of face, hands 
and arms.

Figure 3  Typical periostial thickening and separa
tion along the phalanges and metatarsal bones in a 
patient with HO.

Figure 4  Typical heliotrope or lilac discoloration 
around the eyes of a patient with dermatomyositis.
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been reported. There is much controversy in the 
literature regarding the incidence of associated 
malignancy. This stems, at least in part, from the 
various inclusion and diagnostic criteria applied 
in previous studies. However, since 1975, most 
studies have used the Bohan and Peter diagnostic 
criteria.11,22 A recent review from Mastaglia and 
Phillips suggested that the frequency of mali-
gnancy varies from 4 to 42%.23 The association 
between dermatomyositis and malignancy is 
stronger than for polymyositis.23 The incidence of 
malignancy increases with age 24 and decreases  
as the duration of the disease course increases.25 
The diagnosis of malignancy may occur prior to, 
concurrent with, or subsequent to the diagnosis 
of an inflammatory myopathy.23 

Pathogenesis
The pathogenesis of malignancy-associated  
myositis, like that of other inflammatory myopa-
thies, is not entirely understood, but various 
mechanisms have been proposed. These include 
environmental triggers, immune complex forma-
tion between tumor antigens and muscle and  
skin antigens, and a tumor myotoxin-inducing  
inflammation in muscle and skin.20

Investigations
An elevated creatinine kinase, adolase, or trans-
aminase level supports the diagnosis of an inflam-
matory myopathy, but these laboratory results 
are not elevated in all cases. Muscle biopsies  
show different and characteristic histopathologic 
changes for both dermatomyositis and polymyo-
sitis, but neither provides clues to the presence  
of the underlying malignancy. There are no myo-
sitis-specific autoantibodies, such as anti-Jo1 or 
Mi2, that suggest a malignancy-associated myosi-
tis. In fact, the presence of any of these autoanti-
bodies makes malignancy less likely. A positive  
or negative ANA is not at all discriminating.  
The search for a malignancy should be guided by 
a thorough history and physical examination. 

Baseline laboratory studies should include a com-
plete blood count, chemistries, liver function 
tests, urinalysis, stool examination for occult 
blood, and serum protein electrophoresis.20 Imag-
ing studies should include a chest radiograph  
and mammograms, but further studies should be 
pursued based on the findings in the clinical eval-
uation.20 The highest risk of malignancy occurs 
within the first 3 years,23 but screening for malig-
nancy every 2 to 3 years is recommended by some 
authors.20

Treatment
Myositis associated with malignancy may or may 
not respond to standard treatment with moder-
ate- to high-dose corticosteroids. Patients who 
are resistant to standard treatment should raise 
the clinician’s suspicion for malignancy.11 Treat-
ment of the primary malignancy will occasion-
ally, but not always, improve symptoms.11,20 

Vasculitis

Vasculitis is characterized by inflammation of 
blood vessels, which subsequently results in a 
variety of clinical presentations in many different 
organ systems. Paraneoplastic vasculitis may 
involve small- or medium-sized vessels and is 
chiefly associated with lymphoproliferative disor-
ders, myelodysplastic syndromes, and, occasion-
ally, solid tumors.11,20,26 It most commonly 
presents as a leukocytoclastic vasculitis (small 
vessel) appearing clinically as palpable purpura 
but may also present as a medium vessel vasculitis 
mimicking polyarteritis nodosa, which has a  
well-known association with hairy cell leukemia. 
Vasculitis may precede the diagnosis of the under-
lying malignancy, present after the diagnosis, or 
occur during tumor recurrence or escape from 
treatment.26

Clinical Manifestations 
Paraneoplastic vasculitis has various clinical  
presentations, but it most commonly presents as 
palpable purpura with or without arthritis.27 
Other cutaneous forms of small vessel vasculitis 
include urticaria or maculopapular eruptions.20 
Vasculitis of the intestine26 and nerve and  
muscles28 has been reported but is much less  
frequent.

Hairy cell leukemia deserves special note and 
has been associated with vasculitis in multiple 
reports. Hughes and colleagues first noted the 
association between hairy cell leukemia and poly-
arteritis nodosa in 1976.29 There are three general 
classifications30: 

1. Leukocytoclastic vasculitis
2. Polyarteritis nodosa–like disease
3. Direct invasion of the vessel wall by hairy 

cells

Polyarteritis nodosa generally occurs after 
the diagnosis of hairy cell leukemia and splenec-
tomy and was frequently preceded by infection.30 
Clinical characteristics are variable and may 
include arthritis, fever, cutaneous vasculitis, digi-
tal infarctions, an acute abdomen, mononeuritis 
multiplex, and/or coronary arteritis.20

Pathogenesis
Various mechanisms have been proposed in  
paraneoplastic vasculitis, including

1. Immune complexes of tumor with associated 
antigen and antibodies, which may explain 
most leukocytoclastic vasculitides26,31

2. Antibodies directed toward the endothelial 
cell wall that cross-react with antigens on 
leukemic cells 

3. Leukemic cells that directly affect the  
vascular wall26,32,33

Treatment
Corticosteroids, cyclophosphamide, and treatment 
of the underlying malignancy may result in improve-
ment in or resolution of the vasculitis. Corticoste-
roid treatment alone is associated with frequent 
relapses, and the addition of cyclophosphamide is 
usually necessary, especially in patients with a poly-
arteritis-like picture. Prognosis is dependent on the 
stage and primary malignancy. 

Palmar Fasciitis and Polyarthritis 
Syndrome
Medsger and colleagues first described the palmar 
fasciitis and polyarthritis syndrome in 1982.34  
The initial case reports included six patients  
with ovarian cancer. Since that time, a multitude 
of other malignancies have been reported. The  
list includes but is not limited to breast,35 lung,  
pancreatic,36 stomach,37 prostate,38 uterine,39 and 
endometrial40 cancers. Although palmar fasciitis 
and polyarthritis syndrome usually indicates an 
underlying malignancy, the same syndrome may 
occur in patients on long-term therapy with  
barbiturates41 or antituberculous drugs.42

Clinical Features
Palmar fasciitis and polyarthritis syndrome is 
marked by dramatic nodular thickening of the 
palmar and, at times, plantar fascia (Figure  7). It 
may extend from the flexor retinaculum to the 
flexor tendons of the hand, resulting in contrac-
tures of fingers owing to palmar fasciitis and “claw 
hands” (Figure 8).36 In many ways, it resembles  
an accelerated and more extensive form of Dupy-
tren’s contracture. Paresthesias of the second and 
third fingers may lead to a diagnosis of carpal 
tunnel syndrome and may be relieved by carpal 
tunnel release procedures. The shoulder is com-
monly affected by an adhesive capsulitis (frozen 
shoulder), leading to diagnostic confusion with 

Figure 6  Typical Gottron’s papules with hypopig
mentation over the knuckles and hyperpigmentation 
around the nailbeds in a patient with dermatomyo
sitis.



Rheumatologic Paraneoplastic Syndromes 553

hand-shoulder syndrome. Hand-shoulder syn-
drome is a variant of reflex sympathetic dystro-
phy that is characterized by pain, swelling, and 
vasomotor changes of the skin over the hand and 
shoulder. Distinguishing features of palmar fasci-
itis and polyarthritis syndrome include a more 
aggressive disease course, bilateral involvement, 
and a more inflammatory arthritis.36 In addition, 
patients commonly complain of morning stiff-
ness and may develop lower extremity involve-
ment and plantar fasciitis. Symptoms may present 
1 to 23 months prior to the diagnosis of a malig-
nancy, and, frequently, patients are misdiagnosed 
as having scleroderma.34,36

Investigations
The diagnosis of palmar fasciitis is based on  
the typical clinical findings; however, biopsies of  
the fascia will show marked fibrosis with “whorls” 
of fibroblasts and connective tissue separated  
by fibrous septae.36 Immunofluorescence studies 
have shown immune deposits, suggesting an 
immunologic pathogenesis.43–45 Plain hand radio-
graphs may show flexion contractures of the  
fingers and demineralization but are usually 

unremarkable.36,40 Bone scans have revealed 
increased uptake of tracer in the involved 
joints.40 

Treatment
Treatment of palmar fasciitis is directed toward 
identification and treatment of the primary 
malignancy, which may be quite small. In women, 
attention should be especially directed toward the 
ovaries. Responses to treatment of the underlying 
cancer are variable, with some patients improving 
and others progressing. This may be due to the 
late stage of presentation in some cases; patients 
presenting with extensive metastatic disease usu-
ally have an overall poor prognosis.45 Treatment 
with corticosteroids and anti-inflammatory med-
ications has resulted in variable clinical responses, 
with appreciable improvement in some patients 
but not in others.

Panniculitis

Panniculitis is characterized by subcutaneous fat 
necrosis associated with pancreatitis or pancre-
atic cancer. Lesions resembling erythema nodo-
sum usually appear over the distal extremities. 
When they occur in joints or bones, synovitis 
results from the periarticular fat necrosis.11 The 
lesions are generally small and erythematous and 
range between 1 and 2 cm. Nodules may ulcerate 
and secrete an oily substance.46 In addition to  
the skin and joints, fat necrosis may involve the 
omentum and peritoneum.47 A massive release of 
pancreatic enzymes, including lipase, amylase, 
and trypsin, results in focal areas of fat necrosis.

Further investigation should be pursued in 
patients presenting with an unexplained mono- 
or polyarthritis with subcutaneous nodules.  
Studies should include a complete blood count; 
serum levels of lipase, amylase, and trypsin48; and 
a biopsy of the nodule. Eosinophilia is more  
commonly associated with pancreatic cancer than 
pancreatitis.11 If the lipase, amylase, or trypsin 
level is elevated, the pancreas should be further 
evaluated with an imaging study. Biopsies of  
nodules reveal steatonecrosis and “ghost-like 
cells.” These cells have thick cell walls and no 
nucleus and are pathognomonic for this condi-
tion.11,49 Areas of necrosis are surrounded by 
inflammatory cells, including neutrophils, lym-
phocytes, histiocytes, foamy cells, and foreign 
body giant cells. Basophilic calcium granules are 
also found in the area of necrosis. 

Treatment of panniculitis should be directed 
at the underlying malignancy.50 Octreotide has 
been used with variable results; however, some 
case reports have shown that the lesions did not 
progress and new lesions did not develop.51 Treat-
ment with corticosteroids and anti-inflammatory 
drugs is generally ineffective.11 Although sub-
cutaneous fat necrosis tends to occur late in the 

disease course of a pancreatic malignancy, its 
early recognition may prevent long delays in  
diagnosis and treatment.

erythema Nodosum

Erythema nodosum is characterized by sub-
cutaneous, firm, red, and tender nodules that may 
occur anywhere on the body but are most com-
monly located on the extensor surfaces of the 
lower extremities (Figure 9). A painful periarthri-
tis and soft tissue swelling that occurs around the 
ankles and lower legs may be an accompanying 
feature. Erythema nodosum is often associated 
with fever, arthralgias, myalgias, abdominal pain, 
and headaches. Most cases of erythema nodosum 
usually remit spontaneously after 2 to 3 weeks,52 
but in cases associated with malignancy, the nod-
ules may last longer than 6 months.43 The female 
to male ratio is approximately 3 to 6:1.52 Erythema 
nodosum has been associated with a number of 
malignancies but most commonly Hodgkin’s and 
non-Hodgkin’s lymphoma and leukemia.20 Taylor 
described the first case of erythema nodosum 
associated with Hodgkin’s lymphoma in 1906.53

Symptoms may precede the diagnosis of 
malignancy by up to 24 months or may occur 
after the diagnosis or with a recurrence.52 The 
pathogenesis is not understood but may result 
from immune complex deposition in the vessels 
in the dermis and subcutaneous fat.54 Biopsies of 
skin lesions show septal panniculitis that is ini-
tially characterized by a neutrophilic infiltrate  
but will eventually progress to lymphocytic and 
histiocytic infiltration.55,56 As the lesion matures,  
a granulomatous lesion develops and there is 
fibrosis of the septal tissue.56

The more common causes of erythema  
nodosum include infections (streptococcal, 
mycobacterial, and fungal), medications, and 
granulomatous diseases, such as sarcoidosis and 
Crohn’s disease. Malignancy should be consid-
ered when unexplained lesions last longer than  
6 months and respond poorly to conventional 
treatments.43,52 Erythema nodosum may respond 
to NSAIDs or low doses of corticosteroids, but 

Figure 7  Thickening of the palmar fascia with  
tethering of overlying skin.

Figure 8  Flexure contractures of the fingers  
resulting in a claw hand.

Figure 9  Raised tender nodules on the shin, typical 
of erythema nodosum.
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treatment of the underlying malignancy usually 
leads to resolution of the lesions without  
recurrence.

raynaud’s Phenomenon and Digital 
ischemia

Clinical Manifestations 
Raynaud’s phenomenon is characterized by inter-
mittent vasospasm, resulting in pallor, cyanosis, 
and hyperemia of any body part but most com-
monly the fingers. It is associated with numbness 
or pain of the fingertips and is precipitated  
by cold or, less commonly, emotional upsets. It  
may progress to digital ischemia and ulcers 
(Figure 10).

The association of digital ischemia and  
malignancy was first reported in 1884.57 Reports 
of malignancy and Raynaud’s phenomenon were 
noted in the early 1900s. It has been reported  
with solid tumors, including breast, stomach, 
pancreatic, small bowel, kidney, lung, and ovar-
ian cancer, as well as with lymphoma, leukemia, 
and myeloma.20,58–61 It may precede the diagnosis 
of malignancy by several years.61 Features that 
suggest an underlying malignancy include20,43,58

1. An older age at onset (over 50 years)
2. An asymmetric presentation (found in 30% 

of cases)
3. An acute presentation as opposed to a more 

common insidious one 
4. A rapid progression to digital ulcers and gan-

grene.

Pathogenesis
The pathogenesis is unknown but may be related 
to circulating immune complexes, paraproteins, 
cryoglobulins, cryofibrinogens, cold agglutinins, 
and/or cytokines.20,58 Inflammatory parameters, 
such as a sedimentation rate or C-reactive pro-
tein, may be elevated but are more likely to be 
related to the underlying malignancy.

Prognosis and Treatment
Paraneoplastic Raynaud’s syndrome will progress 
to digital gangrene in 80% of cases. It was pre-
viously associated with a dismal prognosis, but 
treatment of the primary malignancy has led to 
resolution of symptoms in some cases.43

erythromelalgia

Erythromelalgia is a rare disorder that is charac-
terized by redness, warmth, and pain in the skin 
of any body part but is most commonly described 
in the extremities. It was originally described  
by Mitchell in the 1870s, using the Greek words 
erythros (red), melos (extremities), and algos 
(pain).62 It is generally classified into primary 
erythromelalgia (an idiopathic form) or second-
ary erythromelalgia, which is associated with  
an underlying disease process. In one study, 41% 
of patients were diagnosed with secondary  
erythromelalgia and 20% of these patients had a 
myeloproliferative disorder.63 The majority of 
these patients have polycythemia vera (59%) or  
essential thrombocythemia (38%).63 Secondary 
erythromelalgia has also been reported in agno-
genic myeloid metaplasia, chronic myelogenous  
leukemia, and colon cancer.64,65

Clinical Manifestations
The median age at onset of myeloproliferation-
associated erythromelalgia is 59 years, and it is 
rarely reported under the age of 30 years.64  
Of note, primary erythromelalgia occurs most  
commonly in patients younger than 30 years.  
A 3:2 male to female ratio has been reported  
in myeloproliferation-associated erythromelalgia; 
however, this ratio has not been observed in 
patients with primary forms.64

Patients describe a pruritic or prickling  
sensation that eventually progresses to a burning 
or throbbing pain. Episodes may last minutes  
to days. During an episode, there is redness and 
warmth of the involved area. Limb dependency, 
exercise, and warm temperatures are common 
triggers. The patient often describes immersing 
the hands and feet in ice water to obtain relief. 
The physical examination is unremarkable when 
the patient is not having an episode, and this 
commonly leads to a delay in diagnosis. During 
an episode, there is erythema and increased tem-
perature of the skin. The patient may have normal 
or bounding peripheral pulses. Local congestion 
may develop, leading to acrocyanosis and, rarely, 
gangrene, requiring amputation. Episodes may 
result in ischemic ulcers that can become second-
arily infected. A few cases of concomitant and 
alternating episodes of Raynaud’s phenomenon 
have been recorded.

Up to 85% of patients have reported symp-
toms before the diagnosis of a myeloproliferative 
disorder was established.64 The average time 

between onset of symptoms and diagnosis of  
a myeloproliferative disorder is 2.5 years, but 
symptoms may precede the diagnosis by as many 
as 16 years.64,66

Pathophysiology
The pathophysiology in erythromelalgia associ-
ated with myeloproliferative disorders, although 
not entirely understood, appears to be related to 
platelet hyperaggregability and arteriolar fibro-
sis.66,67 Skin biopsies show arteriolar inflamma-
tion, fibromuscular intima proliferation, and 
thrombotic occlusion.66 Symptoms often improve 
with treatment with low-dose aspirin or other 
NSAIDS, suggesting an important role for  
cyclooxygenase and prostaglandins.66

Investigations
Laboratory studies may be useful in identifying a 
myeloproliferative disorder. All patients should 
be evaluated with routine complete blood counts. 
Elevations in hemoglobin, leukocytes or subsets 
thereof, and platelets should be further evaluated 
with bone marrow biopsies.

No specific findings are present on plain 
radiographs of hands or feet, but bone scans  
may be useful in excluding other differential  
diagnoses, such as reflex sympathetic dystrophy.  
Thermography is rarely necessary but typically 
shows temperatures between 31°C and 36°C, and 
differences up to 9°C have been observed.64

Skin biopsies will often show arteriolar 
lesions with swollen endothelial cells, intimal 
proliferation, and thrombosis, with sparing of the 
venules, capillaries, and nerves.66 

Treatment
Local measures, such as elevating or cooling  
the involved extremity, may be helpful. Aspirin, 
in a single dose of 650  mg, will often relieve symp-
toms within hours and last for up to 4 days.  
Indomethacin and other NSAIDS are also helpful 
but do not provide long-lasting relief. Sodium-
salicylate, dipyridamole, sulfinpyrazone, ticlopi-
dine, and dazoxiben have no significant effect  
on symptoms.66 

Treatment of the underlying disease leads to 
variable responses. Phlebotomy in polycythemia 
vera and normalization of platelet counts in 
patients with thrombocytosis have led to improve-
ment in symptoms in many but not all patients.

Lupus-Like Syndrome

A lupus-like syndrome has been associated with a 
variety of malignancies, including breast carci-
noma, hairy cell leukemia, and Hodgkin’s and 
non-Hodgkin’s lymphoma.20,68–70 The syndrome 
resembles systemic lupus erythematosus and is Figure 10  Typical findings of dry gangrene.
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classically described as a nondeforming polyar-
thritis, pleuritis, or pnemonitis with a positive 
ANA.11,69 The ANA is positive in 70% of cases  
and anti–double-stranded deoxyribonucleic acid 
(DNA) positive in 50% of cases.71 Although a 
majority of patients will have positive antinuclear 
antibodies (ANAs), they tend to lack specific  
antibodies to Smith (Sm), ribonuclear protein 
(RNP), SS-A (Ro), and SS-B (La).68 The differen-
tial diagnosis includes metastases or radiation-
induced injury, but the diagnosis of a lupus- 
like syndrome should be considered in a patient 
with these systemic symptoms because they are 
responsive to treatment with corticosteroids.11,20

Multicentric reticulohistiocytosis

Multicentric reticulohistiocytosis (MRH) is a  
systemic disease characterized by an insidious 
onset of papules or nodules in the skin, mucosa, 
subcutaneous tissue, synovium, periosteum, and 
bones that may result in a destructive arthritis 
(Figure 11).72 The cause of MRH is unknown but 
is likely related to the proliferation of histiocytes 
in the nodules. The histiocytes are considered 
reactive and not malignant cells.73 Approximately 
one-third of patients have an underlying  
malignancy, which is detected after the diagnosis 
of MRH in 73% of reported cases.72 It has been 
associated with a multitude of malignancies; how-
ever, there is no association with a predominant 
type of cancer.73

Clinical Manifestations
The mean age at onset of MRH is 50 years, and it 
is associated with a slight female to male prepon-
derance (1.85:1).72,74 Eighty-eight percent of cases 
are reported in Caucasians, which may reflect 
more reports from developed countries.74 

The skin lesions are described as reddish 
brown, pink, or gray papules or nodules that 
range from a few millimeters to 2 cm in circum-
ference. They typically affect the hands, followed 
by the face, arms, trunk, legs, ears, mucosa, and 

neck.74 They may be clustered around the nail, 
forming a “string of coral beads,” which is a 
pathognomonic sign for MRH. Other typical 
findings may be palpebral xanthelasmas, found in 
17% of cases, and vermicular lesions bordering 
the nostrils in 15% of cases.74

The arthritis is typically symmetric and com-
monly affects the hands and interphalangeal 
(especially distal) joints (75% cases). However, 
MRH also may affect the wrists (46%), shoulders 
(36%), elbows (31%), ankles and hips (9%), feet 
(6%), and neck and spine (2%).72,74 It is an erosive 
arthritis that may progress to arthritis mutilans in 
as many as 45% of cases.72 The clinical course is 
typically relapsing and remitting, and, eventually, 
most cases will remit spontaneously after 7 to  
8 years.73

Investigations
Although there is no specific serum laboratory 
test that is diagnostic for MRH, some patients 
may have an elevated sedimentation rate or 
anemia.72 The skin biopsy contains histiocytic 
multinucleated giant cells with an eosinophilic, 
finely granulated, ground-glass cytoplasm.72 
These cells are considered the structural hallmark 
for MRH. Radiographs of the affected joints  
reveal periarticular “punched-out” erosions and  
reabsorption of the juxta-articular zone.74

Treatment
There is no therapy that consistently improves 
MRH. It usually does not follow the same clinical 
course as the underlying malignancy; however, 
there have been case reports of regression with 
successful treatment of the cancer.75 The patient 
may be treated symptomatically with NSAIDS 
and corticosteroids. There have been case reports 
of successful treatment of MRH with cyclophos-
phamide76–79 and methotrexate.80,81 Treatment 
regimens with other alkylating agents also have 
occasionally shown good results,74,82,83 and, more 
recently, there have been promising case reports 
with tumor necrosis factor inhibitors, such as 
etanercept.84,85
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malignancies. A brief discussion of the most 
common diseases and their associations follows.

Rheumatoid Arthritis 
The association between (RA) and lymphoprolif-
erative disorders is suggested from epidemiologic 
data derived primarily from two population-
based studies from Sweden6 and Finland7 that 
found an approximately twofold overall increased 
risk of lymphomas in the RA population. Consis-
tent with these data, in a recent prospective US 
study, the overall standardized incidence ratio 
(SIR) for development of lymphoma was reported 
to be 1.9, which was increased further with the  

use of antirheumatic drugs,8 as is discussed later. 
A nested-control study based on the Swedish  
data found that rheumatoid disease activity is an 
independent risk factor conferring up to a 25-fold 
increase in lymphoma risk in severe arthritis  
with a high inflammatory state.9,10 Most of the 
lymphomas appear to be of the non-Hodgkin’s 
disease type, particularly the diffuse large B-cell 
form.11 

Sjögren’s Syndrome 
Many studies have reported an increased inci-
dence of lymphomas ranging from 2 to 9% in 
patients with primary Sjögren’s Syndrome  
(SS),12–14 exceeding the frequency of lymphoma in 
the general population by up to 44-fold.13 There 
is, however, a long latency period between the 
onset of SS, which is often subtle, and the diagno-
sis of lymphoma ranging from 1.5 to 12 years.15 
There also is an increased incidence of malignant 
lymphoma with time (2.6% at 5 years compared 
with 3.9% at 10 years in one study).16 Similar  
to RA, most of the lymphomas are of the non-
Hodgkin’s B-cell type,12 and some are of the 
MALT (mucosa-associated lymphoid tissue) 
type.17 Hypers timulation of B cells, an inherent 
characteristic of SS that has been termed pseudo-
lymphoma, appears to be the main pathogenic 
mechanism that precedes and predisposes patients 
to the malignant transformation, in conjunction 
with other suggested mechanisms still under 
investigation.18 In patients with primary SS, one 
in five deaths is attributable to lymphoma.16

Dermatomyositis/Polymyositis 
The association between Dermatomyositis (DM) 
and malignancy has long been noted and found to 
be stronger than polymyositis (PM). An Austra-
lian population-based study estimated the SIR for 
cancer in DM at 6.2 and in PM at 2.0.19 The inci-
dence was found to be highest within 2 years of 
the diagnosis of myositis and to fall significantly 
after that.19,20 Solid tumors, such as breast, ovar-
ian, lung, pancreatic, gastric, and colorectal can-
cers, as well as lymphoproliferative malignancies, 
are overrepresented in the myositis population.21

As discussed in the preceding chapter, certain 
rheumatologic disorders typically or frequently 
present as paraneoplastic syndromes, thus alert-
ing the physician to a high likelihood of an under-
lying malignancy. As is presented in this chapter, 
there are a number of rheumatic and autoim-
mune diseases that themselves predispose patients 
to neoplasia, often after many years. Moreover, 
certain antirheumatic therapeutic agents may 
augment the risk of these same cancers or predis-
pose patients de novo to others. Similarly, a 
number of oncologic therapies may induce true 
rheumatic or autoimmune syndromes, or mimics 
of them. The implications of these interrelation-
ships are highly clinically significant in both diag-
nosis and management and require recognition 
by both primary care physicians and specialists 
alike. Moreover, they even carry over into the care 
of patients who happen to suffer from both cancer 
and a rheumatic disease.1–3

Rheumatic and Autoimmune  
Diseases Predisposing Individuals 
to Cancer

Associations between rheumatic autoimmune 
diseases and cancer are increasingly being recog-
nized,4,5 although the pathogenetic mechanisms 
underling these predispositions are not well 
understood. It is difficult to demonstrate a causal 
nature of such relationships owing to the rarity of 
the co-occurrence of these conditions and the dif-
ficulties associated with designing large studies 
that would answer such questions with certainty. 

It has been shown that certain rheumatic or 
autoimmune conditions carry an increased risk of 
certain types of malignancies; among these are 
rheumatoid arthritis (RA), Sjögren’s syndrome 
(SS), dermatomyositis (DM), and systemic scle-
rosis.4 Moreover, there is an increased incidence 
of autoimmune phenomena developing after  
initiating cancer therapy, as well as an increased 
malignant potential associated with administra-
tion of immunomodulating drugs. This observa-
tion makes it even harder to ascertain a causal 
relationship between rheumatic diseases, cancer 
and their treatments.

Table  1 displays the suggested associations 
between the rheumatic diseases and certain  

Table 1  Rheumatic Diseases’ Associations with 
Malignancies

Rheumatic Disease Associated Neoplasms

Rheumatoid arthritis Lymphoproliferative  
  diseases (non- 
  Hodgkin’s  
  lymphoma, Hodgkin’s  
  disease)
 Paraproteinemia and  
  multiple myeloma89,90

Sjögren’s syndrome Lymphoproliferative  
  diseases (non- 
  Hodgkin’s  
  lymphoma, Hodgkin’s  
  disease)
 Monoclonal  
  gammopathies,17,91  
  angioimmunoblastic  
  lymphadenopathy92

Dermatomyositis/ Solid tumors (breast,  
 polymyositis  ovarian, lung,  
  pancreatic, gastric, and  
  colorectal cancers)
Systemic sclerosis Lymphoma at the end  
  after; lung, breast,  
  ovarian, skin,  
  esophageal, and liver  
  cancers; Lymphoma
Systemic lupus ? Non-Hodgkin’s  
 erythematosus  lymphoma; lung, liver,  
  and vulvar cancers
Giant cell arteritis ? Lymphoid malignancies 
 (temporal arteritis) 
Behçet’s disease T-cell lymphoma93
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There is no consensus on cancer screening in 
DM/PM patients, but most authorities advocate 
routine screening based on the patient’s age 
group, with special attention to those with more 
risk factors (age 40 years and older, weight loss, 
previous malignancy, a positive family history of 
cancer).22

Screening should include a thorough history 
and physical examination along with complete 
blood counts, serum chemistries that include  
liver and renal function tests, urinalysis, and a 
chest radiograph. Thorough pelvic and breast 
examinations, including PAP smears and mam-
mograms, should be performed in women and 
digital rectal/prostate examinations in men.22 
Colonoscopy also should be strongly considered.

Myositis may improve with successful treat-
ment of the cancer and return with cancer relapse. 
Careful follow-up is emphasized. In most cases, 
however, the myositis requires urgent treatment 
on its own beginning with high doses of cortico-
steroids (prednisone 60–80 mg daily) and con-
tinuing at those levels (or higher if necessary) 
until serum levels of creatine kinase (CK) have 
normalized. Thereafter, corticosteroids should be 
tapered slowly with close follow-up of the patient’s 
weakness and rash and especially CK levels.22–25  
It should be noted that approximately 5% of 
myositis patients will never have elevated CK or 
other muscle enzyme levels despite proximal 
muscle weakness and positive electromyography 
and/or muscle biopsy. In such cases, frequent 
assessment of muscle strength as corticosteroids 
are tapered is essential.26,27 

It also is important to note that some DM 
patients with or without underlying malignancy 
will have the typical rash but never develop  
clinically evident myositis (amyopathic DM).28 
Treatment of the rash again usually requires  
systemic corticosteroids.

Systemic Sclerosis  
Associations between Systemic Sclerosis (SSc) 
and cancer have been studied in two population-
based studies from Sweden and South Australia, 
which reported a 1.5- to 2- fold overall increased 
risk of malignancy,29–31 with a high incidence of 
lung cancer (SIR 5–6) among others. Typically, 
bronchogenic carcinoma may occur in patients 
with long-standing pulmonary fibrosis.

Ovarian, liver, breast, and nonmelanoma 
skin cancers, as well as Lymphoma were overrep-
resented, and Barrett’s esophagus occurs more 
frequently owing to esophageal dysmotility  
and gastroesophageal reflux. A subset of patients 
has been reported in which the onsets of sclero-
derma and breast cancer occurred contempora-
neously.31

Systemic Lupus Erythematosus  
There are conflicting data regarding the overall 
risk of cancer in systemic lupus erythematosus 

(SLE) patients. Non-Hodgkin’s lymphoma, in 
particular, was found to occur four to five times 
more often in SLE patients than in the general 
population in two large studies from Denmark 
and Canada.32,33 Other malignancies with a sug-
gested increased risk include cancers of the lung, 
liver, and vagina.

Polymyalgia Rheumatica and Giant Cell 
Arteritis 
Conflicting data exist regarding any association 
between polymyalgia rheumatica (PMR) or giant 
cell arteritis (GCA) and malignancy. A prospec-
tive study from Norway found no overall increased 
risk of cancer in patients with PMR or GCA,34 nor 
did another Canadian population-based study.35 
There was at least a 2.3-fold increased risk of 
cancer in patients with biopsy-proven GCA,  
however, in the Norwegian study, whereas the 
Canadian study found no such association. Malig-
nancies were reported to be of the lymphoid type 
in general. Of note, PMR has been reported as a 
secondary paraneoplastic syndrome associated 
with renal cell carcinoma.36 The symptoms of 
PMR also can be mimicked by multiple myeloma 
and primary amyloidosis.

Spondyloarthropathies  
Spondyloarthropathies per se are not associated 
with an increased risk of malignancy.37 Ankylos-
ing spondylitis patients previously treated with 
spinal irradiation therapy, however, have been 
found to have an increased risk of developing  
leukemia and colon cancer.38

Cancer and Its Treatment:  
Implications for Rheumatic  
Diseases

Acute Monoarthritis
Cancer and its treatment can lead to an acute or 
chronic monoarthritis, especially in the hospital 
setting. The possible causes are multiple, and 
prompt diagnosis is critical to effective treatment 
(Table 2).

Needle aspiration and laboratory examina-
tion of synovial fluid should be performed imme-
diately in patients who develop acute swelling, 
severe pain, erythema, and warmth in one or 
more joints or bursae (Table 3).

Bacterial Arthritis
Bacterial arthritis, usually spread hematogenously 
from another site of infection, is common and 
life-threatening. Predisposing factors in cancer 
patients include impaired host defenses by virtue 
of the malignancy itself or the drugs used to treat 
it, along with indwelling venous catheters and 
hospital reservoirs of nosocomial pathogens.  
It also should be emphasized that patients with 
preexisting joint diseases, such as RA or osteoar-
thritis, are more liable to infection in already 
damaged joints.39 Patients with prosthetic joints 
also are at high risk of bacterial seeding during 
bouts of sepsis, including those occurring during 
diagnostic and therapeutic manipulations of the 
oral cavity and respiratory tract, lower gastroin-
testinal (colonoscopy, surgery) tract, and genito-
urinary (cystoscopy, catheterization, and surgery) 
tract.40

The most common organism to infect  
joints is Staphylococcus aureus, often methicillin-
resistant, originating from cutaneous wounds, 
cellulitis, decubitus ulcers, or even simple  

Table 2  Common Causes of Acute and Chronic  
Monoarthritis in the Causes patient

Acute
 Septic arthritis (bacterial)
 Gout
 Pseudogout
 Hemarthrosis
 Occult trauma/fracture
Chronic
 Septic arthritis (mycobacterial and fungal)
 Avascular necrosis (usually from steroids)
 Metastases

Table 3  Synovial Fluid Findings in Various 
Causes of Monoarthritis

Finding Implication

Appearance 
 Clear Noninflammatory* 
 Cloudy Inflammatory
 Bloody (does not clot) Hemarthrosis (bleeding  
  disorder, trauma,  
  tumor)
White blood cell count
 < 2,000/mm3 Noninflammatory
 > 2,000/mm3 Inflammatory
 Neutrophilic Bacterial or crystalline
 Lymphocytic  Mycobacterial,  
  fungal, tumor
Glucose 
 Low (< 25%) of  Infection   
  serum level) Diagnostic for bacteria
 Gram stains and  Diagnostic for 
  cultures  mycobacteria and
 Mycobacterial   fungi 
  and fungal  stains  Diagnostic for MSU 
  and cultures  and CPPD crystals
 Wet preparation  Fat bodies imply 
  viewed with   bony fractures 
  polarizing  
  microscope

CPPD = calcium pyrophosphate dihydrate;  
MSU = monosodium urate. 
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abrasions, as well as infected venous lines.41,42  
Virtually any bacterial type, gram positive or  
negative, may cause an infectious arthritis in 
debilitated and immunocompromised patients. 
Therefore, bacteriologic identification is impera-
tive from aspirated synovial fluid and/or blood 
cultures, which should be obtained prior to 
empiric antibiotic therapy.

Mycobacterial and fungal joint infections 
tend to be more indolent and chronic. Synovial 
fluid cultures and stains are less likely to reveal the 
organisms. Synovial tissue biopsy performed by 
special needles or arthroscopically with special 
histopathologic stains and cultures are more likely 
to yield a correct identification.42

Infectious arthritis can rarely be cured with 
antibiotics alone. Joint drainage is essential in 
nearly all instances, either arthroscopically or by 
surgical opening of the joint.42

Gouty Arthritis 
Gouty arthritis is common in patients with  
malignancy by virtue of overproduction of uric 
acid. Proliferating tumor cells, their destruction 
by chemotherapy or radiation, and cachexia all 
result in increased cell breakdown and metabo-
lism of purines to uric acid, which may deposit as 
monosodium urate (MSU) crystals in cartilagi-
nous joint structures, renal interstitium, or both.43 

Renal underexcretion of uric acid may compound 
hyperuricemia when there is renal insufficiency 
or medications such as diuretics reduce renal 
output.44

Acute attacks of crystalline arthritis are trig-
gered by sudden changes in serum uric acid levels, 
either up or down, induced by changes in tumor 
bulk, drugs and radiocontrast agents, acidosis, or 
joint trauma. Thus, attacks occurring in the  
hospital are not unusual. The most commonly 
affected joints include the first metatarsal phalan-
geal (podagra), instep and/or dorsal foot, ankle, 
knee, wrist, or elbow. Gout often mimics celluli-
tis, thus prompting ineffectual antibiotic cover-
age. Joint involvement is distinguishable by the 
exquisite pain elicited by attempts to actively or 
passively move the adjacent joint. Diagnosis is 
established by finding the typical intracellular 
MSU crystals in synovial fluid (see Table 3). It 
should be noted that even neutropenic patients 
may have gouty attacks because synoviocyte  
macrophages can ingest MSU crystals and initiate 
an inflammatory response.44

Treatment of the acute attack must be  
complete before attempts to lower serum uric 
acid levels; otherwise, the inflammatory phase 
may be perpetuated and prolonged. Low-dose 
colchicine 0.6 mg daily or twice daily may be  
sufficient in an early or mild episode. Most 
patients require an additional short-acting non-
steroidal anti-inflammatory drug (NSAID), such 
as indomethacin 50 mg twice or three times daily, 

tolmetin 600 mg three times daily, or naproxen 
500 mg twice daily. Patients with any degree of 
renal impairment or a history of peptic ulcer  
disease should not receive NSAIDs. Instead, pred-
nisone (or another corticosteroid) 30 to 40 mg 
daily for 2 to 3 days followed by tapering off over 
the next week is an effective and far safer option. 
Another option is injection of a repository  
corticosteroid into the affected joint.44

Once the pain and inflammatory signs are 
resolved, low-dose colchicine should be contin-
ued as prophylaxis against another attack. If there 
is renal impairment, only a very low dose of col-
chicine 0.6 mg every 3 to 4 days should be contin-
ued so that colchicine-induced neuromyopathy 
does not occur.45 The xanthine oxidase inhibitor 
allopurinol then should be started slowly, begin-
ning at 100 mg daily. The dose should be gradu-
ally adjusted upward over the next several weeks, 
aiming to achieve serum uric acid levels of 6 mg/
dL or less. For patients allergic to allopurinol, 
recombinant uricase therapy may be an option.46

Calcium Pyrophosphate Deposition 
Disease
Calcium pyrophosphate dihydratc (CPPD) depo-
sition disease occurs in approximately 20% of 
elderly people, as evidenced by the radiographic 
appearance of stippled calcifications of articular 
and meniscal cartilage (chondrocalcinosis) in 
knees, wrists, symphysis pubis, or other joints. 
The majority of such people remain asymptom-
atic unless admitted to hospitals for a medical  
illness or surgery. Similar to uric acid, changes in 
circulating levels of serum calcium may result in 
release of CPPD crystals into a joint, causing an 
acute inflammatory arthritis termed pseudogout.

The most commonly affected joints are the 
knee and wrist. Podagra is exceedingly rare in 
pseudogout and almost always indicates gout.

CPPD in most patients is likely to be  
caused by as yet unknown genetic factors. Several 
metabolic disorders associated with CPPD and 
acute attacks of pseudogout should be considered 
and, when found, corrected (Table 4).

Treatment of an acute attack of pseudogout 
is similar to that described above for gout. Low-
dose colchicine may be useful as prophylaxis but 
is not as effective as in gout.47

Acute Polyarthritis
Abrupt onset of acute polyarthritis in a cancer 
patient should lead to several major consider-
ations. Although usually monoarticular, infec-
tions, gout, and pseudogout may present in a 
polyarticular fashion. The same principles of 
diagnosis and treatment as discussed above for 
monoarthritis should apply.

Serum sickness–like reactions (including 
polyarthritis) owing to drugs, such as sulfon-
amides, penicillin, and cephalosporins, are not 
uncommon. 

An acute viral infection, especially parvovi-
rus B19, may present in adults in a rheumatoid-
like pattern, often with a transient, trunchal, 
maculopapular rash. Such patients have typically 
been exposed to young children with erythema 
infectiosum, or fifth disease. This form of arthritis 
is typically short-lived (weeks to months) and 
responds to NSAIDs or low-dose prednisone 5 to 
10 mg daily. A more serious aplastic anemia may 
occur in patients whose bone marrows have  
been compromised by virtue of malignancy or 
chemotherapy.48

Several cancer chemotherapeutic agents also 
may cause arthritis and are discussed below.

Finally, a paraneoplastic syndrome, such as 
hypertrophic osteoarthropathy, palmar fasciitis 
with polyarthritis syndrome, or carcinomatous 
polyarthritis, may be emerging (see Chapter 59).

Rheumatic and Autoimmune  
Diseases Complicating Cancer 
Therapy

A multitude of rheumatic and autoimmune phe-
nomena have been observed in cancer patients, 
both before and after initiating certain treatment 
modalities. Many of these less frequent condi-
tions are based on case reports or small series at 
best, making the evidence for a true association 
very weak. Those supported by the most consis-
tent and compelling evidence are summarized in 
Table  5; a brief discussion of the most relevant 
associations follows:

Bleomycin, a chemotherapeutic agent used 
to treat breast cancer, among others, has been 
linked to pulmonary fibrosis, which resembles 
that of scleroderma,49,50 as well as Raynaud’s phe-
nomenon and fingertip necrosis. Even local use of 
bleomycin to treat verrucous skin lesions can 
induce Raynaud’s phenomenon in digits so 
treated.51

Interferon-a, used primarily for the treat-
ment of chronic viral hepatitis but also for malig-
nant lymphoma and carcinoid tumors, has been 
associated with induction of autoimmune dis-
eases, including RA, PM, SLE, and Hashimoto’s 
thyroiditis.52,53 Of these, SLE occurred at an inci-
dence of 0.1 to 0.7%. There is increasing evidence 
that idiopathic SLE and other autoimmune  

Table 4  Common Metabolic Causes of Calcium  
Pyrophosphate Dihydrate and Attacks of  
Pseudogout

Hypercalcemia (from primary or secondary  
 hyperparathyroidism, metastatic bone disease)
Hypomagnesemia
Hypothyroidism
Hemochromatosis
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diseases are driven by interferon-dependent  
pathways54; therefore, this agent should be avoided 
in such patients because it may exacerbate their 
autoimmune disease.

Chronic graft-versus-host disease, a known 
complication after hematopoietic cell transplan-
tation, can cause rheumatic-like syndromes 
resembling localized and generalized scleroderma 
(morphea), cutaneous lupus, SS, and PM.55–57

Autologous stem cell transplantation, used 
for lymphoid malignancies, has been linked to  
the development of spondyloarthropathy in 
human leukocyte antigen B27–positive patients.58 
Patients who have a history of reactive arthritis 
(Reiter’s syndrome) have been noted to have 
exacerbations after immunosuppressing chemo-
therapy, similar to patients with human immu-
nodeficiency virus (HIV) infections59 (F.C.A., 
personal observations, 1988).

Bacille Calmette-Guérin immunotherapy, 
used as an adjunctive treatment for superficial 
bladder carcinoma, can cause a reactive arthritis 
(formerly termed Reiter’s syndrome), SS, and 
remitting seronegative symmetric synovitis with 
pitting edema (RS3PE syndrome).60–63

Radiation therapy has been associated with 
scleroderma skin changes over the irradiated 
areas (postradiation morphea), especially in 
patients with preexisting scleroderma.64–66 In fact, 
many authorities consider scleroderma a relative 
contraindication for the use of radiation therapy. 
A risk-benefit evaluation should be performed  
in these circumstances.

Rheumatic Disease Treatment: 
Implications for Cancer Patients

Many agents used to treat rheumatic diseases 
carry a small but significantly increased risk of the 
future development of neoplastic diseases.

It has been demonstrated that the increased 
risk of malignancy associated with certain  
rheumatic diseases, as discussed above, is inde-
pendent of drug treatments. This inherent disease 
association risk, however, is increased even  
further by the use of these agents.67 Drugs such as 
cyclophosphamide, methotrexate, chlorambucil, 
azathioprine, and possibly tumor necrosis factor 
(TNF)-a antagonists have been reported to pre-
dispose patients to certain types of malignancies. 

Little is known about the applications of these 
antirheumatic drugs in patients with an estab-
lished diagnosis of cancer. Their concomitant use 
should be based on expert opinions on a case-by-
case basis.

Alkalyting Agents
Cyclophosphamide has been clearly shown to 
increase the risk of cancer (relative risk 1.5),  
particularly bladder cancer.4,67 The duration and 
dosing of therapy play important roles.68 Some 
cases of malignancy, however, have been reported 
to occur as long as 15 years following drug  
discontinuance.67 The incidence was estimated to 
be approximately 5% in a study of patients with 
Wegener’s granulomatosis, a disease in which 
cyclophosphamide has proven to be lifesaving.67,69 
The bladder cancer is usually aggressive in 
nature,70 justifying a close surveillance program 
for patients so treated, including periodic  
examination of the urine for the presence of 
hematuria and, when indicated, cystoscopy.69 
Finally, monthly intravenous cyclophosphamide 
pulse therapy rather than daily oral dosing has 
been found to decrease the malignant potential 
by reducing the cumulative dose and the total 
time of exposure to the carcinogenic metabolite 
acrolein, and it is widely preferred over continu-
ous daily therapy nowadays.71 Cyclophosphamide 
also may increase the risk of cutaneous squamous 
cell carcinomas and lymphoproliferative malig-
nancies, especially B-cell lymphoma, which may 
present in the brain.72

Chlorambucil behaves similarly to cyclo-
phosphamide but has a greater hematotoxic  
effect and a higher risk of inducing leukemia  
(1–7%).73,74

Antimetabolites
Azathioprine use carries a malignant potential 
that is smaller in size in patients with RA (1 case 
of lymphoma per 1,000 patient-years) compared 
with renal transplant recipients who are receiving 
the drug,75 and this risk increases by increasing the 
cumulative duration of exposure.68 The most 
common cancers are squamous cell carcinoma of 
the skin, B-cell lymphomas, Hodgkin’s disease, 
Kaposi’s sarcoma, and carcinoma of the uterine 
cervix.76

Methotrexate increases the risk of lymphoprolif-
erative diseases, generally after long-term use.77 It 
has been suggested, albeit still controversially, 
that Epstein-Barr virus latent infection might  
play a role in this neoplastic transformation.78 A 
French national prospective study found the inci-
dence of Hodgkin’s disease to be no higher in  
RA patients receiving methotrexate than in the 
general population, a scenario that was not true 
for non-Hodgkin’s lymphoma.79 These B-cell 
lymphomas tend to be nonaggressive, and many 
experts recommend a period of observation off 

Table 5  Rheumatic and Autoimmune Syndromes Associated with Cancer Treatments

Cancer Treatment Associated Rheumatic and  Comments 
 Autoimmune Conditions

Bleomycin Scleroderma-like pulmonary fibrosis See text
 Raynaud’s phenomenon
Interferon-a Rheumatoid arthritis See text
 Polymyositis
 Systemic lupus erythematosus
 -Hashimoto’s thyroiditis 
GVHD (after hematopoietic cell  Localized and generalized scleroderma  See text 
 transplantation)  (morphea)
 Cutaneous lupus
 Sjögren’s syndrome
 Polymyositis 
Autologous stem cell transplantation Spondyloarthropathy See text
 Reactive arthritis 
BCG immunotherapy Reactive arthritis See text
 Sjögren’s syndrome
 RS3PE syndrome 
Radiation therapy Postradiation morphea See text
Gemcitabine Vasculitis (in the form of necrotizing  Used for bladder cancer 
  enterocolitis)94,95

Goserelin Relapsing polychondritis96 Used for prostate cancer
Interleukin-2 Rheumatoid-like seronegative  Used to treat melanoma 
  polyarthritis97

  Symmetric polyarthritis  
   and seronegative for  
   both RF and ANAs
Uracil-tegafur Localized and generalized scleroderma  Cutaneous scleroderma  
  (morphea)98–100  without systemic or  
   vascular manifestations
Melphalan
Paclitaxel

ANA = antinuclear antibody; BCG = bacille Calmette-Guérin; GVHD = graft-versus-host disease; RF = rheumatoid factor;  
RS3PE = remitting seronegative symmetric synovitis with pitting edema. 



Rheumatologic Issues in Cancer Patients 561

the drug before starting anticancer treatment 
since spontaneous regression does occur in many 
cases within a few weeks.77,80,81 This approach, 
however, should be coupled with a very careful 
surveillance program in such patients because 
recurrence of the lymphoma is a definite possibil-
ity.82 Some of these lymphomas, in complicated 
cases, can be refractory to conventional chemo-
therapy but may ultimately respond to newer 
therapies, such as rituximab.83

Anticytokines
Anti-TNF-a agents such as infliximab, adalim-
umab, and etanercept, used for treatment of 
moderate to severe RA, psoriasis and psoriatic 
arthritis, ankylosing spondylitis, and Crohn’s  
disease, have been linked in postmarketing  
surveillance reports to the development of  
lymphoproliferative malignancies with SIRs of 
2.6 to 3.8.8,84 The majority of cases have been non-
Hodgkin’s lymphomas with a median 8-week 
latency period after starting therapy.84 Spontane-
ous regression of the tumor was described in 
some cases. This association is still controversial, 
and additional data are needed.

NSAIDs, including aspirin, used to treat 
many rheumatic diseases, may actually decrease 
the risk of colon caner (SIR of 0.6–0.7).6  
This finding could be related to the presumed 
chemoprotective effect that these drugs have 
against colon neoplasms. Further clinical trials 
are necessary.

In conclusion, the treatments of both  
rheumatic and neoplastic diseases in patients  
who happen to have both interrelate substantially,  
factoring in all of the associations presented 
above. Some treatment modalities beneficial for 
one disease may prove to also be effective,85–87 or 
detrimental,49,66,88 for the other condition. Thera-
peutic approaches should be decided on an indi-
vidual basis and after weighing the potential risks 
and benefits for each intervention.
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Cancer is associated with significant mortality, 
morbidity, and disability. With improvements  
in the ability to detect and treat cancer, people  
are living longer with it.1 The goal of cancer reha-
bilitation is to add to quality of life by improving 
self-reliance and decreasing the burden of care for 
their caregivers.

Lehman and colleagues first studied this issue 
of functional deficits in the cancer setting in 1978 
with support from the National Cancer Institute.2 
Multiple barriers were also identified, which  
limited the delivery of cancer rehabilitation  
care. Many of the remediable cancer rehabilita-
tion problems and barriers remain the same  
(Table 1).

General Rehabilitation Concepts
One of the differentiating factors in a rehabilita-
tion evaluation is a clear picture of how an illness 
affects a patient’s life and how such an illness  
precludes what is meaningful to him or her.  
To describe such changes, the terminology of 
impairments, disabilities, and handicaps is used 
but often misunderstood.

Impairment is any loss or abnormality of 
psychological, physiologic, or anatomic structure 
or function.3 Impairment refers to a problem at 

the organ level. For example, in a postoperative 
patient with a pathologic fracture of the left hip, 
impairment would be left lower extremity dys-
function with decreased range of motion about 
the left hip and decreased weight-bearing status.

Disability is any restriction or lack resulting 
from an impairment of ability to perform an 
activity in the manner or within the range consid-
ered normal for a human being.3 Disability refers 
to a problem at the person level. With the above 
example, disability would be not being able to 
perform the activity of getting out of bed on one’s 
own or to ambulate independently.

Handicap is a disadvantage for a given indi-
vidual resulting from an impairment or a disabil-
ity that limits or prevents the fulfillment of a role 
that is normal for that individual. Handicap refers 
to a problem at the society level. With the above 
example, if the patient were a postal employee 
and had to deliver mail, he would be disabled for 
that job since he is unable to ambulate and fulfill 
that role. However, if the employment required 
answering the telephone, then that patient would 
not be considered handicapped.

A thorough functional history and social 
support system are also key components of a 
rehabilitation evaluation. 

Types of Cancer Rehabilitation

In the cancer setting, rehabilitation has been 
described as being preventive, restorative, sup-
portive, and palliative.4 Preventive interventions 
are started before or soon after a treatment to pre-
vent functional loss and disability. Restorative 
interventions include comprehensive restoration 
of function in a disabled patient with cured or 
stable disease. Supportive rehabilitation is geared 
toward patients with progressive disease and  
disability. Palliative rehabilitation interventions 
are focused on maintaining comfort and function 
in terminal phase (Table 2).

Settings for Cancer Rehabilitation 

Delivery of rehabilitation can be provided in vari-
ous settings, including acute inpatient rehabilita-
tion, consultative care, outpatient care (including 
home care), and even a hospice. Acute inpatient 
cancer rehabilitation can directly follow cancer 
treatments such as surgery and/or chemotherapy. 
After such interventions, patients may be unable 
to perform basic activities of daily living, such  
as transfers and ambulation. The goals of  
acute inpatient rehabilitation include improving  
mobility and self-care activities to allow for safe 
discharge. Marciniak and colleagues described 
functional improvements after acute inpatient 
rehabilitation in such patients.5 Some common 
inpatient rehabilitation diagnoses include  

Table 2  Benefits of Rehabilitation

Training to maximize functional independence
Facilitation of psychosocial coping and  
 adaptation by patient and family
Improved quality of life through community  
 reintegration: includes resumption of prior  
 home, family, recreational, and vocational  
 activities
Recognition, management, and prevention of  
 comorbid illnesses that limit or impede  
 function

Table 1  Remediable Rehabilitation Problems and Barriers to Delivery of Rehabilitation Care

 Remediable Rehabilitation Problems Barriers to Delivery of Rehabilitation Care

Psychological/psychiatric  Lymphedema management Lack of identification of patient
 impairments   problems
Generalized weakness Musculoskeletal difficulties Lack of appropriate referral by 
   physicians unfamiliar with the  
   concept of rehabilitation
Impairments in activities of  Swallowing dysfunction Patient too ill to participate
 daily living
Pain Impaired communication Patient denies need
Impaired gait/ambulation Skin management Cancer prognosis too limited
Disposition/housing issues Vocational assessments Rehabilitation unavailable
Neurologic impairments Impaired nutrition No financial resources
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Among rehabilitation professions, one of the 
most commonly used scales has been the Func-
tional Independence Measure (FIM) (Figure  1). 
This numeric scale is divided into various catego-
ries, from self-care to social cognition. In each  
of these categories, various tasks and patients  
are assigned a score of 1 through 7 depending  
on their ability to complete them. Higher scores 
denote that a lesser amount of assistance is 
required with a particular task. For example, with 
a score of 6 with the self-care task of toileting, 
patients are able to complete the task on their 
own but require adaptive equipment, such as an 
elevated commode seat. With the same task, a 

significant asthenia, hemiparesis, severe gait 
abnormality, dyspnea with exertion, spinal cord 
injury, and neurogenic bowel and bladder.  
Significant pain with activity is quite common in 
patients with musculoskeletal deficits. 

Rehabilitation consultation interventions 
have been linked to functional improvements 
during acute hospital stay. Outpatient rehabilita-
tion can be prescribed for patients who do not 
require hospitalization and following acute inpa-
tient rehabilitation to further improve function. 
Concepts and techniques taught during acute 
inpatient rehabilitation may also be reinforced 
during this phase. Common outpatient reha-
bilitation diagnoses include lymphedema, myo-
fascial pain, rotator cuff dysfunction, peripheral  
neuropathy, and low back pain.

For terminally ill patients who are declining 
rapidly, issues of family training, comfort care, 
and appropriate adaptive equipment(s) may be 
addressed by the rehabilitation team. These 
patients may also have limited energy to pursue 
daily activities. Thus, therapy interventions and 
exercise may lead to early fatigue and prevent 
patients from spending quality time toward doing 
desired activities.

Rehabilitation Team 

Rehabilitation is a comprehensive effort and 
requires an interdisciplinary team of health care 
professionals, including rehabilitation physicians, 
rehabilitation nurses, physical therapists, occu-
pational therapists, speech therapists, dietitians, 
pharmacists, chaplains, social workers, and case 
managers. Each member of the team is indispens-
able owing to specific expertise in assisting the 
patient with a care plan to maximize medical sta-
bility, function, financial resources, and caregiver 
involvement for a meaningful and safe discharge. 
Medical care is closely coordinated with primary 
cancer physicians and various consultants. Reha-
bilitation professionals can give feedback on the 
patient’s functional issues to treating oncologists. 
Alteration in functional capacity may change the 
course of medical treatment.

Concept of Safe Discharge

A frequent reason for cancer rehabilitation  
consultation is to assess the patient’s functional 
status for safe discharge. Important variables here 
are the patient’s physical capacity, cognition, 
family or caregiver support available, and finan-
cial resources. A safe discharge usually requires 
some combination of these factors. Many of the 
patients admitted to an acute inpatient rehabilita-
tion unit require some degree of supervision and 
assistance on discharge owing to physical and 
cognition dysfunction. Patients usually lose some 
of their autonomy in exchange for personal safety. 
More time and financial resources are required 

for their care. Often abnormal family dynamics 
come to the surface at the time of discharge, when 
the resources of family time and physical and 
financial assistance are needed. Attention is also 
directed toward community resources and local 
support, including church and friends, to fill in 
the gaps.

Functional Assessment Tools

There are various tools for measuring perform-
ance in the cancer setting. The most commonly 
used scale is the Karnofsky Performance Scale 
(KPS). In the absence of any medical treatment, 
the KPS was found to be the best determinant of 
ultimate patient survival in a national hospice 
study. With a score of 40, patients lived, on aver-
age, less than 50 days; with a score of 20, they lived 
only 10 to 20 days (Table  3).6 Another commonly 
used tool is the Eastern Cooperative Oncology 
Group (ECOG) scale for performance status 
(Table 4).

KPS does not address cognitive function  
or quality of life. Additional limitations of this 
scale that limit its use as a functional outcomes 
measure are its inability to objectively quantify 
the amount of assistance needed and its linkage  
of physical function with medical status. These  
criteria fail to accommodate severely disabled but 
otherwise healthy patients. Its linkage of medical 
status with work status is often heavily influenced 
by completely nonmedical factors, such as  
insurance, family support, and type of work done. 
These criticisms are also valid for ECOG and  
similar performance status scales. 

Table 3  Karnofsky Performance Status Scale

Activity Level Scale (%) Criteria

Able to carry on normal activity and  100 Normal: no complaints; no evidence of disease
 to work; no special care needed
 90 Able to carry on normal activity; minor signs or 
   symptoms of disease
 80 Normal activity with effort: some signs or symptoms 
   of disease
Unable to work: able to live at home  70 Able to care for self; unable to carry on normal
 and care for most personal needs;    activity or to do active work
 varying amount of assistance 
 needed
 60 Requires occasional assistance but is able to care for 
   most of own needs
 50 Requires considerable assistance and frequent 
   medical care
Unable to care for self; requires  40 Disabled; requires special care and assistance
 equivalent of institutional or 
 hospital care; disease may be 
 progressing rapidly
 30 Severely disabled; hospitalization indicated, 
   although death is not imminent
 20 Very sick; hospitalization is necessary; active 
   supportive treatment is necessary
 10 Moribund; fatal process progressing rapidly
 0 Dead

Table 4  Eastern Cooperative Oncology Group 
(ECOG) Scale Performance Status

Grade Definition

0 Fully active, able to carry on all  
  predisease performance without  
  restriction
1 Restricted in physically strenuous  
  activity; ambulatory; able to perform  
  light or sedentary work
2 Capable of all self-care; ambulatory;  
  unable to perform work activities; up  
  and about more than 50% of waking  
  hours
3 Only capable of limited self-care;  
  confined to bed more than 50% of  
  waking hours
4 Completely disabled; cannot carry out  
  any self-care activity; totally confined  
  to bed or chair
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score of 4 denotes that minimum assistance is 
needed. This score implies that patients need 
somewhere between 1 and 25% assistance and 
patients are able to perform somewhere between 
75 and 99% of the task on their own.

This tool may also be inadequate to assess 
cancer patients who have fewer persisting motor 
and communication disorders than patients with 
neurologic disorders, such as stroke.7 This scale is 
also inadequate to assess patients who are clearly 
able to perform various tasks, but such a perform-
ance takes a long amount of time and leaves them 
fatigued.

Bell and colleagues found that a population 
of tumor patients admitted to inpatient rehabi-
litation units had a generally poorer functional 
prognosis than did noncancer patients.8

Quality of Life

General quality of life questionnaires for patients 
with cancer are listed in Table  5. Quality of life 
status may be more strongly predictive of survival 
than performance status.9–12 Factors associated 
with a better quality of life include absence of 
depression, good social involvement, greater 

energy, and fewer symptoms. Age has not been 
demonstrated to be a significant factor.8,13–15

Having to motivate and push patients toward 
functional improvement often brings members  
of the cancer rehabilitation team closer to the 
patient. Thus, functional declines owing to 
advancing disease can be frustrating and disap-
pointing. In a sense, many of the patients may 
have ever-changing rehabilitation targets. Such a 
change is not the case in traditional noncancer 
rehabilitation, in which there is recurrence and 
relapse. The morbidity and mortality associated 
with cancer are quite challenging to the cancer 
rehabilitation process. However, the patient and 
family’s new appreciation and comfort level with 
everyday activities make the process worthwhile 
for the patient and team. An important aspect  
of cancer rehabilitation is alleviation of fear in 
patients and caregivers, which can decrease the 
patient’s concern about being a burden.16 

Specific Topics and Rehabilitation

After delineation of basic foundations and  
principles of cancer rehabilitation, specific topics 
are presented.

Central Nervous System Tumors
Neurologic tumors can involve the central ner-
vous system (CNS) with either the brain or spinal 
cord and are either primary or metastatic. Owing 
to direct injury of neural structures, patients may 
have motor, sensory, cognitive, and speech  
deficits. Functional deficits decline further owing 
to the indirect effects of chemotherapy and radia-
tion treatments. More than 15,000 new cases of 
primary brain tumor and 4,000 new spinal tumors 
are diagnosed each year.17 Metastatic lesions  
from various sites account for 20 to 40% of brain 
tumors,17 occur in approximately 15% of cancer 
patients,18 and produce neurologic symptoms in 
85,000 patients per year. The lung and breast are 
the most frequent primary sources of metastatic 
CNS tumors. Most spinal tumors are extradural 
and are predominantly metastatic carcinomas, 
lymphomas, or sarcomas.19 Spinal cord compres-
sion can occur in 5 to 10% of the cancer cases,20 
and resultant functional consequences can include 
pain, sensory deficits, motor deficits, neurogenic 
bowel and bladder, and sexual dysfunction  
(Table 6).

Even a small low-grade malignant tumor in 
the brain may cause significant functional deficits 
if present in a critical location, particularly if pres-
ent close to the brainstem. The location of tumors 
can determine respectability (Table 7).

Changes in behavior, appetite, memory,  
and endocrine function may be seen following 
radiation treatment.18 Hyponatremia, as seen 
with syndrome of inappropriate diuretic hor-
mone (SIADH), may lead to mental status 
changes.21 Fatigue may be an issue with radiation 

FiGuRe 1  Functional Independence Measure (FIM) instrument.
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treatment. Steroid psychosis may complicate the 
rehabilitation course also. 

With prolonged bed immobility, supportive 
care is important. Measures should be taken to 
prevent pressure ulcers and deep venous throm-
bosis. Range of motion (ROM) of all joints should 
be done with daily exercises. Passive ROM may  

be needed in patients who are paralyzed or  
have altered mentation. Sensory stimulation in 
addition to socialization should be provided. 
With steroid treatment initiation, strengthening 
therapies and programs should be instituted. 
Orthotic devices that support a limb or joint and 
assistive devices, such as walkers, may be needed. 
In patients with significant weakness and balance 
deficits, use of a wheelchair may be necessary even 
for household distance mobility. Physical and 
occupational therapists should be consulted early 
for evaluation and teaching of activities of daily 
living (ADL), ambulation, and strengthening and 
stretching exercises. Speech therapists can assess 
cognitive, linguistic, and communication deficits. 
They can also determine swallowing deficits and 
recommend appropriate dietary modifications, 
compensatory maneuvers, and therapeutic exer-
cises. Hydrocephalus and seizures are complica-
tions of brain tumors and most often negatively 
impact rehabilitation through declining func-
tional status. Hydrocephalus has been classically 
described as a triad of subcortical dementia, 
incontinence, and gait abnormality. It should be 
suspected when mental status changes occur, 
when a patient fails to make expected functional 
gains, or when spasticity, seizures, and emotional 
problems are present. When training patients 
with visual deficits, an ophthalmology consulta-
tion should be included to quantify the extent  
of visual field loss. Visual deficits typically affect 
independent living adversely and must be con-
sidered in discharge planning. Patients should  
be trained to use compensatory techniques such 
as scanning to improve visuospatial awareness. 
Patients with double vision can be treated with 
alternating-eye patching. Before discharge, driv-
ing recommendations should be given, with plans 
for further evaluation as vision improves. Facial 
and eyelid paralysis may require plastic surgery 
consultation for corneal protection or cosmesis. 
For hearing deficits, audiology and speech  
therapy evaluations are necessary. Vestibular dis-
turbances are typically treated with habituation, 
which leads to decreased sensitivity of the  
vestibular response. The goals of rehabilitation 
are to resolve reversible deficits and to learn  

compensatory and adaptive techniques for  
irreversible deficits, thereby improving safety  
and increasing independence. Spontaneous reso-
lution is possible and is often related to the sever-
ity of the initial insult and the possible plasticity 
of the CNS. 

Cognitive deficits are most often seen in areas 
involving memory, attention, initiation, and psy-
chomotor retardation. Interventions for memory 
deficits include memory aids and use of visual 
imagery. Cognitive remediation programs teach 
patients adaptive strategies and compensatory 
techniques. Psychostimulants, such as methyl-
phenidate, have been reported to be helpful with 
psychomotor retardation, depression, and opioid-
induced drowsiness.15,22 Dopamine agonists and 
stimulating antidepressants improve attention 
deficits in higher-level patients.23 Bromocriptine 
can be effective for motor aphasias and neglect in 
some patients.24

A lack of cortical influence can lead to  
uninhibited bladder in these patients. Frequent 
prompting for urination during daytime (every 2 
hours) and before sleep is very helpful. Behavioral 
training may be helpful in patients with unim-
paired cognition. This process involves progres-
sively increasing the time between voiding, often 
by 10 to 15 minutes every 2 to 5 days, until a  
reasonable interval between voiding is obtained. 
Drugs to inhibit bladder evacuations, such as 
anticholinergic and antispasmodic agents for  
the bladder, should be judiciously used. External 
catheters can be an option in male patients. A 
used diaper should be changed soon to protect 
against skin breakdown. Immobile or sedentary 
patients may become constipated easily and may 
require a bowel program with higher fluid intake, 
stool softeners, and digital stimulation. In patients 
with stool impaction, a thorough evacuation is 
needed with an oral laxative, suppositories, and 
enemas prior to the more conservative measures 
outlined above.

Myelopathy

Myelopathy may occur owing to tumor involve-
ment, irradiation, and intrathecal chemotherapy. 
Spinal cord compression eventually occurs in 5% 
of cancer patients.25 In addition to myelopathy, 
radiculopathy is also possible at any level  
(Table 8).26,27

Table 5  General Quality of Life Questionnaires 
for Patients with Cancer

Name Acronym

Cancer Rehabilitation Evaluation  CARES-SF
 System Short Form
European Organization for  EORTC
 Research and Treatment of   QLQ-C-30
 Cancer Core Quality of Life 
 Questionnaire
Functional Assessment of Cancer  FACT
 Therapy
Functional Living Index for  FLIC
 Cancer
Linear Analog Self-Assessment  LASA
 Scale
Medical Outcomes Study  MOS SF-36
 Short Form
McGill Quality of Life  MQOL
 Questionnaire
Quality of Life Index QLI
Rotterdam Symptom Checklist RSCL

Table 7  Brain Tumor Type and Possible Deficits

Type of Brain Tumor Possible Deficits

Temporal lobe Dysnomia, difficulty with comprehension, defective hearing and memory
Parietal lobe Loss of vision, spatial disorientation, memory loss, dressing apraxia,  
  proprioceptive agnosia
Frontal lobe Personality changes, libido changes, impulsive behavior, labile emotions,  
  excessive jocularity
Pituitary gland Headaches, bilateral visual loss, hormonal abnormalities
Acoustic neuromas Hearing loss, vertigo, facial palsy and numbness, dysphagia,  
  hydrocephalus
Craniopharyngioma (adult) Visual loss, sexual dysfunction
Craniopharyngioma (children) Growth failure

Table 6  Common Complications of Brain 
Tumors and Their Treatments

Weakness
Sensory loss
Visuospatial deficits
Hemineglect or bilateral visual deficits
Ataxia
Cognitive deficits: thought processes, memory  
 changes, apraxia, etc.
Speech difficulties
Dysphagia
Bowel and bladder dysfunction
Psychological issues
Behavioral abnormalities
Endocrine issues
Skin issues
Fatigue

Table 8  Symptoms of Myelopathy

Weakness
Sensory deficits
Autonomic disturbance
Pain: spinal or radicular
Incontinence: bowel or bladder
Gait abnormality
Spinal instability
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Imaging studies and neurosurgical con-
sultation should be obtained early in patients  
suspected of having spinal involvement and  
thus prevent spinal cord damage. In patients with 
myelopathy, large-dose corticosteroids should be 
instituted emergently. Spinal stabilization and 
spinal cord decompression followed by radiation 
treatment usually provide the best outcome. 
When spinal surgery is not possible, patients  
still may be candidates for radiation treatment 
(Tables 9 and 10).

Radiation-Related Myelopathy
The detrimental effects of radiation are multifac-
torial and cannot be entirely attributed to dosage, 
site, or technique. Usually, myelopathy is either 
transient or delayed. Transient myelopathy is 
reversible and has a peak onset at 4 to 6 months 
after radiation.28 Symmetric paresthesia or shock-
like sensation in a nondermatomal pattern is seen 
from the spine to the extremities.29 Unfortunately, 
delayed myelopathy is irreversible and has a 
latency period of 9 to 18 months. Symptoms typ-
ically begin with lower extremity paresthesias and 
are followed by sphincter incontinence. Central 
pain can occur in 20% of patients and is charac-
terized by midback pain and dysesthetic pain  
in the lower extremities. Such pain is treated in a 
manner similar to that for neuropathic pain.

Rehabilitation
Physical and occupational therapists should be 
consulted early to address deficits with ADLs  
and mobility so that appropriate exercises and 
adaptive equipment may be provided. Spinal 
immobility may be helpful in patients with pain 
from forward flexion of the spine. With any new 
pain or neurologic deficits, additional spinal or 
spinal cord involvement should be entertained. 
Adequate pain control is essential and is required 
for effective rehabilitation outcomes.

Patients with myelopathy can develop  
detrussor-sphincter dyssynergia, a condition in 
which the bladder contracts but the bladder outlet 
(sphincters) fails to relax in a timely manner, 
leading to impaired emptying and increased blad-
der pressure. Although patients may void on their 
own, any such attempts should be followed by a 
postvoid residual volume check on multiple occa-
sions, preferably with a catheter. With residual 
volumes in excess of 100 to 150  cc, an intermit-
tent catheterization program should be performed 
every 4 to 6 hours. The goal is to keep urine  
volumes in the bladder at no more than 350 to 
400  cc at any time to prevent overdistention, 
detrussor muscle injury, and retrograde flow  
of urine back into the kidneys. More frequent  
catheterizations may be required with increased 
fluid intake. Such a program should be taught  
to patients and their caretakers. In patients who 
are unwilling to learn such programs, for whom 
wound care may be an issue, an indwelling Foley 
catheter should be considered. Patients with  
injuries at C7 or below should be able to perform 
such a program on their own. In male patients 
who have a hyperactive bladder without bladder 
dyssynergia or those who have normal bladder 
function but with incontinence owing to impaired 
cognition or mobility, condom catheters may be 
used.

Patients with spinal cord injury usually have 
an upper motoneuron bowel, in which there is 
difficulty with evacuation. Prior to institution of 
a regular bowel program, bowel evacuation may 
be necessary on more than one occasion to rid  
the patient of hard stool and impaction. Once 
such cleansing occurs, a program consisting of 
adequate fluid intake, fiber, stool softeners, and 
digital stimulation on a daily basis should be 
started. Warm fluids after meals supplement  
gastrocolic reflex.

Autonomic Dysreflexia
This medical emergency occurs with a massive 
sympathetic discharge in response to a noxious 
stimulus in a spinal cord–injured patient with an 
injury at T6 or above. The clinical presentation  
is that of an anxious patient with paroxysmal 
hypertension, nasal congestion, sweating above 
the level of the lesion, facial flushing, piloerection, 
and reflex bradycardia. The most common  
etiology is a distended bladder, followed by a dis-
tended bowel. Other causes include enemas, tight  
clothing, infection, deep venous thrombosis,  
and bladder catheterizations. Treatment should 
focus on finding the underlying cause. Lidocaine 
jelly should be allowed to sit for some time prior 
to checking the rectal vault for hard stool or  
evacuating a distended bladder or bowel. If a 
cause cannot be found, then treatment with an 
antihypertensive should be initiated.

Spasticity

In patients with an upper motoneuron lesion (ie, 
brain or spinal cord injury), spasticity may occur. 
This motor disorder is characterized by a veloc-
ity-dependent increase in resistance to movement 
across a joint. In addition, there is an increase in 
tendon reflexes and muscle tone. This tone is the 
resistance felt by the examiner as passive ROM is 
tested. Examples of lesions include CNS tumors 
and myelopathy. Treatment should be initiated 
with daily ROM exercises, proper positioning, 
and removal of noxious stimuli. Short-term ben-
efits are obtained with cold modality. In patients 
in whom spasticity interferes with ADL and 
mobility, systemic treatment with oral spasmo-
lytic medications should be initiated (ie, baclofen, 
diazepam, dantrolene, tizanidine). For more 
severe spasticity, chemical neurolysis, such as 
phenol block, epidural infusion of medications, 
and botulinum toxin via an implantable pump 
should be considered. For patients with deficits 
with ROM across joints, casting and splinting 
techniques are helpful.

Peripheral Neuropathy

Peripheral neuropathy symptoms include numb-
ness, paresthesias, weakness, and, occasionally, 
severe neuropathic pain. Consideration should  
be given to nonpharmacologic means of pain 
management, including transcutaneous electrical 
nerve stimulation and various physical modali-
ties, such as heat and physical therapy. Adaptive 
strategies such as energy conservation, orthotics, 
and adaptive equipment can be prescribed. With 
sensory loss in the lower extremity, preventive 
measures such as those used for management  
of diabetic neuropathy and neuropathic ulcers 
should be considered. Education, nonconstrict-
ing footwear, and daily inspection of feet are 
important. 

In patients with lower motoneuron injuries, 
such as cauda equina syndrome or pudendal 
nerve injuries, areflexic bowel and a hypotonic 
external sphincter are present. These patients 
have difficulty with retaining stool and are more 
difficult to manage than upper motoneuron 
bowel patients. Since these patients have bowel 
accidents, excessive stool softeners, suppositories, 
and digital stimulation should be avoided.  
Oral fiber intake with a reduced amount of  
fluids usually helps.

Leptomeningeal Disease

These patients have a very poor prognosis. Both 
central and peripheral nervous system involve-
ment may occur, along with cerebrospinal  
fluid flow obstruction leading to hydrocephalus. 
Symptoms can include mental status changes, 
polyradiculopathy with radicular pain, and cauda 

Table 10  Findings Associated with a Poorer  
Prognosis for Functional Recovery Following 
Cord Compression

Sphincter incontinence
Complete paraplegia
Rapid evolution of symptoms (< 72  h)

Table 9  Findings Associated with a Better  
Prognosis for Functional Recovery Following 
Cord Compression

Diagnosis of myeloma, lymphoma, or breast  
 cancer
Slow evolution of symptoms or early neurologic  
 signs
Ambulatory status at time of diagnosis of spinal  
 cord involvement
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equina syndrome. Rehabilitation goals are pri-
marily supportive, and management is similar to 
that outlined earlier depending on the deficits.

Metastatic Bony Disease

Metastatic bony disease is quite common. It is the 
third most common site of metastases and usually 
is the most symptomatic. The more commonly 
involved tumors include breast, lung, kidney, and 
prostate cancer and multiple myeloma. The axial 
skeleton is the most common site, with involve-
ment of the spine, ribs, pelvis, skull, proximal 
femur, and humerus. Osteolytic and osteoblastic 
activity leads to lytic and sclerotic types of bony 
lesions, both of which are susceptible to fractures. 
At the time of diagnosis of an osseous lesion,  
usually more than one lesion is present. Over 
two-thirds of the lesions can be painless, and 
when pain is present with activity, it often heralds 
fracture. With spinal involvement, the patient 
may present with new-onset back pain, particu-
larly when recumbent. Consider ruling out a  
metastatic lesion in a cancer patient with new 
pain onset.

Treatment consists of primary disease  
management, radiation, surgical intervention 
including vertebroplasty, symptom management, 
and rehabilitation. With mean survival times  
after fixation of pathologic fractures at roughly  
19 months,30 it is important to maximize quality 
of life and manage symptoms.

Rehabilitation interventions require com-
prehensive assessment. Manual muscle testing  
of the involved limb is contraindicated. Only 
active movement limited by pain is assessed in the 
affected limb. Interventions are focused on keep-
ing patients from becoming bedbound, training 
patients to use residual function or to develop 
compensatory techniques, use of compensatory 
techniques, and patient and family education. 
Prior to chest physical therapy, rib metastases 
should be ruled out. Resistive exercises are  
contraindicated.

Although pathologic fractures may occur 
during rehabilitation, it is uncommon to see  
them clearly during rehabilitation intervention.31 
Indeed, the fractures may occur even when lying 
in bed and without any activity in patients with 
erosive and progressive disease. Alternatives to 
rehabilitation include bed rest and, if so, then for 
how long? Complications of bedrest include 
disuse atrophy, orthostatic hypotension, lower 
quality of life with more assistance required for 
ADL, pressure ulcers, and increased risk of deep 
venous thrombosis.

The majority of nonambulatory patients 
admitted to a rehabilitation unit after surgical  
stabilization ambulate with or without assistive 
device(s).32 Weight bearing of the affected  
extremity is usually affected depending on the 
surgical intervention. With methylmethacrylate 

cementation, weight bearing as tolerated may be 
permitted. Such cementation also does not inter-
fere with radiation treatment. With more com-
plicated surgery, touch down or no weight bearing 
may be allowed. ROM is most often limited 
during this acute phase. Patients may also have  
an orthosis in place to limit the joint ROM. Such 
restrictions may continue for several weeks to 
months, depending on the surgeon’s discretion. A 
straight-point cane may be used in patients with 
smaller, painful lesions. With forearm crutches, 
40 to 50% weight-bearing reduction may be pos-
sible.33,34 Axillary crutches and walkers allow non–
weight bearing in the lower extremities. A rolling 
walker may be used in patients who are afraid of 
losing balance while lifting a standard walker.

The hip is a common site of fracture, and 
patients require partial or total hip arthroplasty. 
Even nonambulatory patients may be candidates 
to decrease pain and a low for basic nursing care. 
Standard hip precautions include hip flexion  
< 90° and avoidance of adduction and internal 
rotation for a period of up to 3 months. Early 
mobilization is crucial. Weight bearing is typi-
cally tolerated on postoperative day 1. Patients 
are generally ambulating independently with 
assistive devices in a few days at least at a house-
hold-level distance (roughly 150 feet). If the tro-
chanters and attached musculature are sacrificed, 
then an unstable hip is present; thus, a hip abduc-
tion brace is required and a more conservative 
rehabilitation program is instituted. In one study, 
28 patients underwent proximal femur surgical 
resection for metastatic disease and had cementa-
tion.35 Preoperatively, 71% had intractable pain; 
postoperatively, 81% had no need for analgesics. 
Over 50% of the patients had good to excellent 
results with hip ROM and walking ability, and 
46% were alive at 12 months.

In patients undergoing pelvis reconstruction 
for metastatic disease, the mean survival time is  
of 14.5 months. All of these patients were initially 
nonambulatory, and with rehabilitation, over 
88% were independent with ambulation at  
1 month.36 

Conservative treatment with metastatic 
lesions to upper extremity consists of bracing and 
radiation treatment. Surgical treatment options 
include an intramedullary rod for larger lesions 
and a compression plate for smaller lesions. 
Cemented prosthesis may be used with a humeral 
head and neck metastases. Consideration may be 
given for prophylactic fixation of a nonfractured 
upper extremity lesion in patients requiring an 
assistive device for ambulation. During rehabili-
tation, active ROM of the affected joint(s) is  
typically delayed compared with a lower extrem-
ity lesion (typically postoperative day 3 or 4). 
With extensive disease in the upper extremity and  
lower extremity involvement, a wheelchair may 
be necessary (Table 11).

General Severe Asthenia
Generalized weakness and deconditioning are 
commonly seen in cancer patients, particularly 
after various treatments and in advanced disease. 
Although multifactorial in nature, prolonged bed 
immobility is a major factor leading to such a 
state. Rehabilitation interventions are focused on 
restoring a patient’s function through exercises 
and mitigating decline through compensatory 
strategies, including environmental modification. 
Typically, both of these strategies are concur-
rently applied.

In the muscles of patients with prolonged 
immobility, declines of 1 to 1.5% of the initial 
strength have been noted on a daily basis. Such 
declines correspond to roughly 10 to 20% strength 
loss per week.37 Larger muscles are disproportion-
ately affected more severely. A daily stretching 
program retards muscle atrophy.38 In addition, 
isometric exercises on a daily basis can help main-
tain muscle strength.37 Generally, it takes two  
or more times the period of immobilization to 
recover muscle strength.39 

Disuse osteoporosis most commonly affects 
weight-bearing bones with bed immobility. Such 
a complication is best treated with preventive 
measures such as active weight-bearing exercises 
and active muscle contraction. Exercises in bed 
are not as effective.40 

Resting heart rate can increase by a half-beat 
per minute per day for the first 3 to 4 weeks of  
bed immobilization.41 Decreased diastolic filling  
time, myocardial perfusion, stroke volume (with 
exercise), and cardiac output are all associated 
with deleterious hemodynamic and orthostatic 
changes.40 Such a decline can be reversed by a 
progressive exercise program and resumption  
of upright activities. Sudden changes should be 
avoided with orthostasis. In patients who have 
been immobilized for a week or more, a tilt table 
may be needed for an even slower resumption of 
upright posture. Standing and ambulation may 
begin when the patient is able to tolerate a 70° 
angle for 30 minutes.

Although lower-rated (< 20  mm  Hg) elastic 
garments may be effective against deep venous 
thrombosis, higher ratings (20–30  mm  Hg) are 
helpful with venous insufficiency and orthostasis. 
Such nonpharmacologic treatments should be 
supplemented with abdominal binders and  
medications such as ephedrine and fludro-
cortisone. 

Table 11  Effects of Prolonged Immobility

Loss of muscle strength
Joint contractures
Disuse osteoporosis
Cardiac effects: resting tachycardia, orthostatic  
 hypotension, ↓ cardiac output
Venous thrombosis
Pressure ulcers
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Measures such as frequent turning (pre-
ferably every 2 hours) should be taken to prevent 
pressure ulcers in patients who are totally bed-
bound. Irreversible changes can occur with lying 
in one position for as little as 5 hours. Sitting 
upright as tolerated should be encouraged.

Breast Cancer and Rehabilitation

The extent of the surgical and usual postoperative 
radiation treatments typically determines the 
complications. In lumpectomy, only the tumor 
and a margin of the breast tissue are removed. 
With a modified radical mastectomy, all breast 
tissue with the exception of the pectoralis minor 
is removed and axillary lymph nodes are sampled 
(Table 12).

In patients undergoing immediate recon-
struction with a transverse rectus abdominis 
myocutaneous (TRAM) flap, functional gains 
with ROM are similar to those of non-TRAM 
patients.42 Shoulder passive ROM exercise should 
be started carefully and until tolerance, only  
earlier. Active movement may be started at the 
earliest after day 4. More complications are 
encountered with more aggressive mobilization 
through range earlier.43,44 Restrictions with func-
tional activities should be lifted after removal of 
sutures, typically at 2 weeks.

Lymphedema

The incidence of lymphedema has been variable 
and reported at up to 37%.45–47 A median time of 
39 months has been noted between treatment and 
presentation (Table 13).46

The patient and involved caretakers should 
be educated about lymphedema. Skin integrity  
is crucial. Insect repellents and long-sleeved  
clothing are typically recommended. Needlesticks 

and blood pressure measurements should be 
avoided in the affected extremity. At the earliest 
sign of skin tenderness and erythema, antibiotics 
should be considered. Avoidance of heat expo-
sure is helpful.

Exercises should include improvement in 
ROM for shoulders bilaterally and the neck and 
improvement in chest wall tightness with stretch-
ing of the pectoralis musculature and trapezius. 
Although a great deal of activity can precipitate 
lymphedema, no clear data exist in terms of limi-
tation of activity. Heavy lifting should be avoided, 
typically less than 15 to 20 pounds. Retrograde 
massage techniques to improve and aid in  
lymphatic circulation are helpful and should be 
done daily.

Lymphedema may be acute and chronic  
in nature. In addition to a difference in limb size 
and “heaviness,” patients note “joint tightness” 
and decreased ROM in the affected joints.  
Measurements of the affected limb are typically 
done with circumferential measurements at  
various points across the affected limb and with 
volume displacement techniques.

During an earlier stage, spontaneous resolu-
tion of lymphedema may occur. More chronic 
condition requires a daily long-term regimen and 
commitment. Exacerbations are treated with early 
referral to a physical therapist specializing in  
its management. Compression bandaging with a 
short stretch bandage for the majority of the day 
is most useful. At least once a day, this garment 
should be removed for a short period of time  
and rewrapped. Once limb volume stabilizes  
or plateaus with such treatment, a compression  
garment with a rating of up to 40  mm  Hg should 
be ordered. These garments, when used regularly, 
should be changed every few months. Consider 
their use also when traveling via airplane to  
prevent exacerbation. 

Attempts at treatment of chronic lymph-
edema using benopyrones, which stimulate  
macrophage-induced protein breakdown, were 
felt to be promising48; however, a recent study did 
not reveal such benefits.49

A rare but serious complication of chronic 
lymphedema is lymphangiosarcoma. This tumor 
has a poor prognosis despite aggressive interven-
tion of forequarter amputation in candidates 
suitable for such surgery.

Head and Neck Cancers

Such cancers and treatments frequently result  
in deficits with swallowing, communication, 
nutrition, and musculoskeletal issues. Radical 
neck dissection is often performed and involves 
removal of the sternocleidomastoid muscle, 
spinal accessory nerve (cranial nerve XI), internal 
and external jugular veins, and submandibular 
gland. A modified radical neck dissection spares 
the spinal accessory nerve.

Trapezius impairment leads to shoulder 
pathology with depression and protraction. 
Patients have a painful shoulder with decreased 
ROM, and abduction is typically less than 90°. 
Rehabilitation focuses on neck ROM, emphasiz-
ing flexion and rotation, after suture removal. 
Active ROM is usually delayed by a few weeks. 
Transient worsening of dyspnea in patients using 
the accessory muscle for respiration may be noted. 
ROM exercises should be continued throughout 
radiation treatment to combat soft tissue fibrosis 
and contractures. Scapular stabilizers such as the 
serratus anterior, rhomboids, and levator scapula 
should be strengthened.50 Heavy lifting with the 
affected side should be avoided.51 Speech pathol-
ogy consultation should be obtained early to 
address communication and swallowing deficits. 
A dietitian should follow these patients closely 
also. Use of artificial saliva and good oral care are 
necessary after radiation treatment for head and 
neck cancers. ROM with the jaw, tongue, and 
masticatory muscles and other oral exercises may 
be needed. 

Hematologic Malignancies

Such malignancies include those involving bone 
marrow and the lymphatics. These malignancies 
and associated treatments result in fatigue and 
localized disabling effects. Neurologic deficits, 
lymphedema owing to local obstruction, pain, 
and malnutrition may be present.

Walking is very helpful and should be  
continued to maintain endurance. ROM exercises 
should be continued and advanced as tolerated. 
Transfusions are quite common during rehabili-
tation, especially with bone marrow suppression. 
Exercise in thrombocytopenic patients is con-
troversial. A major concern in these patients is 
development of intracranial hemorrhage. In one 
study, fatal intracranial hemorrhage was found in 
only 1 of 92 patients receiving chemotherapy.52 
Clinicians should use their judgment when  
prescribing exercises in this group of patients. 
However, it may be reasonable to allow nonresis-
tive exercise with platelet counts between 5,000 
and 10,000/mm3 and light resistive exercises with 
counts above 10,000/mm3. Ambulation may be 
allowed with platelet counts above 5,000/mm3 
with fall precautions.

Conclusions

Successful rehabilitation of patients with cancer 
requires understanding of the behavior of tumor 
pathology, flexibility in determining the func-
tional goals and a timeline for achievement of 
these goals, and awareness of the complications  
of cancer and its treatments, which negatively 
impact patient function. The ultimate goals of 
rehabilitation interventions are to maximize 
function, promote adaptive and compensatory 

Table 12  Potential Complications after Breast 
Cancer Treatment(s)

Postoperative wound
Incisional pain
Shoulder range of motion deficits
Lymphedema
Phantom pain
Chest wall pain
Poor cosmesis

Table 13  Lymphedema Management

Education
Elevation of limbs 
Exercise
Retrograde massage/manual lymphatic drainage 
 techniques
Wrapping
Compression garments
Treatment of infections
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strategies when full function cannot be restored, 
and enhance quality of life for cancer patients.
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This chapter delves into many conditions  
that fulfill Curth’s fifth postulate. Many of these 
conditions are genetic and do not fulfill the  
definition of a paraneoplastic syndrome as 
described by McLean, who felt that paraneoplas-
tic manifestations of malignant tumors must  
fulfill two essential criteria: (1) “The dermatosis 
must develop after the development of a malig-
nant tumor” and (2) “Both the dermatosis and 
the malignant tumor must follow a parallel 
course.”2 This chapter broadens the scope by 
examining instances that may not fulfill the para-
neoplastic definition. Such described neoplasms 
are markers for syndromes with a higher risk of 
known internal malignancies. Most importantly, 
these skin markers of internal malignancy are 
reliable, recognizable, and relevant. 

Skin Neoplasms Related to  
Malignancies of the Gastrointestinal 
System

Muir-Torre Syndrome
Skin neoplasm: Sebaceous adenoma, sebaceous 
epithelioma, and sebaceous carcinoma
Internal malignancy: Colorectal cancer predomi-
nantly; less commonly transitional cell cancer of 
the renal tract, endometrial cancer, ovarian 
cancer, breast cancer, upper gastrointestinal (GI) 
tract cancer, laryngeal cancer, and sarcomas  
Genetics: Gene: MSH2 on chromosome 2p and 
MLH1 on chromosome 3p 
Online Mendelian Inheritance in Man (OMIM): 
158320
Inheritance: Autosomal dominant

Muir-Torre syndrome consists of multiple  
sebaceous neoplasms, keratoacanthomas, and GI, 
gynecologic, and urologic malignancies in the 
absence of other predisposing factors. Because of 
the risk of multiple internal malignancies, early 
recognition of this syndrome is essential. Twenty-
eight percent of skin lesions appear before, 12% 
appear concurrently with, and 59% occur after 
the diagnosis of the first internal malignancy.3

The skin lesions in Muir-Torre syndrome 
consist of sebaceous neoplasms and keratoacan-
thomas. Sebaceous adenomas are slowly growing 
yellow to skin-colored papules usually found  
on the head or neck. They are the most sensitive 
skin marker for Muir-Torre syndrome. Sebaceous 
epitheliomas are yellowish papules and nodules 
often resembling a basal cell carcinoma. They  
are the most specific skin marker for Muir-Torre 
syndrome.4 Sebaceous carcinoma can be found at 
its characteristic location on the eyelid presenting 
as a painless nodule on the inner eyelid surface  
or in extraocular locations. Although solitary, 
sebaceous tumors may occur, multiple lesions  
are more often the norm. Even though multiple 
lesions are more typical, the discovery of even  
one characteristic sebaceous neoplasm should 
prompt an evaluation for Muir-Torre syndrome. 
Sebaceous hyperplasia and nevus sebaceous are 
not associated with Muir-Torre syndrome.  

Keratoacanthomas present as rapidly grow-
ing crateriform nodules on sun-exposed areas 
and can be difficult to differentiate from squa-
mous cell carcinoma clinically and histologically. 
Of 139 patients with Muir-Torre syndrome,  
22% had at least one keratoacanthoma.4 Kerato-
acanthomas in Muir-Torre syndrome can also  
be multiple or present with sebaceous differen-
tiation histologically. 

Muir-Torre syndrome is associated with 
multiple internal malignancies. In one study of 
139 patients, 282 primary internal malignancies 
were found. Sixty-one percent of cases have a 
family history of internal malignancy.4 Colorectal 
carcinoma is the most common internal malig-
nancy, accounting for about half of all malignan-
cies in Muir-Torre syndrome. The second most 
common cancer type is genitourinary, at 24% of 
primary cancers. Other cancers that have been 
involved in the syndrome include lymphoma, 
leukemia, and cancer of the breast, parotid gland, 
inner ear, tongue, larynx, lung, and cartilage.4,5

Colorectal carcinoma in Muir-Torre syn-
drome has some unique features. First, about 
58% of all colorectal carcinoma are found  

The skin is an accessible window through which 
internal conditions may manifest. Readily seen, 
touched, and sampled, lesions on the skin may 
provide valuable clues to internal conditions, 
especially malignancies. This chapter, therefore, 
focuses on the myriad of cutaneous clues that 
may alert one to investigate further for malignant 
processes. The information in this chapter is 
organized by an internal body system for ease of 
use by its intended audience. Some conditions 
may be associated with multiple malignancies, 
and these associations are discussed in the order 
of greatest incidence. Where there is no predomi-
nant association, conditions are discussed  
separately.

When examining the association of the skin 
to internal malignancy, Curth wrote, “Certain 
postulates must be fulfilled if the association  
of benign dermatoses with malignant internal 
tumors can be considered causal.”1 Those  
postulates are the following:

1. The dermatosis and malignant internal dis-
ease start at the same time or there is only a 
short interval between the onsets of each.

2. The internal malignant process and the der-
matosis run a parallel course.

3. The type of the neoplasm associated with the 
dermatosis may be uniform or distinctive,  
i.e., its mechanical, toxic, or biochemical 
action has specific effects on the skin.

4. The dermatosis is not common.
5. If the association between the dermatosis 

and malignant disease is based on a genetic 
relationship, the internal disorder and the 
dermatosis develop independently of each 
other and postulates 1 and 2 will not be  
fulfilled.

6. The incidence of association between derma-
tosis and malignant disease is statistically 
important. Such a syndrome will, if one 
searches further, either fulfill the first four 
criteria or show a genetic background as  
postulated in #5.1
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proximal to the splenic flexure in this syndrome. 
It is usually detected about 10 years earlier than 
the general population. Despite these features, 
colorectal carcinoma tends to be less aggressive in 
Muir-Torre syndrome and tends to have a favor-
able prognosis. One hundred twenty people with 
Muir-Torre syndrome had a mean survival of  
12 years after first diagnosis of malignancy.5

Once Muir-Torre syndrome is recognized 
and diagnosed, preventive screening should be 
initiated. The initial workup should also include a 
complete history, a physical examination, labora-
tory tests (carcinoembryonic antigen, complete 
blood cell count, erythrocyte sedimentation rate, 
chemistry, UA, urine cytology), chest radiogra-
phy, a Pap smear, mammography, endometrial 
biopsy, and, especially, screening of the colon. 
Because of the location of colorectal cancer in this 
syndrome, colonoscopy and barium enema are 
favored over sigmoidoscopy. Other tests that can 
be considered include cystoscopy, intravenous 
pyelography, and computed tomography (CT) of 
the abdomen and pelvis.3 All family members 
should be screened initially and regularly for  
the skin neoplasms and internal malignancies 
associated with Muir-Torre syndrome.  

Gardner’s Syndrome
Skin neoplasm: Epidermal inclusion cysts,  
desmoid tumors, and fibrous tumors
Internal malignancy: GI carcinoma, thyroid  
carcinoma
Genetics: Gene: APC (adenomatous polyposis 
coli); Chromosome: 5q21-22  
OMIM: 175100
Inheritance: Autosomal dominant

Gardner’s syndrome consists of epidermal  
inclusion cysts, desmoid tumors, fibroid tumors, 
osteomas, congenital hyperpigmentation of  
the retinal epithelium, and other less common  
neoplasms coupled with GI and thyroid malig-
nancies. The diagnostic criteria for Gardner’s 
syndrome are outlined in Table 1.6 One hundred 
percent of Gardner’s syndrome patients develop 
GI carcinoma by age 20 to 30 years. Because of 
this, early recognition and prophylactic treatment 
are paramount.  

Epidermal inclusion cysts are the most 
common skin neoplasms associated with  
Gardner’s syndrome and are found in 35% of 
patients with Gardner’s syndrome. The cysts may 
even present at birth. Typically, they are firm, 
mobile, subcutaneous nodules that may aggregate 
into large masses, usually on the head and neck. 
Multiple epidermal inclusion cysts should prompt 
further inquiry for other signs of Gardner’s  
syndrome.7,8 Desmoid tumors occur in 3 to 17% 
of cases, with a female predominance (80%). 
These tumors may occur spontaneously or at sites 
of surgical incisions. They are nonmetastasizing 
but may be locally aggressive, causing usual or 
intestinal obstruction. Desmoid tumors in the 
retro peritoneum may have a poor prognosis.8 
Fibromas may also be found in the skin, subcuta-
neous tissue, mesentery, or retroperitoneum.  

Osteomas are the most common benign  
neoplasm found in Gardner’s syndrome, being 
present in 80% of cases. They are most commonly 
located in the mandible or maxilla as thickenings 
or masses. Congenital hyperpigmentation of the 
retinal epithelium (CHRPE) is found in 63% of 
Gardner’s syndrome patients. Dental anomalies, 
including multiple supernumerary or impacted 
permanent teeth, are seen in 18% of patients. 
Other reported neoplasms include lipoma and 
leiomyomas.6,8–10

GI carcinoma is the most common type of 
malignancy in Gardner’s syndrome. Adenoma-
tous polyps develop predominantly in the colon 
but can also be seen in the small intestine and 
stomach. Polyps are rarely seen before age 10 
years. Early presenting signs of polyposis include 
bleeding or obstruction. By 20 years of age, 50% 
of patients with Gardner’s syndrome develop 
polyps. Carcinomatous degeneration occurs in 
100% of patients, usually by the second to third 
decade.8 The incidence of periampullary cancer 
increases 100 to 200 times in patients with Gard-
ner’s syndrome and also presents a decade earlier 
(average age of 48 years) than in the general  
population.6,8 Treatment consists of early prophy-
lactic total colectomy when polyp formation is 
detected.  

Another malignancy associated with Gard-
ner’s syndrome is thyroid carcinoma. It is charac-
terized by an early onset (78%<age 30 years), 
female predominance (89%), papillary histology 
(88%), and  multicentricity (70%).9 In 30%  
of patients, thyroid carcinoma can precede the 
diagnosis of Gardner’s syndrome by as much  
as 12 years. Because the malignancy is often  
multicentric, treatment consists of total  
thyroidectomy.

Caring for patients with Gardner’s syndrome 
should involve gastroenterologists for annual 
colonoscopy, ophthalmologists (CHRPE), den-
tists, and regular examinations of the thyroid 
(neck ultrasonography, physical examination), 
especially in young women.  

Peutz-Jeghers Syndrome
Skin neoplasm: Multiple lentigines
Internal malignancy: GI carcinoma, pancreatic 
carcinoma, bilateral breast carcinoma, cervical 
and testicular cancer
Genetics: Gene STK11 (serine threonine kinase); 
Chromosome: 19p13.3
OMIM: 175200
Inheritance: Autosomal dominant

Peutz-Jeghers syndrome consists of multiple len-
tigines predominantly on the face and oral mucosa 
associated with hamartomatous GI polyps with  
a small potential for malignant transformation. 
This syndrome has also been associated with  
multiple other internal malignancies, many of 
which can be fatal. The most common GI com-
plaints are abdominal pain, GI bleeding, anemia, 
vomiting, and rectal prolapse.8 Clinical signs  
of the syndrome present at an early age. Early  
recognition and preventive screenings, therefore, 
facilitate timely detection and treatment of  
malignancies.  

The skin neoplasms consist of 1 to 5 mm 
brown/black macules that are predominantly  
distributed on the central face, lips, and oral 
mucosa but can be seen on other body areas. 
These lesions may be present at birth or arise 
during infancy. Fifty to 60% of patients show 
clinical manifestations of the syndrome before 
age 20 years. The lentigines on the mucosa tend  
to persist throughout life.8

The predominant GI manifestations of 
Peutz-Jeghers syndrome are hamartomatous 
polyps found throughout the GI tract but most 
commonly in the ileum and jejunum. A small 
proportion of these polyps can undergo malig-
nant transformation. The frequency of GI malig-
nancy in Peutz-Jeghers syndrome has been 
estimated at 2 to 3%.11 The most common site  
of malignancy was the large bowel, followed by  
the duodenum, jejunum, and stomach in a study 
of 104 patients.11 The relative risk of death from 
GI cancer and from all forms of cancer is 13 and 
9, respectively. There is a 48% chance of dying of 
cancer by age 57.12

Other malignancies have also been reported 
in Peutz-Jeghers syndrome. In one study, 36%  
of patients with Peutz-Jeghers syndrome with  
a diagnosis of cancer had pancreatic cancer.13  
Several case reports have shown an association 
between this syndrome and bilateral breast cancer, 
with a mean age at onset at 42 years.14 Other 
reported cancers include ovarian sex cord tumors, 
adenoma malignum (rare form of cervical cancer), 
and Sertoli cell testicular tumors in prepubertal 
boys.12

Prophylactic screening in Peutz-Jeghers  
syndrome should include examination for  
occult blood, colonoscopy, and upper GI tract 
endoscopy. Some advocate removal of large or 
symptomatic colon polyps, whereas others feel 

Table 1  Diagnostic Criteria for Gardner’s  
Syndrome

1. Presence of all three diagnostic criteria
 a. colonic polyps
 b. soft tissue tumors
 c. osteomas

2. Presence of any one usual finding in an 
 individual, PLUS a family history that  
 individually or collectively has all the criteria  
 outlined in #1.  

All based on reference 3.d.5
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that all colon polyps should be removed.12 Initial 
screening should be followed by periodic (6–12 
months) upper endoscopy and colonoscopy with 
a small bowel follow-through. Given the risk of 
bilateral breast cancer, a baseline mammography 
at age 25 with annual examinations starting at  
age 40 is recommended. Further, an annual  
pelvic sonogram and cervical smears are also  
advisable.12

Skin Neoplasms Related to Renal 
Malignancies

Birt-Hogg-Dubé Syndrome
Skin neoplasm: Fibrofolliculomas, trichodisco-
mas, acrochordons
Internal malignancy: Renal cancer
Genetics: Gene: Folliculin; Chromosome: 
17p11.2   
OMIM: 135150
Inheritance: Autosomal dominant

Birt-Hogg Dubé syndrome consists of multiple 
fibrofolliculomas, trichodiscomas, other skin 
neoplasms such as lipomas, and collagenomas 
associated with pulmonary cysts and renal cancer. 
Pulmonary findings usually precede skin mani-
festations, which usually occur in the third  
to fourth decade of life. Renal disease usually 
presents after skin manifestations.15

The skin manifestations of Birt-Hogg-Dubé 
syndrome include most commonly fibrofollicu-
lomas, trichodiscomas, and acrochordons. Clini-
cally, these lesions can have a similar appearance 
as 2 to 4 mm smooth, dome-shaped, skin-colored 
to gray-white papules on the face, neck, and upper 
trunk that are asymptomatic. There is some con-
tention that, histologically, all of these lesions 
represent fibrofolliculomas.16 Other more rarely 
described skin lesions include deforming lipomas 
and collagenomas.15,17,18 Other manifestations  
of the syndrome include oral papules and  
pulmonary cysts.

The most common internal neoplasms  
associated with Birt-Hogg-Dubé syndrome are 
renal tumors. In one study that included 13 
patients with Birt-Hogg-Dubé syndrome, 7 had 
renal neoplasms.19 The histologic spectrum of 
renal tumors in Birt-Hogg-Dubé syndrome  
is unique (Table  2). The original affected  
family reported by Birt and colleagues also had 
hereditary medullary thyroid carcinoma.15 

Prophylactic screening for patients and 
family members of patients with Birt-Hogg- 
Dubé syndrome should include chest radio-
graphy, abdominal and chest CT, and renal 
ultrasonography.16,20

Tuberous Sclerosis
Skin neoplasm: Hypomelanotic macules, facial 
angiofibromas, periungual fibromas, connective 
tissue nevi
Internal malignancy: Renal cell carcinoma
Genetics: Genes: TSC1 and TSC2; Chromosomes: 
9q34 and 16p13
OMIM: 191100
Inheritance: Autosomal dominant with a sponta-
neous mutation rate as high as 75%

Tuberous sclerosis is a syndrome consisting of 
several skin findings coupled with tumors of  
the brain, heart, retinas, kidneys, and lungs, with 
frequent mental deficiency and epilepsy. The  
initial skin findings in this syndrome are hypomel-
anotic macules, which may be present at birth or 
perinatally. These macules are usually oval- to 
lance-ovate- (ash leaf) shaped, and their presence 
is more easily appreciated on Wood’s lamp exam-
ination. Facial angiofibromas begin to develop 
next, usually within the first 2 years of life, with 
full expression by adolescence. These are 1 to 3 
mm yellow to pink waxy dome-shaped papules 
distributed over the nose, cheeks, and forehead. 
Up to 50% of patients can develop a connective 
tissue nevus also known as the shagreen patch. 
These develop in the first decade of life and are 
usually 1 to 10 cm patches of knobby skin usually 
found on the lumbrosacral area. At puberty, 
about 50% of patients develop periungual pap-
ules known as Koenen’s tumors. These present  
as firm, digitate, pink, protruding papules that 
histologically are angiofibromas.  

The majority of tumors associated with 
tuberous sclerosis are benign. The most common 
renal tumor is an angiomyolipoma. However, 
renal cell cancer may occasionally develop, with 
16 cases having been reported with tuberous  
sclerosis (bilateral renal cancer in seven patients). 
The median age at cancer presentation is 28 years, 
with clear cell carcinoma being the most common 
histologic subtype.21 Enlarging renal lesions with 
intratumoral calcifications that have no fatty 
tissue as seen by ultrasonography, CT, or MRI are 
more suspicious. Diagnosis should be confirmed 
by fine-needle aspiration or surgical exploration. 
Because renal cancer in tuberous sclerosis is  
often bilateral, renal-sparing surgery should be 
performed when possible.22

Hereditary Leiomyomatosis and Renal 
Cell Cancer
Skin neoplasm: Leiomyomas
Internal malignancy: Papillary renal cell carci-
noma

Genetics: Gene: HLRCC; Chromosome: 1q42.1
OMIM: 605839
Inheritance: Autosomal dominant

Hereditary leiomyomatosis with renal cell 
cancer is a familial syndrome with a predisposi-
tion to skin leiomyomas, uterine leiomyomas, 
and papillary renal cell carcinoma. In one study, 
four unilateral renal cancer cases occurred in 
females aged 33 to 48 showing papillary histology 
and all were metastatic at the time of diagnosis.23 
Seven of 11 family members had cutaneous  
nodules, two of which were confirmed as  
leiomyomas.

Cutaneous leiomyomas present as erythema-
tous firm nodules that can be painful to the touch. 
They are rare benign skin tumors thought to arise 
from the arrector pilorum muscle. Patients and 
family members with hereditary leiomyomatosis 
and renal cell cancer should undergo renal  
ultrasonography. Female patients should also 
have transvaginal ultrasonography of the uterus 
because of uterine leiomyosarcomas, which have 
been reported with this syndrome.  

Skin Neoplasms Related to Breast 
Cancer

Cowden Syndrome
Skin neoplasms: Tricholemmomas, acral kerato-
ses, oral papillomas, sclerotic fibromas, lipomas, 
angiolipomas, hemangiomas, and multiple acro-
chordons
Internal malignancy: Breast carcinoma, thyroid 
carcinoma, rare colon adenocarcinoma
Genetics: Gene: PTEN; Chromosome: 10q22-23
OMIM: 158350
Inheritance: Autosomal dominant with variable 
expressivity and female predominance

Cowden syndrome consists of multiple skin neo-
plasms; increased propensity of breast, thyroid, 
and colon carcinoma; and other features, which 
can include a high arched palate, bird-like facies, 
GI polyps, female genital tract neoplasms, an 
enlarged tongue, and diabetes mellitus.24 Skin 
lesions frequently appear before internal mani-
festations and therefore serve as an important 
marker for this syndrome. 

The mucocutaneous lesions characteristi-
cally appear in the second to third decades. 
Tricholemmomas are a specific cutaneous marker 
for Cowden syndrome. They usually present as 
multiple yellow to skin-colored verrucous  
papules, especially on the face, with a predilection 
for the ears and periorificial areas. Multiple  
sclerotic fibromas are another skin marker for  
the disease. These appear as translucent to  
skin-colored waxy nodules with a characteristic 
histology of whorled collagen with significant 
clefting.8,25 More than 50% of patients have  
punctate palmoplantar keratoses. Oral lesions 

Table 2  Histologic Spectrum of Renal Tumors in 
Birt-Hogg-Dubé (BHD) syndrome

Histologic type BHD All renal cancers

chromophobe 34%  5%
oncocytoma  5%  5%
chromophobe/ 50% NA 
 oncocytic hybrid
clear cell  9% 75%
papillary  2% 15%
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consist of 1 to 3 mm papules that create a cobble-
stone appearance and can involve the entire oral 
mucosa and the tongue.  

Twenty-five to 36% of female patients  
with Cowden disease develop breast cancer.  
Seventy-five percent of female patients have  
fibrocystic breast disease and fibroadenomas.26 
Breast cancer usually develops around the age  
of 40 and is a ductal adenocarcinoma that has 
often metastasized before the diagnosis has been 
confirmed.27  

Seven percent of patients with Cowden  
disease develop thyroid adenocarcinoma. Two-
thirds of Cowden disease patients develop some 
form of thyroid disease, including goiter, adeno-
mas, and thyroglossal duct cysts. Hamartomatous 
polyps of the GI tract can also develop, and  
they have a small potential for malignant  
transformation.26   

Prophylactic screening for Cowden syn-
drome should include monthly breast self- 
examination and periodic mammograms. Some 
also recommend consideration of bilateral pro-
phylactic mastectomies in women with breast 
lesions in the third decade of life.26 Screening 
should also include a thyroid examination,  
thyroid function tests, and ultrasonography of 
the thyroid gland. If nodules are noted on exami-
nation, fine-needle aspiration or surgical biopsy 
is recommended.  

Skin Neoplasms Related to Cancer 
of the Genitourinary System

Extramammary Paget’s Disease
Skin neoplasm: Intraepidermal neoplasm con-
sisting of cells with glandular differentiation
Internal malignancy: Bladder, urethra, prostate, 
endometrial, endocervical, vaginal, colorectal, 
and breast carcinoma  

The current theory is that extramammary Paget’s 
disease arises as a primary intraepidermal neo-
plasm in most cases. Tumor cells are thought to 
arise from apocrine gland cells or pluripotent 
keratinocytes.28 Approximately 25% of cases  
are thought to have associated neoplastic disease 
in adnexal structures or in internal organs with  
a contiguous epithelial lining. However, an 
increased incidence of noncontiguous malignan-
cies has also been reported.  

Clinically, extramammary Paget’s disease 
presents as an erythematous, edematous, weep-
ing, crusted, and nonhealing plaque with irregu-
lar borders. The most common anatomic sites of 
involvement include the vulva and the perianal 
area. Patients are usually between 50 and 80 years 
of age. The normal female to male ratio is 4:1.29

Vulvar extramammary Paget’s disease  
usually originates in the epidermis but has  
been described in association with endometrial, 

endocervical, vaginal, vulval, urethral, and blad-
der neoplasia. Breast cancer is the malignancy 
that occurs most often in conjunction with vulvar 
extramammary Paget’s disease.30 Perianal extra-
mammary Paget’s disease is rarer and is strongly 
associated with adenocarcinoma of the colon and 
rectum. In 70 to 80% of cases, perianal disease 
arises secondary to invasive malignancy of the 
anus, rectum, and colon.28 Disease involving  
the male genitalia is more commonly associated 
with internal malignancy (urethra, bladder, and 
testicles) than vulval disease.

The prognosis for extramammary Paget’s 
disease contained to the epidermis is excellent. 
When lymphovascular invasion occurs, the  
prognosis diminishes considerably. The 5-year 
survival rate with inguinal node metastases is 
0%.28 Treatment for disease in the skin includes 
wide local excision versus Mohs’ micrographic 
surgery, which provides a higher cure rate with 
fewer recurrences.  

Long-term follow-up is recommended for 
patients with extramammary Paget’s disease to 
monitor for local skin recurrence and develop-
ment of an associated cancer. In perianal disease, 
proctosigmoidoscopy and colonoscopy are  
recommended at 2- to 3-year intervals.29 Disease 
involving the male or female genitalia should 
prompt examination of the appropriate internal 
organs looking for associated malignancy.  

Skin Neoplasms Related to Cancer 
of the Endocrine System

Multiple Endocrine Neoplasia Type IIB
Skin neoplasm: Multiple mucosal neuromas
Internal malignancy: Medullary thyroid carci-
noma
Genetics: Gene: RET; Chromosome: 10q11.2
OMIM: 162300
Inheritance: Autosomal dominant

Multiple endocrine neoplasia type IIB is a  
syndrome consisting of multiple neuromas,  
pheochromocytoma, and medullary thyroid  
carcinoma with a marfanoid body habitus. The 
skin findings in this syndrome are predominantly 
neuromas, which present as pedunculated  
nodules on the eyelid margins, lips, and tongue. 
Other features include enlarged nerves in the  
GI tract with megacolon and the eye, leading to 
corneal nerve thickening.31–33

Medullary thyroid cancer occurs in virtually 
all patients with this syndrome. Surgery is the 
preferred treatment since this tumor is generally 
resistant to radiation and chemotherapy.  
Children as young as 6 months old have been 
diagnosed with medullary thyroid cancer in this 
syndrome. Therefore, prophylactic total thyroid-
ectomy within the first 6 months of life is the  
recommended treatment for patients with  

multiple endocrine neoplasia type IIB. Early thy-
roidectomy is essential for survival. Once medul-
lary thyroid cancer invades the lymph nodes or 
soft tissue, survival drops to 40% over 7.5 years of 
follow-up.31,33,34

Carney’s Syndrome
Skin neoplasm: Myxomas, blue nevi, lentigines, 
psammomatous melanotic schwannoma
Internal malignancy: Thyroid carcinoma, malig-
nant psammomatous melanotic schwannoma
Genetics: Gene: PRKAR1A; Chromosome: 17q23-
q24
OMIM: 160980
Inheritance: Autosomal dominant

Carney’s syndrome is a complex of myxomas 
(cardiac, cutaneous, mammary), spotty pigmen-
tation of the skin and mucous membranes,  
and endocrine gland overactivity (Cushing’s  
syndrome, sexual precocity, and acromegaly) 
described by Carney in 1985.35 Patients often have 
tumors of two or more endocrine glands, includ-
ing pigmented nodular adrenocortical disease, 
growth hormone– and prolactin-producing  
pituitary adenoma, testicular tumors, thyroid 
adenoma and carcinoma, and ovarian cysts.36 
Detection of this syndrome occurs at a median 
age of 20 years.  

The earliest manifestations of Carney’s  
syndrome are cutaneous. Lesions consist of pig-
mented brown/black macules and blue/black 
dome-shaped nodules (lentigines and blue nevi). 
These lesions are occasionally congenital but  
usually reach a more characteristic density in the 
prepubertal years. The typical distribution 
involves the face, lips, eyelids, ears, trunk, neck, 
conjunctiva, sclera, vulva, limbs, and back of  
the hands. Cutaneous myxoma present as sessile 
papules or subcutaneous nodules, usually less 
than 10 mm in diameter, some of which are  
cystic. The most common locations are the eyelid, 
external ear, and nipple.35,36

Malignancy is rare in Carney’s syndrome. Up 
to 75% of patients have thyroid nodules, which 
usually develop in the first 10 years of life. Five 
thyroid carcinomas were detected in one series, 
three of the papillary type and two of the follicular 
type.36 Thyroid ultrasonography is an effective 
method for screening for thyroid involvement  
in pediatric and young adult patients. Psam-
momatous melanotic schwannoma is a very rare 
peripheral nerve sheath tumor found in Carney’s 
syndrome, about 10% of which are malignant 
and fatal. Screening is difficult because this  
condition can occur in many anatomic locations, 
including the esophagus, stomach, and paraspi-
nal sympathetic chain. Fifty-seven percent of 
deaths in Carney’s syndrome are caused by  
heart-related disease (cardiac myxomas). Cardiac 
screening should begin at age 5 years in known 
cases of Carney’s syndrome.36
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Skin Neoplasms Related to the 
Neural System

Gorlin’s Syndrome or Nevoid Basal Cell 
Carcinoma Syndrome
Skin neoplasm: Multiple basal cell carcinoma, 
facial milia, epidermoid cysts, palmar/plantar 
pits
Internal malignancy: Medulloblastomas, fibrosar-
coma, ovarian fibromas
Genetics: Gene: PTCH; Chromosome: 9q22.3-
q31
Inheritance: Autosomal dominant

Gorlin’s syndrome consists of multiple basal  
cell carcinomas that develop at a young age, 
odontogenic keratocysts, palmar pits, macro-
cephaly, frontal bossing, calcified falx cerebri, 
agenesis of the corpus callosum, bifid ribs, spina 
bifida occulta, calcified diaphragma sellae, and a 
high arched palate. This syndrome is important 
to recognize not only for these manifestations  
but also for the occasional association with 
medulloblastoma, which occurs at a very young 
age. The diagnostic criteria for Gorlin’s syndrome 
are outlined in Table 3. 

The skin findings in Gorlin’s syndrome 
include basal cell carcinoma, which is found in 
76% of affected patients.37 Basal cell carcinoma 
has been reported as early as age 2 years, but it 
more commonly appears in the teenage years  
and proliferates between puberty and age 35. 
Basal cell carcinomas number from a few to the 
hundreds and usually affect the face, back, and 

chest. A small proportion of Gorlin’s syndrome 
patients have no basal cell carcinomas.  

Other findings include odontogenic kerato-
cysts, which are present in 80% of patients over 20 
years old. Palmar pits are found in 60% of patients 
and present as 2 to 3 mm depressions that develop 
usually in the second decade of life.37 Other asso-
ciated anomalies include macrocephaly, frontal 
bossing, calcified falx cerebri, rib anomalies, spina 
bifida occulta, calcified diaphragma sellae, and  
a high arched palate.  

Three to 5% of patients with Gorlin’s  
syndrome develop medulloblastoma. Medullo-
blastoma in Gorlin’s syndrome is unique in that it 
usually occurs in the first 2 years of life compared 
with the general population, in which incidence 
peaks at age 3 to 5 years. Medulloblastoma is a 
highly invasive embryonal neuroepithelial tumor 
that arises in the cerebellum and has a tendency to 
disseminate throughout the central nervous 
system early in its course. Infants at risk of devel-
oping medulloblastoma should be screened by 
annual MRI until age 8 years.37 Radiation therapy 
is contraindicated in patients with Gorlin’s syn-
drome as innumerable basal cell carcinomas later 
develop within previously irradiated skin. Other 
rare and possibly coincidental malignancies 
reported with Gorlin’s syndrome include astrocy-
toma, malignant meningioma, ovarian fibrosar-
coma, rhabdomyosarcoma, Hodgkin’s lymphoma, 
leiomyosarcoma, and adenocarcinoma of the 
rectum.38–43

Neurofibromatosis Type 1
Skin neoplasm: Neurofibromas, café au lait  
macules
Internal malignancy: Malignant peripheral nerve 
sheath tumors, optic glioma, malignant astrocy-
toma, ependymoma, meningioma, rhabdomyo-
sarcoma, juvenile chronic myelogenous leukemia, 
Wilms’ tumor, and neuroblastoma44–57

Genetics: Gene: NF1; Chromosome: 17q11.2
OMIM: 162200
Inheritance: Autosomal dominant

Neurofibromatosis type 1 is an inherited  
syndrome consisting of cutaneous, ocular, and 
osseous lesions coupled with malignancies  
involving the peripheral nerve sheath and central 
nervous system. The diagnostic criteria for neu-
rofibromatosis are outlined in Table 4. Some of 
the tumors associated with neurofibromatosis are 
histologically benign but lethal nonetheless owing 
to the location.52 Early detection and manage-
ment of this syndrome and its associated tumors 
are essential for the survival of patients with  
neurofibromatosis.

The cutaneous neoplasms associated with 
neurofibromatosis include neurofibromas and 
café au lait macules. Neurofibromas present as 
pink to tan polypoid or pedunculated rubbery 
nodules measuring from a few millimeters to  

several centimeters. They invaginate into the skin 
easily on fingertip pressure, the so-called “but-
tonhole” sign. Plexiform neurofibromas are firm 
and tender masses in the subcutaneous tissue  
that may invade deeper structures. Café au lait 
macules are tan to brown uniformly pigmented 
macules with sharp demarcation.  

Progression of plexiform neurofibroma to a 
malignant peripheral nerve sheath tumor occurs 
in 1 to 5% of patients with neurofibromatosis.53–56 
The relative risk of developing a malignant 
peripheral nerve sheath tumor in neurofibroma-
tosis versus the general population is 113.53 The 
mean age at development of these tumors has 
been estimated at 26 to 32 years of age.54,55 Malig-
nant peripheral nerve sheath tumors are often 
metastatic on presentation or refractory to ther-
apy; therefore, early detection and treatment are 
paramount. The median survival was 18 months 
overall. Patients with malignant peripheral nerve 
sheath tumors on the limbs tend to survive longer 
(53 months) than those with a nonlimb location 
(21 months).55 Pain associated with an enlarging 
mass is the strongest suggestion that a malignant 
peripheral nerve sheath tumor has developed. 
Imaging and biopsy of any painful or enlarging 
nodular or plexiform neurofibroma should be 
performed to assess for malignancy.  

There is a 30 to 40 times higher than expected 
rate of association of neurofibromatosis type 1, 
juvenile chronic myelogenous leukemia, and 
juvenile xanthogranuloma. The risk of juvenile 
chronic myelogenous leukemia in children with 
neurofibromatosis type 1 is 20 to 30 times higher 
if juvenile xanthogranulomas are present.56 Juve-
nile xanthogranulomas present as firm, rubbery, 
round, pink papules with a yellow tinge found  
on the head and neck, upper trunk, and upper 
extremities.  

Skin Neoplasms Related to Cancer 
of the Bone and Cartilage

Maffucci’s Syndrome
Skin neoplasm: Subcutaneous hemangiomas
Internal malignancy: Chrondrosarcoma, astrocy-
toma, ovarian carcinoma, pancreatic carcinoma

Table 3  Diagnostic Criteria for Gorlin’s Syndrome

1. 2 major features
2. 1 major feature and an affected 1st degree  
 relative
3. 2 minor features and an affected 1st degree  
 relative
4. Multiple basal cell carcinomas in childhood

MAJOR FEATURES MINOR FEATURES

1. Multiple BCC’s or one  1. Congenital skeletal  
 prior to age 20  anomaly (bifid ribs 
  vertebral anomaly)
2. Histologically  2. Macrocephaly   
 confirmed odontogenic  >97th percentile  
 keratocysts  with frontal  
  bossing
3. >3 palmar or plantar  3. Cardiac or ovarian  
 pits  fibroma
4. Bilamellar calcification  4. Medulloblastoma
 of the falx cerebri 5. Lymphomesenteric  
  cysts
 6. Congential  
  malformations  
  (cleft lip/palate,  
  polydactyly, eye  
  anomalies)

All based on reference 8.a.7

Table 4  Diagnostic Criteria for  
Neurofibromatosis Type I

Neurofibromatosis Type 1 diagnostic criteria
Must have 2 or more of the following criteria:
1. Six or more café au lait macules. >0.5cm  
 prepuberty;  >1.5cm postpuberty
2. Two or more neurofibromas or one plexiform  
 neurofibroma
3. Axillary or inguinal freckling
4. Optic gliomas
5. Osseous lesions – pseudoarthrosis, sphenoid  
 wing dysplasia
6. First degree relative with NF1 by the above  
 criteria

Reference 8.b.13
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Genetics: Gene: PTH/PTHRP type 1 receptor; 
Chromosome: 3p22-p21.1
OMIM: 166000
Inheritance: Not genetically inherited in a simple 
mendelian manner

Maffucci’s syndrome consists of multiple enchon-
dromas associated with subcutaneous heman-
giomas. The symptoms of this syndrome are 
congenital in 25% of cases but usually begin on 
average at age 4 to 5 years.58 The hemangiomas 
present as soft, compressible, blue-red, and occa-
sionally tender subcutaneous nodules usually 
located on the hands and feet. Enchondromas 
occur primarily along the long bones during a 
time of rapid skeletal growth. Enchondromas 
represent abnormal cartilage development. 
Islands of immature cells fail to ossify and  
later proliferate to form expanding cartilaginous 
tumors.  

Chondrosarcoma develops in 22 to 30% of 
patients with Maffucci’s syndrome.58 The average 
age at development of chondrosarcoma is 40 
years. They usually present as an enlarging mass 
that was previously quiescent without a history  
of preceding trauma. The affected area can be 
painful and feel heavy. Suspicious lesions should 
be imaged. Radiologic features that support 
malignancy include endosteal cortical erosion, 
cortical destruction with expanding soft tissue 
mass, or a zone of lucency in a previously miner-
alized region.59 Lesions suspicious for malignancy 
should be biopsied, either by needle aspiration  
or with open techniques.  

A wide variety of noncartilaginous tumors, 
including astrocytomas, ovarian cancer, and  
pancreatic cancer, have been reported with  
Maffucci’s syndrome. Periodic assessment and 
imaging for other tumors involving the brain, 
abdominal organs, and endocrine glands should 
be performed.59

Skin Neoplasms Associated with 
Multiple Internal Tumor Types

Multicentric Reticulohistiocytosis
Skin neoplasm: Reticulohistiocytomas
Internal malignancies: Breast, cervix, colon, lung, 
bronchial, and ovarian carcinoma; lymphoma, 
leukemia, sarcoma, melanoma60

Multicentric reticulohistiocytosis is a noninher-
ited disorder that usually begins around age 40  
to 50 years. Eighty-five percent of affected patients 
are Caucasian.60 Skin nodules are present in 90% 
of individuals at the time of diagnosis and present 
as round, symmetric, pink to brown papules 
ranging from a few millimeters to 2 cm. They are 
usually distributed on the face, arms, trunk, 
mucosa, and neck. In 27% of cases, the “coral 
bead” sign is present, manifested as papules 
aligned along the periungual region. Thirty  

percent of patients have mucosal involvement,  
most frequently the buccal mucosa, nasal mucosa, 
and tongue. Arthritis may precede skin changes 
by months to years. The arthritis is usually a  
symmetric polyarthritis involving the hands, 
knees, wrists, shoulders, elbows, ankles, hips, feet, 
neck, and spine, in decreasing frequency. Twelve 
to 45% of patients progress to arthritis muti-
lans.61,62 Involvement of the interphalangeal joints 
can result in “opera glass deformity” owing to 
telescoping and shortening of the digits.  

Malignancy has been reported in association 
with multicentric reticulohistiocytosis in 20 to 
31% of cases.61,62 No specific type of cancer pre-
dominates. In cases associated with malignancy, 
multicentric reticulohistiocytosis preceded the 
development of cancer in 73% of cases.60 Malig-
nancy workup should be guided by a clinician’s 
suspicions after a careful review of systems  
and physical examination. Various therapeutic 
regimens have been tried for multicentric  
reticulohistiocytosis, with variable benefit. These 
include nonsteroidal anti-inflammatory drugs, 
methotrexate alone or in combination with other 
immunosuppressive drugs, hydroxychloroquine, 
corticosteroids, cyclophosphamide, chlorambu-
cil, and alendronate.60–66 The disease tends to 
spontaneously remit after approximately 8 years. 
Many patients are significantly disabled owing to 
joint destruction. 
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Graft-versus-Host Skin Disease
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Hematopoietic stem cell transplantation (HSCT) 
using peripheral blood, cord blood, or bone 
marrow is used to treat a wide variety of genetic 
and immunologic disorders, as well as advanced 
malignancies. Since the first bone marrow trans-
plantations, significant advances in technology 
and immunology have improved the prognosis, 
rate of engraftment, and quality of life for many 
stem cell recipients. It is estimated that at least 
8,000 HSCTs are performed annually in the 
United States and more than 15,000 procedures 
worldwide for a wide variety of indications  
(Table 1).1 Graft-versus-host disease (GVHD) is 
one of the major problems encountered post-
transplantation and remains a significant cause  
of morbidity and mortality. Conversely, in some 
patients, GVHD is desirable because of a benefi-
cial graft-versus-tumor effect. To take advantage 
of this, graft manipulation is sometimes employed 
in an attempt to produce mild GVHD and thereby 
prevent or treat tumor relapse.2–4 

Traditionally, two types of cutaneous GVHD 
are described; the acute form occurs less than  
100 days after transplantation, and the chronic 
form occurs after 100 days. These rigid time-
related criteria should serve only as a guide since 
both acute (aGVHD) and chronic (cGVHD) 
GVHD are more accurately diagnosed by clinical 
and, in some cases, histopathologic features.  
With the advent of new, less intense preparative 
regimens and the development of other trans-
plantation techniques, such as donor lymphocyte 
infusions to treat relapsed malignancies following 
transplantation, the clinical characteristics of 
GVHD are changing. Now we frequently see 
delayed or late manifestations of aGVHD or  
overlapping aGVHD and cGVHD in the same 
patient.5,6 

The skin plays a pivotal role in these complex 
immunologic reactions and manifests changes 
that are easily accessible for examination and 
biopsy. Cutaneous GVHD also shares clinical, 
histopathologic, and immunologic features with 
other autoimmune disorders, making it a useful 
model for study. This chapter reviews the patho-
genesis, clinical presentation, and diagnostic and 
treatment dilemmas associated with cutaneous 
GVHD.

GVHD Risk Factors

Human leukocyte antigen (HLA) disparity is the 
major factor predisposing individuals to aGVHD.7 
The relative importance of the incompatibility of 
individual HLA antigens on GVHD is controver-
sial.8 Thus, it is not yet known whether antigens of 
class 1 (HLA A, B, and C) or class 2 (HLA-DR and 
-DQ) play a relatively more important role as 
triggers of GVHD. Other relevant factors have 
been identified as predictors of GVHD, and these 
include sex mismatch (female donor to male 
recipient),9 minor histocompatibility antigens in 
HLA-matched transplants,10 donor age,11 source12 
and dose of hematopoietic stem cells (peripheral 
stem cells more than bone marrow),13 the inten-
sity of the preparative regimen5 and GVHD pro-
phylaxis,13 or other forms of graft manipulation, 
such as T-cell depletion.14 aGVHD predominantly 
affects the skin, the upper and lower gastrointes-
tinal tract, the liver, and, occasionally, the eye  
and oral mucosa. The staging system is shown in 
Table 2, and it includes the first three systems but 
not eye or oral mucosa.15

Pathophysiology

Acute GVHD
Both acute and chronic GVHD are forms of 
immune dysregulation that occur when immu-
nologically competent cells are given to an immu-
nosuppressed or naive host. Donor T cells that 
recognize recipient alloantigens initiate the pro-
cess.16 Rarely, aGVHD may be seen after blood 
transfusions when viable T cells are given to neo-
nates and fetuses or to patients with iatrotrogenic 
or congenital immunodeficiency disorders. To 
avoid this complication, irradiation of blood 
products has become the standard of care for 
immunocompromised recipients. A blood trans-
fusion from a donor who is homozygous for one 
shared recipient haplotype may cause a similar 
problem. In this case, the donor lymphocytes rec-
ognize the second haplotype in the recipient and 
may cause an acute graft-versus-host reaction. 
This is seen most commonly with directed blood 
donations within family groups or in inbred pop-
ulations with restricted haplotypes, such as those 
found in Japan.17 Transfusion GVHD presents 

Table 1  Diseases Treatable by Stem Cell  
Transplantation

Acute leukemias
 Acute lymphoblastic leukemia
 Acute myelogenous leukemia
 Acute biphenotypic leukemia 
Chronic leukemias
 Chronic myelogenous leukemia
 Chronic lymphocytic leukemia
 Juvenile chronic myelogenous leukemia 
 Juvenile myelomonocytic leukemia
Myelodysplastic syndromes
Stem cell disorders
 Aplastic anemia
 Fanconi’s anemia 
 Paroxysmal nocturnal hemoglobinuria
 Pure red cell aplasia
Myeloproliferative disorders
 Acute myelofibrosis 
 Agnogenic myeloid metaplasia (myelofibrosis) 
 Polycythemia vera 
 Essential thrombocythemia
Lymphoproliferative disorders
 Non-Hodgkin’s lymphoma 
 Hodgkin’s disease 
Phagocyte disorders
Inherited metabolic disorders
Histiocytic disorders
Inherited erythrocyte abnormalities
 b-Thalassemia major 
 Sickle cell disease
Inherited immune system disorders
 Ataxia-telangiectasia
 Kostmann’s syndrome
 Leukocyte adhesion deficiency 
Other inherited disorders
 Lesch-Nyhan syndrome 
 Glanzmann’s thrombasthenia 
Inherited platelet abnormalities
 Amegakaryocytosis/congenital  
  thrombocytopenia
Plasma cell disorders
Other malignancies
 Breast cancer, Ewing’s sarcoma,  
  neuroblastoma
 Renal cell carcinoma

Adapted from National Marrow Donor Program [on-line 
database www.marrow.org March 2007].
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common histopathologic finding used in diagno-
sis. However, it is not clear if these cells are directly 
responsible for the apoptosis.31,36

A three-phase model of aGVHD has been 
proposed, with phase 1 initiated by injury to  
host tissue induced by the preconditioning regi-
men.17,32,37,38 Either total-body irradiation or che-
motherapy is necessary to treat residual tumor, as 
well as to ablate the recipient immune response 
sufficiently to allow engraftment. However, these 
modalities are toxic to healthy tissues, and the 
resultant damage not only releases chemokines 
and cytokines but also activates host dendritic 
cells in target tissues. This is confirmed in a skin 
explant model, where, after conditioning, acti-
vated dendritic cells in the dermis are primed for 
alloreaction at the time of donor T-cell infusion, 
and the apoptotic machinery in basal keratino-
cytes is activated.36 Inflammatory mediators such 
as tumor necrosis factor (TNF)-a, interleukin 
(IL)-1,37,39 and heat shock proteins30,36 are pro-
duced, which then enhance the expression of 
HLA-DR. In a murine model, dendritic cells from 
old mice express more TNF-a and IL-12 than 
young mice, possibly explaining the increased 
incidence of aGVHD in older recipients.32

During the second phase of GVHD, donor 
T-cell activation and expansion occurs and NK 
cells, monocytes, and macrophages create an 
inflammatory milieu composed of activated and 
recruited immunocytes and soluble mediators. 
The greater the genetic disparity between host 
and donor, the greater the T-cell response.17 If 
donor T cells are depleted from the infusion, there 
is a decreased incidence and severity of GVHD.40 
However, engraftment and, as previously men-
tioned, the desirable graft-versus-tumor effect 
may also be abrogated. Antigen-presenting cells 
present transplant recipient antigens to donor 
lymphocytes. These, in turn, secrete cytokines 
that damage tissues and further augment the 
immune response.17

Target tissue injury occurs in the third and 
final phase. Donor T cells respond to the activated 
host dendritic cells, and inflammatory mediators 
such as TNF-a perpetuate the apoptosis in basal 
keratinocytes and other target tissues. The subse-
quent “cytokine storm” in which IL-1, IL-2,  
TNF-a, and interferon-c play an important role 
con tinues the process, particularly in the rete 
ridges. Keratinocytes continue to die by apoptosis 
and direct satellite cell necrosis.35,36,41 Fas(CD95)/
Fas-Ligand apoptosis plays an important role in 
cell death, as does a Fas-independent pathway, 
employing perforin, a protein expressed in func-
tionally active CD8+ and NK cells.17,42,43 In murine 
models, the graft-versus-tumor effect may be 
mediated by the perforin-granzyme pathway.44 It 
is hoped that further definition of these processes 
will lead to unique therapeutic and pharmaco-
logic strategies for regulating epidermal necrosis 
without losing the antitumor effect.45

not only with cutaneous, liver, and gastrointesti-
nal problems but may also cause marrow  
aplasia.17 GVHD occasionally occurs after trans-
plantation of solid organs that contain lymphoid 
tissue, such as small bowel transplants.16,18 How-
ever, the most common cause of GVHD remains 
HSCT, and the most common organ system 
involved is the skin.19,20 aGVHD occurs in about 
20 to 40% of matched sibling transplants and  
60 to 90% of mismatched related or matched 
unrelated transplants.20–23

In 1966, Billingham described the criteria 
necessary for the development of GVHD.24 He 
stated that the graft must contain immunolo-
gically competent cells; the host must possess 
important transplantation alloantigens that are 
lacking in the donor graft so that the host appears 
foreign to the graft; the host must be incapable  
of mounting an effective immunologic reaction 
against the graft; and the graft must have security 
of tenure. Current concepts incorporate these  
criteria with an evolving understanding of the 
complex immunologic reactions that occur 
during and after stem cell transplantation. 

The major histocompatibility complex 
(MHC) lies on the short arm of chromosome 6, 
also called the HLA region. It contains the genes 
that encode antigens used for tissue typing and 
the genes that are involved in immune activation. 
Even in HLA-matched transplants, minor  
antigens that are expressed on the cell surface as 
degraded peptides bound to HLA molecules, but 
not encoded by the genes of the MHC, may be 
implicated in the development of GHVD.17,25 The 
controversy regarding the nature of GVHD after 
autologous (the donor is also the recipient) or 
syngeneic (the donor is an identical twin) trans-
plantation complicates the issue even further. 

That is, can HLA-identical donor cells produce 
GVHD without major or minor MHC differ-
ences? In these circumstances, what is seen as 
clinical aGVHD may actually represent the dis-
ruption of mechanisms governing self-tolerance, 
creating an environment conducive to autoreac-
tive T cells.26,27 The type of conditioning regimen, 
presence of thymic damage, and type of trans-
plant may be key to this reaction. Removal of T 
lymphocytes by CD34 (a marker on hematopoi-
etic stem cells) selection may promote this phe-
nomenon of autoaggression and is clinically 
characterized by a rash, pruritus, eosinophilia, 
and, less frequently, fever.28 The skin rash tends  
to be morbilliform (measles-like) and less severe 
than that associated with MHC antigen unmatched 
transplants. Depletion of T cells from the donor 
infusion may decrease the incidence of GVHD 
but also may down-regulate the antitumor 
immune response27 and is therefore associated 
with a higher incidence of disease relapse. The 
introduction or withdrawal of cyclosporine or the 
addition of interleukin-2 may also potentially 
induce alloreactivity and GVHD.29

aGVHD contributes significantly to morbi-
dity and mortality. Tissue destruction occurs via 
effector T-cell activation in response to disparate 
major or minor histocompatibility antigens. The 
skin reaction is mediated by dendritic cells, T 
lymphocytes, natural killer (NK) cells, macro-
phages, and cytokines interacting with cell  
surface antigens.20,30–33 Both donor CD4+ and 
CD8+ cells, as well as NK cells, are found in the 
dermal infiltrate.34 Once recruited to the skin, NK 
cells may mediate significant epidermal damage, 
despite lacking the ability to be specifically allore-
active.35 Lymphocytes in apposition to necrotic 
keratinocytes, or satellite cell necrosis, are a 

Table 2  Clinical Staging of Acute Graft-versus-Host Disease

Stage Skin Liver Gut

0 No rash owing to GVHD Bilirubin, <2 mg/dL None

1 Maculopapular rash <25% of  Bilirubin, 2–<3 mg/dL Diarrhea, >500–
  body surface area without    1,000  mL/d, nausea and
  associated symptoms   vomiting

2 Maculopapular rash or erythema with  Bilirubin, 3–<6 mg/dL Diarrhea, >1,000–
  pruritus or other associated    1,500 mL/d, nausea and
  symptoms covering i25 and    vomiting
  <50% of body surface area or 
  localized desquamation

3 Generalized erythroderma or  Bilirubin, 6–<15 mg/dL Diarrhea, >1,500 mL/d,
  symptomatic macular, papular,    nausea and vomiting
  or vesicular eruption, with 
  bullous formation or desquamation 
  covering i250% of the body

4 Generalized exfoliative dermatitis or  Bilirubin, i15 mg/dL Severe abdominal pain
  ulcerative dermatitis or bullous    with or without ileus
  formation 

Adapted from Przepiorka D et al.15
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The skin is furthered targeted for cytotoxic 
T-cell and NK cell injury by suprabasilar kerati-
nocyte expression of vascular cell adhesion  
molecule 1 (VCAM-1)46 and cytokeratin 15.47 
Modified vascular endothelial cells expressing 
adhesion molecules, including P-selectin, E- 
selectin, endothelial leukocyte adhesion molecule 
1, and VCAM-1,34,48 as well as up-regulated 
expression of shear-resistant adhesion molecules 
within endothelial sites, facilitate the effector cell 
migration through the vessel wall.49 Hyaluronic 
acid expressed on dermal vessels in aGVHD  
confers this shear-resistant attachment and con-
tributes to cutaneous lymphocytotropism.50 Poly-
morphism of platelet endothelial cell adhesion 
molecule CD31 also increases the risk of GVHD, 
suggesting that donor lymphocyte recognition  
of a mismatched endothelial molecule is  
important.34,51

Langerhans’ cells are cutaneous dendritic 
cells that are very important in the pathogenesis 
of cutaneous GVHD.52 These cells may renew 
locally without reconstitution from bone marrow 
precursors but are replaced by bone marrow–
derived precursors after inflammatory injury.53 
Their expression of MHC molecules is sufficient 
to initiate GVHD even in the absence of MHC 
expression on host epithelium.54 Langerhans’ cells 
process antigens and then migrate to the draining 
lymph nodes to present the information to T lym-
phocytes.55 In a murine model, host Langerhans’ 
cells remain for at least 18 months unless donor T 
cells are administered with the transplant, and 
these persistent host cells may be crucial targets in 
perpetuating tissue injury.38,52 Alloreactive donor 
T cells may induce Langerhans’ cell chimerism 
through Fas ligand–dependent depletion of host 
Langerhans’ cells and induction of proinflamma-
tory chemokines.52 During autologous transplan-
tation, dendritic cell activation may be self-limited, 
producing little or no cutaneous disease.36

The prominent role of Langerhans’ cells in 
the initiation and perpetuation of GVHD has  
created interest into therapeutic modalities that 
specifically target them. Ultraviolet radiation 
(UVR) can deplete host Langerhans’ cells, leading 
to their replacement with donor cell–derived 
cells. An intriguing approach aimed at GVHD 
prevention uses this modality to replace host 
Langerhans’ cells prior to donor T-cell infusion.56 
A two-step procedure has been suggested, start-
ing with a T cell–depleted stem cell transplant  
followed by host exposure to UVR. The subse-
quent depletion of host Langerhans’ cells allows 
donor-derived hematopoietic cells to repopulate 
the skin. Retransplantation with stem cells plus 
donor T cells would then, theoretically, decrease 
the risk of cutaneous GVHD.52,56

Chronic GVHD
This profound disorder of immune regulation 
may evolve from aGVHD or develop de novo in 

about 20 to 30% of patients. It is characterized by 
global immune impairment and is seen in 33% of 
HLA-identical sibling transplants, 49% of HLA-
identical related transplants, 64% of matched 
unrelated transplants, and 80% of 1-antigen 
HLA-nonidentical unrelated transplants.57–62 

The exact pathogenesis of cGVHD is largely 
unknown and ambiguous. In addition to donor-
derived alloreactive T cells that are important in 
aGVHD, post-thymic CD4+ T cells are thought  
to play an important role in cGVHD. The T-cell  
precursors may undergo aberrant “thymic educa-
tion” after HSCT that effectively makes them self-
reactive or autoreactive. Additionally, the 
activation of different helper T-cell subsets (Th1 
in acute versus Th2 in cGVHD) may be respon-
sible for distinct manifestations of acute and 
chronic GVHD. The role of alloreactivity versus 
autoreactivity in the pathogenesis of cGVHD 
remains highly controversial. Alloreactivity to 
minor histocompatibility antigens is believed by 
some to explain cGVHD as a late phase of aGVHD. 
On the other hand, the importance of autoreac-
tivity is highlighted by clinical manifestations of 
cGVHD that frequently mimic those of autoim-
mune or collagen vascular diseases, the finding of 
autoantibodies in some patients, and experimen-
tal data suggesting the importance of thymic  
education and damage in the pathogenesis of 
cGVHD.63

Animal studies suggest that transforming 
growth factor (TGF)-b may be involved in the 
pathogenesis of cGVHD. Fibrosis in scleroder-
matous GVHD may be driven by infiltrating  
TGF-b1-producing mononuclear cells, and in the 
murine model, this may be prevented with anti-
bodies to TGF-b given early in the disease. Human 
latency–associated peptide, a naturally occurring 
antagonist to TGF-b1, inhibits its up-regulation 
as well as that of connective tissue growth factor 
messenger ribonucleic acids and type 1 collagen 
synthesis in the mouse and may be a potential 
new therapy in diseases characterized by dermal 
sclerosis.64,65 

Clinical Manifestations

Acute Cutaneous GVHD
Depending on the type of transplant and the 
degree of histocompatibility, the eruption of 
aGVHD commonly develops 2 to 10 weeks  
post-transplantation (mean of 10 days) and has 
suggestive, but not always diagnostic, clinical  
and pathologic features. Conventionally, GVHD 
developing before 100 days is called acute.34,66 
Hyperacute forms of cutaneous GVHD, seen 
almost immediately post-transplantation, are 
often explosive in onset, as well as complicated by 
severe systemic involvement, erythroderma, and 
fever.67 Cutaneous eruptions resembling aGVHD 
are sometimes seen after 100 days, especially  

after donor lymphocyte infusions or infections.  
They have also been reported with alterations in 
cyclosporine therapy. These acute-appearing skin 
changes may be accompanied by cGHVD in other 
target organs.68

Early cutaneous changes may include local-
ized or generalized pruritus, dysesthesias, or  
pain on the palms, soles, and ears, often accom-
panied by subtle macular erythema and edema 
(Figure 1). Affected areas become progressively 
more edematous and violaceous, mimicking acral 
erythema or erythema multiforme (Figure 2). A 
maculopapular morbilliform eruption follows, 
which often starts on the trunk and becomes  
confluent (Figure 3) or even folliculocentric.69 
Histologically, follicular GVHD corresponds to 
involvement of the parafollicular bulge.70 Eryth-
roderma may result from damage to the epider-
mal barrier, with associated pruritus and pain.  
As the disease progresses, patients have difficulty 
regulating core body temperature and main-
taining fluid and electrolyte balance and are  
at increased risk of infection. Resolution of  
the erythroderma is characterized by diffuse  
sunburn-like desquamation. Rarely, aGVHD may 
present with acquired ichthyosis or “fish scale”–

FIGURE 1  Acute graft-versus-host disease (GVHD). 
Macular erythema on the palm associated with early 
acute cutaneous GVHD.

FIGURE 2  Acute graft-versus-host disease (GVHD). 
Erythema on the sole accompanied by the typical 
morbilliform eruption of acute cutaneous GVHD.
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like changes, which can be distinguished from 
acquired ichthyosis by biopsy. It is possible that 
such a condition has been underdiagnosed 
because acquired ichthyosis-like rashes are often 
not sampled.71

The formation of blisters and the detection 
of a positive Nikolsky sign (extension of epider-
mal denudation with pressure) are indicative of 
even more severe cutaneous disease.72 Progres-
sion produces complete epidermal denudation 
consistent with toxic epidermal necrolysis (TEN), 
demonstrated in Figure 4. Loss of epidermal 
integrity in the setting of profound immunologic 
impairment places these patients at high risk of 
infection. The eye may also be severely involved 
(Figure 5), as well as other epithelial surfaces. 
Mucous membrane involvement is heralded by 
erythema, pain, or erosions and is often difficult 
to distinguish from the mucositis associated with 
chemotherapy or infection. Grade 3 and 4 GVHD 
produces bullae and epithelial denudation in the 
mouth, similar to that seen in TEN. 

Localized bullous changes may coexist with a 
diffuse morbilliform papulosquamous eruption 
(Figure 6), stressing the importance of a  
com prehensive skin examination and directed 
skin biopsy. A clinical grading system as shown  

in Table 373 is used to define both the extent of 
involvement and the morphology of the skin 
changes.

Dyspigmentation of the skin is a postinflam-
matory change that is distressing to the patient 
and difficult to treat. Patchy depigmentation or 
vitiligo, although uncommon, may occur even  
in the setting of mild cutaneous disease, and the 
pathophysiology is unclear. Adoptive transfer  
of donor immunity has been implied when the 
donor has vitiligo, and the host subsequently 
develops the problem.74

Histopathologic Changes
Skin biopsies are routinely employed to diagnosis 
acute cutaneous GVHD. However, early changes 
are not specific and are often difficult to distin-

guish from those induced by chemotherapy, 
total-body irradiation, or infectious agents.  
In addition, epidermal changes may be focal and 
do not always correlate with the clinical presen-
tation.75,76 Since the importance of therapeutic 
intervention usually precedes the biopsy results 
by days, the benefit of serial skin biopsies is ques-
tionable.75,77 However, biopsies are sometimes 
useful for confirmation of the clinical impression 
or when entertaining an alternative diagnosis.78

Vacuolar change at the basal cell layer is a 
nonspecific finding but may be the earliest mani-
festation of disease. As acute cutaneous GVHD 
progresses, variable intensities of dermal mono-
nuclear cell infiltration, exocytosis (lymphocytes 
in the epidermis), and spongiosis (inter- and 
intracellular edema) appear. These changes are 
also nonspecific and may be found in drug and 
viral rashes, as well dermatitis. The presence of 
eosinophils has traditionally been thought to 
favor a hypersensitivity or drug eruption but also 
is variably present in GVHD. Therefore, overreli-
ance on the presence of eosinophils to diagnose 
drug reaction versus GVHD may delay therapy.77 
As aGVHD progresses, dyskeratotic cells become 
prominent and may be associated with a contigu-
ous or “satellite lymphocyte”(Figure 7).79,80 Hair 
follicle and eccrine duct involvement is common, 
and the presence of necrotic keratinocytes in these 
locations is quite consistent with the diagnosis.  
In severe cases, the vacuolar change at the  

FIGURE 3  Acute graft-versus-host disease (GVHD). 
Morbilliform (measles-like) eruption of acute  
cutaneous GVHD.

FIGURE 4  Toxic epidermal necrolysis/acute graft-
versus-host disease. Islands of necrotic epidermis 
(white plaques) and exposed dermis.

FIGURE 5  Graft-versus-host disease of the eye.  
Courtesy of Dr. Stella Kim.

FIGURE 6  Bullous acute graft-versus-host disease 
(GVHD). Focal bullae associated with the morbilliform 
eruption of GVHD.

Table 3  Overall Clinical Grading of Acute Graft-versus-Host Disease

Grade  Stage  Functional Impairment

 Skin Liver Gut

0 (none) 0 0 0 0
I (mild) 1–2 0 0 0
II (moderate) 1–3 1 1 1
III (severe) 2–3 2–3 2–3 2
IV (life threatening) 2–3 2–3 2–3 2–4

FIGURE 7  Pathology of acute graft-versus-host  
disease. There is vacuolar change at the dermal- 
epidermal junction, dyskeratosis, satellite cell necro-
sis, and an inflammatory infiltrate (grade 2). Courtesy 
of Dr. Victor Prieto.
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dermal-epidermal junction progress to clefts and 
then to complete separation of the epidermis 
from the dermis with epidermal necrosis. Lerner 
and colleagues standardized these pathologic 
changes into a useful four-stage grading system as 
illustrated in Table 4.81 This grading system is 
generally reproducible among pathologists, with 
the most disparity reported in distinguishing 
grades 1 and 2.82 It has been suggested that the 
current system be changed to include dermal 
lymphoid infiltration as an additional criterion 
for grade 2 GVHD.83

Differential Diagnosis
Early on, the changes of acute cutaneous GVHD 
are nonspecific. Other eruptions that start on the 
hands and feet, including acral erythema, must 
also be considered.84 The latter is also character-
ized by pain and erythema of the palms and soles, 
often occurring after chemotherapy. The morbil-
liform rash classically associated with aGVHD is 
also commonly seen in drug and viral eruptions, 
particularly with human herpesvirus 6.34 In an 
attempt to distinguish these entities, drug calen-
dars and meticulous documentation of the onset 
and progression of the reaction are occasionally 
helpful. Cutaneous GVHD may be clinically, 
physiologically, and pathologically identical to 
erythema multiforme, a hypersensitivity reaction 
associated with a wide variety of causes. We have 
found that erythema multiforme–like histologic 
changes combined with a papulosquamous  
eruption in the appropriate clinical setting may  
suggest GVHD over other etiologies but are not 
diagnostic. Drug-induced erythema multiforme 
and TEN are often indistinguishable from grade  
4 aGVHD. Immunophenotyping of TEN and 
aGVHD shows a predominance of CD8+ cells and 
similar serum cytokine profiles, with increased 
IL-10, TNF-a, and IL-6 in the serum compared 
with controls.85,86 This is not surprising since both 
TEN and aGVHD probably have similar mecha-
nisms of epidermal apoptosis, including the  
production of TNF-a87 and dysregulation of Fas 
expression and/or signaling.88 The clinical course 
of the eruption and concomitant evidence of gut 
or liver GVHD is sometimes necessary to confirm 
the diagnosis.89,90

The cutaneous eruption of lymphocyte 
recovery can also be mistaken for early cutaneous 
aGVHD. This maculopapular eruption occurs at 
the earliest recovery of peripheral lymphocytes, 
usually starting on the trunk and proximal 
extremities. It is associated with a sharp transient 
rise in temperature and nonspecific pathology, 
demonstrating a superficial perivascular mono-
nuclear cell infiltrate.91 This transient eruption is 
less likely to demonstrate necrotic keratinocytes 
and is self-limiting.

Follicular mucinosis has been reported as a 
rare and transient reaction following bone marrow 
transplantation for acute lymphocytic leukemia 
and is readily identified by biopsy.92 Both  
leukemia cutis and Sweet’s syndrome (acute 
febrile neutrophilic dermatosis) may present with  
erythematous lesions post-transplantation, which 
are diagnosed by their distinctive pathology.

Treatment of Acute Cutaneous GVHD
The initial management of aGVHD usually  
consists of corticosteroids. When these alone are 
ineffective, steroids in combination with cyclo-
sporine19,93 or, in the case of our center, tacroli-
mus94–96 have been considered standard therapy 
for the initial management of acute GVHD.19,93,97 
Their mechanism of action is unclear but is prob-
ably related to suppression of cytokines and lym-
phocytic activities. Numerous dose schedules 
have been used in multiple clinical trials, but  
most centers use methylprednisolone at doses of 
2.0  mg/kg. Higher doses are also effective but at 
the cost of significant side effects and severe  
catabolic damage, including hyperglycemia,  
fluid retention, muscular wasting, avascular  
bone necrosis, and increased rate of infectious 
complications.19,93,97–99

In steroid-refractory cases, antithymocyte 
globulin has been the most common form of 
immunosuppression used. Different studies have 
documented efficacy, but with significant mor-
bidity and mortality, mainly owing to infectious 
complications.99,100 Pentostatin, a nucleoside  
analogue that inhibits adenosine deaminase,  
is another immunosuppressant that has been 
increasingly used for the management of 
aGVHD.93,101 Objective overall responses in up to 

67% have been reported,93 but the effect on over-
all survival remains unknown.102 Other therapies, 
such as monoclonal antibodies, including dacli-
zumab, visilizumab,103 and infliximab,104 as well as 
denileukin diftitox,105 have been evaluated in the 
prevention and treatment of aGVHD, with vari-
able response rates but so far no significant impact 
on the dismal prognosis of steroid-refractory 
acute GVHD. 

Topical Treatment
Grade 1 and 2 cutaneous GVHD is frequently 
treated with potent topical steroids, either alone 
or with occlusion. For symptomatic or extensive 
disease, “wet wrap” therapy may provide symp-
tomatic relief. Topical steroids are applied to the 
eruption, followed by warm moist towels, and the 
patient is then wrapped in a plastic covering  
followed by blankets to avoid chilling, for approx-
imately 30 minutes. This occlusive dressing 
increases topical steroid absorption and hydrates 
the skin. Treatments are repeated several times a 
day until symptomatic improvement is observed. 
Over a variable period of time, topical steroid 
absorption under occlusive dressings may cause 
enough systemic absorption to cause typical glu-
cocorticoid side effects, as well as striae and skin 
atrophy. Children are at higher risk than adults 
for these complications.

Ultraviolet (UV) light initiates inflammation 
when directed at normal skin but, paradoxically, 
is useful in treating inflammatory dermatoses.106 
GVHD may occur after UV exposure, prompting 
the use of sunscreens and photoprotection after 
HSCT. However, various wavelengths of light, 
including UVB (290–320  nm), UVA (320– 
400  nm), and, most recently, narrowband UVB 
(312  nm), have immunomodulating effects that 
are useful in the treatment of established dis-
ease.107 UV exposure inhibits contact sensitivity 
and the proliferative responses of lymphoid cells 
to mitogens and alloantigens by inactivation of  
T lymphocytes and antigen-presenting cells. The 
mechanism of action is not completely known 
but may reflect the depletion and morphologic 
alterations of Langerhans’ cells and modifications 
in their capacity to present antigens.108 Keratino-
cytes further modify the inflammatory response 
by producing and releasing immunosuppressive 
cytokines after exposure to UVB and psoralen 
plus ultraviolet A (PUVA).107,109–113 

For many years, psoralens, a photoactivating 
compound, and UVA light (PUVA) have been 
successfully employed to treat chronic cutaneous 
GVHD,114 but few patients have received PUVA 
therapy for acute disease. This may change as 
PUVA has been found to be useful in treating 
grade 2 to 4 skin changes, thus enabling steroid 
taper.115,116 Narrowband UVB therapy has also 
shown promise in treating acute skin disease  
in patients who do not respond to systemic  

Table 4  Histopathologic Grading System for Acute Cutaneous Graft-versus-Host Reaction

Grade Histopathologic Features

0 Normal epidermis

1 Focal or diffuse vacuolar alteration of the basal cell layer

2 Grade 1 changes plus dyskeratotic squamous cells in the epidermis and/or hair follicle epithelium

3 Grade 2 changes plus subepidermal vesicle formation

4 Complete separation of the epidermis from the dermis

Adapted from Lerner KG et al.81

In grades 1 to 4, there is usually a superficial perivascular lymphocytic infiltrate with exocytosis of these cells into the lower half of 
the epidermis.
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immunosuppression.112 This approach has the 
added advantage of avoiding administration of 
oral psoralens, which may cause nausea and 
require special protective eyewear to prevent cat-
aracts. There is some evidence that UVB and pos-
sibly narrowband UVB therapy carry less risk for 
cutaneous carcinogenesis than PUVA.117 How-
ever, as all ultraviolet exposure carries with it an 
increased risk of skin cancer, cumulative doses 
should be carefully monitored, and patients must 
have regular skin examinations.112 

The topical calcineurin inhibitors tacrolimus 
and pimecrolimus are promising therapeutic 
agents for diseases characterized by cytokine-
induced inflammation. These drugs down- 
regulate cytokine production by binding to the 
FK 506 binding protein (tacrolimus) or to macro-
philin (pimecrolimus) and blocking calcineurin. 
This prevents the dephosphorylation necessary 
for transcription of cytokine genes.118 Both of 
these topical medications are marketed as steroid-
sparing agents in atopic dermatitis, and they do 
not cause cutaneous atrophy and striae. In con-
trast to topical steroids, they do not affect Langer-
hans’ cells, are poorly absorbed, and have a low 
potential for immunosuppression.119–121 The long-
term side effects of these topical agents in immu-
nosuppressed patients are not known, and large 
controlled studies have yet to be performed in 
GVHD. 

Topical treatment for grade 3 and 4 GVHD 
involves supportive care, often in an intensive 
care setting or burn unit. These patients have 
severe epidermal necrosis and are subject to all of 
the complications associated with widespread 
first-degree body and mucosal burns. The neces-
sity for immunosuppression and the presence of 
pancytopenia post-transplantation further com-
plicate their treatment. As with TEN in healthy 
patients, meticulous skin care, antimicrobial 
agents as indicated, and appropriate dressings  
are imperative, along with attention to fluid and 
electrolyte balance. 

Chronic Cutaneous GVHD

cGVHD is a multisystem disease with prominent 
cutaneous manifestations. Similarities to other 
autoimmune disorders, especially lichen planus, 
scleroderma, lupus erythematosus, and Sjögren’s 
syndrome, are striking, and autoantibodies are 
variably present.122 Skin changes may appear as 
early as day 31123 or as late as 2 years after trans-
plantation but most commonly appear at approx-
imately 80 to 100 days. Disease activity may be 
triggered by infection, UVR, or even trauma. The 
hematologic system, liver, gastrointestinal tract, 
eyes, lung, and muscles are often involved, and 
patients may have problems with wasting. Eosin-
ophilia may herald a flare of the disease in both 
acute and chronic disease.77,124

Classically, cutaneous cGVHD has been 
described as either lichenoid (lichen planus–like) 
or sclerodermatous. The lichenoid lesions of 
cGVHD may demonstrate the classic purple 
polygonal papules of lichen planus, with variable 
superficial scale. The distribution can be focal and 
become confluent (Figure 8), folliculocentric 
(Figure 9), or even dermatomal.125 Vesicular 
lesions occasionally coexist with lichenoid pap-
ules and must be distinguished from herpes sim-
plex or varicella-zoster virus superinfection.126 
Disfiguring postinflammatory hyperpigmenta-
tion is a common problem with both lichen 
planus and lichenoid GVHD, especially in darker-
skinned individuals, and this may persist despite 
therapy (Figure 10).127

Although lichenoid GVHD is the most com-
monly described nonsclerodermatous variant of 
chronic cutaneous disease, other presentations 
are possible and not uncommon. Because of the 
variety of presentations, we prefer to descriptively 
categorize the lesions of chronic cutaneous 
GVHD, as shown in Table 5. By specifically 
describing their morphology, we hope to ascer-
tain which skin lesions are most amenable to a 
particular therapeutic modality.

Early on, the skin lesions are often subtle and 
the progression is insidious. Patients complain of 
photosensitivity, and ambient UV light may flare 
their disease. There may be marked xerosis (dry 
skin), or ichthyosis-like changes (Figure 11). As is 
the case with aGVHD, dyspigmentation may 
reflect postinflammatory changes or may herald 
the onset of vitiligo. Extensive loss of pigment 
after treatment with ganciclovir has been reported 
in a patient receiving donor T lymphocytes 
expressing herpes simplex virus thymidine 
kinase,128 although adoptive immunity from the 
donor may also play a role.74

Other chronic eruptions that have tradition-
ally been designated “lichenoid” are, in fact,  
quite polymorphous. Erythematous papules and 
plaques, some with scale, that are not as well 
defined as lichen planus are not uncommon. 
These may be lupus-like in distribution and 
appearance (Figure 12) or even reminiscent of 
aGVHD. The morphology and distribution of 
these plaques are sometimes pityriasiform (annu-
lar plaques demonstrating a branny scale) (Figure 
13) or folliculocentric (Figure 14). Less common 
presentations include guttate (small drop-like 
lesions) (Figure 15) or plaque-like psoriasiform 
lesions, as well as eczematous plaques (Figure 16). 
cGVHD of the palms and soles occasionally devel-
ops deep-seated vesicles suggestive of hand and 
foot eczema. Acral keratoses have also been 
reported.126,129 After donor lymphocyte infusions, 
the eruption is often morbilliform  
and indistinguishable from that seen in acute 
cutaneous GVHD.

FIGURE 8  Confluent purple papules and plaques of 
chronic lichenoid graft-versus-host disease.

FIGURE 9  Follicular papules of chronic lichenoid 
graft-versus-host disease.

FIGURE 10  Postinflammatory changes of chronic 
lichenoid graft-versus-host disease.
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preceded by variable erythema (Figure 17). The 
overlying epidermis develops poikilodermatous 
changes, with prominent atrophy, telangiectasia, 
and dyspigmentation. Follicular plugging may 
also be prominent. The skin may appear rippled 
with linear bands of fibrosis, possibly related  
to septal panniculitis (Figure 18). Leopard-like 
changes, with hyperpigmented, scaly macules, 
may be localized or widespread and precede the 

Table 5  Skin Changes in Chronic Graft-versus-Host Disease

Clinical Presentation Description Variable Features

Xerosis Dry skin  Follicular prominence

Lichenoid Purple, polygonal papules and plaques Scale
  Vesicles
  Follicular
  Localized or confluent
  Dermatomal
  Dyspigmentation

Papulosquamous Scaly patches and plaques Pityriasiform
  Dermatitic
  Localized or confluent

Ichthyosiform “Fish scales” Localized or confluent

Depigmention Vitiligo-like Localized or confluent
  Dermatomal

Psoriasiform Well-circumcised lesions with a  Guttate
  micaceous scale Plaque-like 

Localized sclerodermatous Morpheaform plaques Bullae
  Ulceration
  Follicular plugging
  Joint restrictions 
  Poikiloderma
  Dermatomal 

Widespread sclerodermatous Widespread dermal fibrosis Bullae
  Poikiloderma
  Ulceration
  Vascular tumors 
  Joint restriction 
  Leopard-like

Fasciitis Edema, erythema, rippling, peau  Erythema
  d’orange changes Joint restriction
  Coexisting fibrosis

Nail Various stages of dystrophy Longitudinal ridging
  Onycholysis
  Pterygium
  Complete destruction

Scalp Scaling, fibrosis, alopecia Scarring or nonscarring 
  Psoriasiform

FIGURE 11  Ichthyotic chronic graft-versus-host  
disease.

FIGURE 12  Lupus-like, “butterfly” eruption of chronic 
graft-versus-host disease.

Sclerodermatous skin changes may develop 
concurrently with other lesions or de novo. In 
some cases, the onset is slow, with localized waxy, 
bound-down fibrotic plaques of morphea,  

FIGURE 13  Pityriasiform chronic graft-versus-host 
disease.

FIGURE 14  Erythematous, folliculocentric chronic 
graft-versus-host disease.

FIGURE 15  Guttate psoriasiform chronic graft-versus-
host disease.

sclerotic eruption.130 When widespread, diffuse 
sclerodermatous lesions are devastating, and 
patients are literally “hidebound” with limited 
mobility, cutaneous erosions, ulcers, and  



Graft-versus-Host Skin Disease 585

infections. Thalidomide, which is sometimes used 
to treat this problem, may itself produce ulcers, 
possibly on the basis of its antiangiogenic proper-
ties.131 Raynaud’s phenomenon and acrosclerosis, 
although common in scleroderma, is infrequently 
seen in sclerodermatous GVHD.34 A painful  
polyneuropathy may be associated with dermal 

fibrosis.132 Extensive sclerodermatous involve-
ment of the thorax may contribute to the restric-
tive lung problems already associated with chronic 
pulmonary GVHD. 

Alopecia and loss of skin appendages occur 
as the skin becomes more fibrotic, leading to 
decreased sweating and hair loss, often with  
an irreversible scarring alopecia. Rarely, chronic 
cutaneous GVHD occurs in a dermatomal distri-
bution at the site of antecedent zoster eruption. 
This striking presentation may reflect changes in 
keratinocyte antigenicity owing to the virus.133,134.

The appearance of bullae heralds a particu-
larly devastating variant of sclerodermatous 
GVHD and may be localized or widespread.135 
These lesions are not only uncomfortable but also 
are a nidus for infection, which is slow to heal 
because of immunosuppression, epidermal  
atrophy, and dermal fibrosis.

Nails are affected in 50% of patients with 
chronic cutaneous GVHD, demonstrating  
variable degrees of dystrophy, thickening, and 
onycholysis. Pterygium (matrix destruction and 
damage to the nail plate), similar to that seen in 
lichen planus, may develop (Figure 19) that affects 
single or multiple nail units. Longitudinal ridging 
is the most frequently observed change on  
both the fingernails and the toenails. Severe nail 
changes correlate with the duration of the disease 
and cause considerable morbidity for the 
patient.136

Abrupt and painful skin swelling associated 
with erythema and subcutaneous edema or a peau 
d’orange appearance characterizes fasciitis.  
This is a severe complication, with no specific 
immunogenetic profile, which resembles the 
eosinophilia-myalgia syndromes and is resistant 
to therapy.137 Patients are functionally disabled, 

with widespread skin tightness, joint limitation, 
and contractures (Figure 20). The face is usually 
spared, and this may occur independently or con-
currently with sclerodermatous changes. Half of 
the patients also report myalgias, and laboratory 
evaluation demonstrates an eosinophilia.137 A 
full-thickness biopsy through the fascia may be 
necessary to confirm the diagnosis. It is helpful to 
objectively document disease progression and 
treatment response by serial photographs, mea-
surements of joint mobility, and noninvasive 20 
MHz sonography.138

Mucous membrane are affected in approxi-
mately 80% of patients with cGVHD.61 Oral  
pain and Sjögren’s syndrome–like symptoms are 
a common and debilitating problem. The salivary 
glands are a target, resulting in xerostomia and 
dental caries after damage to major and minor 
salivary glands.139 Symptoms of early oral GVHD 
include burning and erythema, which interferes 
with nutrition and quality of life. Because of the 
disturbance in the epidermal barrier, topical or 
oral antifungal prophylaxis is advisable, as are 
antiviral agents.

As the oral disease progresses, a lacy, white 
network called Wickham’s striae develops on the 
buccal mucosa (Figure 21), lips (Figure 22), and 
palate. Although there may be some differences 
between oral lichen planus and lichenoid GVHD, 
both are most probably T cell mediated.140 These 
mucosal and gingival lesions may become atro-
phic, erythematous, or erosive. Atrophy of the 
tongue is associated with shortened or absent lin-
gual papillae,34 although elongation of papillae, 
geographic tongue, and white nondetachable 
plaques are also seen (Figure 23). Esophageal 

FIGURE 16  Papulosquamous chronic graft-versus-
host disease.

FIGURE 17  Sclerodermoid chronic graft-versus-host 
disease.

FIGURE 19  Destruction of the nail in chronic  
graft-versus-host disease.

FIGURE 18  Rippled sclerodermoid chronic graft-
versus-host disease.

FIGURE 20  Limitation of joint mobility with associ-
ated fasciitis—the “prayer” sign.
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strictures may develop in conjunction with these 
mucosal problems. Chronic mucosal lichen 
planus and lichenoid GVHD may predispose 
patients to squamous cell carcinoma, and biop-
sies should be performed if this is suspected.112,141 

Genital involvement affects sexuality and 
overall quality of life.142 After stem cell transplan-
tation, symptoms of inadequate estrogenization 
can occur secondary to premature ovarian fail-
ure, and this should be distinguished from early 
cGVHD. Vaginal GVHD develops an average of 

10 months from transplantation, and symptoms 
may include dryness, excoriations, ulcerated  
or thickened mucosa, narrowed or obliterated 
introitus, frequent vaginal infections, and symp-
toms of dyspareunia.143 Similarly, phimosis may 
occur in men. Topical vaginal treatment includes 
hormonal therapy, steroids, calcineurin inhibi-
tors, or cyclosporine. Mucosal strictures, such as 
those of the esophagus, may require dilatation. 

Skin Tumors and GVHD
Prolonged immunosuppression and condition-
ing regimens increase the risk of secondary malig-
nancy of the skin and oral cavity.144,145 Cutaneous 
tumors are usually squamous cell carcinoma, but 
the risk of basal cell carcinoma and melanoma is 
also increased. This is particularly a problem in 
individuals with actinic damage or those exposed 
to therapeutic ionizing irradiation.146 The patho-
genesis of the melanocytic malignancies is unclear 
as chemotherapy may stimulate nevus growth, 
but chronic cutaneous GVHD is associated with a 
decreased number of detectable nevi.146 The long-
term risk of melanoma may be increased when 
bone marrow transplantation is performed at a 
young age with a conditioning regimen high in 
alkylating drugs.146 Benign vascular tumors  
have also been described147 but are uncommon 
(Figure 24).

As is the case in lichen planus, there is an 
increased risk of squamous cell carcinoma of  
the oral mucosa. This may be complicated by 
coexisting papillomavirus infection. As these 
tumors may exhibit aggressive behavior, com-
plete and regular skin and dental examinations 
are recommended.

Pathology of cGVHD
Early disease manifests the vacuolar changes,  
dyskeratotic cells, and mononuclear cell infiltrate 
seen in acute GVHD, and this infiltrate may  
be perifollicular or perineural.34 Acanthosis, 
hypergranulosis, and hyperkeratosis are variably 
present in lichenoid disease, along with a  

band-like infiltrate at the dermal-epidermal  
junction (Figure 25). The rete ridges demonstrate 
elongation or “sawtooth” changes. As in lichen 
planus, epidermal atrophy or erosive changes 
may be evident. Loss of appendages and dermal 
fat, epidermal atrophy, dermal fibrosis, sclerosis,  
and minimal infiltrate herald the development  
of sclerodermatous GVHD.148 Pan-dermal and 
deep-dermal sclerosis are characteristic, along 
with mild vacuolar degeneration and dermal- 
epidermal junction. Follicular damage and  
plugging, as well as septal panniculitis, may be 
prominent.130 

Patients with early fasciitis showed edema 
and fibrosis in the septa separating fat lobules  
and muscular fascia beneath the fat lobules. Later 
lesions demonstrate a dense lymphocytic infil-
trate and thick fibrosis of the fascia.137 Dermal 
sclerosis may coexist, as may septal panniculitis.130 
Mucin deposition interspersed between collagen 
bundles in the papillary and reticular dermis has 
been reported in association with severe chronic 
sclerodermoid changes.149 Both sclerodermatous 
GVHD and scleroderma are characterized by 
extracellular matrix deposition of predominantly 
type 1 collagen. Ultrastructural differences, 
including absence of beaded filaments and the 
lack of pericapillary fibrosis, may distinguish the 
two.34,150

Treatment of cGVHD

First-line therapy combines cyclosporine151,152  
or tacrolimus153 with methylprednisolone. With 
conventional treatment, the reported response 
rates have been around 50%, including complete 
and partial responders. As in the case of aGVHD, 
patients who do not respond or those with  
incomplete responses will require an additional,  
systemic, “steroid-sparing” modality. Some of  
the most commonly used steroid-sparing  
immunosuppressants include thalidomide,154 
mycophenolate mofetil,155,156 sirolimus,157 and, 

FIGURE 21  Buccal mucosal changes of chronic graft-
versus-host disease.

FIGURE 22  Labial lesions of chronic graft-versus-
host disease.

FIGURE 23  Chronic graft-versus-host disease of the 
tongue.

FIGURE 24  Benign vascular tumor associated with 
chronic graft-versus-host disease.

FIGURE 25  Pathology of lichenoid graft-versus-host 
disease. Note the prominent granular layer, “saw-
tooth” rete ridges, and dyskeratotic keratinocytes. 
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more recently, extracorporeal photochemother-
apy.158 All of these modalities have shown activity 
in small series of patients but were never com-
pared in terms of efficacy. Sirolimus and extra-
corporeal photochemotherapy have shown 
promising response rates in the treatment of cuta-
neous manifestations of cGVHD, particularly 
sclerodermoid forms. Pain management and psy-
chological support are often necessary for this 
devastating problem.

Topical Therapy
Topical steroids are routinely used to treat the 
lichenoid and papulosquamous changes, either 
alone or under occlusion. Chronic use of topical 
steroids has the potential to exacerbate the  
epidermal atrophy or problems with infection. 
The topical calcineurin inhibitors tacrolimus  
and pimecrolimus have enjoyed some degree of 
success in treating the erythema and pruritus of 
steroid-refractory, chronic cutaneous GVHD in 
selected patients. These agents are often used in 
conjunction with systemic therapies, including 
PUVA and extracorporeal photopheresi.90,118,119,159 
The optimal combination of topical therapeutic 
modalities is not currently known.

UVR is a useful therapeutic adjunct in  
certain types of chronic cutaneous GVHD. 
PUVA,114,160 PUVA-bath photochemotherapy,161 
and UVA-1 (340–400  nm), alone or combined 
with other immunosuppressants, may be benefi-
cial.162 Therapeutic UVB or narrowband UVB has 
also demonstrated some efficacy.163 Systemic reti-
noids have been reported to increase the range of 
motion, flatten cutaneous lesions, and improve 
the overall performance status of some patients.164 
Retinoids may act via induction of collagenase 
activity in fibroblasts or inhibition of fibroblast 
growth and decreased collagen production in 
dermal fibroblasts.165

Other novel therapies include the use of 
halofuginone cream. Halofuginone, used to treat 
coccidiosis in commercial poultry production,166 
is an inhibitor of collagen alpha1(I) gene  
expression and may inhibit de novo synthesis of 
collagen on a transcriptional level. The fibroblasts 
are targeted, and the effect is restricted to dermal 
fibroblasts. Other proliferating cells, such as kera-
tinocytes, are not affected.167,168 When applied 
daily on the left side of the neck and shoulder in 
one patient with sclerodermatous GVHD, colla-
gen alpha1(I) gene expression, collagen synthesis, 
and collagen content in skin biopsy specimens 
were decreased, accompanied by increased neck 
rotation on the treated side. After cessation  
of treatment, the sclerosis, skin tightness, and  
collagen alpha1(I) gene expression returned to 
baseline levels. No adverse effects were observed, 
and no plasma levels of the drug were 
detected.168

Oral GVHD
Oral lichenoid cGVHD, like oral lichen planus, is 
debilitating and difficult to treat. Once an infec-
tious etiology has been excluded, topical steroids, 
often in the form of dexamethasone mouthwash 
or rinses, are the mainstay of treatment, along 
with antifungal and antiviral prophylaxis. As  
is the case in lichen planus, topical tacrolimus  
is potentially beneficial in the management of 
patients with this difficult problem,169–171 with 
improvement reported within days to weeks. The 
major side effect noted by the patients is a burn-
ing sensation, and blood levels were very low or 
undetectable.171 In some cases, the topical tacroli-
mus was even more effective for this problem 
than the systemic drug. Long-term effects, includ-
ing the risk of intraoral neoplasia, are not yet 
known. Intraoral PUVA has been tried using  
a glass fiber extension of a UVA source.118,172,173 
Intraoral UVB irradiation may also be a potential 
treatment of resistant chronic oral GVHD.117

Vaginal GVHD may be treated with topical 
cyclosporine, which appears to be more effica-
cious than when used for intraoral disease.  
Lubricants, dilators, and surgical lysis also may 
ultimately be needed.143 Topical calineurin inhib-
itors may prove useful for recalcitrant cases, but 
no controlled studies have been performed.

Future Directions

The indications for stem cell transplantation have 
increased in recent years, as have the number  
of transplants. To decrease the risk of GVHD, 
molecular matching of donor and host has 
replaced the older cellular or serologic techniques. 
Refinements in conditioning regimens, graft 
manipulation, and engineering, as well as stem 
cell sources, have made stem cell transplantation 
the treatment of choice for many diseases. GVHD, 
although often an undesirable effect of transplan-
tation, has an antitumor effect that is used to treat 
relapsed malignancies. The goal is to control the 
reaction so that remission is maintained without 
unwanted side effects. Successful identification of 
the pathogenesis and improved treatment options 
will have far-reaching repercussions, not only for 
GVHD but also for other immunologic diseases. 

Skin GVHD is common after HSCT and is 
associated with acute and chronic problems. 
Severe cutaneous disease produces significant 
quality of life issues, as well as chronic infections, 
deformities, and secondary skin tumors. In addi-
tion, the cosmetic sequelae of GVHD are often 
psychologically devastating. A multidisciplinary 
team approach is often helpful in the diagnosis, 
treatment, and complications of this disease.
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the mechanisms of radiation-induced cellular 
damage, new radioprotective agents and tech-
niques have been developed to minimize  
cutaneous problems. Sophisticated wound care 
techniques also play an important role in the 
management of severe cases. This chapter reviews 
the relevant terminology, pathophysiology, and 
physical findings associated with radiation-
induced skin injury. It also outlines skin care 
parameters in patients with acute and chronic 
radiation-induced changes.

Terminology

Ionizing radiation refers to electromagnetic  
radiation with sufficient energy to eject one or 
more orbital electrons from an atom or molecule, 
with the subsequent formation of free radicals. 
These free radicals alter cellular chemical bonds 
and the normal structure and function of the cell. 
Deoxyribonucleic acid (DNA) alterations either 
are repaired or result in mutations or cell death. 
The high-energy photons commonly used in  
RT are known as x-rays when they are created 
electronically, usually by a linear accelerator 
(LINAC). This is a megavoltage unit that pro-
duces and delivers the desired dose of radiation 
by accelerating electrons that strike a tungsten 
target to produce photons. The beam then exits a 
gantry, which can be rotated around the patient. 
In general, the higher the photon energy, the 
more the skin is spared. The LINAC may also be 
programmed to produce an electron beam.  
Electron beam therapy, 5 to 20 meV, treats to a 
depth of 1 to 6 cm with a moderate skin dose that 
falls off after a few centimeters. These properties 
make it useful for boost dosing, or localized  
therapy used to re-treat a defined area of tumor. 
It is also sometimes used to treat nonmelanoma 
skin cancer (NMSC), metastatic skin disease, and 
mycosis fungoides, a form of cutaneous T-cell 
lymphoma. X-ray contamination of electron 
beam therapy is carefully monitored to minimize 
side effects.8 To control the depth of treatment, 
correct for missing tissue, or purposely increase 
the skin dose, a bolus, or gelatin-like tissue  
equivalent material, is sometimes placed on the 
patient to bring the surface dose to 100%. 

When high-energy photons are produced 
from the nucleus of radioactive atoms, such as 
cobalt 60, they are termed gamma rays. Grenz 
rays, low-energy x-rays in the range of 5 to 15 
keV, are produced by orthovoltage units and 
absorb approximately half of their energy in the 
first 1 to 2 mm of skin. Although uncommonly 
used by dermatologists now, grenz rays were  
frequently employed to treat benign epidermal 
diseases such as psoriasis, tinea capitis, acne, 
warts, and dermatitis. In modern dermatologic 
practices, an arsenal of pharmacologic agents  
has largely supplanted its use for these benign 
conditions. Superficial x-ray, 30 to 125 keV, is 
sometimes used to treat primary or metastatic 
malignancies involving the skin and nodes and  
is also produced by an orthovoltage unit.  
Brachytherapy uses radioactive materials that  
are implanted directly into the tumor rather than 
using exogenous sources. 

The most common form of measurement of 
absorbed radiation, the gray, replaces the older 
term, rad. One gray is the equivalent of 1  J/kg of 
absorbing material, or 100 rads. Radiation is com-
monly delivered in a series of smaller fractionated 
doses, rather than one large dose, to allow time 
for the recovery of normal tissue and to target the 
tumor. This technique significantly impacts the 
development of acute and chronic skin changes as 
normal stem cells exhibit variable degrees of 
radiosensitivity.9 Hyperfractionation uses smaller 
doses per fraction, often twice daily, impacting 
both the treatment time and dose. Accelerated 
fractionation allows the delivery of the standard 
dose in a shorter period of time to overcome 
repopulation of rapidly growing tumors. 

Depending on the type of tumor and the 
desired treatment parameters, a special cast, 
cradle, or mask may be created to immobilize the 
patient at each radiation session. Pretreatment 
computed tomography (CT) defines the target 
and the treatment position (simulation), or simu-
lation may be performed using fluoroscopy.  
More recently, CT simulators can create a three-
dimensional model and digitally reconstructed 
radiograph. This allows a geometric shaping of 
the radiation beam that conforms to the shape  
of the tumor (conformal radiation therapy), 

Ionizing radiation is extensively used to treat a 
wide variety of primary tumors, as well as for  
the palliation of metastatic disease. Since the  
discovery of x-rays by Roentgen in 1895 derma-
tologists, have incorporated radiation into their 
practices to treat malignant and benign skin 
tumors, as well as benign skin diseases such as 
acne, eczema, and dermatophyte infection. In the 
last 30 years, other modalities have largely sup-
planted radiation in the treatment of these benign 
disorders. However, it may still be useful in the 
treatment of keloids, extraosseous bone forma-
tion after prosthesis placement, and post–coro-
nary artery angioplasty.1,2 Dermatologists today 
are asked to treat the cutaneous repercussions of 
radiation therapy (RT), which are a function of 
technique, target, total dose,3,4 and individual 
variations. RT, either as monotherapy or in com-
bination with other treatment modalities, is a 
powerful tool in tumor control, limited primarily 
by injury adjacent normal tissue.

Radiation-induced skin changes were  
recognized soon after the discovery of x-rays and 
were reported as early as 1902.5 Even when the 
skin is not the primary target, it may be injured as 
an “innocent bystander” and develop profound 
alterations on a functional, gross, and molecular 
level. These changes occur not only after thera-
peutic radiation but also after interventional pro-
cedures. Serious radiation-induced skin injuries 
have been reported after unexpectedly high  
doses of kilovoltage irradiation exposure during 
fluoroscopic imaging, including cardiac catheter-
ization.6,7 Increasingly sophisticated therapeutic 
regimens and modern equipment have improved 
the delivery and ameliorated, but not eliminated, 
these adverse effects. Increased awareness of 
potential interactions between RT and concomi-
tant chemotherapy has led to new treatment 
schedules designed to maximize antineoplastic 
effects while minimizing skin toxicity. However, 
radiation dermatitis remains a serious side effect, 
which may limit the duration of treatment and 
the dose delivered. Multidisciplinary collabora-
tion is useful in identifying the patient at risk of 
complications and managing acute and chronic 
treatment problems. As research further defines 
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allowing directed therapy, with less risk to normal 
tissue. The radiation physicist, dosimetrist  
(medical physicist), and oncologist use this infor-
mation to plan the optimal dose, as well as the 
placement of physical blocks near the patient, or 
multileaf collimators mounted in the gantry, to 
reduce exposure. Wedges, filters using high 
atomic number material, are used to modify dose 
distribution. Lines of reference (fiducials) may be 
painted or tattooed on the patient to ensure 
proper positioning and localization of the target.

Clinical Manifestations of Radiation 
Dermatitis

The majority of patients treated with RT  
develop minor and reversible skin changes.  
When cutaneous changes do develop, they are 
commonly graded as acute, consequential late, or 
chronic and may appear at both the entrance and 
exit portals.

Acute Radiation-Induced Dermatitis

After RT or accidental exposure, acute changes 
usually occur within 90 days. The National Cancer 
Institute common toxicity criteria version 3.0 has 
become the standard for evaluation (Table  1). 
Generalized erythema, sometimes undetectable 
without special instrumentation, may occur hours 
after radiation exposure and fade within hours to 
days.10,11 A second phase consisting of more  
sustained erythematous changes usually is appar-
ent 10 to 14 days after dosing and is characterized 
by a blanchable reactive pink color, without  
other epidermal changes, most likely mediated by 
cytokines.12 

Grade 1 changes, usually seen in the fourth  
or fifth week of therapy, include follicular or  
generalized erythema and dry desquamation. 
Other changes include pruritus, epilation,  
scaling, and dyspigmentation (Figure  1). The 

dryness and hair loss are secondary to injury to 
sebaceous glands and hair follicles. 

Persistent tender or edematous erythema, 
grade 2 changes, may progress to focal loss of the 
epidermis, producing moist dequamation in skin 
folds (Figure  2). This usually occurs after 4 to 5 
weeks of therapy, with radiation doses to the  
skin of 40 Gy or greater.13 Moist desquamation is 
characterized by epidermal necrosis, fibrinous 
exudates, and often considerable pain. Bullae may 
be present clinically and histologically, and these 
can rupture or become infected. Histologically, 
arterioles are obstructed by fibrin thrombi and 
edema is prominent.14 At this stage, it is impor-
tant to identify any superinfection, especially with 
organisms that may act as superantigens, such as 
Staphylococcus aureus. Superantigens up-regulate 
cytokine production and inflammation by  
activating antigen-presenting cells and T cells, 
resulting in increased skin damage (Figure  3).15 
Depending on the body site, this reaction peaks  
1 to 2 weeks after the last treatment and gradually 
heals, accompanied by increased expression of 
epidermal growth factor receptors.16 Epidermal 
regeneration occurs about the third to fifth  
week after radiation, with healing within 1 to  
3 months.

Confluent moist desquamation in other  
than skin folds is typical of grade 3 dermatitis 
(Figure  4), and the formation of ulcers, hemor-
rhage, and necrosis heralds grade 4 changes 

(Figure 5). These problems may become chronic 
and lead to consequential late complications 
(Figure 6). The severity of the acute radiation 
response may also lead to a late effect in the gut, 
bladder, and oral mucosa.17 Disruption of the  
epithelial basement membrane and breakdown of 
the barrier function substantially increases the 
risk of these injuries.18    

As epidermal function becomes increasing 
impaired, the permeability of the skin, as  
measured by transepidermal water loss, increases. 
Topical treatment may ameliorate radiation  
dermatitis, as measured by this parameter.11 A 

Table 1  Radiation Dermatitis: National Cancer 
Institute Common Terminology Criteria for 
Adverse Events Version 3

Grade Description

0 None
1 Faint erythema or dry desquamation
2 Moderate to brisk erythema or a patchy  
  moist desquamation, mostly  
  confined to skin folds and creases;  
  moderate edema
3 Confluent moist desquamation,  
  g1.5 cm diameter, not confined to  
  skin folds; pitting edema
4 Skin necrosis or ulceration of  
  full-thickness dermis: may include  
  bleeding not induced by minor  
  trauma or abrasion

FIGURE 1  Grade 1 radiation dermatitis of the arm 
with erythema

FIGURE 2  Grade 2 radiation dermatitis with erythema 
of the breast and moist desquamation confined to 
skin folds

FIGURE 3  Radiation dermatitis of the neck com
plicated by superinfection

FIGURE 4  Grade 3 radiation dermatitis with con fluent 
moist desquamation of the neck

FIGURE 5  Grade 4 radiation dermatitis with skin 
necrosis of the left chest wall
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“comedo reaction,” comprising whiteheads and 
blackheads, is more prone to develop after  
head and neck radiation,19 and pseudorecidives 
resembling keratoses sometimes appear in the 
immediate postradiation period. These should be 
distinguished from tumor recurrences and often 
spontaneously resolve without treatment.19,20 Hair 
loss occurs at skin doses of approximately 30 Gy, 
and new hair may continue to return for up to a 
year. Alopecia owing to follicular fibrosis may  
be permanent at skin doses of 55 Gy or greater. 

Chronic Radiation Dermatitis 

The skin may appear relatively normal for a  
varying length of time after RT, and chronic 
changes may not develop for months to years 
after exposure. These changes may be transient, 
such as the edematous peau d’orange appearance 
that appears in the postirradiation breast, usually 
resolving in the first year (Figure 7). Postin-
flammatory hypo- and hyperpigmentation is 
commonly seen after any disruption of the 
dermal-epidermal junction and, depending on 
the severity of the initial reaction and skin type of 
the patient, may persist or slowly normalize 
(Figure 8). Certain body sites, such as the scalp, 
exhibit relatively more tolerance for radiation 
than the skin of the face, neck, trunk, and extrem-
ities.21 Textural changes, including xerosis  
(dryness), scale, and hyperkeratosis, are common, 
and hair follicles and sebaceous glands may be 
absent. Persistent telangiectasia is more common 

after boost dosing, acute grade 3 injury, and moist 
desquamation, possibly secondary to microvas-
culature damage (Figure 9).22,23 However, the 
development of moist desquamation does not 
seem to predispose patients to the development 
of subcutaneous fibrosis,24 and the boost is not 
associated with any other late changes.25 

Poikilodermatous changes, characterized  
by persistant hyper- and hypopigmentation (dys-
pigmentation), atrophy, and telangiectasia, are  
an indication of more severe cutaneous injury 
(Figure 10). There may be permanent loss of nails 
and skin appendages, producing alopecia and 
decreased or absent sweating. The latter is clini-
cally significant when large surface areas are 
treated, as in the case of electron beam therapy for 

mycosis fungoides. Fibrosis in response to growth 
factors such as transforming growth factor b 
(TGF-b)26 may be focal or widespread, producing 
tissue retraction, limitation of movement, and 
pain. Pathologically, the dermis and sub cutaneous 
adipose tissue are replaced by atypical fibroblasts 
and fibrous tissue (Figure 11). Eccentric myoin-
timal proliferation of the small arteries and arter-
ioles may progress to thrombosis or obstruction, 
increasing the predisposition for ulcers and skin 
breakdown.13 Skin atrophy, related to decreased 
population of dermal fibroblasts and the reab-
sorption of collagen,27 also causes fragility and 
predisposes patients to erosions and ulcerations, 
which may be painful, slow to heal, and prone to 
superinfection (Figure 12). Subungual splinter 
hemorrhages have been reported on occasion.28 

FIGURE 6  Consequential late changes following  
nonhealing acute radiation dermatitis of the neck. 
There is severe fibrosis complicated by erosions and 
telangiectasia

FIGURE 7  Peau d’orange changes in the irradiated 
breast.

FIGURE 8  Dyspigmentation of the irradiated right 
breast

FIGURE 9  Telangiectasia in a rectangular field after 
boost dosing.

FIGURE 10  Chronic radiation dermatitis of the neck 
with fibrosis and poikiloderma.

FIGURE 11  Radiation induced fibrosis. Hematoxylin 
and eosin 50X. Courtesy of Dr. Victor Prieto
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Radiation necrosis is more commonly a con-
sequential late injury associated with high-dose 
RT, failure to heal acute dermatitis, and dermal 
ischemia.29 It is particularly difficult to manage as 
impaired healing and superinfection are common 
in tissues rendered relatively avascular. These 
problems are exacerbated by peripheral vascular 
disease, diabetes, hypertension, and connective 
tissue disease.

Pathophysiology 

The skin is a continuously renewing organ, and 
RT not only interferes with normal maturation, 
reproduction, and repopulation of germinative 
epidermal and hair matrix cells but also targets 
fibroblasts and cutaneous vasculature.30 The  
radiation-induced injury has been termed a 
“complex wound,” in which structural tissue 
damage occurs instantaneously, mediated by a 
burst of free radicals, resulting in DNA damage 
and alteration of proteins, lipids, and carbohy-
drates. Each additional exposure or fraction  
contributes to inflammatory cell recruitment and 
direct tissue injury.18 Wound healing is further 
impaired by inhibition of normal granulation 
tissue, fibrogenesis, and angiogenesis.18,31 Acute 
injury is, therefore, a consequence of reduction  
in and impairment of functional stem cells, endo-
thelial cell changes, inflammation, and epidermal 
cell apoptosis and necrosis.

Cutaneous radiation syndrome, occurring 
after accidental radiation exposure, is also medi-
ated by a combination of inflammatory processes. 
Alteration of cellular proliferation occurs as a 
result of a specific pattern of transcriptionally 
activated proinflammatory cytokines and growth 
factors.32 Interaction between epithelial and  
mesenchymal cells is at least in part initiated by 

interleukin-1a secreted by the activated epithelial 
cell during skin injury. This, in turn, may  
modulate the synthesis of other proinflammatory 
mediators and proteases in surrounding  
fibroblasts.33

Repetitive radiation exposure delivers a series 
of tissue insults to skin that has not had time to 
repair existing damage. During dose fractionation 
schedules with gaps (extension of the nontreat-
ment period), tissue-specific repopulation is  
initiated after a lag period. When accelerated 
repopulation is initiated, there is an increase in 
the radiosensitivity of the surviving stem cells and 
a decrease in time for cells to repair sublethal 
radiation-induced damage.9 Ionizing radiation 
also produces epidermal basal cell and endothe-
lial cell damage,31,34 vascular injury,14,35 and loss of 
Langerhans’ cells,36 which are the chief antigen-
presenting cells in the skin. Up-regulation of  
epidermal growth factor receptor16 may aid in 
epithelial repair, whereas alterations in epidermal 
Langerhans’ cells may further impair immuno-
logic integrity.36,37 These events, combined with 
the intensive inflammation promoted by up- 
regulation of adhesion molecules such as intercel-
lular adhesion molecule 1 (ICAM-1),38 contribute 
to impairment of cutaneous barrier function, 
bacterial colonization, superinfection, and  
superantigen production.  

Acutely irradiated skin demonstrates a peri-
vascular inflammatory infiltrate around dilated 
blood vessels with swelling and sloughing of  
epithelial cells and growth arrest.39 Lower doses 
produce clumping of nuclear chromatin, swelling 
of the nucleus, and apoptosis. Higher doses cause 
nuclear disfiguration or loss of the nuclear  
membrane, mitochondrial distortion, and degen-
eration of the endoplasmic reticulum, as well as 
direct cellular necrosis. Mitotic activity in the ger-
minal cells of the sebaceous glands, hair follicles, 
and epidermis is inhibited, and basal layer stem 
cells are depleted.13,40 Prostaglandins and thiol 
compounds are potentially radioprotective agents 
that have been used to protect normal tissue, with 
varying degrees of success. In animal models, 
both have been used to protect hair follicles and 
other skin structures.41,42

TGF-b, a peptide that has a fundamental role 
in controlling proliferation of many cell types, is 
intricately involved in the development of chronic 
radiation dermatitis.43 This cytokine acts as a 
“master switch” for tissue fibrosis, activating 
fibroblasts to secrete extracellular matrix  
protein.26,44–46 In the irradiated tissue of pigs,  
TGF-b1 also plays an important role in promoting 
and regulating the late fibrotic process.47 Its main 
effect on connective tissues in vivo is to stimulate 
growth. Endothelial cell proliferation is also  
stimulated, but epithelial cell growth is inhibited. 
Mice lacking a downstream mediator of TGF-b, 
Smad3, demonstrate decreased tissue damage 

and fibrosis after irradiation, as well as acceler-
ated healing.48 Up-regulation of TGF-b has been 
found in fibrotic tissue of irradiated patients but 
not in the nonirradiated controls,26 confirming 
that its induction is a general response of cells  
to ionizing radiation. It is also chemotactic for 
mast cells, possibly increasing angiogenesis by 
inducing macrophages to release factors that lead 
to neovascularization.49 

Radiation-induced endothelial cell damage 
activates components of the coagulation system,18 
which, in turn, promotes inflammation and  
cytokine overproduction. Thrombin, which is a 
regulator of cell proliferation, may also modulate 
the synthesis of TGF-b,50 vascular endothelial 
permeability, inflammation, and tissue  
remodeling.18,51 Subsequent matrix accumulation, 
fibrosis, endothelial cell dysfunction, and 
increased measurable cytokines may ultimately 
delay reepithelialization.50  

Long-lasting impairment of the reparative 
process ultimately affects the integrity of the 
“healed” radiation-induced wound. Although 
healed traumatic wounds in nonirradiated skin 
remodel continuously for years following injury, 
this capacity is often compromised after RT 
because of persistent cellular dysfunction or 
changes in the supporting stroma.18 Fibroblasts 
may be permanently altered, causing cutaneous 
atrophy, contraction, and fibrosis.52,53 Although 
total dose is certainly critical in producing  
cutaneous problems, late effects may be more 
dependent on the volume, fraction size, and dose/
fraction schedules.14 The underlying pathogenesis 
of the development of telangiectasia is unknown 
but may be due in part to inflammatory damage 
to the microvasculature during the acute injury 
and the production of platelet-derived growth 
factor (PDGF) and fibroblast growth factor by 
damaged endothelial cells or macrophages.18  
Both vascular sclerosis and radiation fibrosis are, 
in part, related to endothelial cell damage and 
vascular injury. The identification of genes by 
microarray analysis may further define the  
molecular mechanisms of this microvascular 
insult.54 Leukocyte infiltration, mediated in part 
by cell adhesion molecules, is also commonly 
observed at sites of irradiation and is likely to lead 
to parenchymal atrophy, fibrosis, and necrosis  
in normal tissues.35 

Risk Factors 

Dose Fractionation Schedules
The total dose, dose/fractionation, type and  
quality of the beam, volume, and surface area 
exposed influence the degree of damage to  
the epidermis, dermis, adnexal structures, and 
microvasculature.9,32,55–57 When photons are 
absorbed, the energy released produces breakage 
of chemical bonds and subsequent electron 

FIGURE 12  Severe radiation fibrosis and a non 
healing skin ulcer.
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release. These free electrons react with other  
molecules, particularly water, to form free  
radicals, which then have the potential to diffuse 
and damage DNA. In the case of acute radiation 
dermatitis, the clinical consequences of this reac-
tion are expressed during or immediately after 
therapy. Usually, these acute changes heal with 
mild changes. Rarely, the acute dermatitis never 
completely heals, resulting in consequential late 
changes, leading to chronic wounds and necrosis. 
Alternatively, chronic or true late radiation  
consequences may develop despite minimal acute 
radiation dermatitis. Unlike acute effects, true 
late reactions are unlikely to be self-repairing.

Physical Factors
The severity of the skin reaction is both treatment 
and patient related.27,58 Physical factors, including 
smoking,59 poor nutritional status, problems with 
skin integrity, actinic damage, body site, obesity,60 

and overlapping skin folds, predispose patients to 
radiation dermatitis. About 25% of patients 
receiving parallel-opposed lateral fields will  
have skin reactions. The intentional use of boost 
doses to treat malignancies unavoidably produces 
overlapping fields, and the use of bolus material 
often results in an increase in the skin dose.57,61 
When the skin is purposefully targeted, as in the 
case of inflammatory breast cancer, primary skin 
cancers, or mycosis fungoides, and when dose 
escalation is used to treat regionally recurrent  
disease, cutaneous problems should be antici-
pated. The larger the targeted tumor, the more 
likely a severe skin reaction is to develop.59 Tissue 
expanders, especially in the breast, present a 
unique dilemma both in delivering the desired 
dose and maintaining skin integrity (Figure  13). 
Positioning the patient to reduce apposition  
of skin folds, skin shields in sensitive areas,  
and delaying treatment until preexisting skin 
problems have been addressed may decrease the 
frequency and severity of radiation-induced  
skin problems. Deliberate exposure to ultraviolet 
radiation in treatment areas should be avoided as 
this may up-regulate cytokine production and 
serve as a cocarcinogen. Temperature extremes 
should also be avoided.

Genetic Factors
Patients with impaired cellular DNA repair capa-
bilities are at increased risk of radiation-induced 
problems. Individuals with ataxia-telangiectasia, 
a rare autosomal recessive disorder resulting  
from mutations in both copies of the ATM gene, 
are especially prone to develop severe cutaneous 
complications after RT. It has been suggested  
that patients who develop serious, unanticipated 
radiation dermatitis may actually harbor a previ-
ously undetected abnormality in ATM or may  
be heterozygous for this trait. ATM heterozygos-
ity occurs in approximately 1% of the general 
population,62 and a single mutated copy of the 
DNA repair gene may predispose patients to  
cutaneous complications, necessitating dose 
alterations to reduce cutaneous toxicity.63 Owing 
to their increased cellular radiosensitivity, hetero-
zygous ATM breast cancer patients may qualify 
for dose and volume reduction trials.64

Other diseases with reduced cellular DNA 
repair capability call for dose alteration or avoid-
ance of therapeutic radiation entirely. Patients 
with hereditary nevoid basal cell carcinoma 
(BCC) syndrome (Gorlin’s syndrome) develop 
multiple BCCs, as well as a variety of phenotypic 
abnormalities. Abnormalities in the human 
homologue Patched (PTCH) gene, the impaired 
tumor suppressor gene associated with this  
syndrome, have been identified, and increased 
cellular proliferation occurs via the hedgehog sig-
naling pathway.65,66 Ptc heterozygous mice exhibit 
increased radiation-induced teratogenesis, sug-
gesting the role of ptc in the response to ionizing 
radiation.67 Nucleoli in fibroblasts of affected 
individuals are increased after x-radiation, appar-
ently corresponding to increased ribonucleic acid 
(RNA) synthesis and metabolism.67,68 Radiation 
of affected patients may produce devastating 
results, with the production of widespread  
cutaneous tumors (Figure 14). 

Other chromosomal-breakage syndromes, 
including Fanconi’s anemia, Bloom syndrome, 
and disorders characterized by defects in DNA 
repair, such as xeroderma pigmentosum, may 
experience increased frequency of chromatid 
breaks and gaps in skin fibroblasts when com-
pared with normal controls after G2 phase x- 
irradiation. This has also been reported with 
familial polyposis, Gardner’s syndrome, heredi-
tary malignant melanoma, and dysplastic nevus 
syndrome.69–71 However, even in patients without 
known genetic disorders, there may be individual 
differences in early and late radiation response in 
the skin. Whether these differences are deter-
mined by heterogeneity in intrinsic cell radiosen-
sitivity or by other factors has yet to be elucidated.72 

Attempts have been made in breast cancer patients 
to predict radiosensitivity and subsequent fibrosis 
by measuring the number of lethal chromosome 
aberrations in in vitro irradiated lymphocytes,73 
but there is no clinically standardized method of 

predicting individual variations in response to 
therapy. Measurements of DNA damage by p53 
and p21 protein accumulation have been assayed 
in the irradiated breast, where no association 
between the p53 response and degree of erythema 
was found. Therefore, epidermal p53 response 
does not reliably predict the degree of radiation-
induced epidermal injury.74 Individual responses 
to radiation-induced DNA damage vary widely 
and may be independent of the type of radiation.  

Connective Tissue Disease
Preexisting connective tissue or autoimmune  
disease, including scleroderma, systemic lupus 
erythematosus (SLE), and perhaps rheumatoid 
arthritis (RA), unpredictably predispose  
patients to the development of severe radiation 
dermatitis.75–77 Although the mechanism is not 
known, lymphocytes from patients with RA, SLE, 
and polymyositis are more radiosensitive than 
those from healthy volunteers or patients with 
conditions not associated with autoimmunity. 
Peripheral blood lymphocytes from patients  
with SLE, juvenile RA, and systemic sclerosis have 
significantly greater DNA damage after irradia-
tion than do those from controls.78,79 Because of 
this, the presence of connective tissue disease is a 
relative contraindication to RT.

Infectious Disease
Patients with human immunodeficiency virus 
(HIV) disease may demonstrate a decreased skin 
and mucous membrane tolerance to treatment, 
independent of their risk of infection. They tend 
to develop cutaneous reactions at a lower dose, as 
well as more significant systemic problems.80–82

FIGURE 13  Tissue expander of the breast deflated to 
deliver RT

FIGURE 14  A patient with hereditary nevoid basal 
cell carcinoma who received radiation therapy years 
earlier. The eroded areas represent basal cell  
carcinoma, and a bandage covers a biopsy site.
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Radiosensitizers
An increase in adverse events is well documented 
after the use of “radiosensitizers” (Figure 15). 
These are drugs given either immediately prior, 
during, or less than 7 days postradiation, causing 
increased cellular damage and impaired repair.83 
It is now known that the timing and dose of  
any such agents are crucial.84 For example, when 
paclitaxel or docetaxel is used in conjunction with 
radiotherapy in the treatment of breast cancer, it 
produces synergistic cutaneous toxicity that is 
both schedule and dose dependent. The concom-
itant use of tamoxifen with radiation therapy  
has been implicated in the development of an 
increased incidence of subcutaneous fibrosis by 
some investigators.85

Differential Diagnosis

Common cutaneous problems, including derma-
titis (Figure 16) or infection, may manifest during 
or after treatment. Even after the acute effects of 
radiation have subsided, the treated skin may 
manifest a host of physical and functional changes. 
Compromised integrity and impaired barrier 

function may produce a locus minoris resistentiae, 
a Latin phrase meaning “a place of less resistance” 
(Figure 17). It is not unusual to see dermatitis or 
infection confined to these sites. There have also 
been case reports of localized Sweet’s syndrome 
in the irradiated skin of the breast,86 as well as 
lichen planus confined to a radiation port.87 

Reports of pemphigus, an autoimmune bullous 
disease, following ionizing radiation exposure  
are rare. Common to these cases is a prodromal 
persistent nonspecific dermatitic eruption that is 
often interpreted as radiation dermatitis and 
latency of variable duration before the onset of a 
vesiculobullous eruption that begins at the portal 
of irradiation.88

Cutaneous hypersensitivity syndromes, 
including erythema multiforme, have been 
reported to start in irradiated skin and generalize 
from there.89 Localized Stevens-Johnson syn-
drome confined to radiation ports has been 
reported in conjunction with the administration 
of oral agents such as phenobarbitol.90 Other 
severe complications, including toxic epidermal 
necrolysis, a skin condition characterized by  
complete epidermal necrosis, has been reported 
to occur more frequently when phenytoin  
and related anticonvulsants are combined with 
cranial radiation. These reactions also have, on 
occasion, started in the radiation port,90–95 
prompting some clinicians to avoid phenytoin 
during RT.89 

Radiation recall refers to the phenomenon  
of cutaneous inflammation, limited to the site  
of radiation, occurring at least 7 days after treat-
ment or after the acute dermatitis has healed 
(Figure 18).96 It is graded according to its severity, 
ranging from erythema to necrosis, ulceration, or 
hemorrhage (Table 2). Increasingly severe recall 
dermatitis tends to occur when the offending 
drugs, usually cytotoxic agents, are introduced 
shortly after the cessation of RT.96 It has also been 

reported after the administration of nonsteroidal 
antiestrogens, interferon-a2b, simvastatin, and 
antituberculosis medications.97 Radiation recall 
occurs minutes to days after drug exposure  
and may occur weeks to years after radiation. It 
unpredictably recurs on reexposure but usually 
flares after the first exposure to the inciting  
drug. The longest well-documented hiatus 
between treatment and recall is 2 years after  
radiation exposure.98,99 The etiology of this well-
documented phenomenon is uncertain. Impaired 
cellular repair, gene mutation,100 vascular 
damage,98 epidermal stem cell inadequacy101 and 
depletion,102 drug hypersensitiviy,96 cumulative 
direct DNA damage and oxidative stress,103  
koebnerization,104 nonimmune activation, and 
up-regulation of cytokines have all been impli-
cated.97 The latter theory is supported by cases 
that occur minutes after parenteral infusion, 
whereas it takes a median 8 days to manifest  
after oral medications. Although anecdotally  
beneficial, the role of topical or systemic steroids, 
mast cell inhibitors, and antihistamines in the 
prevention and treatment of this problem has not 
been evaluated in a controlled setting.96

FIGURE 15  Radiation dermatitis in a patient  
receiving paclitaxel.

FIGURE 16  Contact dermatitis from the pens used to 
paint fiducials.

FIGURE 17  Eczema confined to a radiation site, and 
sparing the nonexposed skin.

FIGURE 18  Radiation recall of the right neck 2 years 
after RT.

Table 2  Radiation Recall Reaction: National 
Cancer Institute Common Terminology Critera 
Version 3.0

Grade Description

0 None
1 Faint erythema or dry desquamation
2 Moderate to brisk erythema or a patchy  
  moist desquamation, mostly confined  
  to skin folds and creases; moderate  
  edema
3 Confluent moist desquamation,  
  g1.5 cm diameter, not confined to  
  skin folds; pitting edema
4 Skin necrosis or ulceration of  
  full-thickness dermis; may include  
  bleeding not induced by minor  
  trauma or abrasion

Reaction following chemotherapy in the absence of 
additional radiation therapy that occurs in a previous 
radiation port.
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Finally, recurrent or secondary tumor should 
be considered if atypical plaques and nodules 
develop within the radiation field (Figures 19 and 
20). Although irradiated skin may present some 
difficulty with healing, a biopsy is useful in this 
clinical situation.

Treatment of Acute Radiation  
Dermatitis

Early changes (grade 1) characterized by erythema 
and dry desquamation are best treated symptom-
atically. The affected area is washed gently with 
plain water alone or combined with a mild,  
low-pH cleansing agent that does not exacerbate 
the existing dermatitis. This has proven to be both 
physically and psychologically more beneficial 
than older practices of not washing at all.105–107 
Washing may also reduce the bacterial load and 
thereby reduce potential superantigen-induced 
inflammation. Patients should wear well-fitting, 
nonbinding clothing and avoid unnecessary  
topical irritants and friction. When required, soft 
burn nets or other modalities that hold dressings 
in place without adhesives should replace tape.  
In the case of breast cancer patients, a sports bra 
can be used for this purpose. While actively 
undergoing therapy, aluminum or magnesium 
salts, such as those found in antiperspirants and 
talcs, should not be used in the treated area as 

they can potentially increase the radiation dose to 
the superficial skin. Ultraviolet exposure should 
be avoided, and photoprotection in the form of 
clothing, hats, and sunscreen should be used as 
tolerated.

Topical Therapy and Wound Care

The goal of treating the erythema and dry  
desquamation is to avoid a bolus effect, minimize 
transepidermal water loss, decrease pain, and  
prevent progression to moist desquamation.  
Petrolatum-based emollients are commonly used, 
with or without hydrogel dressings. Radioemul-
sions containing trolamine were hoped to be 
“radioprotective” as they are macrophage cell 
stimulators that remove necrotic tissue, promote 
fibroblast proliferation, and, ex vivo, reduce  
vascular alterations, restore CD34 expression, 
promote epithelial cell proliferation, and decrease 
interleukin-1 expression and collagen secretion. 
The oil-in-water formulation also softens  
nonviable tissues. Although controlled studies 
show no clinical radioprotective effect over con-
trol, many patients express satisfaction with these 
ointments and find them soothing.108 Newer 
non–petroleum-based products combining castor 
oil, balsam of Peru, and trypsin purportedly stimu-
late the capillary bed, improve epithelialization, 
and provide cutaneous protection.109

Recommendations for use of other topical 
skin agents are largely anecdotal, and few  
randomized studies have been performed. Conse-
quently, a great variety of products have been 
studied, and many recommendations have 
emerged. Aloe vera, d-panthenol, hydrophobic 
and hydrophilic ointments, chamomile, and 
almond ointment have been tried, with variable 
results.110–113 Multiple other creams, including 
aloe vera, CM-glucan, hydroxyprolisilan C, and 
Matrixyl (Theta-Cream), have shown no definite 
benefit in the treatment of radiation dermatitis.114 
The role of antioxidants, including vitamin C,  
has not been established, and topical ascorbic  
acid did no better than placebo in preventing skin 
toxicity after cranial RT.115 However, when given 
systemically to mice, higher doses of radiation 
were required to obtain skin desquamation.116 

Sucralfate (sucrose aluminum), a widely used 
antiulcer drug, has anti-inflammatory properties 
and activates cellular proliferation. In a double-
blind randomized study comparing the efficacy of 
sucralfate cream with a base cream in 50 breast 
cancer patients who received postoperative elec-
tron beam therapy to the chest wall, the acute 
radiation reaction of the skin was statistically 
decreased and the recovery of the skin was also 
significantly faster in the sucralfate cream 
group.112,113 However, in another study compar-
ing vehicle with vehicle plus 10% sucralfate, there 
was no significant difference in time to healing or 

pain relief.117 Topical hyaluronic acid has been 
helpful in some patients undergoing radiation 
therapy, demonstrating improved healing com-
pared with placebo,118 as has calendula, an extract 
from a plant of the marigold family.119 Barrier 
films may also prove to be useful when compared 
with glycerine cream.120 

The general consensus is that the majority of 
patients do not need a specific therapy except a 
moisturizer as tolerated, and there is no agree-
ment on a specific topical agent to manage acute 
radiation dermatitis.121 However, as with other 
forms of dermatitis, creams and ointments are 
generally better tolerated than lotions in irritated, 
dry skin. Since approximately 10% of patients 
have allergic-type reactions with topical agents, 
this should be considered if exacerbation of the 
dermatitis occurs.122

The use of topical corticosteroids to prevent 
or treat radiation dermatitis is somewhat contro-
versial. Because these agents have documented 
anti-inflammatory effects and have been shown 
to inhibit the up-regulation of interleukin-6 in 
response to ionizing radiation,123 they have  
been used for both treatment and prevention. 
Comparisons of different topical steroids,  
instituted either before or during the onset of 
acute dermatitis, show conflicting results. Some 
studies show no statistically significant difference 
between steroid (0.2% hydrocortisone valerate) 
versus placebo,124 whereas other groups demon-
strate decreased acute radiation dermatitis in  
the topical steroid group.125 Comparison of two 
different steroid creams, 1% hydrocortisone 
cream and 0.05% clobetasone butyrate, in a 
double-blind trial was carried out in 54 patients 
undergoing RT for breast cancer. The cream was 
administered when patients reached a given dose 
of 2,000 rad, or earlier, if required. The majority 
of patients using either cream derived benefit 
from its soothing effects, but patients using  
clobetasone butyrate developed more severe skin 
reactions.126 Although there is no consensus, at 
best steroids may ameliorate the dermatitis, but 
they do not entirely prevent it.127 It is not known 
if infection, telangiectasia, or skin atrophy, known 
side effects of this group of topical agents, is 
increased. Other anti-inflammatory agents, such 
as 1% indomethacin cream, were not found to  
be helpful in preventing radiation-induced  
erythema.10,128 The new topical calcineurin inhibi-
tors (topical tacrolimus and pimecrolimus) are 
potent down-regulators of cytokine production 
and are currently approved for use in atopic  
dermatitis. There have been no controlled trials 
to date documenting their usefulness in radiation 
dermatitis.

Wound Care for Erosions and Ulcers
Despite the fact that irradiated skin is significantly 
altered, the care of radiation-induced erosions FIGURE 20  Recurrent breast cancer after RT

FIGURE 19  Recurrent breast cancer after RT
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and ulcers is generally not specific and is  
adapted from the generic wound care experience 
(Table 3).18,52,53,129 From a prognostic standpoint, 
it may be helpful to distinguish consequential late 
injury from secondary injury in an irradiated 
field. Wound dressings are used for multiple  

reasons, including handling wound secretions 
and pain control, as well as protecting the skin 
from outside contamination. In addition,  
preserving a moist environment enhances reepi-
thelialization, lyses necrotic tissue, and encour-
ages phagocytosis of necrotic debris and 
bacteria.13,129,130 To enhance barrier function, 
hydrophilic and lipophilic creams and ointments 
are often used alone or with hydrogel dressings. 
These dressings are soothing but, as they are not 
self-adherent, must be held in place and removed 
just prior to treatment. They may be cleaned and 
reapplied, especially on nonexudative wounds. 
When refrigerated before use and applied while 
still cool, patients often find them soothing. 

Hydrocolloid dressings provide moderate 
absorption of secretions and hydrate the wound. 
Additional benefits include healing of established 
wounds, simplification of wound care, and pain 
control.131 They are self-adherent, which may 
present a problem when the adhesive is placed  
on already damaged skin. These dressings are 
commonly left in place for several days and are, 
therefore, more useful after completion of RT. 

Transparent films allow close observation of 
the wound, but as they do not absorb exudates, 
they are more practical in protecting the fragile 
epidermis or covering early erosions. Heavily 
exudative wounds are best treated with burn pads 
or the use of alginate or foam dressings, which are 
highly absorptive.

Persistent eschars can be removed manually 
under local anesthesia or treated with enzymatic 
débridement or autolytic dressings. Biosurgical 
débridement with sterile live maggots removes 
necrotic, infected tissue, leaving healthy tissue 
untouched.129 Unfortunately, these techniques 
often leave significant skin and soft tissue defects. 
Biosynthetic dressings, artificial skin, and bioen-
gineered skin have proved useful in the setting  
of persistent, nonhealing ulcerations.132 Novel 
therapies, including low-intensity helium-neon 
laser, have benefited some patients with recalci-
trant chronic skin ulcers after RT, perhaps by 
enhancing metabolic pathways, cell proliferation, 
and motility of fibroblasts and keratinocytes, as 
well as improving skin circulation and inducing 
angiogenesis.13,133,134 

Topical or oral antibacterial agents should be 
considered in the treatment of wounds that are at 
high risk or are already infected. Silver-based 
dressings are antibacterial and have proven to be 
effective for this purpose. Patients with anal canal 
or some types of gynecologic tumors undergoing 
RT and chemotherapy experience close to 100% 
incidence of dermatitis, often grade 3 or 4.  
This not only interferes with quality of life but 
also mandates a hiatus in RT, potentially with a 
negative impact on patient outcome. In patients 
in whom the tumor was not close to the skin, 
silver leaf nylon dressings, removed during  

treatments, have been found to be helpful, prob-
ably secondary to their antibacterial effects.135 
Cadexemer iodine–based dressings promote 
autolytic débridement, absorb exudates, control 
drainage, and are nontoxic to fibroblasts in 
vitro.129 Multidextrin powder, a macrophage acti-
vator, reduces bioburden by increasing local 
osmolality and is helpful in odor control.129

Targeted Biologic Therapy
Targeted therapy and biologic preparations may 
be useful in some types of radiation dermatitis.  
A series of 24 patients with acute radiation-
induced vulvar dermatitis found topical granulo-
cyte-macrophage colony-stimulating factor 
(GM-CSF) plus topical steroid more useful than 
steroid alone in reducing the severity and dura-
tion of the problem.136 The presumed mechanism 
of action is the promotion of chemotaxis of 
monocytes into tissues and the maturation of 
monocytes into macrophages.

PDGFs are chemotactic for neutrophils, 
monocytes, macrophages, and fibroblasts.  
Theoretically, they also stimulate the synthesis of 
extracellular matrix components, collagen, and 
additional growth factors. These have shown 
anecdotal success in producing enough granula-
tion tissue in a chronic radiation wound on the 
neck to support a skin graft.137 Chronic radiation 
ulcers after electron beam therapy were treated 
successfully with PDGF gel and hydrophilic  
copolymer membrane.138 If there is active tumor, 
there may be some theoretical risk in the use of 
growth factors, and some topical dressings  
may partially absorb or inactivate this expensive 
product. 

Treatment of Chronic Fibrosis
Chronic fibrosis is arguably one of the most  
difficult cutaneous complications to treat. Long 
thought to be irreversible, supportive measures 
are often necessary to avoid skin breakdown and 
infection. Multidisciplinary teams, including  
specialists in wound care, physical therapy, and 
pain management, often work together to address 
important cosmetic and quality of life issues. 
Physical therapy, deep massage, and active and 
passive range of motion exercises are important 
techniques used to maintain mobility and to  
minimize contractures. Chronic nonhealing 
ulcers and suspicious lesions may need pathologic 
examination to exclude the possibility of second-
ary skin malignancy. Unfortunately, these sites 
may heal poorly, so biopsies should not be  
performed early in the evaluation period.

Alternative approaches include the use of 
pentoxifylline (PTX), a methylxanthine deriva-
tive in common use as an inhibitor of platelet 
aggregation. This drug may also increase phago-
cytic activity of polymorphonuclear leukocytes 
and monocytes, as well as antagonizing tumor 

Table 3  Treatment of Radiation Dermatitis*

Acute erythema
 Emollients (lotions, creams, or ointments)
 Avoid friction, ultraviolet radiation,  
  temperature extremes, and trauma
 Symptomatic treatment

Dry desquamation
 Emollients (creams or ointments)
  Petrolatum based, hydrophilic
  Castor oil/balsalm of Peru/trypsin  
  Trolamine
  Miscellaneous (see text)
 Gentle cleansing 
 Topical corticosteroids—controversial

Moist desquamation during RT
 As above with the addition of 
  Hydrogel dressings 
  Hydrocolloid dressings for minimally  
   exudative wounds (self-adhesive)
  Burn pads, alginate or foam dressings for  
   highly exudative wounds
  Bacterial culture: treat infected wounds  
   topically or systemically based on culture

Moist desquamation after RT
 As above with the addition of
 Film dressings for minimally exudative  
  erosions
 Infected wounds: ionic silver pads or powder  
  Topical antibiotics
  Cadexomer iodine
  Maltodextrin powder 

Chronic ulcers 
 Control secretions, limit bacteria and debris
 As above with the addition of
 Careful and selective débridement
  Mechanical
  Enzymatic 
  Autolytic—moist matrix
  Biosurgical 
 Biologic preparations (GM-CSF, growth  
  factors)
 Low-intensity helium laser
 Hyperbaric oxygen

Telangiectasia 
 Vascular lasers (eg, pulsed dye)

Fibrosis
 Pentoxifylline with or without vitamin E
 Superoxide dismutase
 Interferon-c 

GM-CSF = granulocyte-macrophage colony-stimulating 
factor; RT = radiation therapy; Adapted from Hymes 
SR, Strom EA, Fife C. Radiation dermatitis: Clinical 
presentation, pathophysiology, and treatment 2006.  
J Amer Acad Dermatol 2006; 54:28–46.
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necrosis factor (TNF)-a and -b. By decreasing the 
cytokines GM-CSF and interferon-c, as well as 
modulating ICAM-1 expression,139,140 PTX had a 
significant antifibrotic effect in vivo, reversing 
gamma ray–induced fibrosis in pigs.47 The com-
bination of PTX and the antioxidant vitamin  
E (a-tocopheryl acetate) may further down- 
regulate TGF-b expression by myofiboblasts  
and actually reverse the abnormal fibroblast  
phenotype that perpetuates fibrosis.44,47,141,142 
Other effects include blocking the induction of 
collagen by TNF-a and GAG synthesis in normal 
fibroblasts,143 as well as lowering the levels of  
type I and III procollagen messenger RNA and  
of nuclear factor 1, a procollagen gene-activating 
transcription factor of human dermal  
fibroblasts.144 

Studies examining the effect of prophylactic 
administration of PTX are ongoing. It may reduce 
late soft tissue pathology but does not affect acute 
radiation reactions in animals. In patients, late 
skin changes, fibrosis, and soft tissue necrosis 
were less severe in the PTX group than controls, 
possibly by a protective effect against vascular 
pathology. It also accelerated healing of soft tissue 
necrosis and reversed some late radiation inju-
ries.140,145 There were no positive effects on acute 
skin reactions or pain in some studies,146 whereas 
others showed a decrease in pain.140,145 When  
PTX was used with vitamin E, arm lymphedema 
was not prevented following axillary surgery and 
lymphatic radiotherapy.147 However, both in 
patients and in the pig model, some antifibrotic 
action of this combination was found in estab-
lished disease.47,141 In a pig model, there was less 
subcutaneous fibrotic scar tissue and a decreased 
immunostaining for TGF-b1 in the residual 
fibrotic tissue.43,47,147 Lipid peroxidation and  
certain lipid peroxidation products induce genetic 
overexpression of fibrogenic cytokines, the key 
molecules in the pathomechanisms of fibrosis,  
as well as increased transcription and synthesis  
of collagen.43,148 Both of these events can be  
down-regulated, at least in experimental models, 
by the use of antioxidants. The effect of oxidative 
stress on cytokine gene expression appears to be 
an important mechanism by which it promotes 
connective tissue deposition.149,150 

Other modalities to treat chronic radiation 
fibrosis in animals have included intramuscular 
injections of liposomal CU/ZN superoxide  
dismutase (SOD) two times a week for 3 weeks. 
Liposomal SOD may down-regulate TGF-b  
secretions by myofibroblasts, functioning as an 
antioxidant and anti-inflammatory agent.43 Early 
animal studies show that it may have an immedi-
ate radioprotective effect if given prior to radia-
tion, possibly changing genetic programming of 
cell differentiation and proliferation.142 It also 
reverses the radiation-induced fibrotic process in 

experimental animals and permits the regenera-
tion of normal tissue in a zone of well-established 
postirradiation fibrosis.142

Another proinflammatory cytokine, inter-
feron-c, may inhibit collage production in dermal 
fibroblasts. When used subcutaneously three 
times a week for 6 months and then once per week 
for 6 months on five patients with chronic-stage 
cutaneous radiation syndrome, low-dose inter-
feron-c was found to be useful for cutaneous 
fibrosis, as well as the chronic infection in fibrosed 
skin.151

In chronic radiation dermatitis, hyperbaric 
oxygen can result in reepithelialization of small 
areas and reduce pain, edema and erythema, or 
lymphedema,32 but there is no effect on fibrosis or 
telangiectasia.152 Pulsed dye laser treatment has 
been beneficial in clearing telangiectasia after 
radiotherapy.153

Secondary Cutaneous Malignancy
Ionizing radiation may be used to treat estab-
lished cutaneous malignancies, but it also increases 
the frequency of skin cancer and its precursor 
lesions. The strongest case is made for the 
increased incidence of BCC, and all available 
studies show that skin cancer risk is greater from 
radiation exposure at young ages.154,155 These 
tumors arise not only in areas with typical chronic 
radiation changes but also on normal-appearing 
irradiated scalp in patients who were treated for 
tinea capitis.156 These BCCs may present with 
aggressive or unusual variants, including keloidal, 
scarring, or aggressive varieties. Genetic instabil-
ity may occur in irradiated cells many generations 
after treatment, possibly accounting for these 
tumors,157 and mutations of tumor suppressor 
genes may play a role in some cases.156,158

The growth of other tumors, including radia-
tion keratoses, squamous cell carcinoma, fibro-
sarcoma, dermatosarcoma, angiosarcoma, and 
melanoma, has not been as well documented.  
The observation that fewer skin cancers develop 
among irradiated African Americans compared 
with Caucasians despite a comparable dose of 
ionizing radiation implies that skin susceptibility 
to ultraviolet exposure may modify the risk from 
ionizing radiation (Figure 21). Available evidence 
indicates that the excess risk of skin cancer lasts 
for 45 years or more following treatment.154 Most 
of the studies reporting an increase in NMSC 
have not distinguished between patients who 
received radiotherapy versus chemotherapy. 
Some, but not all, follow-up studies of cancer 
patients have reported excesses of malignant  
melanoma as second malignant neoplasms. It is 
not clear from the studies how much, if any,  
of the excess melanoma risk is attributable to 
radiotherapy.154,155 However, the fact remains that 
the most common malignancy in the survivors  
of the bombing of Hiroshima and Nagasaki in 

1945 was NMSC. Squamous cell carcinoma in 
radiation fields or scars is often ill defined and 
exhibits aggressive behavior and metastases. 
Because of this, surgical excision is the preferred 
modality of treatment. Microscopically moni-
tored surgery with margin control (Mohs’ sur-
gery) has a high cure rate, is well tolerated, and is 
usually performed under local anesthesia in an 
office setting. 

Angiosarcomas are a heterogeneous group  
of tumors with differing pathogenesis. They may 
be classified as primary in breast parenchyma, 
often in younger patients. When found following 
radical mastectomy with axillary node dissection, 
Stewart-Treves syndrome, they appear to be  
associated with chronic edema rather than  
radiation alone. Angiosarcomas developing in 
radiation sites should be considered in the clinical 
setting of late skin thickening, induration, edema, 
or dyspigmentation.159

Because of their premalignant potential, 
radiation-induced keratoses are often treated. 
Although there are no studies specifically address-
ing therapy in irradiated skin, in practice, they are 
treated like actinically induced premalignancies. 
Cryotherapy is widely used for localized lesions, 
but it is of limited usefulness if it does not address 
large numbers of lesions in the radiation port. 
Diffuse ill-defined keratoses are candidates  
for destruction with physical measures such as  
chemical peels, dermabrasion, or laser. Topical 5-
fluorouracil, diclofenac, photodynamic therapy, 
and imiquimod have also proven beneficial. 

Fluorouracil cream is an antineoplastic,  
antimetabolite drug that interferes with DNA  
and RNA syntheses, preventing the proliferation 

FIGURE 21  Nodular squamous cell carcinoma in the 
setting of radiation fibrosis and actinic damage.
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of damaged cells.160 Newer topical modalities,  
such as diclofenac, are cyclooxygenase 2 (COX-2) 
inhibitors, inhibiting the enzymes involved in 
arachidonic acid metabolism. Arachidonic acid 
metabolites have been shown to play a pivotal 
role in promoting epithelial tumor growth by 
stimulating angiogenesis, inhibiting apoptosis, 
and increasing invasiveness of tumor cells.161–164 
This suggests a possible role for COX-2 inhibitors 
administered at therapeutically achievable doses 
in the prevention of radiation-induced malig-
nancy.165 Diclofenac, a topical COX-2 inhibitor, is 
typically applied twice a day for 90 days. 

Another modality used in the treatment  
of actinic keratoses and in situ squamous cell  
carcinoma is topical 5-aminolevulinic acid  
followed by photodynamic therapy.166 This uses a 
photosensitizing compound applied to specific 
lesions and photoactivated by red-light irradia-
tion. Case reports have found this useful for 
chronic x-ray dermatitis and particularly helpful 
in pain relief.167

A promising therapeutic option for both 
keratoses and superficial BCC is topical imi-
quimod. This immune response modifier  
affects both the innate and acquired immune 
responses168,169 by binding to Toll-like receptor 7 
(TLR-7).170 Subsequent activation of the messen-
ger RNA expression of cytokines, including  
interferon-a, TNF-a, and interleukin-12, pro-
motes a T helper 1 cell–mediated immune 
response and reduced Bcl-2 expression, which 
induces FasR-mediated apoptosis in BCC.168,171 
Currently, imiquimod is approved by the US 
Food and Drug Administration to treat multiple 
actinic keratoses172 and genital warts.

Future Directions 

Prevention and treatment of radiation dermatitis 
are optimally a multidisciplinary mission. 
Advances in the delivery of radiation include  
conformal RT, which will target the tumor and 
minimize exposure to normal tissue. Intensity-
modulated RT further shapes the intensity using 
collimators that focus multiple beams on the 
target. This results in a smaller high-dose target, 
but at the cost of increasing the volume of tissue 
receiving low doses of radiation. CT imaging 
combined with the LINAC, as well as dedicated 
operating room suites equipped with a LINAC, 
provide precision and convenience for the patients 
and oncologists. The combination of positron 
emission tomography and CT further defines 
treatment targets. Newer modalities of therapy, 
including the use of protons, potentially will avoid 
the skin and more precisely target the tumor.

Advancements in immunology, including a 
better understanding of cytokines, inflammation, 
and their role in producing skin changes, have 
prompted ongoing investigation of compounds, 

which may prove to be “cytoprotective.” Identifi-
cation of patients at risk, including those with 
genetic or autoimmune disorders, and modifica-
tion of their treatment can help avoid severe  
complications. Finally, advances in basic wound 
care management have been invaluable in  
the treatment of acute and chronic radiation  
dermatitis. In the future, prospective studies of 
treatment of radiation dermatitis will provide 
additional information and guidelines in the 
treatment of this difficult problem.
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Alopecia, or hair loss, is a frequent occurrence in 
cancer patients. It is typically reported by the 
patient when approximately 25 to 40% of the 
person’s hair is lost.1 The precipitating process is 
often multifactorial and may result from direct or 
indirect actions on the hair follicles. Hair loss can 
often occur as a consequence of anticancer ther-
apy, mainly from chemotherapy and radiation 
therapy.2,3 A well-recognized but rare presenta-
tion of scalp metastasis is alopecia neoplastica,4 
usually owing to metastasis from breast cancer or 
other primary cancers. Endocrinopathies caused 
by a direct result of the primary cancer or cancer 
treatment may be the sole reason for hair loss  
or may exacerbate an already existing problem.5 
An iatrogenic immunocompromised state pre-
disposes cancer patients to numerous infectious 
agents that may affect hair growth.6 Lastly, these 
patients may suffer from dermatologic conditions 
that cause alopecia coincidentally with the pre-
sentation of their primary malignancy or treat-
ment of their malignancy. Hair loss should be 
addressed by the physician since it can be a psy-
chologically devastating aspect of cancer therapy. 
Preparation for such an event and proper inter-
ventions after its occurrence will help the patient 
cope better with this condition.7

Hair Functions

Hair has several functions other than its aesthetic 
importance. It forms a barrier between the skin 
and environment, therefore helping protect the 
epidermis from minor abrasions and from  
ultraviolet light. Hair fiber may also increase the 
surface area for faster evaporation of sweat from 
neighboring apocrine glands. Some hair follicles 
have a highly developed nerve network around 
them and provide sensory, tactile information 
about the environment. A key role of hair is to 
provide protection against heat loss. Although its 
importance for human survival has diminished, it 
is still a significant biological entity.8

Hair Development

During hair development, epidermal invagina-
tions occur forming columns in the dermis. The 

central portion of the columns (bulb) along with 
stem cells, found in the bulge area of the columns, 
induce hair follicle formation by the overlying 
epithelium.9

Normal Hair Growth 

Understanding normal hair growth often aids the 
physician in correctly interpreting the cause of 
hair loss. Each day, the scalp hair grows approxi-
mately 0.35 mm (6 inches per year); slower growth 
occurs in elderly people and in patients with a 
chronic illness. The scalp sheds approximately 
100 hairs per day. 

Scalp hair grows in an asynchronous pattern. 
Every hair follicle continually goes through three 
phases: anagen (growth), catagen (involution, or 
a brief transition between growth and resting), 
and telogen (resting) (Figure 2). Since each folli-
cle passes independently through the three stages 
of growth, the normal process of hair loss usually 
is unnoticeable. Approximately 80% of hair folli-
cles are in the active growing, or anagen, phase. 
Follicles remain in anagen for an average of 3 
years (range 2–6 years). The hair on the arms, 
legs, eyelashes, and eyebrows has a very short 
active growth phase of about 30 to 45 days, 
explaining why they are so much shorter than 
scalp hair. The transitional, or catagen, phase, 
usually affects 2 to 3% of hair follicles from days 
to a few weeks. Fourteen percent of hair follicles 
in the resting, or telogen, phase will be shed in a 3 
to 5 months period this accounts for normal daily 
hair shedding. During telogen, hair growth stops 
and the outer root sheath shrinks and attaches to 
the root of the hair. This causes the formation of 
what is known as a club hair. Pulling out a hair in 
this phase will reveal a solid, hard, dry, white 
material at the root. 

Hair continually cycles through the three 
phases. Alteration of hair growth cycling can 
manifest clinically as increased shedding of scalp 
hair.10

Hair Pigment
Hair pigment is formed by melanocytes in hair 
follicles located in the hair bulb, found at the 

bottom of hair follicles. Melanocytes are located 
in other regions of the hair follicle,; however, it is 
thought that these melanocytes do not signifi-
cantly contribute to coloring the hair fiber.

Melanocytes produce melanin pigment  
proteins in their cell cytoplasm. The pigment is 
accumulated in membrane-bound vesicles in the 
cell called “melanosomes.” The melanocyte cells 
release their melanosomes to the keratinocytes 
through dendritic processes. Eumelanin is the 
pigment of brown or black hair. Pheomelanin is 
the pigment of blond or red hair. The appearance 
of white hairs seems to be caused by an inter-
ruption of the transmission of pigments from  
the melanocytes to the keratinocytes, or loss of 
melanocytes may also be the cause of graying of 
hair.8 

Hair Shape

The amount of natural curl a hair has is deter-
mined by its cross-sectional shape. The uneven 
distribution of disulphide bonds is responsible to 
a variable degree for curling. Hair that is most 
similar to a circle is straight, and hair that is flat-
tened and elliptical is curly or kinky. In general, 
people of African origin have rather flat hair 
viewed in cross-section compared with Caucasian 
people, whereas people of Asian origin have the 
most round and even-sized hairs. 

The cross-sectional shape also determines 
the amount of shine the hair has. Straighter hair 
is shinier because sebum from the sebaceous 
gland can travel down the hair more easily. The 
kinkier the hair, the more difficulty sebum has 
traveling down the hair and therefore the more 
dry or dull the hair looks.

Evaluation of Hair Loss

The diagnosis of hair disorders is complex, requir-
ing a thorough evaluation of the clinical presenta-
tion, history, physical examination, and diagnostic 
tests. 

A careful history often suggests the underly-
ing cause of alopecia. The history should include 
when the hair loss started; whether the loss was a 
gradual hair thinning (ie, gradually more scalp 
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appears) or a hair shedding (ie, large quantities of 
hair falling out); and if any physical, mental, or 
emotional stressors occurred within the previous 
3 to 6 months. Other important components of 
the history include: The patient’s diet, medica-
tions, present and past medical conditions (per-
sonal or family history of autoimmune conditions, 
thyroid disease, anemia), associated nail changes, 
hair care habits (shampooing, bleaching,  
perming), and family history of alopecia.

The pattern of hair loss can help Establish a 
possible cause for the hair loss. (Table 1)

The physical examination has three parts. 
First, the scalp condition is noted. Evidence of 
erythema, scaling, inflammation, or scarring is 
noted. Follicular units, on the scalp, are present in 
nonscarring alopecias but absent in scarring types. 
Second, the density and distribution of hair are 
assessed. Third, the hair shaft is examined for 
caliber, length, shape, and fragility. The nails 
should also be examined.

Assessment of the amount of alopecia can be 
done using the World Health Organization crite-
ria for alopecia: grade 0 = no hair loss; grade 1 = 
minimal hair loss; grade 2 = moderate hair loss; 
grade 3 = reversible complete hair loss; and grade 
4 = irreversible complete hair loss.11

Numerous procedures can aid in diagnosing 
the etiology of the alopecia. One such procedure 
is the hair-pull test, which gives a rough estimate 
of how much hair is being lost. It is done by grasp-
ing a small portion of hair and gently applying 
traction while sliding the fingers along the hair 
shafts. Usually, one to two hairs are removed with 
this technique. The hairs are then examined under 
a microscope. A negative test (six or fewer hairs 
obtained) indicates normal shedding, whereas a 
positive test (more than six hairs obtained) indi-
cates a process of active hair shedding. Patients 
should not shampoo their hair 24 hours before 
the test is performed.

In the hair-pluck test, approximately 50 hairs 
are grasped with a hemostat and removed with 
one motion. This test produces a trichogram to 
assess the telogen to anagen ratio but is rarely 
needed for clinical diagnosis of hair loss.

Light microscopy examination of hair fibers 
involves extracting hairs by a slow pull and 
mounting them between two glass slides. The 
roots are examined to determine the stage of the 
hair cycle and the presence of dystrophy. The free 
ends of the hair are checked to see if they are 

tapered, cut, fractured, or weathered. Scrapings 
of scalp scales for bacterial and fungal culture 
should be performed if indicated. A 20% potas-
sium hydroxide examination under light micro-
scopy will reveal fungal spores and hyphae if 
present.

Another diagnostic test for alopecia is a scalp 
biopsy; a 4 mm punch is recommended for 
patients with a scarring alopecia or for patients 
with a nonscarring alopecia of unknown origin. 
Some authorities prefer examination with trans-
verse horizontal sectioning to allow a greater 
number of follicles to be examined. The biopsy 
should be taken from an active inflammatory area 
with hair follicles present.

Laboratory workup, including a complete 
blood count (CBC), ferritin measurement, and 
thyroid screening, may also be helpful. Ferritin 
levels should be higher than 40 µg/L for normal 
hair growth.10

Causes of Alopecia in Cancer 
Patients 

Cancer patients are exposed to many stressors 
during their treatment regimens. Various etiolo-
gies, singly or in combination, may result in  
alopecia in these patients. The main mechanisms 
are discussed below. Disorders of alopecia can be 
divided into those in which the hair follicle is 
normal but the cycling of hair growth is abnormal 
(eg, telogen effluvium) and those in which the 
hair follicle is damaged and may result in a  
scarring alopecia.

Anagen Effluvium
Anagen effluvium occurs after an insult to the 
hair follicle impairs its mitotic or metabolic  
activity. This is a generalized diffuse hair loss from  
follicles in the anagen growth phase with quite 
rapid development 1 to 4 weeks after the initial 
trigger.

Hair follicle growth is affected by many  
chemotherapeutic agents. Anticancer drugs such 
as antimetabolites, alkylating agents, and mitotic 
inhibitors impair metabolic and mitotic processes 
in actively growing hair follicles, causing an 
anagen effluvium.12–15 Table 2 lists the chemo-
therapeutic agents commonly associated with 
alopecia. Drugs that are given orally or on a weekly 
schedule cause significantly less hair loss, even 
when the total dose of the drug given is greater.2 

The use of multiple agents concurrently increases 
the risk of alopecia. The inhibition or arrest of cell 
division in the hair matrix leads to a thin, weak-
ened hair shaft that is susceptible to fracture with 
minimal trauma; it can also result in complete 
failure of hair formation. The hair bulb itself may 
be damaged, and the hairs may separate at the 
bulb and fall out. Only actively growing anagen 
follicles are subject to these processes. Since hair 
bulb cells replicate every 12 to 24 hours, they  
are highly susceptible to the cytotoxic effects of 
chemotherapy.15

Hair loss usually begins 2 to 4 weeks after the 
initial chemotherapy dose. The hair loss is clini-
cally most apparent after 1 to 2 months. Pruritus 
and/or scalp tenderness may be noticeable at the 
time of shedding. Hair may begin to regrow in 
about 3 to 6 months (the same time period as 
telogen).12,16 The rate of growth can be reduced to 
0.004 to 0.1 mm per day as opposed to the normal 
rate of 0.35 mm per day.17 When directed at hair-
bearing areas such as the scalp, high doses of radi-
ation therapy also cause an anagen arrest. Both 
chemotherapy and radiation therapy are the main 
noninflammatory causes of anagen effluvia.16

The following list includes other causes of 
anagen effluvium that may occur concurrently 
during a patient’s chemotherapy treatment regi-
men. Genetic hereditary diseases, such as Pollitt’s 
syndrome and Marie Unna–type hypotrichosis, 
can cause anagen effluvium. Defective hormone 
production can result from hypopituitarism 
(hypopituitary dwarfism, Simmonds’ disease, and 
Sheehan’s syndrome), thyroid gland defects 
(hypothyroidism, hyperthyroidism), Cushing’s 
syndrome, and, occasionally, juvenile diabetes. 
Nutritional deficiencies are seen when there is 
decreased intake of copper, iron, zinc, biotin, 
essential fatty acids, or vitamin C.

On examination, the hair is thin and tapers 
to a point (pencil point ends).16 The slightest 
external trauma, such as gentle brushing, can 
cause the distal portion of the shaft to break. Only 
tapered shafts are shed, not all anagen hairs. Early 
in the course of an anagen arrest, a gentle hair pull 

TAblE 1  Correlation between Common Complaints and Cause of Hair Loss

Complaint Hair Disorder

Gradual thinning without shedding Androgenetic alopecia 
Diffuse shedding Telogen effluvium 
Hair breakage or hair that does not grow Structural hair shaft abnormality; tinea capitis
Shedding with circular areas of hair loss Alopecia areata

TAblE 2  Anagen Effluvium Caused by  
Chemotherapies and Other Medications 

Most common agents
 Nitrosoureas
 Cyclophosphamide
 Bleomycin
 Dactinomycin
 Daunorubicin
 Fluorouracil
 Methotrexate

Less common agents
 Levodopa
 Bismuth
 Cyclosporine

Adapted from Hesketh PJ et al.17
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test will extract numerous dystrophic hair shafts. 
As hairs are rapidly shed over a few weeks, fewer 
and fewer anagen shafts are left in the scalp. 
Therefore, after most of the hairs have fallen, the 
remaining hairs should show telogen hairs on a 
hair-pull test. A trichogram done late in the course 
of anagen arrest would therefore reveal almost 
100% telogen hairs.16

On microscopic examination, anagen hairs 
have long, indented roots covered with intact 
inner and outer root sheaths and are fully  
pigmented.

A 4 mm punch biopsy sample of the scalp 
usually contains 25 to 50 follicles for inspection. 
Less than 15% of the follicles are normally in the 
telogen phase. An equal anagen to telogen ratio in 
a patient with hair loss is characteristic of anagen 
effluvium. The follicles should show no signs of 
inflammation, no dystrophic changes of the inner 
sheath, or traction. These features permit the dis-
tinction of anagen effluvium from alopecia areata, 
androgenetic alopecia, and traction alopecia 
respectively.16

An anagen effluvium is reversible if the 
underlying disease or treatment is stopped, but 
occassionally, the process causes irreparable 
injury. If doses of chemotherapy or radiation 
therapy are sufficiently high, the stem cells of the 
follicle may be injured, resulting in a cicatricial 
alopecia. 

Telogen Effluvium
Telogen effluvium is a non-inflammatory diffuse 
hair loss caused by any condition or situation that 
shifts the normal distribution of follicles from an 
anagen to a telogen-predominant distribution.16 
During the telogen phase of hair cycling, the pro-
duction of hair shafts is temporarily halted. The 
interval between the inciting event in telogen 
effluvium and the onset of shedding corresponds 
to the length of the telogen phase, between 1 and 
6 months (the average is 3 months). Acute telo-
gen effluvium is defined as hair shedding lasting 
less than 6 months, whereas chronic telogen efflu-
vium lasts longer than 6 months. The onset is 
often insidious, and it can be difficult to identify 
an inciting event.18 In the cancer patient, there 
may be more than one precipitating event,  
including chemotherapy, radiation therapy,  
fever, chronic malnutrition, endocrinopathies 
(hypothyroidism or hyperthyroidism), or sur-
gery. Chronic illness, such as malignancy, partic-
ularly lymphoproliferative malignancy; and any 
chronic debilitating illness, such as systemic lupus 
erythematosus, end-stage renal disease, or liver 
disease, can also lead to telogen effluvium.16 
Except for the disruption of hair cycling, hair  
follicles in telogen effluvium are otherwise 
normal. Patients with this disorder usually note 
an increased number of loose hairs on their  
hairbrush or shower floor. Normal daily loss is 

around 100 hairs, whereas in telogen effluvium, 
the range is from 100 to 300 hairs. If hair loss is  
at the lower end of the range, it may not be  
apparent. Axillary and pubic areas often are 
involved,along with hair of the scalp. 

Examination of the scalp may reveal a higher 
than expected number of short new hairs grow-
ing. Because hair grows at a nearly constant rate 
of approximately 1 cm per month, the duration of 
the hair shedding can be estimated by measuring 
the length of the short hairs. 

In active telogen effluvium, the gentle hair-
pull test will yield at least four hairs with each 
pull. If the patient’s active shedding has ceased, 
the hair pull will be normal. Telogen hairs are 
identified by a white bulb, when pulled out, and 
the lack of a gelatinous hair sheath.

The hair-pluck test, forced extraction of 10 to 
20 hairs, usually shows that up to 50% of hairs are 
in the telogen phase (in contrast to the normal  
10 to 15%), although these results can vary.16 In 
the typical case of telogen effluvium, the telogen 
count seldom exceeds 50%. Figures exceeding 
80% of telogen hairs are not consistent with a 
telogen effluvium, and the physician should look 
for other causes of alopecia.16 

Laboratory tests that may identify a systemic 
reason for the hair loss include a thyroid-stimu-
lating hormone test and an antinuclear antibody 
test if the history suggests the presence of a con-
nective tissue disease. Since iron deficiency is 
common in premenopausal women, evaluation 
of CBC, serum iron, iron saturation, and ferritin 
may be warranted. 

Microscopic examination of telogen hairs 
shows short, club-shaped roots. The hairs lack 
root sheaths and show depigmentation of the 
proximal part of the shaft. 

Histologic findings in telogen effluvium are 
subtle and are most easily seen on transverse  
sections of a punch biopsy. The number and  
density of hair follicles are normal, but an 
increased percentage of the hair follicles are in the 
telogen or catagen phase. If more than 25% of the 
follicles are in the telogen phase, the diagnosis is 
confirmed.

Generally, recovery is spontaneous and 
occurs within 6 months. Any reversible cause of 
hair shedding, such as poor diet, iron deficiency, 
hypothyroidism, or medications, should be cor-
rected. No specific treatment for hair loss is 
required.16

Apoptosis of Hair Follicles
Chemotherapeutic drugs may not only cause 
telogen or anagen effluvium, they may also  
stimulate premature apoptosis-driven hair follicle 
regression. Hair loss from apoptosis induced by 
chemotherapy is mediated by the tp53 and cyclin-
dependent kinase 2 molecular signaling pathways. 
A study by Sharov and colleagues showed that 

tp53 is essential for triggering apoptotic cell death 
in the hair follicle induced by cyclophosphamide 
(CYP).19 This was shown through genetic loss of 
tp53, resulting in complete resistance of murine 
hair follicles to chemotherapy-induced hair loss.

The tp53 apoptotic pathway uses trans-
cription-dependent and -independent mecha-
nisms20–23 that are mediated by Fas/APO-1 
(CD95), a cell surface receptor and a direct tp53 
target. Fas is a gene product that induces apopto-
sis in multiple cell types.22 The Fas gene becomes 
activated when tp53 interacts with the Fas gene’s 
tp53 consensus element in its promoter.24,25 The 
Fas receptor requires interaction with the intra-
cellular adaptor molecule Fas-associated death 
domain, which activates pro caspase 8 and recruits 
it into the death-inducing signaling complex.23,26 
Following proteolytic activation of procaspase 8, 
caspase 3 is activated along the common final 
pathway of apoptosis.26 

CYP up-regulates “death” receptors (Fas/
APO-1, p55 kDa tumor necrosis factor receptor) 
and the mitochondrial proapoptotic protein Bax 
in the hair follicle. CYP-treated hair follicles  
display a strong up-regulation of tp53 in the 
proximal outer and inner root sheaths and in the 
hair matrix.19

The above mechanism raises the possibility 
of exploring pharmacologic blockade of Fas  
signaling as part of complex local treatment for 
inhibiting keratinocyte apoptosis and reducing 
hair loss induced by chemotherapy of Fas- 
negative tumors.19 Another mechanism to inhibit 
keratinocyte inhibition was studied by Komarove 
and colleagues in which temporary suppression 
of tp53 has been suggested as a therapeutic strat-
egy to prevent damage of normal tissues during 
treatment of tumors.23 Thus, inhibitors of tp53 
may be useful for reducing the side effects of 
cancer therapy associated with tp53 induction.

Ionizing Radiation 
X-rays and gamma rays affect all follicles in an 
anagen stage of active growth. Anagen effluvium 
results from the simultaneous inhibition of cell 
division in hair follicles, leading to a sudden stop 
in hair fiber production. As noted above, the 
rapidity with which hair cells grow that makes 
them sensitive to chemotherapeutic agents also 
applies to radiation therapy.

The end-organ damage, whether it is the 
kidney, bowel, or hair, is dependent on both the 
intrinsic radiosensitivity and the number of target 
cells comprise an functional subunit (FSU). To 
illustrate, epilation requires a lower dose of ion-
izing radiation than desquamation. This is not 
due to greater radiosensitivity of the hair follicle 
compared with the basal epithelium but rather  
to the fact that there are far fewer cells in the  
FSU that comprises a hair than in a population 
keratinocytes that can regenerate.3 Similarly, the 
depigmentation of hair occurs at lower radiation 
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doses than epidermal depigmentation owing to 
the relative paucity of melanocytes found in hair 
follicles compared with the epidermis.28

Alopecia Neoplastica
Neoplasia can directly cause permanent hair loss. 
Alopecia neoplastica is the term used for alopecia 
caused by the direct involvement of the hair  
follicle and surrounding skin by the neoplastic 
process. It presents as one or more areas of  
scarring alopecia and has been reported with both 
primary and metastatic tumors. The mechanism 
of alopecia neoplastica is not certain and may 
result from physical compression from the tumor, 
reactive fibrosis, release of cytokines, or a com-
bination of factors. The scalp is a site of pre-
dilection, possibly because of its abundant blood 
supply.

The primary tumors associated with alopecia 
neoplastica are squamous and basal cell carcino-
mas, lymphoma, melanoma, and angiosar-
coma.29,30 Some other primary skin cancers can 
also cause alopecia.

Desmoplastic melanoma can cause a scarring 
alopecia with prominent desmoplasia and  
infiltration of the hair follicles by tumor cells.4 

Two variants of mycosis fungoides (cutane-
ous T-cell lymphoma) can result in permanent 
alopecia. Alopecia mucinosa (follicular mucino-
sis) presents as eruptions of follicular papules 
and/or indurated plaques. The presenting sign of 
alopecia mucinosa is hair loss. Circulating 
immune complexes and cell-mediated immunity 
is associated with the condition.31 Skin eruptions 
present as pruritic, pink to yellow-white, follicu-
lar papules and plaques. Lesions may be isolated 
or multiple and are most commonly found on the 
scalp and face. Usually, the alopecia is reversible 
unless follicular destruction has occurred owing 
to excess mucin in the outer root sheath and seba-
ceous glands. In patients with permanent alope-
cia, the whole follicle degenerates. On histology, 
T-cell infiltration and mucinous degeneration of 
follicular epithelium are seen. Treatments include 
topical, intralesional, and systemic corticoste-
roids. In addition, topical and systemic psoralen 
plus ultraviolet A light therapy, topical nitrogen 
mustard, and radiation therapy have demon-
strated some success. The course of the disease is 
variable, and there is a likelihood of spontaneous 
resolution.

Follicular mycosis fungoides is another vari-
ant of mycosis fungoides in which the neoplastic 
cells and reactive inflammation target follicular 
epithelium.32 It presents with follicular hyperker-
atosis, comedo-like lesions, acquired epidermal 
cysts, and patchy alopecia. Findings of histopath-
ologic and immunohistochemical studies showed 
atypical CD4+ T lymphocytes infiltrating the  
follicles without follicular mucinosis.

Visceral carcinomas may directly invade 
underlying skin or metastasize to skin through 
lymphatics or the bloodstream. Brownstein and 
Helwig reported that the scalp was the site in 4% 
of all skin metastases.33 They found that the source 
of the primary tumor was usually the lung, colon, 
stomach, or kidney in men, and metastasis 
appeared early in the course of the disease. 
Tumors of the breast and lung were commonest 
in women, in whom metastasis occurred late in 
the disease.34 Other cancers include those of the 
rectum, ovary, and prostate. Rarely, a scalp metas-
tasis arrives from a pancreas, liver, uterus, or bone 
primary tumor. 

On examination, single or multiple, firm, 
nontender nodules that rapidly enlarge are the 
commonest presentation of scalp metastasis.  
Alopecia neoplastica usually presents as single  
or multiple areas of cicatricial alopecia.  
Scleroderma-like plaques may occur, and mul-
tiple nodules may simulate turban tumors. 
Recently, alopecia neoplastica without alopecia 
has been described. In this case, presented by 
Mallon and Dawber, there was a unique presenta-
tion of scalp metastasis in a patient with breast 
carcinoma in whom hair loss was clinically  
inconspicuous.35

Lobular breast carcinoma, which accounts 
for 10% of invasive breast carcinoma, usually 
elicits a reactive fibrosis that leads to cicatricial 
alopecia. It is difficult to explain the complete  
disappearance of the pilosebaceous units, but loss 
of hair follicles may be the result of fibrosis. Cohen 
and colleagues considered this to be the major 
mechanism.34

Histopathologic examination of the scalp 
demonstrates metastatic carcinoma cells in a 
dense collagenous stroma, which is seen in the 
deep dermis and the subcutaneous tissue, with 
loss of pilosebaceous units.

A scarring alopecia that is not readily 
explained by trauma, infection, or dermatosis 
should lead to the consideration of an underlying 
neoplastic process.

Other Common Causes of Alopecia

Nonchemotherapy Medication-Induced 
Alopecia
Some common medications can also cause either 
a telogen or anagen effluvium. Androgenic drugs 
that cause a telogen effluvium include systemic 
steroids and oral contraceptives.10 Iatrogenic 
Cushing’s syndrome caused by systemic steroids 
is also associated with alopecia. The alopecia 
occurs only after a few months of high-dose treat-
ment with systemic steroids. Alopecia caused by 
excessive vitamin A is rare but is more commonly 
observed with vitamin A analogue medications, 
such as acetretin or isotretinoin. The effects are 
reversible once treatment stops. Anticoagulation 

from warfarin and heparin is responsible for  
causing alopecia when treatment is long term (eg, 
4–6 months) and occurs in more than 10% of 
patients. Antithyroid drugs cause a reversible alo-
pecia. Several antihypertensive agents are known 
to cause hair loss, such as b-blockers and capto-
pril. Telogen effluvium occurs in 20 to 30% of 
patients treated with interferon.10 There is no 
relationship between dosage and onset or severity 
of the hair loss. Agents that block cholesterol  
synthesis can disrupt keratinization. Cholesterol 
is a component of cellular lipids, and its synthesis 
and metabolism are essential for the production 
of normal epidermal structures. Metal-based 
treatment, such as gold salt, lithium, and bismuth, 
may also lead to hair loss. Antiepilepsy medi-
cations, such as carbamazepine and sodium  
valproate–based medications, may also induce 
alopecia. Colchicine, used to treat gout, can harm 
the root of the hair after high doses, resulting in 
an anagen effluvium. Vasopressin can also cause 
a reversible anagen effluvium.

Androgenetic Alopecia
Androgenetic alopecia is referred to as male pat-
tern hair loss (MPHL) in men and female pattern 
hair loss (FPHL) in women and is due to the pro-
gressive miniaturization of scalp hair. It affects 
approximately 50% of men and 20 to 53% of 
women by the age of 50.36 Dihydrotestosterone 
(DHT) is a key androgen in the pathogenesis of 
MPHL and FPHL. The androgen testosterone is 
converted to DHT by the enzyme 5a-reductase. 
DHT causes a reduction in protein synthesis by 
inhibiting adenylyl cyclase in the hair bulb; the 
result is shorter and finer hair, referred to as min-
iaturized hair. As the hair growth cycle proceeds, 
hairs continue to become smaller and finer.36 

The best treatment option for androgenetic 
alopecia is minoxidil 5% solution. If it is not effec-
tive after 1 year, then antiandrogens can be tried. 
Hair transplantation can be offered if the occipi-
tal donor area is sufficient. Finasteride, a type 2–
selective 5a-reductase inhibitor, is also helpful.

Trichotillomania
Trichotillomania is a self-induced primary psy-
chiatric disorder.10 It results from repetitive hair 
manipulations by the patient’s own hand. On 
examination, the alopecia patches have unusual 
shapes and sizes and show broken hairs. A scalp 
biopsy can be helpful if the diagnosis is difficult  
clinically. Trichotillomania can be a chronic 
problem Treatments include: habit reversal train-
ing and selective serotonin reuptake inhibitors 
(SSRIs).

Alopecia Areata
Alopecia areata is an autoimmune disease that 
targets actively growing (anagen) hair follicles in 
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humans.10 It is a nonscarring type of hair loss that 
can affect any hair-bearing area. The process 
appears to be T cell mediated, but antibodies 
directed to hair follicle structures also have been 
found. On examination, there are round to oval, 
smooth, slightly erythematous, peach colored, or 
normal-colored patches of nonscarring alopecia. 
The presence of “exclamation point” hairs, hairs 
tapered near proximal end, is pathognomonic 
but is not always found. A positive pull test at the 
periphery of a plaque usually indicates that the 
disease is active, and further hair loss can be 
expected. Nail involvement is found in 6.8 to 
49.4% of patients, with the most common finding 
being pitting.10 Histologic evaluation shows a 
characteristic peribulbar lymphocytic infiltrate, 
which is described as appearing similar to a swarm 
of bees.

Treatment is not always necessary because 
the condition is benign, and spontaneous remis-
sions are common. Since alopecia areata is an 
inflammatory condition, different immunomod-
ulators have been used to treat this condition. 
These include topical, oral, and intralesional  
steroids. Topical potent contact allergens that 
induce an allergic contact dermatitis include 
squaric acid, dibutyl ester and diphencyprone. 
These agents are thought to work by inducing the 
introduction of a second antigen can initiate a 
new infiltrate containing T-suppressor cells that 
may modify the preexisting infiltrate and allow 
regrowth. Cyclosporine has also been used both 
topically and systemically in the treatment of  
alopecia areata, with mixed results. Response 
rates also vary with topical minoxidil 5% treat-
ment. Topical anthralin may work by generating 
free radicals, which have antiproliferative and 
immunosuppressive actions.

Tinea Capitis
Tinea capitis is uncommon after puberty.6 When 
it occurs in adults, the clinical features may be 
atypical. Tinea capitis in adults generally occurs 
in patients who are immunosuppressed. The 
diagnosis of tinea capitis is suggested by erythema, 
scaling, and crusting locally on the scalp. When 
an adult, especially if immunocompromised, 
presents with a patchy, inflammatory scalp  
disorder, mycologic samples should be sent for 
laboratory analysis in all of these patients.

Scarring (Cicatricial) Alopecia
Scarring (cicatricial) alopecia is characterized by 
follicular destruction and replacement of the 
interfollicular epidermis by atrophic skin. Hair 
stem cells are normally localized in the midpor-
tion of the follicles, in the mid-dermis. If this area 
remains undisturbed, the follicles recycle through-
out one’s life. However, inflammation in this  
area can destroy the stem cells. In that case, a  
cicatricial alopecia is established, and no follicle is 

able to grow. Some systemic diseases can cause 
destruction of hair follicles, resulting in a scarring 
alopecia. Clinically, there is obliteration of the 
orifices of the follicles. The insult is usually to the 
bulge zone of the follicle. This process usually 
occurs as a result of intense inflammation.  
Some causes of cicatricial alopecia are infectious, 
(Table 3).10

Effects of Chemotherapy on Hair 
Color

Chemotherapy can cause altered color of regrown 
hair since melanocytes also represent an unin-
tended target for chemotherapeutic drugs.

An article by Fairlamb noted a graying effect 
in 40% of individuals, whereas a rejuvenation of 
color (loss of gray hair) was noted in 20% of 
patients.37 Overall, 65% of patients reported some 
character change in their hair after cytotoxic  
therapy.

Certain chemotherapies, such as cyclophos-
phamide (CYP), induce profound changes in 
tyrosinase and dihydroxyphenylalanine (DOPA) 
chrome tautomerase activity in murine skin.38 
These are enzymes needed for melanin produc-
tion. Also, electron microscopy data suggest that 
after CYP treatment, some melanocytes change 
their localization and migrate to the bottom of 
the hair bulb, whereas others undergo apopto-
sis.39 Although selected hair bulb melanocytes 
underwent apoptosis 24 to 48 hours after CYP 
administration, no cell death was seen in the outer 
root sheath and bulge melanocytes. Seventy-two 
hours after CYP administration, the surviving 
hair bulb melanocytes were proliferative and later 
migrated up the outer root sheath to the inter-
follicular epidermis. Five to 7 days after CYP 
treatment, numerous melanocytes expressing all 

three melanogenic proteins had repopulated the 
epidermis and showed melanogenic activity.

Mitoxantrone, used as adjuvant chemother-
apy for breast cancer, has been reported to cause 
selective loss of white hair.40

Hair Loss Prevention

Scalp Tourniquets
This method to prevent hair loss in  
chemotherapy-induced alopecia (CIA) has been 
used as far back as 1966, initially by Simister and 
Henessey.12 The idea is to prevent the chemother-
apeutic drug from reaching the hair.41 Drugs with 
a short half-life and a rapid clearance of active 
drug and metabolites from the circulation are  
the most likely to have benefit seen with this  
procedure.2 It involves the use of a pneumatic 
tourniquet placed around the hairline and inflated 
to a pressure above the systolic arterial pressure. 
Various studies with differing chemotherapy  
regimens have been published, making the evalu-
ation of efficacy difficult. The main side effect 
with this treatment was head discomfort.

Scalp Hypothermia
The end point of scalp hypothermia is to tempo-
rarily decrease blood flow to the scalp by vasocon-
striction.42 The use of hypothermia may also result 
in a decreased metabolic rate of hair follicles, 
therefore reducing the exposure of hair follicles to 
the chemotherapeutic agents. Most published 
studies have evaluated the use of this procedure 
prior to the administration of doxorubicin since 
the half-life is short and plasma clearance of the 
drug and metabolites is rapid.43 CYP has a longer 
half-life than doxorubicin, so insufficient hair 
loss prevention is found with hypothermia when 
both drugs are used in combination.

The procedure requires that the scalp tem-
perature must be less than 24°C.44 Different 
approaches have been used in studies to produce 
hypothermia. These included ice bags fastened to 
the patient’s head, frozen gel packs that were ini-
tially molded around a wig stand,45–48 and various 
other investigator-designed devices using circu-
lating cold air or fluid.2 There has not been a con-
sistent protocol in the various published studies 
in terms of the amount of time that the cooling 
process was started before chemotherapy admin-
istration and the amount of time that the cooling 
device was left in place following chemotherapy 
administration. The chemotherapy regimens and 
dosages also varied. Therefore, it is difficult to 
compare the individual studies in regard to effi-
cacy. A recent nonrandomized pilot study by  
Ridderheim and colleagues used a silicon cap with 
three temperature monitors.43 Scalp cooling 
began 30 minutes prior to administration of che-
motherapy, and the temperature was maintained 
at +5°C throughout the drug administration and 

TAblE 3  Some Causes of Acquired Scarring 
Alopecia

Physical injury
Mechanical trauma
Burns
Radiation
Dermatoses
Lichen planus
Lupus erythematosus
Scleroderma
Sarcoidosis
Cicatricial pemphigoid

Follicular mucinosis
Infection
Fungi causing kerion or favus
Lupus vulgaris
Late stages of syphilis
Folliculitis
Herpes zoster and varicella
Leishmaniasis
Neoplasia
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for at least 30 minutes after discontinuation. 
There were 74 treated patients with 13 different 
chemotherapy regimens used in the cohort study. 
The results were based on a visual analogue scale 
(VAS 0–10; 0 = no hair loss, 10 = total hair loss). 
See Table 4 for chemotherapy protocols and 
results. This study had a mean follow-up period 
of 15 months, with no scalp metastases noted 
among the 74 treated patients. Scalp cooling was 
well tolerated, with modest patient discomfort. 
The patients ranked a median value of 1.5 on a 
scale of 0 = no discomfort to 10 = extreme dis-
comfort. The main complaints involved headache 
and “being chilled.” The time invested by nurses 
for the procedure was less than 10 minutes per 
patient. A large clinical trial employing efficient 
and controlled cooling systems with long-term 
follow-up is still needed.

The main concern with scalp hypothermia 
and tourniquet therapy is the potential for scalp 
metastases. Five cases of scalp metastases among 
96 patients treated with hypothermia used for 
chemotherapy for metastatic breast cancer have 
been reported. No reports of scalp metastases 
during adjuvant therapy for breast cancer have 
been reported.49,50 The ideal patients for the above 
two preventive therapies are those receiving 
single-agent chemotherapy with a palliative intent 
or for solid tumors that rarely metastasize to the 
scalp.

Drug Therapies (Established and 
Experimental)

a-Tocopherol (Vitamin E)
High-dose a-tocopherol has been used at a dose 
of 1,600 IU orally daily starting 72 hours before 
chemotherapy to prevent hair loss. A study by 
Wood reported a 69% success rate using the above 
regimen prior to an unspecified dose of doxoru-
bicin.51 However, Martin-Jimenez and colleagues 
failed to confirm this finding in patients receiving 
5-fluorouracil, doxorubicin, and CYP.52 Another 
study by Perez and colleagues also did not find 

significant benefit for patients receiving doxo-
rubicin alone.53 Powis and Kooistra revealed  
that Angora rabbits fed an a-tocopherol- 
supplemented diet showed evidence of protection 
against doxorubicin-dependent inhibition of new 
hair growth.54 Topical a-tocopherol did not pro-
vide any protection from doxorubicin-induced 
alopecia.

Minoxidil
The effect of induction of hair growth for this 
medication is thought to result from prolon gation 
of the anagen phase of hair growth. This action 
has been shown in a mouse model. A few studies 
have evaluated the use of topical mino xidil to pre-
vent hair loss in patients receiving chemotherapy. 
A study by Rodriguez and colleagues showed that 
patients who applied 2% minoxidil to the scalp, 
beginning 24 hours prior to chemotherapy and 
continuing throughout therapy with doxorubi-
cin, did not have any improvement of hair loss 
compared with placebo.55 A study by Duvic and 
colleagues revealed that patients who received 
doxorubicin, CYP, and 5-fluorouracil chemo-
therapy and applied 2% topical minoxidil solu-
tion twice daily throughout chemotherapy and 
up to 4 months following therapy showed an 
increased time to maximal hair loss.56 The time to 
maximal regrowth from baseline was also 
improved with minoxidil. It appears that the use 
of this medication for prevention of hair loss is 
limited; however, it may decrease the length of 
time needed for hair regrowth.

AS101: Ammonium Trichloro 
(dioxoethylente – O, Op) Tellurate
The AS101 compound is an immunomodulator 
that appears to stimulate lymphocyte secretion of 
interleukin-1 (IL-1), colony-stimulating factor, 
and IL-12. It also has been found to have radio-
protective effects. Sredni and colleagues evaluated 
the use of this compound at a dose of 3 mg/m2 
intravenously three times weekly in patients who 

were receiving intravenous carboplatin on day 1 
and etoposide on days 3, 5, and 7.57 AS101 was 
begun 2 weeks before chemotherapy and was  
otherwise administered 30 minutes before che-
motherapy. The results showed the absence of 
grade IV alopecia in all patients receiving the 
active drug versus 9.3% of patients who did not 
receive AS101. Thirteen percent of patients devel-
oped grade 3 alopecia in the AS101 group versus 
43.5% of patients who did not receive the active 
medication. There was no significant difference 
in chemotherapy response in the two groups. The 
main side effects of the medication included 
postinfusional fever and garlic-like halitosis.

Imuvert
Imuvert is an immunomodulator that stimulates 
IL-1, tumor necrosis factor, and IL-6. IL-1 is a 
hormone-like polypeptide that mediates a broad 
spectrum of activities in host defense and in a 
variety of disease processes.58–61 Many cell types 
produce this cytokine, most notably mononuclear 
phagocytes. Imuvert has been studied in CIA in 
the newborn rat model. The mechanism of hair 
protection is based on the fact that IL-1 has been 
shown to be a potent stimulator for hair follicle 
keratinocytes.62 Imuvert may treat alopecia since 
it is a potent inducer of IL-1.63,64 Another study by 
Hussein showed that IL-1 protects against ara-C-
induced alopecia in the newborn rats.65 Imuvert 
and IL-1 failed to protect against CYP-induced 
alopecia, suggesting that cell cycle–specific agents 
(ara-C, doxorubicin) produce alopecia by a  
different mechanism from that of cell cycle– 
nonspecific agents, such as CYP.

Calcitriol (1,25-(OH)2 D3)
Vitamin D3 analogues directly or indirectly inhibit 
the apoptosis of normal epithelial cells in vivo, as 
shown by Schilli and colleagues.66 The study 
showed down-regulation of apoptosis in CYP-
treated hair follicles by topical calcitriols. The 
effects are thought to result from genomic inter-
actions of the ligand–vitamin D3 receptor com-
plex with apoptosis control genes. Certain genes, 
such as members of the Bcl family, seem to be 
involved in regulating keratinocyte apoptosis 
during spontaneous hair follicle regression and 
possibly during chemotherapy-induced apopto-
sis.36 Calcitriol may also induce a change in hair 
matrix keratinocyte proliferation and/or terminal 
differentiation, thus rendering follicular kerati-
nocytes less susceptible to the cytotoxic and/or 
proapoptotic effects of CYP. There may be direct 
interactions of the selected vitamin D analogues 
with the vitamin D receptors of follicular kerati-
nocytes, perifollicular macrophages, and mast 
cells, which subsequently modulate follicular 
keratinocyte apoptosis. It is still not known if  
calcitriol may be used therapeutically to protect 
growing hair follicles without endangering the 
efficacy of cytostatic drugs.

TAblE 4  Study Results of Scalp Hypothermia

Chemotherapy Regimen Number of VAS Scores, Wig Necessary 
 Patients n (range) (%)

Anthracycline combinations or single taxane 24 0   0
Combined paclitaxel-carboplatin  30 2.5 (0–6.5)  63
Combined anthracycline and taxanes  6  6 (1.5–8) 
Epirubicin-gemcitabine 18 0 (0–2)   0
ABVD  8 1 (0–7)   0
BEP  2   9 (7.5–10) 100
Topotecan and etoposide  1 0   0
Topotecan  2 2.5 (0–5)  50

Adapted from Ridderheim M et al.43

ABVD = Adriamycin (doxorubicin), bleomycin, vinblastine, dacarbazine; ***BEP = bleomycin, etoposide, cisplatin; VAS = visual 
analogue scale 0–10; 0 = no hair loss, 10 = total hair loss.
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Hidalgo and colleagues evaluated topical cal-
citriol to prevent CIA in patients with breast 
cancer receiving FAC (5-fluorouracil, Adriamy-
cin [doxorubicin], and cyclophosphamide) che-
motherapy.67 Topitriol cream 0.0025% or 0.005% 
was administered twice daily; all patients devel-
oped grade 2 alopecia between days 20 and 30 
postchemotherapy, therefore demonstrating the 
ineffectiveness of topical topitriol in preventing 
CIA.

Jimenez and Yunis, however, showed that  
0.2  g of topical 1,25-dihydroxyvitamin D3 pro-
tected rats from alopecia induced by etoposide, 
CYP, and a doxorubicin-CYP combination.68 It is 
still not known whether the down-regulation of 
CYP-induced apoptosis by topical calcitriols 
reflects direct interactions of the selected vitamin 
D analogues with the vitamin D receptors of fol-
licular keratinocytes or with those of other resi-
dent populations of cells, such as dermal papilla 
fibroblasts,69 perifollicular macrophages, or mast 
cells, which modulate follicular apoptosis.

Cyclosporine
Hussein and colleagues have shown that several 
agents will protect against CIA in the newborn rat 
animal model.70 Such protective agents render the 
hair follicle keratinocytes resistant to chemother-
apy, possibly by the expression of P-glycoprotein 
(Pgp). Cyclosporine is a potent inhibitor of Pgp. 
The efficacy of cyclosporine was tested in its 
effects on CIA in the newborn rat animal model. 
Cyclosporine, when applied topically, protected 
rats from local alopecia induced by various agents. 
The mechanism of protection by cyclosporine 
and its relationship to Pgp remain uncertain. Paus 
and colleagues showed that systemic cyclosporine 
shifts CYP-induced alopecia toward a mild form 
of dystrophic anagen, thus retarding alopecia and 
prolonging “primary recovery.”71

Topical Estrogen
A number of nongenomic 17-b-estradiol (E2)-
dependent signaling transductions are involved 
in various biologic processes. The prototypic 
estrogen E2 causes a hair follicle response and 
recovery from chemotherapy to follow a dystro-
phic catagen pathway.72 If this pathway is fol-
lowed, anagen is immediately terminated, 
followed by a dystrophic catagen and a remark-
ably shortened telogen phase. Therefore, the hair 
follicle is able to be reconstructed to a fully func-
tional hair shaft at maximal speed. Hair follicles 
that follow the dystrophic catagen pathway will 
exhibit the most severe and fastest alopecia yet 
also have the fastest regrowth of normally  
pigmented hair shafts during the recovery phase. 
Ohnemus and colleagues showed that topical 
17b-estradiol significantly altered the cycling 
response of murine follicles to CYP.72 The 

regrowth of normally pigmented hair shafts after 
CIA was significantly accelerated. Human studies 
still need to be explored using topical estrogens as 
a potential stimulant for hair regrowth after CIA. 

Prevention of Radiation-Induced 
Alopecia

Tempol (4-hydroxy-2,2,6,6,-tetramethylpiperi-
dine-1-oxyl) is a stable nitroxide radical that 
functions as a superoxide dismutase and can  
protect mammalian cells from both superoxide 
hypoxanthine/xanthine oxidase and hydrogen 
peroxide cytotoxicity. A study by Goffman and 
colleagues evaluated a topical application of 
tempol on guinea pigs receiving radiation.73 There 
was an increase in the rate of new hair recovery  
on the skin that had tempol applied to it 15 min-
utes before radiation exposure compared with  
unprotected skin. No systemic absorption was 
noted.

Topical and subcutaneous 16,16-dimethyl 
prostaglandin E2 (PGE2) was studied by Hanson 
and colleagues in preventing radiation-induced 
alopecia in mice.74 Both types of administration 
of PGE2 protected the mice to some degree from 
hair loss.

Parathyroid Hormone–Related  
Peptide Receptor Agonist

Parathyroid hormone–related peptide (PTHrP) 
normally causes malignancy-related hypercalce-
mia but can also regulate keratinocyte prolifera-
tion and differentiation.75 Parathyroid hormone 
(PTH)/PTHrP-R agonists stimulate insulin-like 
growth factor 1 production by fibroblasts,76 which 
acts as a cell cycle progression factor in keratino-
cytes. Schilli and colleagues showed increasing 
evidence that PTH/PTHrP-R mediated signaling 
is involved in hair growth control, specifically  
in hair follicle cycling.77 Holick and colleagues 
showed that intraperitoneal synthetic PTH/
PTHrP-R antagonist PTH (7-34) increased hair 
growth in hairless mice.78 PTH (7-34) also accel-
erated anagen development in infantile C57BL/6 
mice with normal hair growth patterns and inhib-
ited spontaneous hair follicle regression (catagen) 
in adolescent mice. Peters and colleagues demon-
strated that PTH/PTHrP-R agonist PTH (1-34) 
and PTH/PTHrP-R antagonists PTH (7-34) and 
PTHrP (7-34) can effectively manipulate the hair 
follicle response to CYP-induced damage as  
follows: PTH/PTHrP-R antagonists may be given 
initially during chemotherapy to prevent the 
acceleration of the hair cycle, thereby decreasing 
the sensitivity of the hair follicle cells to CYP. 
After the chemotherapy is completed, a PTH/
PTHrP-R agonist may be given, which would 
accelerate the hair cycle and therefore stimulate 
regrowth.75

Psychological Impact of CIA
CIA is a condition that has significant psychoso-
cial effects, resulting in anxiety, depression, and a 
negative body image for cancer patients. Alopecia 
has been cited by 47 to 58% of women with cancer 
as the most disturbing anticipated aspect of 
receiving chemotherapy, with 8% of women  
in one study found to be at risk of avoiding  
treatment.79

Helping patients cope with CIA involves pro-
viding accurate information and appropriate 
support. Support groups and use of a wig can  
help alleviate some of the anxiety caused by this 
side effect of cancer therapy. Once alopecia has 
occurred, self-care strategies to protect the scalp 
and other areas of hair loss against the sun, cold, 
or trauma should be encouraged.

Cancer treatment–induced alopecia still 
remains one of the chief unresolved clinical prob-
lems for the oncologist and a substantial source of 
psychological anguish for the patient. A thorough 
history, physical examination, and laboratory 
evaluation should be employed to uncover the 
etiology of the alopecia in this patient population. 
Other etiologies, such as systemic disease or  
nonchemotherapy medications, should not be 
overlooked. A combination of any of these factors 
may result in the patient’s alopecia. Treatment 
and prevention will be guided by the etiologic fac-
tors. Physicians’ recommendations are the most 
influential factor in cancer treatment choice, but 
body image concerns are also highly influential 
factors.80
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the editors).

Paraneoplastic dermatoses are those disor-
ders in which the skin serves as a marker for an 
internal malignancy. In its truest sense, the mean-
ing of paraneoplastic requires that there be a direct 
and often parallel course of the dermatosis and 
the malignancy, or in other words, when the skin 
manifestation occurs, the malignancy is recog-
nized and if the malignancy is effectively treated, 
then the dermatosis resolves as well. Most of the 
conditions that are discussed in this chapter do 
not have such a course, yet their presence serves 
as an important marker of a potential malignancy. 
A wide spectrum of inflammatory, proliferative, 
metabolic, and neoplastic diseases may affect  
the skin in association with an underlying  
malignancy.

Internal cancer may affect the skin both 
directly and indirectly.1 Direct involvement may 
be defined as the actual presence of malignant 
cells within the skin and includes neoplasms that 
often first become manifested in the skin but 
eventually affect internal organs (such as mycosis 
fungoides), visceral neoplasms metastatic to the 
skin (such as the Sister Joseph nodule of gastric 
carcinoma), and tumors arising within or below 
the skin that ultimately spread to the cutaneous 
surface (such as Paget’s disease of the nipple). In 
addition, cancer patients offer develop skin 
changes that are reflective of the therapy directed 
at the malignancy, such as radiation-induced 
changes or changes related to chemotherapy. 
Indirect involvement of the skin in cancer patients 
implies the absence of tumor cells within the  
skin. Inherited syndromes associated with skin 
manifestations and an increased incidence of sys-
temic neoplasia are included in this group, as are 
cutaneous changes resulting from hormone secre-
tion by tumors and a wide spectrum of prolife-
rative and inflammatory disorders occurring in 
conjunction with internal malignancy (Table 1).

History
In Cancer of the Skin, Curth outlined a set of  
criteria that could be used to analyze the rela-
tionship between an internal malignancy and a  
cutaneous disorder.2 Curth’s postulates, consist 
of five characteristics: (1) a concurrent onset:  
the malignancy is discovered when the skin  
disease occurs; (2) a parallel course: if the malig-
nancy is removed or successfully treated, the skin 
disease remits, and when the malignancy recurs, 
the cutaneous disease also recurs; (3) a uniform 
malignancy: there is a specific tumor cell type  
or site associated with the skin disease; (4) a  

statistical association: based on sound case- 
control studies, there is a significantly more  
frequent occurrence of malignancy in a patient 
with a cutaneous disease; and/or (5) a genetic 
association. These criteria are extremely useful in 
the analysis of the relationship between skin dis-
eases and malignancy. However, not all criteria 
must be met to believe that there is a relationship. 
We use these criteria as we analyze the disease 
entities that are discussed in this chapter.

Inherited Syndromes Associated 
with Internal Malignancy

Multiple familial cancer syndromes have promi-
nent dermatologic features, and at times, the 
potential for internal malignancy is first suspected 
when the skin disease is recognized. In a recent 
review, Tsao characterized these syndromes into 
four groups: (1) those with prominent skin can-
cers with occasional internal malignancies, (2) 
those with prominent benign cutaneous tumors 
or rare cutaneous malignancies with internal 
malignancies, (3) those with prominent non-
neoplastic cutaneous features or rare cutaneous 
tumors with internal neoplasms, and (4) those 
with minimal well-documented cutaneous fea-
tures with internal neoplasms (Table 2).3 In  
this chapter, we discuss only some of these  
syndromes. 

Cowden’s disease, also known as multiple 
hamartoma syndrome (Mendelian Inheritance in 
Man [MIM] #158350), is inherited as an autoso-
mal dominant trait but occurs more often in 
women than in men. This disorder has been 
linked to mutations in the PTEN/MMAC1 gene 
on chromosome 10q22-23. The disorder displays 
a variety of cutaneous and mucosal manifesta-
tions that can occur at any time from childhood 
to middle age.4–6 Small (1–4 mm) flesh-colored 
papules, known as trichilemmomas, are found 
mainly on the head and neck and may assume a 
wart-like appearance (Figure 1). Similar papules 
may coalesce and produce a cobblestone appear-
ance on the tongue and gingiva. Waxy papules  
or nodules known as sclerotic fibromas are  
less common but are quite characteristic. Flat 
wart-like papules may occur on the dorsum of  

Table 1  Cutaneous Manifestations of Internal 
Malignancy

Inherited syndromes (see Table 2)
Hormone-secreting tumors
  Ectopic ACTH syndrome
  Carcinoid syndrome
  Glucagonoma syndrome

Proliferative and inflammatory dermatoses
  Hypertrichosis lanuginosa
  Acanthosis nigricans
  Leser-Trélat sign
  Tripe palms
  Acrokeratosis paraneoplastica (Bazex’s  
   syndrome)
  Punctate palmar keratoses
  Bowen’s disease
  Primary amyloidosis
  Scleromyxedema
  Kaposi’s sarcomoa 
  Sweet’s syndrome
  Pyoderma gangrenosum
  Blistering diseases: pemphigus,  
   paraneoplastic pemphigus, antiepiligrin  
   cicatricial pemphigoid, dermatitis  
   herpetiformis 
  Dermatomyositis
  Digital clubbing
  Vasculitis
  Coagulopathies
  Erythema gyratum repens
  Eczematous and ichthyotic disorders
  Cronkhite-Canada syndrome
  Granuloma annulare
  Extramammary Paget’s disease

ACTH = adrenocorticotropic hormone.
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the hands and feet, and keratosis punctata may be 
present on the soles, sides of the feet, and palms. 
Lipomas and hemangiomas may also be found. 

Internal manifestations are variable. Almost 
all affected women have fibrocystic disease of  
the breasts; many of them ultimately develop 
breast cancer, often bilaterally. Thyroid tumors, 
both benign and malignant, are frequent (75%). 
Cancers of the lung and colon have been reported 

as well. Hamartomatous polyps of the gastroin-
testinal tract occur in one-third of patients and 
are generally benign. The significance of Cowden’s 
disease lies in its value as a marker for the eventual 
development of breast cancer and, occasionally, 
thyroid tumors. 

Gardner’s syndrome (MIM #175100) is 
another autosomal dominant disorder that is 
associated with the APC (adenomatous polyposis 
coli) gene on chromosome 5q21. It is charac-
terized by extensive adenomatous polyps of the 
gastrointestinal tract, especially the colon and 
rectum.7 The potential for malignant degenera-
tion of these polyps approaches 100% if not 
removed; therefore, prophylactic total colectomy 
should be discussed with the patient and family. 
The skin lesions that occur in Gardner’s syndrome 
include large, deforming epidermoid cysts, fibro-
mas, lipomas, leiomyomas, trichoepitheliomas, 
and neurofibromas. Osteomas involving the 
membranous bones of the face and head occur  
in about 50% of affected patients.8 Congenital 
hypertrophy of the retinal pigment epithelium 

has also been associated with Gardner’s  
syndrome.7

Peutz-Jeghers syndrome (MIM #175200) is 
characterized by extensive hamartomatous polyps 
throughout the gastrointestinal tract. This syn-
drome is related to mutations in the STK11/LKB1 
gene on chromosome 19p13.3 and is inherited in 
an autosomal dominant manner. Bleeding and 
abdominal pain caused by intussusception are the 
most common gastrointestinal manifestations.9 
The potential for malignant degeneration for 
these polyps, although possible, is much less  
than for the adenomatous polyps that occur in 
Gardner’s syndrome.10 However, certain families 
appear to have an increased risk of breast and 
gynecologic cancers.11–13 The characteristic fea-
ture of the condition is freckle-like pigmented 
macules on the lips, nose, buccal mucosa, and  
fingertips and in a subungual location.

In Muir-Torre syndrome (also known as 
Torre syndrome) (MIM #158320), multiple  
carcinomas, usually of the gastrointestinal tract, 
are associated with numerous sebaceous gland 
tumors (benign sebaceous adenomas, malignant 
sebaceous carcinomas, and others that are hard  
to classify), primarily on the face and trunk 
(Figure 2). Other visceral cancers and keratoac-
anthomas have also been reported.14 Muir-Torre 
syndrome appears to be inherited as an autoso-
mal dominant trait and is related to a mutation of 
the MSH2 gene located at chromosomes 2p22-
p21 and 3p21.3.15 In contrast, solitary sebaceous 
gland tumors are not genetically determined, 
occur most often on the head and neck, and  
are not associated with visceral malignancy. The 
diagnosis of gastrointestinal cancer usually pre-
cedes the recognition of the cutaneous lesions. 
The cutaneous tumors can grow quite rapidly  
but usually do not metastasize. Similarly, the  
gastrointestinal cancers often behave as low-grade 
malignancies.

Howel–Evans’ syndrome (MIM #148500) 
represents an association between nonepidermo-
lytic palmoplantar keratoderma (also known as 
tylosis) and esophageal cancer and was first 

Table 2  Familial Cancer Syndromes and the Skin

Syndrome MIM Number Internal Malignancies

Group 1: prominent skin cancers with occasional internal malignancies
Nevoid basal cell carcinoma syndrome 109400 Medulloblastomas, meningiomas
Familial multiple atypical mole 606719 Pancreatic, breast, and, in some families, 
 melanoma pancreatic syndrome   possibly lung and laryngeal
Xeroderma pigmentosa 194400 10-fold increase in the risk of internal 
   malignancies

Group 2: prominent benign cutaneous tumors or rare cutaneous malignancies with internal malignancies
Multiple hamartoma syndrome 158350 Breast, thyroid, and colon are the most  
 (Cowden’s disease)   common, but cancers in many other organs  
   have been reported in individual cases
Gardner’s syndrome 175100 Colon and rectal
Muir-Torre syndrome 158320 Colon, rectal, and genitourinary, but also  
   breast, hematologic, and head and neck  
   malignancies have been reported 
Multiple endocrine neoplasia type IIA 162300 and Medullary carcinoma of the thyroid, 
 (Sipple’s syndrome) and IIB  171400  pheochromocytoma
Neurofibromatosis 1  162200 Neurofibrosarcoma, astrocytoma,  
   pheochromocytoma. 
  Children with juvenile xanthogranuloma and  
   neurofibromatosis 1 have an increased risk  
   of chronic myelomonocytic leukemia
Neurofibromatosis 2 101000 Schwannomas, glioma, astrocytoma,  
   meningioma
Tuberous sclerosis 191100 Cardiac rhabdomyomas, renal malignancies

Group 3: prominent non-neoplastic cutaneous features or rare cutaneous tumors with internal malignancies
Ataxia-telangiectasia (Louis-Bar’s 208900 Leukemia 
 syndrome)
Bloom syndrome 210900 Within the Bloom syndrome registry 71 of 168 
   patients had an internal malignancy 
Peutz-Jeghers syndrome 175200 Gastrointestinal, breast, and ovarian, but a  
   wide variety of cancers have been reported 
Rothmund-Thomson syndrome 268400 Osteogenic sarcoma
Werner’s syndrome 277700 Increased risk of sarcomas, thyroid cancer,  
   and melanoma

MIM = Mendelian Inheritance in Man.

FIgure 1  Cowden’s disease (multiple hamartoma 
syndrome). 

FIgure 2  Muir-Torre syndrome.
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reported in two English families. The kerato-
derma usually develops during childhood and  
is accentuated over pressure sites. Onset of the 
esophageal carcinoma is delayed until middle age. 
The genetic locus on chromosome 17q25 that 
appears to be associated with this syndrome is fre-
quently deleted in sporadic esophageal squamous 
cell carcinoma as well.16

Birt-Hogg-Dubé syndrome (MIM #135150) 
is an autosomal dominant condition character-
ized by skin tags and benign hair follicle tumors 
(fibrofolliculomas and trichodiscomas) of the 
head and neck (Figure 3).17 This disorder has been 
mapped to a mutation in the 17p11.2 gene, which 
encodes folliculin. The incidence of spontaneous 
pneumothorax, as well as chromophobe and 
oncocytic types of renal carcinoma, is increased. 
In some families, a link to colonic polyposis has 
occurred.18 Another hereditary syndrome that is 
associated with renal cell carcinoma is known as 
hereditary leiomyomatosis and renal cell cancer 
syndrome (MIM #605839), which is character-
ized by multiple leiomyomas of the uterus and 
skin in conjunction with papillary renal cell carci-
noma.19 This disorder is due to a mutation of  
the gene encoding fumarate hydratase, an enzyme 
of the tricarboxylic acid cycle. The disorder has 
been mapped to chromosome 1q42.1.

Melanoma-pancreatic cancer syndrome (also 
known as familial atypical multiple mole mela-
noma pancreatic carcinoma syndrome [MIM 
#606719]) is related to a mutation of the gene 
encoding cyclin-dependent kinase inhibitor 2A 
(CDKN2A). In addition to the increased risk of 
melanoma and pancreatic cancer in these fami-
lies, there have been reports that link this family 
cancer syndrome with breast cancer.20,21

Patients with the rare autosomal dominant 
disorder multiple mucosal neuromas syndrome 
display a constellation of abnormalities, includ-
ing medullary carcinoma of the thyroid,  
pheochromocytoma, parathyroid hyperplasia or 
adenomas, and intestinal ganglioneuromatosis; 
the latter may give rise to persistent diarrhea.22 
Multiple neuromas appear as whitish nodules 
mainly on the lips and anterior third of the tongue 
but also may be noted on the buccal mucosa,  

gingiva, palate, pharynx, conjunctivae, and 
cornea. Affected individuals have characteristic 
facies, with thick, protuberant, bumpy lips; the 
eyelids may be thickened and slightly everted. 
Many patients have a “marfanoid” habitus, with 
long, slender extremities, poor muscle develop-
ment, sparse body fat, laxity of joints, pectus 
excavatum, and dorsal kyphosis. Although mul-
tiple mucosal neuromas syndrome is classified as 
one of the three familial syndromes of multiple 
endocrine neoplasia (MEN) (see below), many 
sporadic cases have been reported. 

In type 1 neurofibromatosis (von Reckling-
hausen’s disease) (MIM+162200), multiple 
Schwann cell tumors, malignant degeneration of 
neurofibromas, and pheochromocytomas (often 
bila teral) may complicate the clinical course.  
Gastrointestinal stromal tumors have also been 
reported.23 The salient features of this disorder 
have received extensive review in the recent  
medical literature.24 Neurofibromatosis 1, like 
multiple mucosal neuromas syndrome, may be 
classified among the apudomas (see below).  

Skin Changes resulting from  
Hormone-Secreting Tumors

Ectopic hormonal syndromes are best understood 
in the context of the APUD cell system (ie, cells 
with a capacity for amino precursor uptake and 
decarboxylation).25,26 These cells, which may  
have a common origin from the neural crest, can 
secrete a variety of biologically active amines and 
polypeptide hormones. Neoplastic proliferation 
of these cells may result in characteristic symp-
tom complexes associated with specific cutaneous 
changes.

Ectopic adrenocorticotropic hormone 
(ACTH)-producing tumors cause many of the 
typical signs and symptoms of Cushing’s syn-
drome. Intense hyperpigmentation, present in 
only 6 to 10% of patients with Cushing’s disease, 
is especially common in association with ectopic 
ACTH production and should alert the clinician 
to the possibility of a hormone-secreting tumor.27 
Although the cause of the hyperpigmentation is 
unclear, it may be related to tumor production of 
the peptide b-lipotropin, which contains within 
its sequence of 91 amino acids the 22–amino acid 
sequence of beta-MSH (Melanocyte-stimulating 
hormone). A myasthenia gravis–like syndrome, 
including profound proximal muscle weakness, 
may be a striking clinical feature and may reflect 
either underlying hypokalemia or polymyositis. 
Oat cell (small cell) carcinoma of the lung is the 
tumor most often associated with ectopic ACTH 
production, although other malignancies have 
been reported.

Carcinoid syndrome is a second example of  
a hormonal syndrome associated with a nonen-
docrine tumor.28 The disorder is probably most 

often caused by the release of the enzyme kalli-
krein from tumor cells, with subsequent conver-
sion of kininogen to vasoactive kinin peptides, 
including bradykinin; in addition, increased 
blood levels of histamine may be important in  
the rare metastatic gastric carcinoid. The most 
striking cutaneous manifestations are episodes of 
flushing, initially lasting 10 to 30 minutes and 
involving only the upper half of the body; as the 
flush resolves, gyrate and serpiginous patterns 
may be noted. With successive attacks, more 
extensive areas may be affected and the redness 
takes on a cyanotic quality, eventually leading  
to a more permanent facial cyanotic flush with 
associated telangiectasia, resembling rosacea.  
Persistent edema and erythema of the face may 
result in leonine facies. A pellagra-like picture, 
noted in some patients, may be due to abnormal 
tryptophan metabolism. Systemic symptoms 
associated with the cutaneous flushing include 
abdominal pain with explosive watery diarrhea, 
shortness of breath, and hypertension.

Carcinoid tumors are usually found in the 
appendix or small intestine; extraintestinal carci-
noid tumors may arise in the bile ducts, pancreas, 
stomach, ovaries, or bronchi. The carcinoid  
syndrome occurs primarily when an intestinal 
carcinoid tumor metastasizes to the liver or with 
extraintestinal tumors; flushing attacks can be 
provoked by palpation of hepatic or abdominal 
metastases or by alcohol ingestion, enemas,  
emotional stress, or sudden changes in body  
tem perature. When the syndrome is associated 
with bronchial adenomas of the carcinoid variety, 
the flushing is more prolonged and often associ-
ated with fever, marked anxiety, disorientation,  
sweating, salivation, and lacrimation.

The three clinical patterns of familial MEN 
(types I, IIA, and IIB) are examples of polyglan-
dular endocrine disorders involving the APUD 
cell system. A carcinoid-like syndrome has  
been described in MEN IIA (Sipple’s syndrome)29; 
otherwise, mucocutaneous lesions occur only  
in MEN IIB (multiple mucosal neuromas  
syndrome), which has already been discussed.

Glucagonoma syndrome is associated with 
an apudoma involving the glucagon-secreting 
alpha cell of the pancreas.30 The characteristic 
cutaneous eruption, necrolytic migratory ery-
thema, usually occurs on the abdomen, perineum, 
thighs, buttocks, and groin. The perioral region 
and the distal extremities are often affected. 
Patches of intense erythema with irregular  
outlines expand and coalesce, resulting in  
circinate or polycyclic configurations. Superficial 
vesicles on the surface rupture quickly to form 
crusts, but new vesicles may continue to develop 
along the active margins. An eczema craquelé-like 
appearance may be noted. Pressure or trauma 
may initiate or aggravate the eruption, which 
seems to share features of staphylococcal scalded FIgure 3  Birt-Hogg-Dubé syndrome.
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skin syndrome and acrodermatitis enteropathica. 
Like the latter disorder, necrolytic migratory  
erythema sometimes responds to topical applica-
tion of diiodohydroxyquin; however, zinc levels  
are normal, and zinc treatment is ineffective. 
Complete surgical resection is the only curative 
treatment for the tumor as chemotherapy yields 
only modest benefit.31

Proliferative and Inflammatory  
Dermatoses Associated with Cancer

Many of the conditions to be discussed in this  
section are nonspecific and have been reported 
both in association with and in the absence of 
underlying malignant disease. Malignancy is most 
often only one of a number of possible provoking 
factors.

The association of acquired hypertrichosis 
lanuginosa (malignant down) with cancer is 
among the most consistent.32 The extensive 
growth of silky, nonpigmented lanugo hair on the 
face (Figure 4), neck, trunk, and sometimes the 
extremities usually antedates the discovery of a 
malignancy. Other causes of hypertrichosis, such 
as porphyria cutanea tarda and endocrinopathies, 
should be excluded. The tumors associated with 
acquired hypertrichosis lanuginosa are often  
adenocarcinomas and frequently occur in the 
gastrointestinal tract; however, squamous cell 
carcinomas have also been reported, and multiple 
other sites have been associated. A painful glossi-
tis, angular cheilitis, and swollen red fungiform 
papillae on the anterior half of the tongue may 
accompany the cutaneous changes.

Acanthosis nigricans is perhaps the best 
known of the cutaneous markers of internal 
malignancy.33 Flexural areas, especially the axil-
lae, groin, and neck, are most often involved; the 
skin has a hyperpigmented velvety appearance 
and in severe cases can become quite verrucous 
(Figure 5). Papillomatous changes may be noted 
in the oral cavity,34 and hyperkeratosis in a rugose 
pattern may develop on the palms and dorsal  
surfaces of large joints. The cutaneous changes 
can occur before, coincident with, or after the dis-

covery of an underlying malignancy, which most 
often is an adenocarcinoma of the stomach. 
Tumors have also been found in other abdominal 
organs, with more than 95% being adenocar-
cinomas. Acanthosis nigricans also occurs in 
association with insulin resistance and other 
endocrinopathies, as well as owing to drugs; 
therefore, a detailed history must be included in 
the evaluation of all affected patients.35,36 The pos-
sibility of underlying cancer should be strongly 
considered in any nonobese adult who develops 
acanthosis nigricans in the absence of a recogniz-
able endocrinopathy. Such an individual should 
have an extensive gastrointestinal evaluation.

Leser-Trélat sign, the sudden appearance 
and/or rapid increase in the size of multiple  
seborrheic keratoses, may be associated with  
carcinoma of the gastrointestinal tract or female 
reproductive system.37 Because most of these 
patients have coexistent acanthosis nigricans and 
the malignancy is often an adenocarcinoma of 
gastrointestinal origin, some clinicians believe 
that this condition may represent a generalized 
variant of acanthosis nigricans.

A third related condition is tripe palms. The 
skin changes manifest as rugose thickening of  
the palms and, occasionally, the soles (Figure 6). 
Patients will often have coexistent acanthosis 
nigricans and sometimes Leser-Trélat sign. 
Patients with tripe palms and acanthosis nigri-
cans usually have adenocarcinomas of the gastro-
intestinal tract; however, when tripe palms occur 
in the absence of acanthosis nigricans, patients 
tend to have squamous cell carcinoma of the 
lung.38 

Patients with Bazex’s syndrome (acrokerato-
sis paraneoplastica) develop an erythematous  
to violaceous psoriasiform eruption, primarily  
on acral surfaces (Figure 7).39,40 The ears, nose, 
cheeks, hands, feet, and knees are most often 
affected, but the nails may become dystrophic 
and the palms and soles may develop a kerato-
derma in later stages of the disease. The disorder 
may develop in stages and is associated primarily 
with carcinomas of the upper respiratory and 

digestive tracts (larynx, pharynx, trachea, bron-
chus, and/or upper esophagus), with the malig-
nancy often being detected concurrently. If the 
tumor is effectively treated, the eruption may 
resolve but may return with tumor recurrence. 
There is no known effective treatment for the 
cutaneous eruption, although corticosteroids and 
keratolytic agents have been used.

The significance of punctate palmar kerato-
ses as a sign of internal malignancy is controver-
sial,41 although they have been reported in 
Cowden’s syndrome. Similarly, the purported 
relationship between Bowen’s disease (intra-
epidermal squamous cell carcinoma) and sys-
temic cancer was recently demonstrated to be 
nonexistent.42

Patients with primary systemic amyloidosis 
almost always have an underlying plasma cell dys-
crasia, usually multiple myeloma.43 The skin takes 
on a generalized waxy appearance and bleeds 
easily when traumatized (“pinch purpura”). 
Hemorrhagic lesions are especially common 
around the eyes. Macroglossia is an associated 
finding. Skin lesions are not seen in secondary 
amyloidosis.

Scleromyxedema, a cutaneous mucinosis 
representing the generalized variant of lichen 
myxedematosus, has been associated with a pecu-
liar serum monoclonal paraprotein.44,45 The para-
protein is a basic, electrophoretically homogeneous 
7S gammaglobulin, usually of the immunoglobu-FIgure 4  Hypertrichosis lanuginosa. FIgure 5  Acanthosis nigricans.

FIgure 6  Tripe palms. (Courtesy of Dr. Jon Dyer, 
Columbianm)

FIgure 7  Bazex’s syndrome.
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lin (Ig)G class, that almost always possesses light 
chains of the lambda type. Clinically, the disorder 
appears as a generalized eruption of 2 to 3 mm 
waxy lichenoid papules, often in a linear arrange-
ment; lesions are most common on the hands, 
elbows, forearms, upper trunk, face, and neck but 
may be found anywhere. Induration of the under-
lying tissue may produce a resemblance to sclero-
derma; mucin deposition in forehead skin may be 
disfiguring and lead to longitudinal furrowing 
somewhat reminiscent of leonine facies. No cor-
relation appears to exist between levels of the 
paraprotein and the extent or progression of  
the skin disease. Only a minority of patients  
with scleromyxedema, lichen myxedematosus, or 
papular mucinosis will develop an overt myeloma 
or a detectable plasma cell dyscrasia. Affected 
patients should have a serum protein electro-
phoresis, immunofixation electrophoresis, and 
measurement of Ig levels; these tests should  
be repeated every 6 months. Therapy of these dis-
orders has been difficult, and although there  
are reports of chemotherapy and radiotherapy, or 
stem cell transplants being effective in individual 
patients, no consistent response has been noted. 
In a recent report of several patients, the use of 
thalidomide was promising.46

Sweet’s syndrome (acute febrile neutrophilic 
dermatosis) appears to be associated with leuke-
mia or preleukemic conditions in roughly 25% of 
patients. Sweet’s syndrome has been linked to a 
variety of malignancies, but the vast majority 
affect myeloid cells.47,48 The condition is manifest 
by the acute onset of erythematous, tender,  
papules, plaques, or nodules on the face, extremi-
ties, and upper trunk (Figure 8). The surface 
appears vesicular and may be studded with pus-
tules. Fever, malaise, and neutrophilia frequently 
accompany the cutaneous eruption. Biopsy of  
the skin lesion demonstrates a dense dermal  
neutrophilic infiltrate, without vasculitis, but 
recent reports have suggested that some vascular 
inflammation is possible. The presence of moder-
ate to severe anemia may be helpful in distin-
guishing Sweet’s syndrome associated with a 
myeloproliferative disease from the idiopathic 

variant. Sweet’s syndrome will respond to oral 
corticosteroids, but in a recent report, a patient 
with recalcitrant Sweet’s syndrome and myelofi-
brosis was successfully treated with oral  
thalidomide.49

Pyoderma gangrenosum is a neutrophilic 
ulcerative dermatosis. Its superficial form, known 
as atypical or bullous pyoderma gangrenosum, 
often occurs on the head and neck and has been 
associated with hematologic malignancy.50 Most 
often the association is with acute myelogenous 
leukemia, but several cases of chronic myeloge-
nous leukemia, acute lymphoblastic leukemia, 
and preleukemic states, such as myelofibrosis  
or agnogenic myeloid metaplasia, have also  
been reported. The skin and blood disease often 
present concurrently and run a parallel course.

Classic pyoderma gangrenosum has been 
associated with a monoclonal gammopathy (and, 
occasionally, myeloma), with several solid tumors, 
and with non-Hodgkin’s lymphoma. The gam-
mopathy, which has been noted in up to 20% of 
patients with pyoderma gangrenosum, results 
from an IgA paraprotein. However, in patients 
with coexistent pyoderma gangrenosum and  
IgA paraproteinemia or myeloma, there is no 
information to suggest a parallel course.50a 

A variety of blistering diseases have been 
reported in patients with cancer. Various forms of 
pemphigus have been associated with thymoma. 
The occurrence of paraneoplastic pemphigus in 
patients with cancer, especially lymphoreticular 
malignancy, is well documented.51–53 The pro-
posed association of bullous pemphigoid with 
malignancy probably reflects the tendency of both 
of these conditions to occur in the elderly rather 
than any true association. An increased incidence 
of malignancy has also been reported in the  
antiepiligrin variant of cicatricial pemphigoid 
(Figure 9).54 Individuals with dermatitis herpeti-
formis may have an increased relative risk of 
intestinal lymphoma similar to that noted in 
patients with sprue.55 Epidermolysis bullosa 
acquisita has also rarely been reported in patients 
with lymphoreticular tumors.

Approximately 10 to 30% of adult patients 
with dermatomyositis have an associated malig-
nancy.56,57 The neoplasm may occur before, 
during, or after the diagnosis of dermatomyositis. 
An awareness of this potential should alert the 
physician to carefully evaluate all dermatomyosi-
tis patients for malignancy. Pathognomonic  
clinical manifestations include an edematous, 
violaceous eruption of the upper eyelids (helio-
trope rash) and atrophic scaly papules over bony 
prominences (Gottron’s papules) (Figure 10); 
photosensitivity, malar erythema, poikiloderma, 
and periungual telangiectasias are important, 
although less specific, findings. Dermatomyositis 
is not specific for any particular site or cell type of 
cancer; however, in Western countries, ovarian 
and breast carcinoma in women and lung and 
prostate carcinoma in men are especially fre-
quent. The risk of developing cancer is highest the 
first 3 years after the diagnosis of dermatomyosi-
tis.56,57 Raynaud’s phenomenon or a scleroderma-
tous change in an adult with dermatomyositis 
suggests an overlap syndrome; this variant is 
rarely associated with malignant disease. Child-
hood dermatomyositis is not associated with 
malignancy.

A number of musculoskeletal disorders have 
been reported in patients with cancer. Clubbing  
is noted in about 10% of individuals with lung 
cancer and tumors metastatic to the lung.58  
Subperiosteal new bone formation in patients 
with clubbing (hypertrophic osteoarthropathy) 
occurs most commonly along the shaft of the 
phalanges but may affect other bones as well.59 
Joint swelling, synovitis, periarticular swelling, 
hyperhidrosis, and palmar erythema may be  
pronounced and create a picture similar to early 
rheumatoid arthritis. Hypertrophic osteoar-
thropathy associated with acromegaloid features 
(pachydermoperiostosis) can occur either in 
association with lung cancer or as a genetic  
disease unassociated with malignancy.

A purported association between cutaneous 
leukocytoclastic vasculitis and cancer has never 
been proven, although numerous individual case 

FIgure 8  Sweet’s syndrome. FIgure 9  Antiepiligrin bullous pemphigoid. FIgure 10  Dermatomyositis.
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reports have related various vasculitic syndromes 
to malignancy, including solid tumors and lym-
phoproliferative disorders.60,61 Interestingly, both 
cutaneous leukocytoclastic vasculitis and systemic 
necrotizing vasculitis have been observed in 
patients with hairy cell leukemia (leukemic retic-
uloendotheliosis). Often the patient with coexis-
tent neoplastic disease has the malignancy at the 
time of diagnosis of the vasculitis. In other cases, 
release of tumor antigens into the circulation, 
such as after radiation therapy or chemotherapy, 
may be the inciting event. A parallel course 
between the tumor and the vasculitis has not been 
evident except in a few instances.

Migratory superficial thrombophlebitis and 
multiple deep venous thromboses have been 
noted in cancer patients, especially those with 
tumors arising in the pancreas, lung, stomach, 
prostate, or hematopoietic system.62 The neck, 
chest, abdominal wall, pelvis, and limbs are most 
frequently affected. 

The figurate erythemas may be divided into 
at least three groups. Erythema chronicum 
migrans follows a tick bite and may be associated 
with Lyme disease. Erythema annulare centrifu-
gum may be secondary to a variety of causative 
factors, including, although rarely, malignancy. 
Erythema gyratum repens (Figure 11) is almost 
always associated with cancer,63 although no one 
tumor type or site seems to predominate. Multi-
ple wavy urticarial bands with a fine scale migrate 
over the cutaneous surface, giving it an appear-
ance similar to the grain of wood. The eruption 
usually occurs within a few months before or after 
the diagnosis of cancer.

Generalized pruritus, ichthyosis, and exfolia-
tive dermatitis are seen as nonspecific features of 
lymphoproliferative disorders64,65; uncommonly, 
they may be associated with solid tumors. Pityria-
sis rotunda may be a variant of acquired ichthyo-
sis; the eruption consists of geometrically perfect, 
circular patches of scales. The disease was first 
reported in the Japanese, South African blacks, 
and West Indian blacks, in whom an associated 
neoplasm was occasionally described. A familial 

(colon and rectum) and in the lower portion of 
the genitourinary tract (bladder and prostate). 

RefeRences

 1. Thiers BH. Dermatologic manifestations of internal cancer. 
CA Cancer J Clin 1986;36:130–48. 

 2. Curth HO. Skin lesions and internal carcinoma. In: Andrade 
R, et al, editors. Cancer of the skin. Philadelphia: WB 
Saunders; 1976. p. 1308–9.

 3. Tsao H. Update on familial cancer syndromes and the skin. J 
Am Acad Dermatol 2000;42:939–69.

 4. Hildenbrand C, Burgdorf WH, Lautenschlager S. Cowden 
syndrome—diagnostic skin signs. Dermatology 2001; 
202:362–6.

 5. Waite KA, Eng C. Protean PTEN: form and function. Am J 
Hum Genet 2002;70:829–44.

 6. Zhou XP, Hampel H, Roggenbuck J, et al. A 39-bp deletion 
polymorphism in PTEN in African American individuals: 
implications for molecular diagnostic testing. J Mol Diagn 
2002;4:114–7.

 7. Parks ET, Caldemeyer KS, Mirowski GW. Gardner  
syndrome. J Am Acad Dermatol 2001;45:940–2.

 8. Sayan NB, Ucok C, Karasu HA, Gunhan O. Peripheral oste-
oma of the oral and maxillofacial region: a study of 35 new 
cases. J Oral Maxillofac Surg 2002;60:1299–301.

 9. Marschall J, Hayes P. Intussusceptions in a man with  
Peutz-Jeghers syndrome. CMAJ 2003;168:315–6.

10. Boardman LA. Heritable colorectal cancer syndromes: rec-
ognition and preventive management. Gastroenterol Clin 
North Am 2002;31:1107–31.

11. Boardman LA, Pittelkow MR, Couch FJ, et al. Association of 
Peutz-Jeghers-like mucocutaneous pigmentation with 
breast and gynecologic carcinomas in women. Medicine 
(Baltimore) 2000;79:293–8.

12. Boardman LA, Thibodeau SN, Schaid DJ, et al. Increased risk 
for cancer in patients with the Peutz-Jeghers syndrome. 
Ann Intern Med 1998;128:896–9.

13. Papageorgiou T, Stratakis CA. Ovarian tumors associated 
with multiple endocrine neoplasias and related syndromes 
(Carney complex, Peutz-Jeghers syndrome, von Hippel-
Lindau disease, Cowden’s disease). Int J Gynecol Cancer 
2002;12:337–47.

14. Ward EM, Wolfsen HC. Review article: the non-inherited 
gastrointestinal polyposis syndromes. Aliment  
Pharmacol Ther. 2002;16:333–42.

15. Fiorentino DF, Nguyen JC, Egbert BM, Swetter SM. Muir-
Torre Syndrome: confirmation of diagnosis by immuno-
histochemical analysis of cutaneous lesions.” J Am Acad 
Dermatol. 2004; 50:476–8.

16. Risk JM, Evans KE, Jones J, et al. Characterization of a 500 kb 
region on 17q25 and the exclusion of candidate genes as 
the familial tylosis oesophageal cancer (TOC) locus. 
Oncogene 2002;21:6395–402.

17. Vincent A, Farley M, Chan E, James WD. Birt-Hogg-Dube 
syndrome: a review of the literature and the differential 
diagnosis of firm facial papules. J Am Acad Dermatol 
2003;49:698–705.

18. Zbar B, Alvord WG, Glenn G, et al. Risk of renal and colonic 
neoplasms and spontaneous pneumothorax in the Birt-
Hogg-Dube syndrome. Cancer Epidemiol Biomarkers 
Prev 2002;11:393–400.

19. Toro JR, Nickerson ML, Wei MH, et al. Mutations in the 
fumarate hydratase gene cause hereditary leiomyomatosis 
and renal cell cancer in families in North America. Am J 
Hum Genet 2003;73:95–106

20. Borg A, Sandberg T, Nilsson K, et al. High frequency of mul-
tiple melanomas and breast and pancreas carcinomas in 
CDKN2A mutation-positive melanoma families. J Natl 
Cancer Inst 2000;92:1260–6.

21. Lynch HT, Brand RE, Hogg D, et al. Phenotypic variation  
in eight extended CDKN2A germline mutation  
familial multiple melanoma-pancreatic carcinoma-prone 
families. Cancer 2002;94:84–96. 

22. Morrison PJ, Nevin NC. Multiple endocrine neoplasia type 
2B (mucosal neuroma syndrome, Wagenmann-Froboese 
syndrome). J Med Genet 1996;33:779–82.

23. Giuly JA, Picand R, Giuly D, et al. Von Recklinghausen dis-
ease and gastrointestinal stromal tumors. Am J Surg 
2003;185:86–7.

24. Khosrotehrani K, Bastuji-Garin S, Zeller J, et al. Clinical risk 
factors for mortality in patients with neurofibromatosis  
1: a cohort study of 378 patients. Arch Dermatol 
2003;139:187–91.

25. DeLellis RA. The neuroendocrine system and its tumors: an 
overview. Am J Clin Pathol 2001;115:Suppl:S5–16.

variant has been recognized in Europe that does 
not appear to be associated with cancer.66 Although 
the exact status of pityriasis rotunda as a paraneo-
plastic condition remains to be delineated, it 
seems prudent to rule out concurrent malignancy 
in affected patients.

Infectious disorders are frequent in cancer 
patients and may either be directly related to 
depressed cell-mediated immunity associated 
with the neoplasm or secondary to pharmaco-
logic immunosuppression. The increased inci-
dence of herpes zoster, either localized or 
disseminated, in patients with leukemia and lym-
phoma has been appreciated for years, although 
such infection usually develops during the course 
of the illness rather than as a presenting sign.67 
Rarely, herpes zoster may be associated with an 
underlying carcinoma.

Diffuse cutaneous and, rarely, mucosal 
hyperpigmentation may also occur in Cronkhite-
Canada syndrome; other cutaneous features 
include onychodystrophy and alopecia.14 Hamar-
tomatous polyps occur throughout the stomach 
and intestines, and the incidence of gastrointesti-
nal cancer is approximately 15%.14 The disease 
occurs in adults in a sporadic, nongenetic manner. 
The prognosis is poor.

Granuloma annulare is a common benign 
skin disease characterized by flesh-colored to ery-
thematous annular dermal plaques. A suggestion 
of a relationship between granuloma annulare 
and malignant lymphoma was reported in 13 
patients in 199468; however, a subsequent report 
by Li and colleagues demonstrated no increased 
risk of malignancy in patients with granuloma 
annulare.69

Extramammary Paget’s disease is manifest as 
an erythematous plaque on locations other than 
the breast, most often in the inguinal fold, vulva, 
or scrotum (Figure 12). Malignancy is more 
common in these patients and is often in a loca-
tion near the cutaneous lesion but not contiguous 
with it.70,71 Therefore, patients with extramam-
mary Paget’s disease should be evaluated for pos-
sible tumors in the lower gastrointestinal tract 

FIgure 12  Extramammary Paget’s disease.FIgure 11  Erythema gyratum repens. 



616 Chapter 64

26. Day R, Salzet M. The neuroendocrine phenotype, cellular 
plasticity, and the search for genetic switches: redefining 
the diffuse neuroendocrine system. Neuroendocrinol Lett 
2002;23:447–51.

27. Torpy DJ, Mullen N, Ilias I, Nieman LK. Association of 
hypertension and hypokalemia with Cushing’s syndrome 
caused by ectopic ACTH secretion: a series of 58 cases. 
Ann N Y Acad Sci 2002;970:134–44.

28. McStay MK, Caplin ME. Carcinoid tumour. Minerva Med 
2002;93:389–401.

29. Kousseff BG. Multiple endocrine neoplasia 2 (MEN 2)/MEN 
2A (Sipple syndrome). Dermatol Clin 1995;13:91–7.

30. Zeng J, Wang B, Ma D, Li F. Glucagonoma syndrome:  
diagnosis and treatment. J Am Acad Dermatol 
2003;48:297–8.

31. Brentjens R, Saltz L. Islet cell tumors of the pancreas: the 
medical oncologist’s perspective. Surg Clin North Am 
2001;81:527–42.

32. Kurzrock R, Cohen PR. Cutaneous paraneoplastic  
syndromes in solid tumors. Am J Med 1995;99:662–71.

33. Anderson SH, Hudson-Peacock M, Muller AF. Malignant 
acanthosis nigricans: potential role of chemotherapy. Br J 
Dermatol 1999;141:714–6.

34. Ramirez-Amador V, Esquivel-Pedraza L, Caballero- 
Mendoza E, et al. Oral manifestations as a hallmark  
of malignant acanthosis nigricans. Oral Pathol Med 
1999;28:278–81.

35. Torley D, Bellus GA, Munro CS. Genes, growth factors and 
acanthosis nigricans. Br J Dermatol 2002;147:1096–101.

36. Garcia Hidalgo L. Dermatological complications of obesity. 
Am J Clin Dermatol 2002;3:497–506.

37. Schwartz RA. Sign of Leser-Trelat. J Am Acad Dermatol 
1996;35:88–95.

38. Mullans EA, Cohen PR. Tripe palms: a cutaneous  
paraneoplastic syndrome. South Med J 1996;89:626–7.

39. Bolognia JL, Brewer YP, Cooper DL. Bazex syndrome (acro-
keratosis paraneoplastica). An analytic review. Medicine 
(Baltimore) 1991;70:269–80.

40. Buxtorf K, Hubscher E, Panizzon R. Bazex syndrome.  
Dermatology 2001;202:350–2.

41. Cuzick J, Babiker A, De Stavola BL, et al. Palmar keratoses  
in family members of individuals with bladder cancer. J 
Clin Epidemiol 1990;43:1421–6.

42. Chute CG, Chuang TY, Bergstralh EJ, Su WP. The subse-
quent risk of internal cancer with Bowen’s disease. A 
population-based study. JAMA 1991;266:816–9.

43. Daoud MS, Lust JA, Kyle RA, Pittelkow MR. Monoclonal 
gammopathies and associated skin disorders. J Am Acad 
Dermatol 1999;40:507–35.

44. Pomann JJ, Rudner EJ. Scleromyxedema revisited. Int J  
Dermatol 2003;42:31–5.

45. Jackson EM, English JC III. Diffuse cutaneous mucinoses. 
Dermatol Clin 2002;20:493–501.

46. Sansbury JC, Cocuroccia B, Jorizzo JL, et al. Treatment of 
recalcitrant scleromyxedema with thalidomide in 3 
patients. J Am Acad Dermatol 2004;51:126–31.

47. Avivi I, Rosenbaum H, Levy Y, Rowe J. Myelodysplastic  
syndrome and associated skin lesions: a review of the  
literature. Leuk Res 1999;23:323–30.

48. Cho KH, Han KH, Kim SW, et al. Neutrophilic dermatoses 
associated with myeloid malignancy. Clin Exp Dermatol 
1997;22:269–73.

49. Browning C, Dixon J, Malone J, Callen JP. Thalidomide 
effective therapy for myelodysplasia associated Sweet’s 
syndrome with treatment of recalcitrant Sweet’s  
syndrome associated with myelodysplasia. J Am Acad 
Dermatol. 2005;53:S135–8.

50. Rogalski C, Paasch U, Glander HJ, Haustein UF. Bullous 
pyoderma gangrenosum complicated by disseminated 
intravascular coagulation with subsequent myelodysplas-
tic syndrome (chronic myelomonocytic leukemia). J  
Dermatol 2003;30:59–63.

50a. Jackson JM, Callen JP. Pyoderma gangrenosum and IgA 
myeloma. J. Cutan Med Surg 1997;2:1–4.

51. Nguyen VT, Ndoye A, Bassler KD, et al. Classification, clini-
cal manifestations, and immunopathological mechanisms 
of the epithelial variant of paraneoplastic autoimmune 
multiorgan syndrome: a reappraisal of paraneoplastic 
pemphigus. Arch Dermatol 2001;137:193–206.

52. Joly P, Richard C, Gilbert D, et al. Sensitivity and specificity 
of clinical, histologic, and immunologic features in  
the diagnosis of paraneoplastic pemphigus. J Am Acad 
Dermatol 2000;43:619–26.

53. Allen CM, Camisa C. Paraneoplastic pemphigus: a review of 
the literature. Oral Dis 2000;6:208–14.

54. Egan CA, Lazarova Z, Darling TN, et al. Anti-epiligrin cica-
tricial pemphigoid and relative risk for cancer. Lancet 
2001;357:1850–1. 

55. Askling J, Linet M, Gridley G, et al. Cancer incidence in  
a population-based cohort of individuals hospitalized 
with celiac disease or dermatitis herpetiformis.  
Gastroenterology 2002;123:1428–35. 

56. Hill CL, Zhang Y, Sigurgeirsson B, et al. Frequency of specific 
cancer types in dermatomyositis and polymyositis: a  
population-based study. Lancet 2001;357:96–100.

57. Stockton D, Doherty VR, Brewster DH. Risk of cancer  
in patients with dermatomyositis or polymyositis, and 

follow-up implications: a Scottish population-based 
cohort study. Br J Cancer 2001;85:41–5. 

58. Myers KA, Farquhar DR. The rational clinical examination. 
Does this patient have clubbing? JAMA 2001;286:341–7.

59. Kishi K, Nakamura H, Sudo A, et al. Tumor debulking by 
radiofrequency ablation in hypertrophic pulmonary 
osteoarthropathy associated with pulmonary carcinoma. 
Lung Cancer 2002;38:317–20. 

60. Spann CR, Callen JP, Yam LT, Apgar JT. Cutaneous  
leukocytoclastic vasculitis complicating hairy cell  
leukemia (leukemic reticuloendotheliosis). Arch  
Dermatol 1982;122:1057–9. 

61. Callen JP. Cutaneous leukocytoclastic vasculitis in a patient 
with an adenocarcinoma of the colon. J Rheumatol 
1987;14:386–9.

62. Naschitz JE, Kovaleva J, Shaviv N, et al. Vascular disorders 
preceding diagnosis of cancer: distinguishing the  
causal relationship based on Bradford-Hill guidelines. 
Angiology 2003;54:11–7.

63. Eubanks LE, McBurney E, Reed R. Erythema gyratum repens. 
Am J Med Sci 2001;321:302–5. 

64. Cohen PR. Cutaneous paraneoplastic syndromes. Am Fam 
Physician 1994;50:1273–82.

65. Callen JP, Bernardi DM, Clark RA, Weber DA. Adult-onset 
recalcitrant eczema: a marker of noncutaneous lym-
phoma or leukemia. J Am Acad Dermatol 2000;43: 
207–10. 

66. Aste N, Pau M, Aste N, Biggio P. Pityriasis rotunda: a survey 
of 42 cases observed in Sardinia, Italy. Dermatology 
1997;194:32–5.

67. Egerer G, Hensel M, Ho AD. Infectious complications in 
chronic lymphoid malignancy. Curr Treat Options Oncol 
2001;2:237–44.

68. Barksdale SK, Perniciaro D, Halling KC, Strickler JG. Granu-
loma annulare in patients with malignant lymphoma: 
clinicopathologic study of thirteen new cases. J Am Acad 
Dermatol 1994;31:42–8.

69. Li A, Hogan DJ, Sanusi ID, Smoller BR. Granuloma  
annulare and malignant neoplasms. Am J Dermatopathol 
2003;25:113–6. 

70. Lai YL, Yang WG, Tsay PK, et al. Penoscrotal extramammary 
Paget’s disease: a review of 33 cases in a 20-year  
experience. Plast Reconstr Surg 2003;112:1017–23.

71. Goldblum JR, Hart WR. Perianal Paget’s disease: a histologic 
and immunohistochemical study of 11 cases with and 
without associated rectal adenocarcinoma. Am J Surg 
Pathol 1998;22:170–9.



65

617

Cutaneous Reactions to Medications
Steven R. Mays, MD
Joy Kunishige, MD

Cutaneous drug reactions occur both with con-
ventional medications and with chemotherapy 
agents. The classification of a particular drug  
rash is primarily based on the morphology and 
anatomic location of the rash. A drug rash may be 
maculopapular, for example, or present as acral 
erythema (erythema of the hands and feet). Some-
times the morphology of a drug rash is highly 
characteristic and the clinical diagnosis of drug 
reaction is made without difficulty. Some drug 
reactions, however, are not so clinically distinct, 
and the differential diagnosis may easily include 
other diseases (such as viral exanthems and  
cutaneous graft-versus-host disease). The first 
responsibility of the physician in these situations 
is to decide whether a particular rash does indeed 
represent a cutaneous reaction to a drug. Once 
this has been established, the next step is to decide 
which medication is the culprit. This two-step 
process requires a familiarity with the common 
morphologic types of drug reaction and knowl-
edge of the drugs associated with each type. This 
chapter reviews the relevant data.

Cutaneous reactions to conventional medi-
cations are ?? uncommon. One exception is  
the maculopapular type of drug exanthem that 
occurs fairly frequently, especially with systemic 
antibio tics. Some chemotherapy reactions (eg, 
actinic keratosis [AK] recall) are also uncommon.  
However, some chemotherapy reactions are so 
common as to be an expected result of therapy. 
Sixty percent of patients receiving capecitabine, 
for example, develop hand-foot syndrome. A 
similarly high percentage of patients receiving 
cetuximab develop an acneiform eruption. In 
general, in the setting of a cancer hospital, adverse 
cutaneous reactions to chemotherapy are much 
more common than those to conventional (non-
chemotherapy) medications. This chapter there-
fore reviews in detail the various types of cutaneous 
chemotherapy reactions. We review cutaneous 
reactions to conventional medications as they 
arise within the differential diagnosis for each 
particular chemotherapy exanthem.

A single chemotherapy agent may cause  
different types of reactions in different patients. 
For example, a particular agent may cause hand-
foot syndrome in one patient and cutaneous 
hyperpigmentation in another.

the hands and feet. Associated chemotherapy 
agents are listed in Table 1. The most commonly 
involved agents are cytarabine, doxorubicin,  
fluorouracil, and capecitabine.

HFS initially presents with a tingling sensa-
tion of the palms or soles, usually within 1 week 
of drug administration.2 The patient then devel-
ops erythema of the palms and the volar aspect of 
the fingers; there may also be erythema of the 
dorsal aspect of the fingers (Figures 1 and 2). The 
feet may be similarly affected but usually to a 
lesser extent.3 There may be edema of the hands, 
feet, and digits. Tenderness of the palms and soles 
ranges from mild to severe in intensity. Some 
patients develop tense blisters of the palms and 
soles (Figure 3). Occasionally, patients develop  
a concomitant maculopapular eruption at other 
sites, such as the wrists, ankles, extremities, or 
trunk.

HFS usually resolves 1 to 2 weeks after the 
cessation of chemotherapy. When an episode 
resolves, there may be impressive desquamation 
of the palms and soles.

Severe episodes of HFS are a fairly common 
dose-limiting toxicity for some chemotherapy 
agents and may necessitate discontinuation of  
the drug. Severe HFS is defined by the presence  
of cutaneous ulcerations, bullae, or pain that 
interferes with the activities of daily living.4

The incidence of HFS varies from one che-
motherapeutic agent to another. Capecitabine is 
the agent most likely to cause HFS.4 Approxi-
mately 60% of patients treated with capecitabine 
develop HFS.4–6 For other agents, the incidence is 
much lower. The incidence of severe HFS with 
capecitabine, for example, is 10 to 17%.4,7–10 Severe 
HFS is the most common dose-limiting toxicity 
for capecitabine and for other chemotherapy 
agents as well.11,12

The first episode of HFS usually occurs 
during one of the early cycles of administration of 
a chemotherapy agent. In a series of 41 patients 
treated with capecitabine, 93% had their first epi-
sode of HFS within the first two cycles.4 However, 
the first episode of HFS may occur much later in 
the treatment phase with some chemotherapy 
agents.

Most cutaneous chemotherapy reactions are 
mild to moderate in severity; acneiform eruptions 
and onycholysis are examples. By contrast, severe 
cutaneous reactions to chemotherapy (such as  
a severe episode of hand-foot syndrome may 
require changes in the scheduled administration 
of the responsible agent.

Cutaneous reactions to chemotherapy fall 
into two broad categories. Specific cutaneous 
reactions are those that occur almost exclusively 
with chemotherapy agents, but not with other 
medications. Nonspecific cutaneous reactions 
are caused both by conventional medications and 
by chemotherapy agents. In a patient with a non
specific skin reaction, it may be difficult to deter-
mine whether the culprit was a chemotherapy 
agent or a conventional medication.1

Cutaneous Reactions Specific to 
Chemotherapy

This group of unique reactions occurs only  
with chemotherapy agents and not with other 
medications. Examples include hand-foot  
syndrome and actinic keratosis recall.

Some specific reactions occur with only one 
or two chemotherapy agents, such as the flagellate 
cutaneous hyperpigmentation caused by bleomy-
cin. Other specific reactions, such as the hand- 
foot syndrome, occur with many different 
chemotherapy agents.

In a patient affected by one of these charac-
teristic reactions, the correct identification of the 
causative agent is fairly straightforward; this  
is because one may immediately exclude any  
nonchemotherapy medications as the cause.

The following sections review the most  
clinically significant reactions of this type.

Hand-Foot Syndrome
Clinical

Hand Foot Syndrome (HFS) is a localized cutane-
ous response to certain chemotherapy agents. 
This reaction is also known as acral erythema, 
erythrodysesthesia syndrome. Characteristic  
findings are edema, erythema, and tenderness of 
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(eg, elevated bilirubin and liver enzymes, diar-
rhea, abdominal pain). In addition, HFS is likely 
to resolve by the tenth day post-transplantation, 
whereas acute cutaneous GVHD is likely to  
persist well beyond this date.

The histology of HFS is not specific: it may 
reveal scattered necrotic keratinocytes, vacuoliza-
tion of the basal layer, and a perivascular lympho-
cytic infiltrate. This histologic picture is similar to 
that of cutaneous GVHD.2 Skin biopsies are not a 
reliable way of differentiating HFS from acute 
cutaneous GVHD, especially in the early stages of 
the two diseases.3,13 

For those patients who have received only 
chemotherapy (and no bone marrow transplant), 
the diagnosis of HFS is usually straightforward. 
Conventional (nonchemotherapy) medications 
do not cause HFS. However, when two chemo-
therapy agents are coadministered, and both may 
cause HFS, the identification of the actual culprit 
may be difficult.

Therapy

Treatment of mild to moderate HFS is usually 
unnecessary. Patients may obtain symptomatic 
relief with pain medications, cold compresses, 
and elevation (to reduce edema).3

However, patients may be unable to tolerate 
recurrent episodes of severe HFS owing to intense 
palmoplantar tenderness, sometimes accompa-
nied by painful blisters, When evaluating patients 
with an acute, severe episode of HFS, we have not 
found that potent topical corticosteroids or 4% 
lidocaine cream give any significant symptomatic 
relief. It has been our experience that some 
patients with an acute and severe episode may get 
relief with systemic steroids; however, this is not a 
practical therapy for recurrent episodes, nor is it 
strongly supported by other authors.14–19

Treatment of severe HFS is better managed 
by attempts to prevent future severe recurrences. 
The most successful approach is probably  
dose reduction, sometimes accompanied by  
interruption of therapy.4

Severe episodes of HFS caused by 5- 
fluorouracil may be ameliorated by prophylaxis 
with pyridoxine 50 mg daily.12,20 This may also be 
effective for patients receiving docetaxel.21

Onycholysis and Other Nail Disorders
Onycholysis

Chemotherapy agents may cause various disor-
ders of the fingernails and toenails. The particular 
nail disorder that has the highest associated  
morbidity is onycholysis.

Onycholysis is the separation of the nail plate 
from the underlying nail bed. It may affect one or 
more fingers or toes (Figure 4). In mild onycholy-
sis, there is slight elevation of the distal nail plate 
from the nail bed; in severe disease, there is com-
plete separation, with resultant loss of the nail 
plate. Onycholysis is the precursor to the more 

The most severe episode of HFS also usually 
occurs early in the treatment cycle. In the same 
series of patients treated with capecitabine,  
68% had their most severe episode within the first 
two cycles.4 However, 14% of the patients in the 
series had their most severe episode at the fourth 
cycle or later. By contrast, in a series of 76 patients 
treated with cytarabine and daunorubicin/ 
doxorubicin, the recurrences were always 
milder.2 

In summary, if a patient has a severe episode 
of HFS with a particular chemotherapy agent, it 
can be difficult to predict the severity of HFS with 
future cycles. Subsequent episodes may be similar 
in intensity, more severe, or less severe. These  
are important considerations when oncologists 
are administering those chemotherapy agents for 
which HFS is a dose-limiting toxicity.

HFS seems to occur more commonly with 
continuous administration of chemotherapy 
agents than with bolus infusions.4 However, bolus 
infusions seem to be associated with more severe 
episodes of HFS and more rapid time to onset.3

Diagnosis

The diagnosis is made clinically in a patient who 
develops erythema (with or without edema and 
tenderness) of the palms and soles during the 
week following administration of a chemotherapy 
agent associated with HFS.

The differential diagnosis for HFS includes 
acute cutaneous GVHD. In the post–bone marrow 
transplantation period, the use of immunosup-
pressive agents (such as cyclosporine) may limit 
the expression of acute GVHD to areas of predi-
lection such as the hands and feet; affected patients 
may present only with erythema and tenderness 
(sometimes with bullae) of the palms and soles. 
In this setting, it may be difficult to distinguish 
between acute cutaneous GVHD and HFS caused 
by the preceding chemotherapy.13 Evidence of 
GVHD at other sites may suggest that hand  
erythema in a particular patient is an expression 
of cutaneous GVHD. This evidence may include 
macular erythema at other sites of predilection 
(such as the face or ears), the onset of the exan-
them at the time of marrow recovery, and/or the 
presence of signs or symptoms of systemic GVHD 

Table 1  Chemotherapy Agents Associated with 
Hand-Foot Syndrome

Capecitabine*
Cisplatinum
Clofarabine
Cyclophosphamide
Cytarabine*
Daunorubicin
Docetaxel
Doxorubicin*
Etoposide
Fluorouracil*
Hydroxyurea
Mercaptopurine
Methotrexate
Mitotane
Paclitaxel
Suramin
Tegafur

Adapted from Demircay Z et al2; Vakalis D, Ioannides D, 
Lazaridou E, et al. Acral erythema induced by 
chemotherapy with cisplatin. Br J Dermatol 
1998;139:750-1; Portal I, Cardenal F, Garcia-del-Muro 
X. Etoposide-related acral erythema. Cancer Chemother 
Pharmacol 1994;34:181; Bastida J, Diaz-Cascajo C, 
Borghi S. Chemotherapy-induced acral erythema due to 
tegafur. Acta Derm Venerol 1997;77:72–3; De Argila D, 
Dominguez J, Iglesias L. Taxol-induced acral erythema. 
Dermatology 1996;192:377–8; Lowitt M, Eisenberger M, 
Sina B. Cutaneous eruptions from suramin: a clinical 
and histopathological study of 60 patients. Arch 
Dermatol 1995;131:1147–53.

*Most commonly associated agents.

FiguRe 1  Hand-foot syndrome owing to clofarabine. 

FiguRe 2  Hand-foot syndrome owing to paclitaxel.

FiguRe 3  Hand-foot syndrome with bullae in a 
patient receiving clofarabine.
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unpleasant chemotherapy-associated nail disor-
ders, such as nail plate infections and fingertip 
cellulitis.

Anthracyclines and taxanes (especially 
docetaxel) are the chemotherapy agents most 
likely to cause onycholysis (Table 2). Twenty to 
35% of patients treated with docetaxel, for exam-
ple, develop onycholysis.22 In one study of weekly 
paclitaxel, the mean time to onset of onycholysis 
was 12 weeks.23 Nonchemotherapy agents, such  
as tetracycline and captopril, may also cause  
onycholysis, although rarely.24

The onset of onycholysis is probably not 
related to dose but rather to dose frequency and/
or the number of doses. Two separate studies 
reported patients who did not develop onycholy-
sis with paclitaxel administered every 3 weeks. 
However, the same patients did develop onychol-
ysis when started on a weekly schedule (even at  
a lower dose).23,25,26 Among patients receiving 
weekly paclitaxel, those who had received  
more infusions had a higher incidence of  
onycholysis.26–28

Onycholysis and Nail Plate Infections
The space between the nail plate and the nail bed 
is the subungual zone. When onycholysis occurs, 

this space enlarges, facilitating bacterial coloniza-
tion or infection. Secondary Pseudomonas aerugi-
nosa infections of the subungual area are very 
common in this patient population and are  
suggested by green coloration of the nail plate  
and subungual debris (Figure 5). These infections 
are often minimally bothersome to patients; the 
infection may be odoriferous and slightly tender 
but rarely produces fingertip cellulitis. Daily soak-
ing of the affected digits in 50% acetic acid (white 
vinegar) is often adequate therapy. Silver sulfadi-
azine cream also has activity against Pseudomo-
nas.29 Bacterial swab culture of the subungual 
debris will yield sensitivities should oral antibio-
tics be necessary. Oral fluoroquinolones are often 
helpful. Trimming the nail as far back as possible 
to remove the habitat for bacterial growth under 
the nail is helpful. In our experience, these infec-
tions rarely clear with oral therapy only, and will 
require topical measures as well.

Some patients with onycholysis develop a 
low-grade subungual infection with Staphylococ-
cus aureus that results in a steady, malodorous, 
subungual, purulent discharge from beneath  
one or more nail plates. There may be mixed  
infections with accompanying Pseudomonas or 
Candida. These infections usually respond well to 
acetic acid soaks and oral antibiotics (as deter-
mined by culture sensitivities). Occasionally, this 
condition may evolve into a more acute, loculated 
S. aureus subungual abscess. In these patients, the 
nail plate is elevated above a painful purulent 
subungual mass, often with a cellulitis of the 
affected fingertip.22,25,30 Treatment of this condi-
tion involves sterile avulsion of the affected nail 
plate and administration of systemic antibiotics; 
neutropenic patients should be followed closely.

Patients with chronic onycholysis often 
develop subungual debris. Although this may 
clinically resemble a dermatophyte nail infection, 
potassium hydroxide specimens are usually nega-
tive and the patient does not have nail fungus.25,31 
However, we routinely perform potassium 
hydroxide smears on our affected patients as a 
small percentage of the specimens do demon-
strate fungal hyphae.

Patients with onycholysis may also have sub-
ungual hemorrhages, which occur as the nail plate 
splits off from the nail bed.

Other Nail Disorders

The most common nail disorder caused by  
chemotherapy is nail pigmentation.32 This is of 
cosmetic concern only. The pigmentation may 
involve the nail plate or the nail bed; there may  
be patchy pigmentation, longitudinal bands,  
or transverse bands. The pigment may be blue,  
gray, brown, black, or white. Many chemotherapy 
agents cause nail pigmentation.3,32

Intense chemotherapy may temporarily 
arrest nail synthesis and cause a narrow transverse 
depression of the nail plate (Beau’s line)  
(Figure 6).25 The number of Beau’s lines parallels 
the number of prior infusions. In extreme cases, 
there may be resultant loss of the nail plate.

Actinis Keratosis Recall Phenomenon
Clinical

Certain chemotherapy agents will cause inflam-
mation of preexisting subclinical actinic keratosis 
(AKs). Shortly after the administration of these 
agents, multiple AKs may spontaneously appear 
in areas of previous photodamage, such as the 
forearms. In addition, patients may experience 
intense inflammation of previously evident AKs.

AK recall occurs most often with 5- 
fluorouracil but may also occur with other agents 
(Table 3). In one series of seven patients (who 
were treated with a variety of chemotherapy 
agents), the time to onset of AK recall was 2 to 7 
days.33 Typically, there will be an eruption of red 
scaly papules in a photodistribution. This espe-
cially involves the face, exposed scalp, dorsal  
forearms, dorsal hands, and, to a lesser extent, the 
chest and upper back (Figure 7). The eruption 
may be itchy or tender. Occasionally, there may 
be severe inflammation in and around the kera-
toses, with large areas of tender erythema of the 
face, exposed scalp, and dorsal forearms.33–36

Diagnosis

This is usually a clinical diagnosis. The differen-
tial diagnosis may include lichenoid cutaneous 

Table 2  Chemotherapy Agents Associated with 
Onycholysis 

Most common
 Paclitaxel
 Docetaxel
 Daunorubicin
 Doxorubicin
 Idarubicin
Less common
 5-Fluorouracil
 Etoposide
 Mitoxantrone
 Capecitabine

Adapted from Makris A, Mortimer P, Powles TJ. 
Chemotherapy-induced onycholysis. Eur J Cancer 
1996;32A:374–5; Hussain S, Anderson DN, Salvatti ME. 
Onycholysis as a complication of systemic  
chemotherapy. Cancer 2000;88:2367–71; Chen GY, 
Chen YH, Hsu MM, et al. Onychomadesis and 
onycholysis associated with capecitabine. Br J Dermatol 
2001;145:521–2.

FiguRe 4  Distal onycholysis owing to docetaxel. 

FiguRe 5  Onycholysis owing to paclitaxel, with  
secondary Pseudomonas infection.

FiguRe 6  Beau’s line in a patient receiving pacli-
taxel.
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GVHD. The morphology of the skin lesions of 
lichenoid GVHD and AK recall may be similar; 
however, lichenoid GVHD is not usually confined 
to photodistributed areas. Skin biopsy will  
reliably separate the two conditions.

Therapy

Patients with AK recall may have pruritus or  
tenderness of the affected areas. This generally 
responds well to topical corticosteroids: low 
potency (1% hydrocortisone or desonide cream) 
on the face and medium potency (triamcinolone 
cream or ointment) at other sites.3,33 The occur-
rence of AK recall is not a contraindication to fur-
ther administration of chemotherapy.3 Patients 
with severe, painful AK recall may benefit from 
dose adjustment of subsequent infusions and 
from potent topical steroids.35

The AKs that occur in the recall phenome-
non will generally persist indefinitely, long after 
the cessation of chemotherapy. Additional infu-
sions of chemotherapy may lead to resolution  
of some of the AKs.3 Following the cessation of  
chemotherapy, residual lesions may be treated 
with conventional measures, such as cryotherapy 
and 5-fluorouracil cream.

Acneiform Eruptions
Clinical

Epidermal growth factor receptor (EGFR) inhibi-
tors may cause a striking acneiform eruption; 
these agents include cetuximab (Erbitux),  
erlotinib (Tarceva), and gefitinib (Iressa). EGFR 
inhibitors are chronically administered oral and 
intravenous agents currently being evaluated for 
the treatment of various solid tumors, especially 
non–small cell lung cancer. Occasionally, metho-
trexate, cisplatinum, and actinomycin D may also 
cause an acneiform eruption.37

Affected patients develop an eruption over 
the face, back, chest, and shoulders, usually within 
5 to 12 days of starting therapy.38,39 This eruption 
is clinically identical to inflammatory acne,  
with pustules and red papules on a background  
of erythema (Figures 8–10). Usually, there are no 
acneiform comedones or cysts.39 

Patients may be distressed by the cosmetic 
appearance of this eruption. Typically, the acnei-
form eruption persists throughout the course of 
EGFR inhibitor therapy. Affected patients may 
also develop a secondary S. aureus impetiginiza-
tion of the affected areas on the face, with yellow 
and black crusting superimposed on the pustular 
eruption (Figure 11). This is partly due to the 
high rates of nasal colonization in hospital 
patients.

Of patients treated with EGFR inhibitors, 
more than 50% develop the acneiform eruption; 
many develop widespread very dry skin as  
well.39–41

Diagnosis

The diagnosis is made clinically in a patient who 
develops a pustular eruption, in the characteristic 
distribution, 1 to 2 weeks after starting EGFR 
inhibitor therapy. Skin biopsies are usually not 
necessary for diagnosis. Histology is not specific 
and reveals a follicular infiltrate of lymphocytes, 
neutrophils, and histiocytes. There may be 
destruction of the follicle in more advanced 
lesions.38,42

At the initial evaluation of the patient, we 
unroof some of the pustules for bacterial culture 
and sensitivity to rule out a coexisting S. aureus 
folliculitis or impetigo.

Table 3  Chemotherapy Agents Associated with 
Actinic Keratosis Recall

Single agents
 Capecitabine
 Cisplatinum
 Docetaxel
 Doxorubicin
 Fludarabine
 Fluorouracil
 Pentostatin
Combination regimens
 Dactinomycin-vincristine-dacarbazine
 Doxorubicin-cytarabine-6-thioguanine
 Doxorubicin-vincristine 

Adapted from Lewis KG et al34; Remlinger KA. Cutaneous 
reactions to chemotherapy drugs: the art of consulta-
tion. Arch Dermatol 2003;139:77–81; Susser WS et al3; 
Johnson TM, Rapini RP, Duvic M. Inflammation of 
actinic keratoses from systemic chemotherapy. J Am 
Acad Dermatol 1987;17:192–7; Nabai H et al36; Revuz J 
and Valeyrie-Allanore L.59

FiguRe 7  Actinic keratosis recall owing to dacarba-
zine.

FiguRe 8  Acneiform eruption owing to erlotinib: 
facial pustules.

FiguRe 9  Acneiform eruption due to cetuximab: 
involvement of the scalp, face, and chest.

FiguRe 10  Acneiform eruption owing to cetuximab: 
pustules on the back.



Cutaneous Reactions to Medications 621

The differential diagnosis includes steroid 
acne, which also presents with pustules and red 
papules on the upper trunk; it is less likely to 
involve the face, however. Bacterial folliculitis 
may present as perifollicular papules and pustules 
on a background of erythema as well; however,  
it is unlikely to have the exact same distribution as 
the EGFR inhibitor eruption. Miliaria pustulosa 
is also in the differential diagnosis.

Therapy

Most patients will have at least a fair improve-
ment after 3 to 4 weeks of therapy with oral  
doxycycline or minocycline (100 mg daily to  
twice daily), along with the daily application of 
clindamycin lotion to the face. There have been 
no controlled studies on the treatment of this 
problem. Some of us do not use tretinoin cream 
or clindamycin gel/solution in this setting, as 
those agents may make the patient’s skin  
wendrier. More impressive results occur with oral 
isotretinoin (10–40  mg daily), if approved by the  
referring oncologist.

Patients with superimposed bacterial impe-
tiginization may have thick crusting of their facial 
skin that is painful for them to remove. In this 
circumstance, we often do an initial saline soak  
in clinic, followed by gentle débridement. The 
patient must then wash the face at least twice daily 
and apply liberal amounts of mupirocin cream, 
including to the nares. A course of oral antibiotics 
may also be necessary as directed by the result of 
the sensitivities.

Radiation Enhancement
Certain chemotherapy agents enhance the effect 
of radiation therapy, both on the target tissue and 
on other exposed areas.43,44 The increased effect 
on the tumor is intended and desirable. However, 
the synergistic effect of radiation therapy and  
chemotherapy may also involve other tissues in 
an undesirable manner. The most common side 
effect of radiation enhancement (RE) is radiation 
dermatitis; however, RE may also adversely 
involve the mucosa, lungs, heart, gastrointestinal 
tract, bladder, brain, and eyes.3,43

RE occurs when the chemotherapy and  
radiation therapy are administered within 1 week 
of each other.45,46 Table 4 lists causative agents. An 
augmented radiation dermatitis develops within 
the irradiated field and may extend locally.3 There 
is tender erythema, edema, vesicles, and erosions 
of the affected skin. In severe cases, there is cuta-
neous necrosis and ulceration. The dermatitis 
usually resolves spontaneously within days or 
weeks after cessation of the radiation therapy. 
There may be residual hyperpigmentation, depig-
mentation, and/or telangiectasias. In severe cases, 
there may be permanent cutaneous atrophy or 
fibrosis.3,43

The severity of RE is related to the drug 
dosage, the time sequence of radiation and che-
motherapy, and the pharmacologic mechanism 
of the drug administered.43 Radiation enhance-
ment may occur with orthovoltage radiation, 
megavoltage radiation, and electron beam  
therapy.37

Radiation Recall
Radiation recall (RR) is a phenomenon whereby 
the administration of a chemotherapy agent 
induces an inflammatory reaction in a previously 
quiescent radiation field. Radiation recall derma-
titis is the most common type.47 However, RR 
may also adversely affect the oral mucosa, lungs,  
esophagus, heart, and intestinal epithelia.3,43,45

Usually, patients receive the causative  
chemotherapy agent a few weeks or months after 
the radiation therapy and shortly thereafter 
develop RR dermatitis. Occasionally, the caus-
ative agent is administered years later and causes 
RR at that time.45 In RR, the minimum period of 
time between radiation therapy and the adminis-
tration of the causative agent is 7 days (this  
distinguishes RR from RE).45  

RR dermatitis develops in the previously 
radiated field within hours or days of administra-
tion of subsequent chemotherapy.45 The onset  
is slower for oral administration than for intra-
venous administration. Patients develop red  
macules or plaques that may be painful. The  
dermatitis is well defined and corresponds exactly 
to the site of previous irradiation (Figure 12). 
There may be vesicles, erosions, and, occasion-
ally, ulcerations.3 Most affected patients had not 
originally experienced acute radiation dermatitis 
in the involved site at the initial time of radiation  
therapy.45

The differential diagnosis for RR dermatitis 
includes bacterial cellulitis (especially), early 
shingles, and cutaneous metastases. The correct 
diagnosis may initially be difficult for the clini-
cian as some time may have elapsed since the 
patient received radiation at the involved site.44

RR dermatitis resolves spontaneously hours 
to weeks after the cessation of chemotherapy.  
It sometimes clears despite continued adminis-
tration of the agent.3,45

The chemotherapy agents most likely to 
cause RR are doxorubicin, daunorubicin, 
docetaxel, and paclitaxel. Table 5 lists other  
associated agents. Rarely, rifampin, isoniazid, and 
pyrazinamide can cause RR.48 The recall induced 
by gemcitabine (unlike other chemotherapy 
agents) is more likely to involve internal organs 
rather than the skin.47

In the postradiation period, RR usually 
occurs with the first administration of the caus-
ative chemotherapy agent.45 Drug rechallenge 
usually causes either mild recurrence of recall or 
no recurrence.44

The severity of RR dermatitis is probably 
related to (1) the dose of radiation initially 

Table 4  Chemotherapy Agents Associated with 
Radiation Enhancement Injury to Skin

Single agents
 Bleomycin
 Chlorambucil
 Dactinomycin
 Doxorubicin
 Fluorouracil
 Gemcitabine
 Hydroxyurea
 6-Mercaptopurine
 Methotrexate
Combination regimens
 Cyclophosphamide-dactinomycin-vincristine
 Dactinomycin-amethopterin
 Doxorubicin-cyclophosphamide
 Fluorouracil-cisplatin

Adapted from Susser WS et al.3

FiguRe 11  Cetuximab-induced acneiform eruption, 
with secondary Staphylococcus aureus infection.

FiguRe 12  Radiation recall dermatitis owing to inter-
feron-a2b.
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received and (2) the time period between the 
radiation and the chemotherapy. Severe RR  
dermatitis is more likely to occur when that time 
period is short.3,45 The radiation dose necessary  
to induce RR dermatitis when the drug is given 
weeks after radiation therapy may be inadequate 
to induce it were the drug to be given months 
later.

Sunburn Recall
This is an unusual chemotherapy reaction usually 
caused by methotrexate. Administration of  
methotrexate to a predisposed patient in the 
period following sunburn leads to worsening or 
reactivation of the sunburn. This reaction occurs 
when methotrexate is administered from day 2 
through day 7 after the sunburn (ie, in the subsid-
ing phase of the burn). Patients develop tender 
erythema and edema (sometimes with vesicles)  
of the previously sunburned skin.49,50 Severe  
reactions may progress to intense blistering and 
desquamation. The reaction gradually subsides 
over the following week.3 Administration of a 
second dose of methotrexate sometimes leads  
to further worsening of the recall phenomenon.50

Sunburn recall does not occur when metho-
trexate is administered on the day of the sunburn 
or when administered more than 1 week after the 
burn. In general, if an affected patient receives 
another sunburn, the subsequent administration 

of methotrexate should be held for at least 7 
days.

Sunburn recall has occurred with metho-
trexate administered orally, intramuscularly, and 
intravenously.49–51 Other occasional causes of 
sunburn recall are suramin, paclitaxel, and etopo-
side/cyclophosphamide.3,52 Rarely, oral antibio-
tics (such as ciprofloxacin) induce sunburn 
recall.52

Cutaneous Hyperpigmentation
Hyperpigmentation is a common cutaneous side 
effect of chemotherapy agents and has been 
reviewed at length.3,53 Skin, hair, nails, and oral 
mucosa may all be affected. There are many  
different reaction patterns of cutaneous hyper-
pigmentation: photodistributed; pressure accen-
tuated; under occluded areas; widespread (which 
may resemble Addison’s disease); and patches in 
areas of predilection (such as the palms or soles).37 
An individual chemotherapy agent is often  
associated with a single type of reaction pattern.

Most chemotherapy agents have the ability 
to induce some form of hyperpigmentation.  
The pigmentation may persist long after cessation 
of the agent. Alkylating agents and antitumor  
antibiotics are the agents most likely to cause 
cutaneous hyperpigmentation.43 Four particu-
larly characteristic patterns are described below.

Bleomycin may induce narrow linear red 
streaks (flagellate hyperpigmentation) in areas of 
trauma, especially on the trunk and proximal 
extremities (Figure 13). This may be quite itchy; 
it occurs in at least 10% of treated patients.3,37

Fluorouracil may induce hyperpigmented 
serpentine streaks over the arm veins used for 
intravenous infusion (serpentine supravenous 
hyperpigmentation). These streaks may extend 
proximally to the shoulder. This reaction can also 
occur with vinorelbine, fotemustine, and some 
multidrug regimens.3,37

Thiotepa may cause sharply circumscribed 
hyperpigmentation under occluded areas, such as 
bandages, and in intertriginous areas, such as the 
axillae (Figure 14).3,54

Busulfan may cause a diffuse brown or bronze 
hyperpigmentation (busulfan tan) over the face, 
neck, chest, abdomen, forearms, and palmar 
creases. This may clinically resemble Addison’s 
disease.3,55

Nonspecific Chemotherapy  
Reactions

Nonspecific reactions are those that are caused  
by both conventional medications and  
chemotherapy agents. Certain chemotherapy 
agents and conventional medications may, for 
example, produce clinically indistinguishable 
maculopapular eruptions. In a patient with a 
nonspecific skin reaction, it may be difficult to 
determine whether the culprit was a chemother-
apy agent or a conventional medication. The  
correct identification of the single causative agent 
will be even more problematic.1

Nonspecific reactions include maculopapu-
lar eruptions, erythema multiforme, urticaria, 
anaphylaxis, and Stevens-Johnson syndrome 
toxic epidermal necrolysis.

The oncology literature often refers to  
these reactions collectively as hypersensitivity 
reactions, with a corresponding attempt to clas-
sify each as type 1, 2, 3, or 4. However, in many 
cases, the immunologic mechanism is unknown. 
In addition, the various types of chemotherapy/
drug reactions in this group are clinically quite 
distinct from each other. We therefore prefer to 
classify these reactions by their clinical names: 
urticarial, SJS, maculopapular, etc.

Maculopapular Eruptions
Maculopapular eruptions are usually a clinically 
trivial side effect of chemotherapy; this is prob-
ably why the literature on this subject is slim. In 
our experience, these eruptions are fairly common 
and can probably occur with most chemotherapy 
agents. Associated agents include etoposide,  
chlorambucil, procarbazine, 5-fluorouracil,  
melphalan, and hydroxyurea.1,56–58

Current knowledge about maculopapular 
drug exanthems derives mainly from experience 

Table 5  Chemotherapy Agents Associated with 
Radiation Recall Dermatitis

Bleomycin
Capecitabine
Cyclophosphamide
Cytarabine
Daunorubicin
Docetaxel
Doxorubicin
Epirubicin
Etoposide
Fluorouracil
Gemcitabine
Hydroxyurea
Interferon-a2b
Lomustine
Melphalan
Methotrexate
Paclitaxel
Tamoxifen
Trimetrexate
Vinblastine

Adapted from Susser WS et al5; Thomas R, Stea B. 
Radiation recall dermatitis from high dose interferon 
alfa-2b. J Clin Oncol 2002;20:355–7; Yeo W, Johnson PJ. 
Radiation-recall skin disorders associated with the use of 
antineoplastic drugs. Am J Clin Dermatol 2000;1:113–6; 
Jeter MD et al48; Ortmann E, Hohenberg G. Radiation 
recall phenomenon after administration of capecitabine. 
J Clin Oncol 2002;20:3029–34; Kodym E  
et al.46

FiguRe 13  Flagellate hyperpigmentation owing to 
bleomycin.

FiguRe 14  Hyperpigmentation of intertriginous 
areas owing to thiotepa.
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with conventional medications. Table 6 lists those 
conventional medications most likely to cause a 
maculopapular drug exanthem.

Clinical

Maculopapular drug eruptions usually appear 
within 1 to 2 weeks of starting a new drug.  
Reexposure to a previous offender, however, can  
trigger the reaction in 1 to 2 days. Occasionally, a 
patient may develop a maculopapular eruption 
up to 1 week after discontinuing a medication.

The skin lesions are clustered pink or red 
macules or papules or both. Sometimes the skin 
lesions are edematous and appear to be urticarial. 
The eruption begins on the trunk and subse-
quently involves the proximal extremities and 
neck (Figure 15). It often spares the face and the 
dorsal aspects of the hands and feet. Occasionally, 
the eruption progresses to involve the entire cuta-
neous surface, and the skin lesions may become 
confluent. The most common complaint is  
pruritus. Patients often have a low-grade fever. 
There are no associated mucosal erosions and no 
cutaneous blisters; the presence of these features 
should elicit clinical suspicion instead for the  
Stevens-Johnson Syndrome.

In thrombocytopenic patients, the skin 
lesions may appear intensely purpuric, especially 
on the lower legs; this may prompt clinical con-
sideration of a cutaneous small vessel vasculitis 
(Figure 16). Skin biopsy can reliably differentiate 
between these two entities.

A maculopapular drug eruption may take up 
to 2 weeks to resolve following discontinuation  
of the correct offending agent. In a patient who  
is receiving multiple medications, this delay  
in response may make it difficult to correctly  
identify the causative agent.

If the patient continues to receive the caus-
ative agent, the eruption may persist without  
further change. This may or may not be tolerable 
to the patient, depending on the severity of the 
pruritus. In some patients, the eruption will spon-
taneously resolve despite continued exposure  
to the medication. On the other hand, a maculo-
papular drug eruption will occasionally evolve 
into exfoliative erythroderma, which certainly 
necessitates discontinuation of the causative 
agent.57,59 It is not definitively known whether 
maculopapular drug reactions may evolve into 
Stevens-Johnson Syndrome or Toxic Epidermal 
Necrolysis.59

Diagnosis

The approach to the patient with a maculopapu-
lar eruption and fever begins with two questions: 
Does the patient have a drug reaction? If so, which 
drug is the responsible agent?

In the setting of a cancer hospital, the differ-
ential diagnosis may include acute cutaneous 
GVHD. The cutaneous presentation of maculo-
papular drug/chemotherapy reactions and cuta-
neous GVHD may be extremely similar; skin 
biopsy may not be helpful diagnostically. The 
diagnosis of acute cutaneous GVHD may be sug-
gested by the presence of signs or symptoms of 
systemic GVHD (eg, elevated bilirubin and liver 
enzymes, diarrhea, abdominal pain).

The differential diagnosis also includes viral 
exanthems. These may be more likely than drug 
eruptions to start on the head and progress  
caudally and to display lymphadenopathy and a 
higher fever.57 In the absence of suggestive clinical 
evidence, a drug etiology is favored in adult 
patients.59 One rare type of drug reaction may, 
however, clinically simulate a viral exanthem; 
DRESS (drug reaction with eosinophilia and  
systemic signs) is most commonly caused by 
Dilantin and was previously known in that setting 
as Dilantin hypersensitivity syndrome.

Early Stevens-Johnson Syndrome (SJS) is 
also in the differential diagnosis for a maculopap-
ular drug/chemotherapy reaction. The patient 
almost certainly has only an uncomplicated  
maculopapular eruption, rather than SJS, if he 
does not develop mucosal erosions or cutaneous 
blisters within the first few days of presentation.

Once the diagnosis of drug reaction is 
reached, an attempt can then be made to identify 
the probable causative agent. The creation of a 
drug calendar (Figure 17) is helpful. A patient 
may receive a new medication or chemotherapy 
agent for up to 2 weeks before developing a  
maculopapular eruption; therefore, the time span 
of the calendar should be at least that long.

Certain drugs (such as acetaminophen and 
digoxin) almost never cause drug eruptions and 
can be quickly excluded as candidates.60 One can 
then attempt to classify the remaining drugs as a 
likely or unlikely cause based on the following:  
(1) time relative to the onset of the rash, (2) infor-
mation regarding a specific agent from drug data-
bases, (3) experience with other drugs from the 
same pharmacologic class, and (4) the patient’s 
previous known drug allergies.

Sometimes this process leads to the identifi-
cation of only one possible causative agent. How-
ever, it is often impossible to narrow the field to 
fewer than two or three highly probable agents. In 
some cases, it may be impossible to decide whether 
the eruption was caused by a chemotherapy agent 
or by a conventional medication.

Therapy

Withdrawal of the causative agent will usually 
lead to resolution of the eruption within 2 weeks. 
Discontinuation is not necessarily mandatory if 
the drug reaction shows no sign of dangerous 

Table 6  Conventional Medications Most Likely 
to Cause a Maculopapular Drug Exanthem

Allopurinol
Amoxicillin
Amphotericin B
Ampicillin
Barbiturates
Captopril
Carbamazepine
Cephalosporins
Chlorpromazine
Enalapril
Gold
Lithium
Naproxen
Oral hypoglycemic agents
Penicillin
Phenytoin
Piroxicam
Quinidine
Sulfonamide antibiotics
Thiazides

Adapted from Nigen S et al.83

FiguRe 15  Maculopapular drug exanthem due to 
cephalexin.

FiguRe 16  Chemotherapy-induced maculopapular 
eruption with purpura.
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progression and if the patient does not have  
intolerable pruritus. Obviously, in this scenario, 
the evolution of the rash should be closely  
monitored.59

Minor pruritus may be alleviated by twice-
daily application of triamcinolone 0.1% cream  
to the affected areas, as well as scheduled dosing 
of oral hydroxyzine or doxepin (titrated to avoid 
excessive sedation). In more severe cases, twice-
daily topical steroid wet wraps, left in place  
for 45 minutes, can give considerable relief.  
Occasionally, systemic steroids are warranted.

Anaphylaxis and Urticaria
Anaphylaxis is a potentially life-threatening reac-
tion that occurs within minutes of exposure to a 
foreign antigen. Respiratory distress and/or vas-
cular collapse may lead to death. Anaphylaxis is a 
type 1 hypersensitivity reaction that involves the 
activation by a foreign antigen of immunoglobu-
lin E bound to mast cells and basophils, with the 
subsequent release of inflammatory mediators. 
Responsible agents include drugs, chemotherapy 
agents, hormones, local anesthetics, and insect 
venom.61

Anaphylactoid reactions are clinically indis-
tinguishable from anaphylaxis. Agents involved 

Intravesicle administration of cisplatinum may 
be as likely to cause anaphylaxis as intravenous 
infusion.1

Prophylactic regimens and desensitization 
protocols may be effective at preventing or mini-
mizing further episodes of anaphylaxis for some 
chemotherapy agents but not for others.1,62

Some chemotherapy agents may cause  
isolated urticaria in the absence of other clinical 
findings.1,63 However, the appearance of isolated 
urticaria (or other suggestive signs) during  
infusion may herald the onset of anaphylaxis; in 
that case, the infusion should be discontinued 
and supportive measures considered.62

Stevens-Johnson Syndrome and Toxic 
Epidermal Necrolysis
TEN is a severe mucocutaneous drug reaction. 
Affected patients may experience erosive damage 
to their oral mucosa and lips and slough off large 
portions of their skin.

SJS can be considered a milder form of TEN, 
although the exact definition depends on the  
reference. There is severe mucous membrane 
involvement and less skin damage.

TEN and SJS likely represent two ends of a 
spectrum of a severe mucocutaneous drug reac-
tion.64 We refer to these two entities collectively as 
SJS-TEN.  In some patients, SJS may evolve into 
TEN.57

TEN has an annual incidence of 0.4 to 1.2 per 
million persons, whereas SJS has an incidence  
of 1.2 to 6 per million.64 SJS and TEN are best 
thought of as drug reactions (with an occasional 
case reportedly caused by vaccinations or  
infections).65 Table 8 lists those drugs that are 
commonly associated with SJS-TEN. The most 
common offenders are anticonvulsants, nonste-
roidal anti-inflammatory drugs, and antibacterial 
sulfonamides. Allopurinol and antimalarials 
follow a close second.65

FiguRe 17  Example of a standard drug calendar.

Table 7  Chemotherapy Agents Associated with 
Anaphylaxis

Asparaginase
Carboplatinum
Cisplatinum
Cyclophosphamide
Cytarabine
Daunorubicin
Docetaxel
Doxorubicin
Etoposide
Fluorouracil
Methotrexate
Paclitaxel
Teniposide

Adapted from Weiss RB1; Zanotti KM and Markman M62; 
Weiss RB, Donehower RC, Wiernik PH.  
Hypersensitivity reactions from Taxol. J Clin Oncol 
1990;8:1263–8.

in anaphylactoid reactions do not incite type 1 
hypersensitivity but probably instead directly 
cause mast cell degranulation.

The diagnosis of anaphylaxis or anaphylac-
toid reaction requires the presence of at least  
one of the following: bronchial obstruction, upper 
airway obstruction, or acute hypotension. The 
spectrum of findings may include any of the  
following: urticaria, angioedema, flushing; laryn-
geal edema and bronchospasm with dyspnea and 
wheezing; diarrhea and vomiting; and vascular 
collapse with hypotension and tachycardia.61

Chemotherapy agents associated with these 
reactions are listed in Table 7. The most com-
monly Ruana involved agents are asparaginase, 
docetaxel, paclitaxel, and etoposide.62

Because anaphylaxis is a type 1 hypersensitiv-
ity reaction, it usually first occurs after repeated 
infusions of a chemotherapy agent. This is true of 
asparaginase, for example.62

Anaphylactoid reactions may involve direct 
mast cell degranulation and often occur with the 
first exposure to the agent; paclitaxel and docetaxel 
are examples of this process.62

Anaphylaxis usually occurs with intravenous 
administration of chemotherapy but may  
occasionally occur with oral administration.1 
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69 cases of TEN, 78% occurred within 3 weeks  
of exposure.66 However, patients may take  
phenytoin for up to 8 weeks before the onset of  
SJS-TEN.57 

Reexposure to an offending medication  
often results in the onset of SJS-TEN within 48 
hours.64

In 16 case reports of chemotherapy- 
associated SJS-TEN, the onset occurred during 
the first cycle in 56% of cases, during the second 
cycle in 19% of cases, and during the third cycle 
in 25% of cases. Of those episodes of SJS-TEN 
that occurred during the first cycle, the majority 
(7 of 9, or 78%) occurred 2 to 8 days after the first 
dose of chemotherapy.67–82

A febrile prodrome precedes the onset of 
cutaneous features by 1 to 14 days. Typical fea-
tures are nausea, vomiting, headache, sore throat, 
diarrhea, and myalgias.65,83 Subsequently, there is 
the abrupt appearance of painful red macules on 
the trunk and subsequently on the neck, face, and 
proximal extremities. The skin lesions become 
dusky or gray, and often coalesce to form large 
patches. Fragile blisters start to form within the 
patches; the necrotic blister roofs then slide off, 
leaving behind large areas of raw and bleeding 
dermis (Figures 18 and 19).64

Measurement of the detached and detach-
able epidermis allows classification of the patient 
into one of three groups:

· SJS <10% of body surface  
  area (BSA)

· TEN >30% of BSA
· SJS-TEN overlap 10–30% of BSA64

Almost all patients with SJS-TEN have oral 
mucosal disease that may either accompany the 
onset of skin involvement or precede it by a few 
days. Patients initially report burning of the 
buccal mucosa, lips, and sometimes the conjunc-
tiva. Oral mucosal blisters develop and quickly 
rupture to leave painful erosions on the buccal 
mucosa; sometimes also on the gingiva, tongue, 
pharynx, and nasal cavity. Hemorrhagic crusts 
cover the lips (Figure 20).65 At this point, most 
patients are unable to eat or drink.

In the patient with suspected chemotherapy-
induced SJS-TEN, it may initially be difficult  
to differentiate between routine chemotherapy-
induced mucositis and the oral mucosal changes 
of SJS-TEN.

Erosive involvement of the conjunctiva and 
cornea is fairly common in patients with SJS-
TEN. There may also be painful involvement of 
other mucosal surfaces, such as the genitals, anus, 
esophagus, nose, and bronchi. Mucous plugs and 
respiratory obstruction occasionally occur.

Course and Complications

The initial active phase of SJS-TEN includes per-
sistent fever, the formation of mucocutaneous 
blisters, and the progressive shedding of the oral 
mucosa and skin. This active phase is complete 
when the maximum BSA involvement has been 
reached and no new blisters are appearing. If the 
offending drug has been discontinued, the active 
phase lasts for approximately 5 days.65 Reepitheli-
alization of the denuded skin then occurs over the 
following 2 to 3 weeks.

During the period in which large cutaneous 
erosions are present, massive infection of the  
skin may occur, with subsequent bacteremia or 
fungemia. S. aureus and Pseudomonas are the 
main causative organisms and Candida albicans 
to a lesser extent. Pneumonia and infections of 
intravenous and urinary tract catheters may 
occur.57

Table 8  Medications Commonly Associated with 
Stevens-Johnson Syndrome–Toxic Epidermal 
Necrolysis

Allopurinol
Amathiazone
Amoxicillin
Ampicillin
Carbamazepine
Chlormezanone
Felbamate
Lamotrigine
Penicillin
Phenobarbital
Phenytoin
Piroxicam
Sulfadiazine
Sulfadoxime
Sulfamethoxazole-trimethoprim
Sulfasalazine
Valproic acid

Adapted from Nigen S et al.83

Chemotherapy agents also occasionally cause 
SJS-TEN. Table 9 lists those chemotherapy agents 
that were identified as the cause in published case 
reports. For most of these agents, there are only 
one or two reports of an associated SJS-TEN. The 
occurrence of SJS-TEN in the setting of chemo-
therapy is probably highly idiosyncratic. Most of 
our knowledge about SJS-TEN derives from cases 
caused by conventional medications.

Clinical

SJS-TEN usually occurs 7 to 21 days after the first 
exposure to the culprit medication. In a review of 

Table 9  Chemotherapy Agents that Have Caused 
One or More Episodes of Stevens-Johnson  
Syndrome–Toxic Epidermal Necrolysis

Asparaginase
Bleomycin
Chlorambucil
Cytarabine
Docetaxel
Doxorubicin
Etoposide
Fludarabine
Gemcitabine with radiation therapy
Imatinib mesylate
Interleukin-2
Methotrexate
Mithramycin
Rituximab
Suramin
Thalidomide

Adapted from Solberg LA et al67; Cakesen H and Oner AF68; 
Brodsky A et al69; Hsiao L-T et al70; Ozkan A et al71; 
Stone N et al72; Huerta AAS et al73; Dourakis SP et al74; 
Sommers KR et al75; Hall VC et al76; Aydogdu I et al77; 
Houston-Jameson C and Solanki DL78; May E and 
Allolio B79; Purpora D et al80; Angelopoulou MA et al81; 
Giaccone G et al82; Lowndes S, Darby A, Mead G, et al. 
Stevens-Johnson syndrome after treatment with 
rituximab. Ann Oncol 2002;13:1948–50.

FiguRe 18  Toxic epidermal necrolysis: intact bullae 
and widespread erosions.

FiguRe 19  Toxic epidermal necrosis: intact bullae 
and large erosion.

FiguRe 20  Toxic epidermal necrosis: crusting and 
erosions of the lips.
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During this same period, dehydration and 
electrolyte abnormalities may also occur.

Prognosis

For nonchemotherapy medications, the mortality 
rate of SJS is 5% and of TEN is 30%; the most 
common direct cause of death is infection.64,83 
The extent of epidermal detachment is a major 
prognostic factor.83 Prompt withdrawal of the 
offending drug reduces the risk of mortality by 
30% per day.64

The mortality rate for chemotherapy-induced 
SJS-TEN is unknown. In 10 case reports of  
chemotherapy-induced TEN, the cause of death 
was TEN related in 40%.67,69,71–74,76,77,79,80 It would 
seem likely that chemotherapy-induced TEN has 
a higher mortality rate given that many of the 
affected patients are neutropenic and are at a 
greater risk of infection.

Diagnosis

The clinical presentation of an established case of 
SJS-TEN is characteristic. The patient has fever; 
painful oral mucositis; hemorrhagic crusts on the 
lips; painful red macules and patches, especially 
on the trunk; fragile blisters; and large cutaneous 
erosions. This presentation often occurs within 7 
to 21 days of receiving a drug that is associated 
with SJS-TEN.

The vigilant physician, however, may suspect 
the diagnosis of SJS-TEN before the full evolution 
has occurred. If a patient presents with an early 
morbilliform eruption and reports any tender-
ness of the oral mucosa or skin, the possibility of 
SJS-TEN should be considered. Some patients 
with early disease may present with painful red 
macules on the palms and soles.

The use of a drug calendar (see Figure 17) 
may be helpful in correctly identifying the caus-
ative medication. In general, most drugs that 
cause SJS-TEN have been first administered 1 to 3 
weeks prior to the onset of the reaction. However, 
SJS-TEN may occur within 48 hours of reexpo-
sure to a previously offending medication.57  
A review of the literature may also point to  
those drugs that are frequently associated with 
SJS-TEN, and those that are not.

A medication is unlikely to be responsible for 
SJS-TEN if it was first given 24 hours previously 
or if the duration of treatment exceeds 3 weeks. 
An exception to this is with anticonvulsants 
(especially phenytoin), which may take up to  
8 weeks to cause SJS-TEN.57

In general, the medication lists of patients 
with SJS-TEN should be reduced to a minimum 
and appropriate substitutions made.64

Differential Diagnosis

The most important disease to rule out in the ini-
tial evaluation of a patient with possible SJS-TEN 

is staphylococcal scalded skin syndrome (SSSS); 
this is because the respective therapies for each of 
these two diseases are very different. Patients with 
both disorders may have widespread tender cuta-
neous erosions. The erosions in SSSS are more 
superficial, however, “leaving a bed of intact  
epidermal layers instead of the wet and bright red 
tissue of TEN.”64 In addition, patients with SSSS 
do not have oral mucosal involvement. We always 
perform skin biopsy for frozen section in our 
cancer patients with possible SJS-TEN; the results 
are available in a few hours. Frozen section reli-
ably differentiates between SSSS (intraepidermal 
split) and SJS-TEN (subepidermal split). Some 
clinicians feel that they can reliably distinguish 
the two disorders without a biopsy based on the 
thickness of the sloughing skin and clinical 
appearance.

Grade IV (severe) acute cutaneous GVHD 
may strongly resemble SJS-TEN both clinically 
and histologically. It may be almost impossible to 
differentiate between these two disorders.72

Acute generalized exanthematous pustulosis 
(AGEP) is a pustular drug eruption. Affected 
patients have widespread areas of erythema stud-
ded with fragile micropustules.83 Twenty percent 
of patients have oral mucosal involvement. Skin 
biopsy of AGEP shows a dense neutrophilic infil-
trate with intraepidermal and subcorneal pus-
tules; that of SJS-TEN reveals a necrotic epidermis, 
a subepidermal split, and a scant inflammatory 
infiltrate.

Also in the clinical differential diagnosis  
for SJS-TEN are paraneoplastic pemphigus and  
drug-induced linear immunoglobulin A disease 
(particularly associated with vancomycin). These 
diseases may be suspected when the clinical course 
of the supposed SJS-TEN seems unusual, for 
example, a very prolonged course with persistent 
blistering. Skin biopsy for histology and direct 
immunofluorescence reliably differentiate 
between these three diseases. 

Phototoxic Reactions
In some patients, the administration of certain 
drugs causes cutaneous sensitization to ultravio-
let (UV) light. Subsequent exposure to UV light 
causes exaggerated sunburn. There is tender ery-
thema and edema, sometimes with vesicles, in a 
photodistribution; the typical clinical course of  
a sunburn follows. Light-protected areas (such  
as the submental area) and areas covered by  
clothing are spared.84

Phototoxic reactions occur when the patient 
receives the photosensitizing medication and is 
exposed to UV light within the following 12 
hours. (Sunburn recall is a different phenome-
non, in which administration of a medication up 
to 1 week after UV exposure causes sunburn.)

Offending chemotherapy agents include 
dacarbazine, fluorouracil, tegafur, and vinblas-
tine.3,85 Other causative medications include  
furosemide, thiazide diuretics, phenothiazines, 
quinolones, sulfonamides, tetracyclines, and  
tricyclic antidepressants.84

Phototoxicity is the result of direct tissue 
injury caused by the phototoxic agent in conjunc-
tion with UV light.84 (These are not hypersensitiv-
ity reactions.) Phototoxic reactions are probably 
dose dependent.86 The amount of light necessary 
to cause a phototoxic reaction may be very low. 
Theoretically, a phototoxic reaction may occur  
in any individual exposed to the combination of 
adequate doses of the agent and the appropriate 
wavelength of light. UVA light causes most  
phototoxic reactions.84
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Orbital cellulitis is a sight- and potentially life-
threatening periocular infection. In the cancer 
patient, early diagnosis and intervention are  
necessary to avoid secondary complications  
and negative sequelae. This chapter reviews  
the clinical features of periocular cellulitis, with 
an emphasis on rapid diagnosis, workup, and 
appropriate initiation of antimicrobial therapy.

Presentation
It is useful to distinguish preseptal cellulitis from 
postseptal disease. In preseptal cellulitis, clinical 
findings are confined to tissues anterior to the 
orbital septum. Patients have good central vision, 
normal ocular motility, and no evidence of pupil 
or optic nerve abnormalities. Patients with  
orbital infections (postseptal cellulitis) have more 
advanced disease, with associated blurry vision, 
proptosis, and limitation of ocular motility. 
Abnormalities of the optic nerve or pupillary 
response can be a harbinger of vision that is 
potentially threatened.1,2

Initial Examination
Patients who develop periocular swelling or injec-
tion should have an immediate and thorough 
ophthalmic assessment. This includes measure-
ment of visual acuity, motility, pupillary response, 
and color vision and a dilated funduscopic  
examination. Baseline photographs should be 
obtained of the periocular structures document-
ing the extent of the swelling and inflammation 
(Figure  1). Any proptosis should be measured 
using an exophthalmometer.

A careful history should be obtained review-
ing the onset of symptoms and time course of 
visual complaints. In the cancer patient, it is 
important to review the current status of the 
underlying malignancy and any recent treatment, 
such as chemo- or radiotherapy. This should 
include a risk assessment for specific infectious 
etiologies (eg, neutropenia, recent surgery,  
central line placement). Once the diagnosis is 
entertained, a baseline computed tomographic 
(CT) scan of the orbits and sinuses is obtained, 
with contrast, thin cuts, and true axial and  
coronal images. Careful attention must be directed 
toward the intra- and extraconal space looking 
for signs of orbital abscesses or associated  
sinusitis (Figures  2 and 3).3–5

Empiric Therapy 

In practice, patients with isolated preseptal cellu-
litis who are in remission of their malignancy 
with no associated sinusitis can be treated in an 
outpatient setting with oral antibiotics such as 
amoxicillin-clavulanate or cefaclor. Close serial 
observation is necessary to ensure that the  
periocular findings are responding to treatment.

Patients with concurrent neoplastic disease, 
neutropenia, recent chemotherapy, and/or a  
history of bone marrow transplantation are at 
risk of a broad spectrum of orbital and sinus 
infections. These patients should be admitted  

for empiric intravenous therapy. In the immuno-
competent patient, Staphylococcus aureus, Esche-
richia coli, and Streptococcus pneumoniae are  
the most common organisms of concern. In  
the cancer patient, other organisms must also  
be entertained, including Pseudomonas, Klebsi-
ella, and methicillin-resistant S. aureus. Prompt 
initiation of broad-spectrum intravenous antibi-
otics is indicated in most patients. A third- or 
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FIgurE 1  Left periorbital cellulitis with associated 
ptosis, chemosis, and injection.

FIgurE 2  A, External photograph of a 4-year-old boy with acute myelogenous leukemia and an anterior orbital 
abscess. B, Axial computed tomographic scan of the same patient demonstrates the radiographic appearance 
of the abscess.

FIgurE 3  Computed tomographic scan of the patient 
in Figure  1 demonstrating proptosis and adjacent  
ethmoidal sinusitis.
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fourth-generation cephalosporin (such as ceftri-
axone or cefepime) or a carbapenem (such  
as imipenem) is generally indicated. Vancomycin 
is also administered to provide appropriate  
staphylococcus coverage. Individually, each 
patient should be assessed for the possibility  
of other rare infections. For example, those 
patients at risk of anaerobic organisms are also 
administered metronidazole.1–4

Fungal Cellulitis
Cancer patients and those with a history of bone 
marrow transplantation are at particular risk of 
disseminated fungal infection. Potential organ-
isms include Aspergillus and Mucor. These cases 
can present with fulminant sinusitis and rapid 
progression of disease in the orbit extending into 
adjacent structures (including the central nervous 
system). A biopsy of tissue may be helpful in  
confirming the diagnosis. In many cases, associ-
ated sinusitis can be assessed by the otorhinolar-
yngologist with débridement and identification 
of the offending organism. 

When suspicion of a fungal cellulitis is made, 
a multidisciplinary approach works best. Involve-
ment of infectious disease experts is helpful in 
selecting empiric antifungal coverage, such as 
liposomal amphotericin B, caspofungin, and/or 
voriconazole. Traditionally, fungal sinusitis with 
organisms such as Mucor appear in ketoacidotic 
diabetic patients. One approach is aggressive 
débridement owing to the fulminant nature of 
this disease entity. In the cancer setting, parti-
cularly among neutropenic and bone marrow  
transplant patients, a less surgically radical 
approach is preferred. The otorhinolaryngologist 
may perform minimal débridement of adjacent 
paranasal structures. Infectious disease services 
are consulted regarding the best selection of 
empiric antifungal agents. This is reviewed in 
light of the patient’s overall systemic situation  
(ie, renal and hepatic function). Finally, underly-
ing immunosuppression is addressed with  
granulocyte-stimulating factors.

Follow-up

Once treatment is initiated, close serial observa-
tion is necessary. Generally, frequent ophthalmic 
examination is recommended to review the 
patient’s visual acuity, motility, and other ocular 
findings. External photographs can be helpful in 
documenting a response to therapy (Figure  4). 

Those who respond well can be discharged from 
the hospital on oral antibiotics such as amoxicl-
lin-clavulanate or cefaclor. Serial CT can be  
performed in 3- to 4-day intervals if the clinical 
findings worsen. Progressive disease and a decline 
in vision or ocular motility should initiate repeat 
neuroimaging and a reassessment of any likely 
pathogens not adequately covered by empiric 
treatment. A punch biopsy or viral swab of the 
skin can augment cultures obtained from the 
blood. An alternative diagnosis should also be 
entertained (see Masquerade Syndromes).

Surgical Intervention
Identification of an abscess on CT is generally  
an indication for incision and drainage. Those 
localized to the lid may be drained with a simple 
skin incision. More posterior lesions will require 
orbital surgery. Lesions close to or associated  
with significant sinusitis can be drained via an 
ethmoidal or maxillary approach. Tissue that is 
grossly necrotic should be débrided and sent for 
fungal stains and culture. Orbital decompression 
may be necessary in cases in which the optic nerve 
is compromised secondary to periocular edema. 
Severe pancytopenia may affect the timing and 
indications for surgical intervention.

Masquerade Syndromes

In some cases, patients respond poorly to  
initial therapy and alternative diagnoses must be 

FIgurE 4  Serial external photographs demonstrat-
ing resolution of orbital cellulitis in a patient with 
cutaneous melanoma.

entertained. Metastatic disease to the orbit can 
mimic orbital cellulitis. When the diagnosis is in  
question, an orbital biopsy should be considered. 
Other entities can also simulate an infection. 
These include secondary inflammation following 
radiation therapy, toxic and allergic reactions to 
medications, orbital inflammatory syndrome, 
thyroid eye disease, and, rarely, carotid cavernous 
sinus fistulae.

Conclusion

Orbital cellulitis in the cancer patient can be a 
serious and life-threatening infection. Patients 
should be rapidly worked up with neuroimaging 
and baseline ophthalmic assessment. Treatment 
should be initiated with empiric broad-spectrum 
antimicrobials. The complex nature of these cases 
often lends itself to a multidisciplinary approach 
with contributions from ophthalmology, infec-
tious disease, and otorhinolaryngology services. 
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Endogenous Endophthalmitis
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complete dilated fundus examination. If possible, 
a slit lamp examination is helpful in assessing 
inflammation in the anterior chamber and vitre-
ous. An eye sonogram may be necessary if there is 
no view of the posterior segment. Additional 
workup depends largely on whether a bacterial or 
fungal etiology is suspected.

If bacterial endophthalmitis is suspected, a 
specimen should be obtained from the eye for 
culture. Aspiration of fluid from the anterior 
chamber (aqueous tap) or the vitreous body (vit-
reous tap or vitrectomy) is combined with an 
empiric injection of antibiotics into the  
eye. Broad-spectrum antibiotics, including third-
generation cephalosporins and vancomycin, are 
injected via the pars plana into the posterior seg-
ment with a small-gauge needle.1 The decision to 
proceed with a vitreous aspiration (which can be 
performed in the clinic or at the bedside) or surgi-
cal vitrectomy depends on the extent of involve-
ment of the eye at presentation, baseline visual 
acuity, and the patient’s overall general health. In 
advanced cases, vitrectomy may be indicated 
from a diagnostic and therapeutic perspective. 

In addition, cultures of blood, urine, and any 
indwelling catheter are obtained on day 1. Sys-
temic and topical antibiotics are administered 
and directed toward likely pathogens, including 
Staphylococcus aureus, Bacillus cereus, strepto-
cocci, and Neisseria meningitides. Patients are 
serially monitored with continued topical and 
intravenous antibiotics.1,2 In some cases, topical 
and systemic steroids are administered to  
address the associated intra- and periocular 
inflammation.  

Fungal endophthalmitis can be distinguished 
clinically from its bacterial counterpart. It is gen-
erally a less fulminant process. Patients may 
notice redness, decreased vision, floaters, or pain. 
Examination findings can vary significantly from 
small yellow-white lesions limited primarily to 
the retina to (in advanced cases) involvement of 
the entire posterior segment. The vitreous may 
become increasingly opacified from cells  
and debris and obscure visualization of the  
underlying retina (Figure 2). In some cases, an 
associated retinal detachment occurs.  

Fungal endophthalmitis that primarily infects 
the retina with no significant vitreal involvement 
can be treated with systemic intravenous  

antifungal medications. Amphotericin B, vori-
conazole, and caspofungin can penetrate the eye 
and provide adequate treatment.3,4 When there is 
more significant ocular involvement associated 
with inflammation, diagnostic and therapeutic 
vitrectomy may be necessary. Intraocular admin-
istration of antifungal drugs is generally indicated 
in such cases.3,4 The most common fungal etiol-
ogy is disseminated Candida, but other species, 
such as Aspergillus, can occur.5–8

Patients with both bacterial and fungal endo-
phthalmitis may require prolonged antimicrobial 
therapy. Patients may need topical cycloplegic 
agents and monitoring of intraocular pressure, 
which may become elevated. Management 
requires a multidisciplinary approach, with the 
ophthalmologist and infectious disease specialist 
coordinating care. Ocular prognosis depends 
greatly on the virulence of the offending organ-
ism and the promptness with which treatment is 
initiated.9

Other Infectious Causes

Other potential infectious must be considered 
when an immunocompromised patient presents 
with redness of the eye, inflammation, and loss  
of vision. Viral infections, such as herpes and 
cytomegalovirus retinitis, can develop indolently. 
Bloodborne malignancies can also mimic  
intraocular infection with hypopyon, including 
leukemia, lymphoma, and retinoblastoma.  
The appearance of the posterior fundus can  
distinguish these masquerade syndromes from a 
true bacterial or fungal endophthalmitis.10 In 

Clinically, endophthalmitis refers to inflamma-
tion of the eye associated with an infectious  
etiology. Broadly speaking, endophthalmitis can 
be broken down into four different types: postop-
erative, traumatic, glaucoma associated, and 
endogenous. This chapter is limited to endoge-
nous endophthalmitis, in which intraocular 
structures are infected via hematogenous dissem-
ination from other sources. 

Risk Factors and Presentation

Patients who are immunocompromised are at 
particular risk of developing endogenous endo-
phthalmitis. Neutropenia, indwelling catheters 
(such as central lines and ports), and immunosu-
pression (from chemo- and radiotherapy) are 
factors that put the cancer patient at particular 
risk of this phenomenon. Intravenous drug use 
further increases this risk.

The presentation of endogenous endophthal-
mitis can vary. Symptoms may include blurry 
vision, sensitivity to light, and red eye. There may 
be varying degrees of pain. Patients who are criti-
cally ill may be unable to elicit any symptoms. 
Restricted motility of the eye, associated inflam-
mation of the lids and periocular structures, or 
findings of pus in the anterior chamber (hypo-
pyon) are critical signs that necessitate ophthal-
mic consultation (Figure 1).  

Assessment and Workup

Ocular assessment should include measurement 
of visual acuity and intraocular pressure and a 

FIguRe 1  Anterior segment photograph of an eye 
with a hypopyon.

FIguRe 2  Fundus photograph of an eye with a  
vitreous abscess.
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these instances, consultation with an experienced 
ocular oncologist or retinologist is essential in 
arriving at the correct diagnosis. 

Conclusion

Intraocular inflammation can represent a host  
of ocular abnormalities in the cancer patient.  
The most serious is an infectious cause that  
can lead to rapid and irreversible loss of vision. 
Cancer patients who present with periocular red-
ness, pain, decline of vision, and floaters should 
be evaluated by an ophthalmologist. When a  
bacterial or fungal endophthalmitis is suspected, 
empiric antimicrobials should be administered  

as soon as possible. In advanced cases, therapeutic 
vitrectomy may be indicated. Prognosis is  
dependent on early diagnosis and intervention.
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in up to 50% of patients receiving 5-fluoroura-
cil.2,6 Other complications include blepharitis and 
other lid changes.2,7,8 Reversible epiphora occurs 
in up to 50% of patients and is associated with 
increased drug concentration in the tears.6,9 A 
reversible acute toxic optic neuropathy with optic 
disc swelling can occur.10,11 

Cytosine arabinoside (Ara-C) causes a  
dose-related, reversible keratoconjunctivitis  
that affects the superficial and deep cornea  
(Figure 1).2,12 Symptoms include pain, foreign 
body sensation, tearing, photophobia, and blurred 
vision. Bilateral, progressive optic neuropathies 
have been reported, possibly from potentiation  
of radiation effects or with intrathecal therapy.13  

Optic neuropathy is a prominent complica-
tion reported with the purine analogue fludara-
bine (Fludara).14

Bromodeoxyuridine is a pyrimidine ana-
logue that, in combination with RT, can  
cause eyelid erythema, induration, conjunctival 
chemosis, hyperemia, conjunctivitis, dry-eye  
syndrome, ectropion, and exposure keratitis.15

Alkylating Agents

Intracarotid artery infusion of nitrogen mustard 
may cause a severe ipsilateral necrotizing  
uveitis.16

Delayed posterior subcapsular cataract may 
occur with busulfan and is related to the dose and 
duration of treatment.2 

Nonspecific reversible blurred vision has 
been reported within 24 hours of high-dose intra-
venous administration of cyclophosphamide 
(Cytoxan).17 Reversible keratoconjunctivitis sicca 
has been reported in up to 50% of patients.17 
Optic neuropathy has been reported.18 Transient 
blurred vision and miosis may be caused by a 
parasympathomimetic action.17 

High-dose intravenous therapy with the 
nitrosoureas causes mild conjunctival hyperemia 
and nonspecific blurred vision in a small percent-
age of patients.2 A delayed, severe, ipsilateral  
neuroretinal toxicity (probably from ischemia) 
occurs in up to 70% of patients treated intra- 
arterially (often with concomitant intracarotid 
cisplatin), with an approximately 50% incidence 
of ipsilateral complete blindness.2 Patients  
receiving intravenous carmustine (BCNU) and 
ipsilateral infraophthalmic cisplatin can develop 
maculopathy.19 Damage to retinal and choroidal 
endothelial cells has been suggested as a possible 
mechanism.20 

Intracarotid artery infusion of nitrosoureas 
may cause orbital congestion.21,22 Ischemia may 
lead to optic neuropathy and orbital complica-
tions.21,23 Optic neuropathy with and without disc 
swelling has been reported with intracarotid and 
supraophthalmic infusion of BCNU.24–26 

Retinal and CNS toxicities frequently  
occur after intracarotid or high-dose intravenous 
delivery of cisplatin.2,27–29 Cisplatin is associated 
with RPE changes and maculopathy. When  
combined with BCNU, patients develop signs  
of retinal vasculitis and infarction.20 Toxic,  
progressive optic neuropathy, including  
retrobulbar, and papilledema occur in some 
patients.30–32 

The treatment of cancer frequently includes che-
motherapy, radiation therapy (RT), and bone 
marrow transplantation. In many cases, it is dif-
ficult to establish a cause and effect relationship 
between chemothera peutic agents and ocular  
side effects because of overlap of multiple agents, 
as well as different treatment regimens and 
modalities used within a short period of time. 
Chemotherapy can result in direct ophthalmic 
toxicity. Secondary anemia, thrombocytopenia, 
and immunosuppression may cause intraocular 
hemorrhage and infection, which are discussed 
elsewhere. Drug-induced metabolic changes can 
also affect vision.  

The central nervous system (CNS) is a par-
tially protected environment by way of limited 
cell division and the blood-brain barrier. Greater 
CNS toxicity is found in the setting of increased 
CNS penetration, as occurs through intra-arterial 
versus intravenous delivery of medication, intra-
thecal delivery, direct intracranial intratumoral 
therapy and with osmotic disruption of the  
blood-brain barrier. Hyperosmotic agents also 
compromise the blood-retina barrier, which  
is formed at the tight junctions of the retinal  
pigment epithelium (RPE) and the retinal blood 
vessel walls. 

The purpose of this chapter is to serve as a 
very brief summary of known ocular toxicities of 
different chemotherapeutic agents. For a more 
comprehensive review of the literature, the reader 
is referred to Moster’s chapter in Walsh and 
Hoyt’s Clinical Neuro-ophthalmology.1

Antimetabolites

High-dose therapy with methotrexate is associ-
ated with reversible periorbital edema, photo-
phobia, ocular pain, and burning associated with 
keratitis, seborrheic blepharitis, conjunctivitis, 
and decreased reflex tearing in about 25% of 
cases.2,3 Intracarotid artery delivery can cause 
macular edema with central retinal pigmentary 
changes.4,5 

Conjunctivitis and keratitis occur most fre-
quently, with corneal epithelial defects occurring 

Figure 1  Cytosine arabinoside keratopathy mani-
festing in epithelial opacities seen in the center of 
the microphotograph. A bright light reflection is seen 
in the lower right aspect of the photograph. 
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Antibiotics 

Suramin can cause a reversible toxic keratopathy 
with foreign body sensation and corneal epithelial 
deposits in approximately 17% of patients; visual 
blurring may occur from an induced change in 
the optics of the eyes.33

Ocular side effects of doxorubicin (Adriamy-
cin) include excessive tearing, blepharospasm, 
and periorbital edema with severe keratocon-
junctivitis in about 25% of patients during  
intravenous infusion.7,34

Vinca Alkaloids

Optic neuropathy has been described with  
vincristine but is a diagnosis of exclusion. It may 
resolve partially or completely off therapy.2

Transient ptosis, paresis of extraocular  
muscles, and brief eye pain have been reported 
with vinblastine.35

Taxoids

Docetaxel (Taxotere) may cause canalicular ste-
nosis with symptomatic epiphora.36 Transient 
positive visual phenomena lasting up to a few 
hours were reported in six patients during  
paclitaxel (Taxol) infusion at higher than  
recommended doses.37

Hormones

Tamoxifen causes corneal opacities and retinal 
dysfunction, particularly with high doses.38 White, 
refractile opacities, RPE depigmentation, and 
macular edema may develop. Vision can improve 
despite the persistence of retinal opacities.39 Iso-
lated cases of bilateral optic disc swelling with 
visual loss have been reported.40,41 

Posterior subcapsular cataracts occur in 10 to 
40% of patients who are chronically treated over 
months with corticosteroids.2 Corticos teroids can 
also cause reversible elevation of intraocular  
pressure, acute myopia with blurry vision, sub-
conjunctival and retinal hemorrhages, scleral  
discoloration and thinning, exophthalmos, myo-
pathic extraocular muscle paresis, and ptosis.2,42,43 
Immunosuppression secondary to corticosteroids 
can predispose patients to opportunistic infec-
tions. Pseudotumor cerebri (PTC) is a well- 
documented complication of steroid treatment.42

Biologic response Modifiers

Vaso-occlusive retinopathy can occur in patients 
treated with interferon-a.44,45 Preexisting diabetes 
mellitus is a risk factor. Descriptive cases of ocu-
lomotor nerve paralysis, eyelash hypertrichosis, 
and papilledema have been reported.46–48 

Reversible dose-dependent effects, such as 
visual hallucinations, scintillating scotomata, 

homonymous defects, amaurosis fugax, and  
diplopia, may occur with interleukin-2.49–51

Miscellaneous Drugs 

Ocular side effects of retinoids such as retinol and 
retinoic acid include conjunctivitis and corneal 
opacities.52

Reversible xerophthalmia and nyctalopia 
have been reported at higher doses of fenretinide 
(4-HPR).52,53 Patients with secondary hypervita-
minosis A can develop elevated intracranial  
pressure and a PTC syndrome. 

l-Asparaginase is associated with venous 
thrombosis and can cause dural sinus or cortical 
vein thrombosis with intracranial hypertension 
and a PTC syndrome.54 

Periorbital edema (Figure 2) and epiphora 
are the most common ocular side effects of STI571 
(Gleevec, imatinib mesylate).55 

Conclusion

Ocular and neuro-ophthalmic toxicity can involve 
any part of the eye, adnexa, or CNS. Visual abnor-
malities have numerous potential etiologies, and 
it is difficult to differentiate the toxic effects of 
medications from cancer, radiation, infection-
related complications, and non–cancer-related 
diseases. The complexity of this challenge increases 
with the development of newer agents and proto-
cols and with increased patient survival, often 
involving multiple therapies.
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Vascular Events, Optic Neuropathies, 
Paraneoplastic Syndromes,  

and Visual Loss
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CRAO usually causes acute unilateral visual 
loss and may be preceded by amaurosis fugax. 
The acute ophthalmoscopic findings are diagnos-
tic and include diffuse pale retinal swelling, optic 
disc pallor, a “cherry-red” spot, attenuated ves-
sels, boxcarring, and, rarely, an embolus. There is 
no definitive treatment, and the visual prognosis 
is poor. Patients have often undergone ocular  
massage, anterior chamber paracentesis, intraoc-
ular pressure–lowering medications, and inhala-
tion of carbogen.3 Early intravascular urokinase 
or tissue plasminogen activator (t-PA) may be 
helpful but has associated potential risks.4,5 
Carotid duplex ultrasonography is used to evalu-
ate carotid stenosis, and echocardiography  
may reveal a cardiac source. In younger patients, 
cardiac embolism, hypercoagulability, and vaso-
spasm should be sought as the potential etiology 
and appropriately treated.6

Central Retinal Vein Occlusion

CRVO is a common ocular disorder with a strong 
association with atherosclerotic disease of the 
central retinal artery as they share a common 
sheath.7 Many patients have vascular risk factors8; 
others have associated vasculitis, hyperviscosity, 
prothrombotic states, or external venous com-
pression. Identification of a specific abnormality 
may determine a need for anticoagulation or 
other treatment. 

CRVO usually causes acute monocular visual 
loss. Diagnostic funduscopic findings include 
dilated, tortuous veins and diffuse, scattered reti-
nal hemorrhages. Severe cases produce the classic 
“blood and thunder” retinal appearance. The 
visual prognosis is inversely proportional to the 
degree of retinal ischemia.9 There is no standard-
specific treatment for the eye, except for potential 
secondary neovascular complications. Some 
newer advocated treatments include t-PA, laser-
induced chorioretinal anastomosis, radial optic 
neurotomy, and intravitreal triamcinolone ace-
tonide.10–13

Optic Neuropathies

Optic nerve disorders have numerous etiologies. 
Optic disc edema results from obstruction of axo-
plasmic transport, which results in swelling of 
nerve fibers. Mechanical signs of optic disc edema 
include elevation of the optic nerve head, blurred 
disc margins, loss of the optic cup, nerve fiber 
layer edema, and concentric folds around the disc 
(Figure 2). Vascular signs of disc edema include 
disc hyperemia, venous dilation and tortuosity, 
peripapillary hemorrhages, lipid exudates, and 
nerve fiber layer infarcts (Figure 3). Unilateral or 
asymmetric involvement may result in a relative 
afferent pupillary defect (RAPD). Loss of visual 
acuity, color vision, and visual field may be asso-
ciated. Permanent damage results in optic disc 
pallor (Figure 4). Optic neuropathies can be 

Acute and subacute visual loss occurs through 
many mechanisms and at various locations  
along the visual pathways. Visual loss can be the 
result of ocular surface abnormalities, intraocular 
infection, inflammation, tumor, and hemorrhage, 
to name a few causes. This chapter discusses  
retinal hemorrhage from thrombocytopenia and 
anemia, retinal vascular occlusive disease, optic 
neuropathies, and paraneoplastic syndromes that 
affect vision. 

Retinal Hemorrhage from  
Thrombocytopenia and Anemia

Thrombocytopenia and anemia are commonly 
seen in patients with an underlying hematologic 
malignancy or as a side effect of chemotherapy. 
The relatively anticoagulated state with decreased 
hemostasis may cause vascular leakage. 

The diagnosis is based on the ophthalmo-
scopic presence of retinal hemorrhages in the  
setting of thrombocytopenia and/or anemia 
(Figure 1). The presence of multiple comorbid 
risk factors may make it difficult to pinpoint a 
single etiology. Therefore, the examination find-
ings must be correlated with the patient’s clinical 
history. With restoration of blood counts, retinal 
hemorrhages resorb over time. The prognosis  
is good unless the bleeding is extensive and/or 
chronic enough to cause permanent photorecep-
tor damage.

Central Retinal Artery Occlusion

Central retinal artery occlusion (CRAO) is  
considered a retinal stroke from embolism or 
thrombosis.1 It is usually caused by carotid artery 
disease and has a prevalence of vascular risk  
factors similar to that of cerebral stroke. The most 
common emboli are cholesterol, platelet-fibrin, 
and calcific plaques.2 Cardiac myxomas can also 
embolize. 

FiguRe 1  A patient with chronic myelogenous  
leukemia experienced decreased visual acuity. On 
funduscopic examination, he was found to have 
prominent, intraretinal hemorrhages and scattered 
cotton wool spots secondary to thrombocytopenia 
and anemia.
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divided into many general categories. The follow-
ing is a very brief discussion of papilledema  
and ischemic, compressive, and infiltrative optic 
neuropathies.

Papilledema
Papilledema is optic disc edema caused by ele-
vated intracranial pressure and is diagnosed by 
lumbar puncture. Acutely, patients typically have 
normal visual function, with possible blind spot 
enlargement seen on perimetry. They frequently 
have headache, nausea, and transient visual 
obscurations and may have diplopia. Chronic 
disc swelling can lead to ischemia and any pattern 
of visual field loss. Papilledema is a neurologic 
emergency that requires neuroimaging. In adults, 
the most common causes are primary intracranial 
tumor, metastasis, and pseudotumor cerebri;  
in children, it is most commonly caused by  
posterior fossa tumors.14

Anterior Ischemic Optic Neuropathy
Anterior ischemic optic neuropathy (AION) is 
considered an optic disc stroke and causes sudden, 
painless infarction of the optic nerve head. It may 
be arteritic (giant cell arteritis) or nonarteritic 
(Figure 5). Posterior ischemic optic neuropathy 
(PION) is usually caused by vasculitis, and, by 
definition, there is no optic disc swelling. Other 
ischemic states that can cause disc edema include 
ischemic CRVO, malignant hypertension, and 
diabetic papillopathy.

Arteritic AION usually occurs in patients 
older than 55 years. Frequent symptoms include 
temporal headache, scalp tenderness, jaw claudi-
cation, and constitutional symptoms. Common 

laboratory findings include an elevated erythro-
cyte sedimentation rate and C-reactive protein 
and anemia of chronic disease. A biopsy proving 
arteritis is best because of the need for chronic 
corticosteroid treatment, but highly clinically 
suspicious cases are also treated.15 Treatment 
should begin immediately on suspicion of the 
possibility of giant cell arteritis.

Nonarteritic AION is the most common 
cause of acute optic neuropathy in patients over 
45 years of age. Visual loss is often noticed  
on awakening. Often the patient has a crowded 
disc—the “disc at risk.” Most patients have risk 
factors for atherosclerosis, but some have associ-
ated coagulopathies, embolism, acute blood loss, 
anemia, or hypotension.16 Greater than 40% of 
patients can show spontaneous improvement.17 
There is no definitive treatment. Patients may be 
placed on acetylsalicylic acid for stroke prophy-
laxis. Infectious, vasculitic, and hypercoagulable 
etiologies should be sought in patients younger 
than 50 years without known vascular risk  
factors. 

Radiation Optic Neuropathy 
Radiation optic neuropathy (RON) is a rare 
PION. The pathogenesis is not fully understood, 
but it is a form of ischemic optic neuropathy.  
The total dose and daily fractionation size are 
critical factors and typically should not exceed  
55 Gy18 and 18 Gy,19 respectively. Most patients 
experience rapid, painless, and progressive  
visual loss within 3 years, with a peak incidence  
at 18  months.20,21 The diagnosis is clinically  
suspected and confirmed with T1-weighted mag-
netic resonance imaging with contrast, which 
reveals marked enhancement and enlargement  

FiguRe 2  This fundus photograph demonstrates 
optic disc elevation with concentric folds best seen 
between the 1 o’clock and 2 o’clock positions. Below 
at the 4 o’clock position, lipid exudates are present.

FiguRe 3  This fundus photograph shows a swollen, 
hyperemic optic disc with venous dilation and tortuos-
ity. There are also nerve fiber layer hemorrhages and 
white, fluffy cotton wool spots on the disc (nerve fiber 
layer infarcts). 

FiguRe 4  Optic disc edema has been replaced with 
optic disc pallor. Vascular changes, hemorrhages, 
and infarcts have resolved (same patient as in  
Figure 3).

FiguRe 5  A, A patient with nonarteritic ischemic 
optic neuropathy. The right optic disc is elevated with 
blurred margins. There is a nerve fiber layer hemor-
rhage near the inferior pole with an adjacent whitish 
nerve fiber layer infarct. B, Visual field testing demon-
strates a superior arcuate defect consistent with 
infarction in the inferior aspect of the optic disc. 

A

B
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of segments of the optic nerve or chiasm  
(Figure 6).22,23 Prompt treatment with hyperbaric 
oxygen is the only treatment associated with  
any significant visual improvement24 and should 
be used alone or in conjunction with other  
medications (such as high-dose corticosteroids, 
pentoxyphylline, anticoagulation, or other 
agents). 

Compressive Optic Neuropathy
Compressive optic neuropathy causes progressive 
visual loss, often a central scotoma, and RAPD. 
The optic disc can be normal, swollen, or pale. 
Any unexplained optic disc pallor, progressive 
visual loss, or corticosteroid-dependent optic 
neuropathy is considered compressive, until 
proven otherwise, and the patient must undergo 
imaging. The differential diagnosis includes  
primary, secondary, and metastatic tumors;  

dysthyroid orbitopathy; varix; mucocele;  
infectious cysts; and others (Figure 7). 

Infiltrative Optic Neuropathy
The optic disc may appear grayish-white with 
hemorrhage or a visible mass owing to infiltrating 
cancer, inflammatory disease, or infectious pro-
cesses (Figure 8). Usually, it occurs in patients 
with leukemia, lymphoma, and other carcinomas 
that spread to the central nervous system. Lumbar 
puncture should include high-volume cerebro-
spinal fluid to look for cytologic evidence of  
leptomeningeal disease. Infiltrative inflammatory 
and infectious disorders include sarcoidosis, 
tuberculosis,25 and cryptococcosis,26 to name a 
few.

Paraneoplastic Retinopathies and 
Optic Neuropathy

In 1976, Sawyer and colleagues postulated para-
neoplastic retinal photoreceptor degeneration in 
three patients with small cell lung cancer.27 Since 
then, several distinct paraneoplastic conditions 
that affect the eyes have been differentiated by 
unique clinical characteristics, electrophysiologic 
abnormalities, and, occasionally, the immuno-
logic profile. The pathogenesis is considered 
immune mediated. The selected entities that are 
briefly described are cancer-associated retinopa-
thy (CAR), melanoma-associated retinopathy 
(MAR), and paraneoplastic optic neuropathy 
(PON). 

Cancer-Associated Retinopathy 
CAR is a group of autoimmune conditions that 
result in photoreceptor degeneration. Recoverin, 
a 23 kDa protein, was the first and most common 
retinal antigen linked to CAR.28 Many other pro-
teins have been identified as potential autoanti-
gens.29 CAR is the most frequent of the primary 
visual paraneoplastic disorders and is most  
commonly related to small cell lung carcinoma, 
although many other tumor types are also  
associated. 

Most patients experience progressive symp-
toms of both cone and rod degeneration, includ-
ing blurry vision, dyschromatopsia, prolonged 
glare, night blindness, prolonged dark adapta-
tion, and peripheral scotomata, with an initially 
normal funduscopic appearance. Later, arteriolar 
narrowing, optic disc pallor, pigmentary changes, 
and cells may be seen. Electroretinography reveals 
significantly attenuated or nonrecordable trac-
ings.30 In the absence of a family history of retinal 
degeneration, the diagnosis of CAR should be 
considered. There is no definite effective therapy, 
and the visual prognosis is very poor. There have 
been some reports of mild to moderate visual 
recovery with the use of corticosteroids, plasma-
pheresis, and/or intravenous immunoglobulin in 
various combinations.31–33

Melanoma-Associated Retinopathy 
Berson and Lessell classified MAR as a paraneo-
plastic disorder that affects rod photoreceptors.34 
Symptoms include shimmering, flickering, pul-
sating photopsias, difficulty seeing in the dark, 
and peripheral or paracentral scotomata. Initially, 
the retinal appearance may be normal. Later, 
vessel narrowing, pigmentary changes, optic disc 
pallor, and infrequent vitreous cell or periphle-
bitis may be seen.35 MAR produces a characteris-
tic electroretinogram with a negative-appearing 
waveform.34,36 Antirod bipolar cell antibodies  
help make the diagnosis but are not specific for 
MAR.37,38 There is no specific therapy for MAR. 
Keltner and colleagues proposed cytoreductive 

FiguRe 6  Postcontrast T1-weighted magnetic resonance imaging in a patient with radiation optic neuropathy 
demonstrates bilateral optic nerve enhancement.

FiguRe 7  A tumor is seen in the lateral aspect of the 
left orbit on this T2-weighted magnetic resonance 
image. Pathologic diagnosis was presumed primary 
orbital melanoma.

FiguRe 8  This fundus photograph shows a grayish-
white, fluffy optic disc with central hemorrhage. The 
patient had an infiltrative optic neuropathy secondary 
to lymphoma.
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surgery and radiation, followed by adjuvant 
immunotherapy.39 However, there was no  
difference in survival between those treated and 
those not treated. A rare patient with MAR and 
associated uveitis improved after corticosteroid 
therapy.40

Paraneoplastic Optic Neuropathy
PON has been associated with a number of malig-
nancies, especially small cell lung carcinoma.41–44 
Photoreceptor cells, retinal ganglion cells, and 
nerve fibers exhibit collapsin response mediator 
protein 5 (CRMP-5, a 62 kDa protein) –specific 
immunoreactivity.45 

Clinically, most patients develop subacute, 
progressive, bilateral, painless visual loss with 
optic disc edema. This may be accompanied by 
other neurologic symptoms, including a cerebel-
lar syndrome.43,44 Vitreous cells, retinal vascular 
leakage, and retinitis are commonly present.45 
CRMP-5 autoantibodies have been identified in 
the serum and cerebrospinal fluid of patients with 
cancer and PON and retinitis.45 PON should be 
considered in patients with optic neuropathy and 
cancer without evidence of central nervous system 
metastasis. Treatment of the underlying cancer 
has resulted in significant visual improvement  
in some patients.42,44,46 A patient reported by  
Hoh and colleagues responded to corticosteroids 
alone.47

Conclusion

A number of potential causes of acute and sub-
acute visual loss have been described. However, a 
vast number of other etiologies of visual loss have 
not been covered here. All possibilities must be 
differentiated from one another through careful 
history taking, examination, ancillary testing, and 
appropriate ophthalmologic follow-up.
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Ocular metastasis to the eye and orbit was first 
described in the late 1800s by Horner and Perl.  
At the time, ocular metastasis was felt to be rare; 
primary uveal melanoma was thought to be the 
most common malignancy of the eye. In 1967, 
Albert and Scheie suggested that the incidence  
of metastatic disease might be higher than previ
ously reported. Since then, numerous studies 
have confirmed that uveal metastasis from  
solid tumors is the most common intraocular 
malignancy.1–5 Its incidence varies depending on 
clinical and pathologic surveys ranging between 4 
and 12%. Some have suggested rates as high as 
30% at the time of death.1,6 In comparison, the 
incidence of orbital metastasis is significantly 
lower than that of intraocular disease. Orbital 
metastasis accounts for 1.5 to 10% of all orbital 
tumors. This chapter discusses the clinical  
presentation, workup, and management of solid 
tumors that metastasize to the globe (eyeball) and 
orbit. As these clinical entities differ, they are  
discussed separately in the sections that follow.

Pathogenesis and Presentation of 
Intraocular (Uveal) Metastasis

Metastasis to the uvea occurs primarily via hema
togenous dissemination through the 20 short 
posterior ciliary arteries that supply the posterior 
pole. Patients with intraocular metastasis gener
ally complain of painless loss of vision associated 
with floaters and flashing lights, but up to 10% 
may be asymptomatic. The average age of pres
entation is between 40 and 70  years. Visual acuity 
can range from 20/20 to no light perception 
(blindness). Additional clinical findings may 
include changes in the refractive error (glasses 
prescription) and dilated injected episcleral  
vessels (red eye). Examination with an ophthal
moscope demonstrates a flat or domeshaped 
subretinal mass with a creamy/yellow to yellow/
white appearance (Figures  1 and 2). Larger lesions 
are often associated with a serous retinal detach
ment. The most common tumors that present in 
this fashion are from breast and lung primaries. 
Up to twothirds of patients will have a history  
of cancer. Although less common, metastasis to 
the iris and ciliary body can also occur. In these 
cases, the patient may notice a visible mass on the 

eye with pain and increased intraocular pressure 
(see Figure  2).

Once uveal metastasis is identified, addi
tional workup should be obtained to ensure an 
accurate diagnosis. The differential diagnosis for 
an amelanotic intraocular lesion is broad and 
includes choroidal amelanotic melanoma, hem
angioma, choroidal osteoma, posterior scleritis, 
cytomegalovirus retinitis, choroidal neovascular
ization with disciform scar, and retinal detach
ment. Features that assist in conferring the correct  
diagnosis include the shape, color, and vascular 
pattern of the lesion. Metastatic lesions have a 
tendency to grow rapidly; most are located in  
the posterior segment of the choroid. Additional 

testing is often used to confirm the diagnosis. 
Fluorescein angiography will demonstrate a  
mottled hyperfluorescence with pinpoint leakage. 
Ophthalmic ultrasonography demonstrates a 
mass with medium to high internal reflectivity.7 
These diagnostic tests, in addition to fundus  
photography and retinal drawings, help serve as  
a baseline prior to treatment. In most situations, 
an experienced ophthalmologist can confirm the 
diagnosis without the need for a biopsy. In selected 
cases, choroidal biopsy may be necessary via a 
transvitreal or transcleral approach. Tumors  
in the iris can be accessed via a paracentesis or 
anterior chamber tap.

Once the diagnosis is confirmed, systemic 
workup is indicated. Uveal metastasis has a high 
association with central nervous system (CNS) 
involvement. All patients should undergo addi
tional staging, including neuroimaging of the 
brain and orbits. Malignancies associated with 
specific tumor markers should have those blood 
tests reassessed. Management of uveal metastasis 
varies and depends on the size and intraocular 
location of the lesion, the presence (or absence) of 
concurrent CNS disease, and previous therapies 
administered to the patient.

Observation can be considered for small 
peripheral asymptomatic lesions that appear to be 
inactive. Generally, large lesions and those that 
threaten vision are treated. The most common 
form of treatment is radiation therapy, which  
can be administered via external beam or plaque 

Metastatic Disease to the Eye and Orbit
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FIgUre 1  Fundus photograph of a metastatic lesion 
to the uvea from lung cancer. Note the creamy white 
appearance of this lesion.

FIgUre 2  Photographs of metastatic lesions to the choroid (A) and iris (B) from breast cancer. Note the 
injected episcleral blood vessels (B).
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brachytherapy. Patients requiring systemic man
agement and those with distant metastasis may be 
good candidates for chemotherapy.8,9 All patients 
need close serial assessment by an ophthalmolo
gist to ensure that their lesions are responding. In 
advanced cases in which there is no potential for 
vision and the eye is painful or associated with 
neovascular glaucoma, enucleation (removal of 
the eye) can be considered.

Lesions should be monitored closely by  
an ophthalmologist with serial examinations, 
photography, and ultrasonography. Over time, 
tumor foci generally fragment with pigment 
migration and associated resolution of serous 
retinal detachment. Even patients with significant 
visual loss at presentation can regain useful vision 
following treatment. Recurrences can occur, and 
patients should be instructed to monitor their 
vision closely. Those treated with radiation may 
develop secondary toxicities from treatment such 
as dry eye and cataract.

Orbital Metastasis
Metastatic disease to the eyelid and orbit is less 
common than intraocular metastasis. However, 
with the prolonged survival of patients with 
cancer, the frequency of orbital metastasis is 
increasing. Patients may present with droopiness 
of the lid, a palpable mass, term exophthalmos, 
enophthalmos, limitation of extraocular motility, 
double vision, pain, paresthesia, headache, or 
decreased vision. In some instances, sudden  
clinical changes may occur owing to hemorrhage 
or necrosis within the tumor. Rarely, lesions  
may be pulsatile due to increased vascularity or 
erosion of adjacent bone with transmission of 
cerebrospinal pulsations. The lateral orbit is the 
most common quadrant in which metastasis 
occurs, followed by the superior, medial, and 
inferior quadrants. Symptoms precede the  
diagnosis of a systemic malignancy in up to 42% 
of patients.10 Goldberg and colleagues defined five 
orbital syndromes associated with metastasis.10 
They included: mass effect (causing proptosis); 
infiltration of orbital tissues; functional (a 
decrease in cranial nerve function); acute or  
subacute inflammation; or silent (no orbital 
symptoms). These patients may be initially  
misdiagnosed as having alternative diagnoses, 
such as orbital inflammatory syndrome, cellulitis, 
or myasthenia gravis.10

Two orbital findings are highly associated 
with specific malignancies. Enophthalmos (an 
inward displacement of the globe) often occurs  
in the setting of metastatic breast cancer, but it 
can also be seen with gastrointestinal, lung, and 
prostate carcinomas. In this setting, cicatrization 
with contracture of myofibroblasts causes the 
retraction of orbital contents (Figure  3). In  
children, orbital metastasis from neuroblastoma 
frequently presents with sudden onset of  
ecchymosis and proptosis with a dramatic  

respond well to chemotherapy. Hormonal ther
apy can be effective in the settings of breast and 
prostate cancers.

Prognosis
Metastatic lesions to the eye and orbit often 
respond well to treatment. In many cases, useful 
vision can be preserved. However, their presence 
is a grave prognostic indicator for patient  
survival. Those with orbital metastatic lesions 
generally live longer than those with metastatic 
disease to the uvea. The median survival  
following intraocular metastasis ranges from 9 to 
10 months. Median survival following orbital 
metastasis ranges from 12 to 26  months. Breast,  
carcinoid, and thyroid tumors are associated with 
the longest survival, sometimes measured in 
years. Lung carcinoma, gastrointestinal carci
noma, and cutaneous melanoma usually present 
in the setting of fulminant dissemination. Accord
ingly, median survival of less than 6  months is 
commonly seen in patients with these primary 
tumors.1–5

Conclusion
The diagnosis and management of ocular metas
tasis require a broad multidisciplinary approach. 
The primary clinician and oncologist should refer 
patients to an ophthalmologist whenever patients 
complain of blurry vision, floaters, pain, and  
redness. The ophthalmologist must communicate 
directly with the oncologist to ensure that the 
appropriate workup is initiated and that the 
patient is appropriately restaged. Once the extent 
of metastasis is identified, treatment should be 
initiated as soon as possible. Although many 
tumors will respond to therapy with preservation 
of some vision, the prognosis for patient survival 
is poor.
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FIgUre 3  Magnetic resonance image demonstrating 
enophthalmos in a patient with metastatic breast 
cancer to the left orbit.

clinical progression. Mediastinal involvement 
may manifest as Horner’s syndrome (ptosis, 
miosis, and anhidrosis); opsoclonusmyoclonus 
(a paraneoplastic effect) may also be seen.

Workup and Treatment
Once suspected, orbital imaging is indicated. This 
should include neuroimaging of the brain and 
adjacent sinus structures. Magnetic resonance 
imaging (MRI) is helpful in distinguishing metas
tasis from other simulating lesions, such as optic 
nerve gliomas, optic nerve sheath meningiomas, 
and orbital inflammatory syndrome. An MRI 
should be ordered to include fatsaturated images 
in both coronal and axial planes, with and  
without gadolinium. Metastatic lesions are 
isodense to muscle on T1weighted imaging and 
hyperdense to brain tissue on T2weighted imag
ing. Computed tomography, including axial and 
coronal views with contrast, is helpful for tumor 
localization, to aid in identifying small orbital 
apex lesions, and to confirm or rule out adjacent 
bone involvement.

In patients with diffuse metastatic disease 
and involvement of other structures, treatment 
can proceed empirically. However, in cases for 
which tissue diagnosis is necessary, biopsy should 
be performed. This can be done via an open  
technique or fineneedle aspiration. Orbital 
metastases are generally treated with palliative 
radiotherapy or chemotherapy unless considered 
a solitary isolated metastasis. In the latter case, 
surgical excision can also be considered. Those 
tumors that are radiosensitive can respond quickly 
with dramatic improvement of symptoms. Some 
studies have suggested that up to 73% of patients 
show improvement after orbital radiotherapy. Of 
all symptoms, proptosis is the most responsive to 
radiation, whereas paresis and ptosis are the  
least responsive. Alternative modalities are also 
effective; neuroblastoma and small cell carcinoma 
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Pregnancy may affect the absorption, distri-
bution, and excretion of chemotherapeutic 
agents.3 The increase in maternal blood volume 
affects the distribution of antineoplastic agents, 
whereas the absorption of oral agents may be 
influenced by changes in gastrointestinal motil-
ity. An increase in the glomerular filtration rate 
changes the rate of renally excreted agents. Virtu-
ally all chemotherapeutic agents cross the pla-
centa.

The developmental stages of the embryo and 
fetus have been well documented. These stages 
are divided into the preimplantation period (fer-
tilization to implantation), the embryonic period 
(gestational weeks 2 through 8), and the fetal 
period (week 9 to term). Several principles apply 
to the effects of chemotherapy on the fetus based 
on these stages.

The first trimester is the most crucial time 
period and is best characterized by the all-or-
none principle in terms of impact on the fetus. 
Since its circulation has not yet been established, 
the blastocyst is resistant to teratogens in the pre-
implantation period. After this time, an exposed 
blastocyst may be severely damaged and result in 
a spontaneous abortion. Conversely, the blasto-
cyst may survive without abnormalities.

During the period of organogenesis (gesta-
tional weeks 5 through 12), the fetal stem cell 
population is limited. This is the period of maxi-
mal susceptibility to teratogenic insults. Ten to 
25% of fetuses exposed to cytotoxic agents during 
this time period have major malformations.4 It is 
generally recommended that chemotherapy 
administration be delayed until after the first tri-
mester if possible.

Organogenesis is completed by the end of the 
twelfth gestational week, with the exception of 
brain and gonadal tissue. Fetal growth restriction 
owing to chemotherapy surpasses the risk of 
structural birth defects. However, since the cen-
tral nervous system continues to develop through-
out the fetal period, cortical brain function may 
be affected by these agents.3 

Both maternal and fetal physiology during 
the final weeks of gestation must be taken into 

consideration when planning and administering 
chemotherapy. This should also be coordinated 
with the anticipated time of delivery. In an effort 
to decrease potential maternal chemotherapy-
related complications from delivery, myelosup-
pressive regimens, which may cause neutropenia 
or thrombocytopenia, should be avoided approx-
imately 3 weeks prior to the anticipated delivery.

Given that the placenta functions as a route 
for drug delivery and excretion, the timing of 
administration of chemotherapy may also affect 
the neonate. Elevated drug levels may be seen in 
the newborn if neoplastic agents are administered 
within close proximity to delivery owing to a lack 
of elimination. Additionally, a limited ability of 
the neonatal liver and kidneys to metabolize and 
excrete specific agents may also elevate the blood 
levels of these drugs, especially in the preterm 
infant. Several authors have reported that chil-
dren born to mothers receiving chemotherapy 
during pregnancy experienced no physical, neu-
rologic, psychologic, hematologic, or cytogenetic 
defects.5,6 However, premature birth and low 
birth weight for gestational age are likely to be the 
most common complications associated with 
maternal chemotherapy administration, and 
these rates are most likely underreported.7 

Many chemotherapeutic agents, including 
cisplatin, cyclophosphamide, doxorubicin, 
hydroxyurea, and methotrexate, can be found  
in breast milk. Because of this, breast-feeding  
is contraindicated in women receiving  
chemotherapy.8,9

Radiation Therapy and the Pregnant 
Patient
As with chemotherapy, the administration of 
radiation during pregnancy requires careful con-
sideration of therapeutic and ethical issues. It is 
difficult to establish accurate estimates of risks 
owing to a lack of clinical trial data. The majority 
of available data regarding radiation and preg-
nancy outcome are extrapolated from animal 
models or reported in small retrospective series. 
And as with chemotherapy, the period of fetal 

The Pregnant Cancer Patient

The diagnosis of cancer is often overwhelming, 
especially for the pregnant patient. Medical deci-
sion making can become extremely complex as 
the health of both the mother and the fetus must 
be considered. Appropriate treatment planning  
is influenced by the indication for treatment,  
the safety issues associated with each treatment 
modality, and the patient’s feelings regarding 
continuation of the pregnancy. The informed 
consent process disclosing all associated risks and 
benefits of therapy is crucial. 

Maternal cancer complicates approximately 
1 in 1,000 to 1 in 5,000 live births in the United 
States annually,1 and there are approximately 
4,000 cases of concurrent pregnancy and mater-
nal malignancy in the United States each year.2 

The most frequently diagnosed cancer in 
pregnancy is cervical cancer, followed by  
breast cancer, melanoma, ovarian cancer, thyroid 
cancer, leukemia, lymphoma, and colorectal 
cancer. Pregnancy does not increase the risk of 
malignancy, and the incidence of specific malig-
nancies in pregnant women is similar to that in 
nonpregnant women of the same age range. The 
incidence of cancer complicating pregnancy may 
increase as more women delay childbearing until 
later in life.

Chemotherapy and Pregnancy
All chemotherapeutic regimens are potentially 
teratogenic and mutagenic. Although controlled 
studies have been performed on pregnant labora-
tory animals, one must be cautious when extrap-
olating animal data to human pregnancies. Since 
it is not possible to perform prospective studies 
that evaluate chemotherapy during pregnancy, 
treatment regimens are frequently based on case 
reports and small retrospective studies. 

Both the mother and the fetus may be affected 
by chemotherapy. When evaluating the potential 
effect of a specific antineoplastic agent on the 
developing fetus, it is important to consider both 
the maternal physiologic processes that accom-
pany pregnancy and the developmental stage at 
which the fetus is exposed to the treatment.
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development influences the impact of in utero 
radiation exposure.

The blastocyst is most sensitive to the in 
utero lethal effects of ionizing radiation during 
preimplantation and early implantation (the first 
10 days after conception). Doses as low as 10 cGy 
have been shown to increase prenatal death and 
embryonic resorption in laboratory mice. Virtu-
ally all animal experiments, however, reveal that 
survivors of radiation exposure during this time 
period develop no congenital anomalies.10,11

The greatest incidence of malformations in 
animals irradiated in utero occurs during organo-
genesis. This time period is also the time of maxi-
mal susceptibility to chemotherapy-induced 
teratogenicity. Human exposure to radiation 
during this time period results in intrauterine 
growth retardation and central nervous system–
related anomalies, such as eye abnormalities, 
severe mental retardation, and microcephaly. 
Structural abnormalities are not usually seen 
from radiation therapy. A dose threshold of 5 to 
10 cGy has been suggested for the above anoma-
lies, based on data from Japanese survivors of  
the atomic bomb.11 This analysis, however, is 
somewhat compromised by a lack of accurate 
dosimetry on which to base risk estimates.

Although the fetal stage extends to 12 to 14 
weeks’ postconception in humans, the central 
nervous system continues to develop until term. 
The central nervous system remains sensitive to 
radiation through approximately 25 weeks after 
conception. Milder forms of microcephaly and 
other central nervous system anomalies can 
occur.12 Growth retardation may be seen with 
doses greater than 50 cGy.11 

The threshold dose below which radiation 
would not adversely affect a pregnancy is not 
known. Although several authors suggest that 
doses less than 10 cGy do not cause adverse effects, 
any dose of radiation may be capable of inducing 
genetic mutations, which may not be expressed 
until future generations.13 It has been estimated 
that in utero radiation of 1 cGy may double the 
risk of childhood malignancies during the first  
10 years of life, especially in terms of leukemias.14 
Despite this increase in risk, the absolute risk of 
future cancers remains low. Table 1 presents the 
estimated fetal dose of radiation from several 
common diagnostic procedures.

In utero exposure to 10 cGy is the cutoff 
point for consideration of therapeutic abortion.14 
Despite this, case reports of 50 cGy administered 
during the first trimester have not demonstrated 
a substantial risk of malformation.11 Radiation 
therapy directed to the abdomen or pelvis during 
pregnancy will result in high doses of radiation to 
the fetus and should be avoided unless pregnancy 
loss owing to spontaneous abortion or evacuation 
is expected. Issues regarding radiation exposure 
of the pregnant patient, including the topic of 

therapeutic abortion, require consideration of all 
factors affecting the mother and the fetus.

Maternal Hypothyroidism in the First Trimester

Patients treated with radiation therapy, specifi-
cally for cancers of the head and neck, are at  
risk of developing hypothyroidism. Radiation 
treatment is well recognized as a cause of hypo-
thyroidism. Almost 50% of patients develop 
hypothyroidism 5 years after radiation therapy, 
and by 8 years after radiation, almost two-thirds 
of patients develop hypothyroidism. 

For women of childbearing potential, moni-
toring and correcting thyroid levels are impor-
tant. Hypothyroidism has been associated with an 
increased risk of miscarriage, lower infant IQ, 
placental abruption, and preterm birth.

Prevention of Vaginal Hemorrhage 
in Cancer Patients of Reproductive 
Age

Cancer patients of reproductive age are often 
given treatments that may lead to vaginal bleed-
ing. Once bleeding has started, and if this bleed-
ing is treatment related, the underlying cause, 
such as thrombocytopenia, should be corrected. 
Intravenous estrogen (Premarin) may be given at 
a dose of 25 mg every 4 hours for 24 hours or until 
bleeding stops. Alternatively, oral contraceptives 
may be given three times a day for 3 days, then 
twice a day for 3 days, and then daily.

If there is an increased risk of vaginal  
bleeding, hormonal agents can be administered, 
which can function to prevent the incidence of 
bleeding. Progestins (megestrol, medroxypros-
terone) work by stabilizing the endometrium and 

decrease cyclical bleeding if taken continuously. 
Similarly, oral contraceptive pills can be adminis-
tered. Depending on the duration of therapy and 
the nadirs associated with the cytotoxic agents 
given, oral contraceptive pills can be taken daily 
for up to 3 months without inducing a menstrual 
cycle.  

Gonadotropin-releasing hormone agonists 
(eg, leuprolide) have also been used to suppress 
vaginal bleeding during chemotherapy. In  
addition, these agents may function to enhance 
ovarian function and preserve fertility.15 This is 
particularly important for adolescent females 
who are exposed to multiple chemotherapeutic 
agents.

Vaginal Hemorrhage

The appropriate initial management of the patient 
who presents with vaginal bleeding requires a 
stepwise approach to determine the etiology of 
the bleeding. Vaginal bleeding in postmenopausal 
women is abnormal. While common causes of 
vaginal bleeding include endometrial polyps, 
fibroids, hyperplasia, or atrophic changes (due to 
lack of estrogen), cancer needs to be considered  
in the differential diagnosis. In premenopausal 
women, bleeding may be due to pregnancy-
related disease and should be further evaluated 
with a pregnancy test.

If the pregnancy test is positive, the differen-
tial diagnosis includes spontaneous abortion, 
missed abortion, molar pregnancy, gestational 
trophoblastic disease, and ectopic pregnancy 
(discussed later in this chapter). If the patient is 
bleeding vigorously, large-bore intravenous access 
should be obtained, fluids should be adminis-
tered, and blood should be sent to evaluate hema-
tologic and clotting levels. A type and screen 
should be ordered; a type and crossmatch may  
be necessary. Careful physical and pelvic exami-
nations should be performed. Any visible lesion 
in the vagina that may appear bluish in color 
should not be biopsied as this may precipitate 
hemorrhage from choriocarcinoma. An obstetri-
cian/gynecologist should be consulted for further  
evaluation and management.

Women with gestational trophoblastic dis-
ease may present with vaginal bleeding and a 
positive pregnancy test. Although a high index of 
suspicion is required to diagnose this disease, 
women may present with a history of multiple 
emergency room visits for threatened abortion, a 
uterus larger in size than the reported gestational 
age, and no fetal movement. They may also expe-
rience significant nausea, vomiting, and hyper-
tension. On pelvic examination, the cervical os is 
usually closed and the uterus is larger than 
expected for the gestational age. Ultrasonography 
of the pelvis should be performed; pathogno-
monic findings include a multiechogenic pattern 
and absence of fetal parts. A chest radiograph  

Table 1  Estimated Fetal Dose from Common 
Diagnostic Radiologic Exposures

Type of Examination Fetal Dose Range in  
 cGy (rad)

Chest radiograph 0.00006 
Abdomen flat plate 0.15–0.26
Lumbar spine 0.65
Pelvis 0.2–0.35 
Hip 0.13–0.2
Intravenous pyelography 0.47–0.82
Upper GI series 0.17–0.48
Barium enema 0.82–1.14
Mammography Essentially  
 undetectable 
CT of head 0.007
CT of upper abdomen 0.04*
CT of pelvis  2.5
99mTc bone imaging 0.15†

Adapted from Kessel, Rijpkema et al, and Rossouw et al.23–25

CT = computed tomography; GI = gastrointestinal.
*For early pregnancy with uterus confined to the pelvis.
†Based on an ovarian dose of 0.015 cGy per mCi of 99mTc, 

with a typical injected dose of 10 mCi. Bladder drainage 
should be used owing to a high local dose from urinary 
excretion of the radiopharmaceutical.
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and quantitative serum b-human chorionic 
gonadotropin (hCG) should be obtained. The 
patient should be admitted to the hospital. An 
obstetrician/gynecologist should be consulted  
for appropriate evaluation, evacuation of the 
pregnancy, and follow-up.

If the pregnancy test is negative and the 
bleeding is heavy, a thorough physical examina-
tion and pelvic examination should again be  
performed, with careful attention given to visual-
ization and inspection of the vagina and cervix. If 
the bleeding is due to an exophytic cervical lesion, 
a vaginal pack with Monsel’s solution should be 
placed. The patient should be admitted to the 
hospital for more definitive diagnosis and poten-
tial emergent therapy. Treatment options for 
hemorrhage not controlled by packing include 
hypogastric artery embolization, transvaginal 
radiation, and hypogastric artery ligation. 

If the cervix is grossly normal in appearance, 
consideration should be given to an endometrial 
biopsy if this can be performed. Any vaginal lesion 
should also be biopsied. If the patient is not bleed-
ing heavily, she may be discharged with immedi-
ate referral to a gynecologist or to a gynecologic 
oncologist if malignancy is suspected.

The vulva and vagina should also be inspected, 
especially in older women. Packing and hospital 
admission may be required to establish a defini-
tive diagnosis and begin appropriate treatment. 

Ectopic Pregnancy

Ectopic pregnancy is the leading cause of preg-
nancy-related death during the first trimester. 
The diagnosis and treatment of tubal pregnancy 
prior to tubal rupture significantly decrease the 
risk of maternal death. Early detection of tubal 
pregnancy increases treatment options, and some 
patients may be able to receive medical as opposed 
to surgical intervention.

Since the early 1970s, the incidence of ecto-
pic pregnancy has tripled. In 1992, there were an 
estimated 109,000 ectopic pregnancies, represent-
ing approximately 20 per 1,000 pregnancies and 
almost 10% of all pregnancy-related deaths.16 
Current Centers for Disease Control and Preven-
tion data do not include ectopic pregnancies 
diagnosed or treated in physicians’ offices, thereby 
underestimating the true incidence of ectopic 
pregnancy.

Several factors have been identified as con-
tributing to the increased incidence of ectopic 
pregnancy. These include the rising incidence of 
acute and chronic salpingitis, tubal ligation, tubal 
reconstructive surgery, and conservative manage-
ment of tubal pregnancy, all of which cause struc-
tural damage to the tube; an increase in the use  
of intrauterine contraceptive devices (IUDs), 
which assisted reproductive technology/in vitro 
fertilization increase the risk of ectopic pregnancy 
by a factor of 4; and improved technology,  
which allows for more definitive diagnosis of 

some patients whose condition may have been 
undetected in the past.

Many retrospective studies have shown that 
patients with an ectopic pregnancy may be evalu-
ated by a physician on several occasions before 
the correct diagnosis is made. This delay in diag-
nosis is usually related to a low index of suspicion 
on the part of the clinician. An awareness of the 
risk factors associated with ectopic pregnancy  
is critical to a prompt diagnosis. Significant risk 
factors are as follows:

• A history of tubal infection (increases the 
rate of ectopic pregnancy from 1 in 200 to 1 
in 24)

• Previous ectopic pregnancy (15–50% increase 
in the incidence of ectopic pregnancies in 
subsequent pregnancies),

• A history of tubal reconstructive surgery 
• A history of tubal sterilization within the  

previous 2 years 
• Pregnancy with an IUD in place or a history 

of IUD use

Although there are no pathognomonic symp-
toms of ectopic pregnancy, the classic triad  
consists of history of amenorrhea, new onset  
vaginal bleeding, and abdominal pain.

Amenorrhea or a history of an abnormal last 
menstrual period is associated with 75 to 90% of 
ectopic pregnancies. Vaginal bleeding, which may 
consist of light spotting or may be as heavy as  
a menstrual period, results from low hCG pro-
duction by the ectopic trophoblast; this occurs in 
50 to 80% of patients with an ectopic pregnancy. 
Abdominal pain is present in more than 90% of 
cases. 

Identifying the correct diagnosis in a patient 
with an acutely ruptured ectopic pregnancy is 
fairly straightforward. The patient usually  
presents with symptoms of abdominal pain and 
distention, as well as hypovolemia (eg, tachycar-
dia, orthostatic blood pressure changes, diapho-
resis). Shoulder pain may be present owing to 
irritation of the phrenic nerve from blood in the 
peritoneal cavity.

The diagnosis of an unruptured ectopic preg-
nancy is more difficult to make. Physical exami-
nation findings in these patients are extremely 
variable. Although 90% of patients have abdomi-
nal tenderness, only 45% have rebound tender-
ness. Fifty percent of patients have a palpable 
adnexal mass. In half of these cases, the mass  
is contralateral to the ectopic pregnancy and is 
actually the corpus luteum.17 

Several critical diagnostic tests should be 
obtained in patients suspected of having an ecto-
pic pregnancy. These include a urine hCG, trans-
vaginal ultrasonography, and quantitative serum 
b-hCG. The rapid hCG is obtained to diagnose 
pregnancy. The b-hCG should be drawn at  
the time of presentation and then repeated as  

necessary. The doubling time of b-hCG in the 
serum varies from 1.2 days immediately following 
implantation to 3.5 days 2 months after the last 
menstrual period. It is important to understand 
that ectopic gestations may be associated with  
a normal rise in hCG levels, as well as with  
plateauing or decreasing titers. If serial quantita-
tive levels of b-hCG do not fall into the normal 
range, ultrasonography should be performed to 
attempt to locate the pregnancy. Transvaginal 
ultrasonography permits the identification of an 
intrauterine gestational sac at as early as 5 weeks 
of amenorrhea (2 mm diameter), which virtually 
rules out an ectopic pregnancy. 

The management of an ectopic pregnancy 
has changed significantly in recent years. Thera-
peutic options vary from medical therapy to 
emergent laparotomy. The appropriate treatment 
depends on the medical status of the patient and 
the characteristics of the pregnancy. Surgery 
(either laparotomy or laparoscopy) is indicated in 
patients with an unstable cardiovascular status, a 
vaginal sonogram identifies a gestational mass > 
3.5 cm, the b-hCG is > 15,000 mIU/dL, or fetal 
cardiac activity is identified. A patient with  
stable cardiac status, a gestational mass < 3.5 cm 
identified on ultrasonography, and b-hCG < 
15,000 mIU/dL is an appropriate candidate for 
medical management with methotrexate. For 
those patients who are eligible for methotrexate 
other criteria, such as a willingness to return for 
follow-up care, must be discussed by the patient 
and her physician. 

The key to successful management of ectopic 
pregnancy is early diagnosis. Although the 
number of cases of ectopic pregnancy has steadily 
increased, the mortality has declined significantly 
in the past 10 years.18 A high index of suspicion 
and vigorous efforts to make an early diagnosis 
must be made by all physicians evaluating women 
of reproductive age who present to the emergency 
room with abdominal pain and a positive  
pregnancy test.

Rectovaginal Fistulae

A rectovaginal fistula is an epithelium-lined com-
munication between the rectum and the vagina. 
Although most fistulae are related to obstetric 
trauma, carcinoma, whether it is primary, recur-
rent, or metastatic, can lead to a rectovaginal  
fistula. The most common cancers are rectal, cer-
vical, vaginal, and endometrial. If a patient with a 
rectovaginal fistula has a history of any of these 
cancers, a biopsy of the fistula is necessary. Radia-
tion of the pelvis or perineum is another cause of 
a rectovaginal fistula. The radiation results in 
tissue damage and decreased vascular supply, 
which can lead to a proctitis and subsequent 
ulceration of the rectal wall. The frequency of 
radiation-induced rectovaginal fistulae is 0.3 to 
6%. The incidence increases with higher doses of 
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radiation. These fistulae are usually to the mid- or 
upper vagina and will occur within 2 years of 
treatment.

The majority of rectovaginal fistulae are 
symptomatic, with the patient complaining of  
the passage of stool or flatus via the vagina. If  
the fistula cannot be identified on examination, 
the patient may require additional studies.  
Contrast studies (eg, barium enema, computed 
tomography with rectal contrast) are useful. 

The treatment of a rectovaginal fistula must 
be tailored to the individual fistula and the 
patient’s long-term prognosis. A colostomy is 
often necessary. Depending on medical comor-
bidities, disease state, and body habitus, a patient 
can have either a transverse loop colostomy or an 
end-descending colostomy.

Treatment of Menopausal  
Symptoms

Menopause, the cessation of ovulation and its 
accompanying symptoms, marks an important 
physiologic and social transition in a woman’s 
life. The average age of natural menopause in the 
United States is 52.6 years.19 Patients who are 
postmenopausal at the time of their diagnosis and 
treatment of cancer are now living longer owing 
to advances in therapy. Patients who are still 
having regular menstrual cycles at the time of 
their cancer diagnosis are often made menopausal 
by the treatment. For example, the majority of 
patients with leukemia and lymphoma are under 
50 years, and a large proportion of them will be 
made menopausal with traditional chemother-
apy, high-dose chemotherapy, bone marrow 
transplantation, or radiotherapy.20 Almost 15% 
of patients with endometrial cancer will be pre-
menopausal at diagnosis.21 Standard treatment 
for these women includes bilateral salpingoopho-
rectomy as part of the surgical staging of the  
disease. Owing to early detection and improved 
therapy, women who are iatrogenically made 
menopausal as a side effect of their cancer treat-
ment may live many decades in a menopausal 
state.

Vasomotor symptoms are the most com-
monly reported and often the most distressing 
symptoms of menopause. Nearly 60% of meno-
pausal women report hot flashes, night sweats, 
and/or sleep disturbances.22 Genitourinary symp-
toms such as vaginal dryness or atrophy and 
accompanying dyspareunia are also well docu-
mented.22 There is often an accompanying 
decrease in libido and sexual desire with meno-
pause. The long-term effects of osteoporosis are 
of particular concern in those cancer patients 
with an excellent prognosis made menopausal  
at an early age. For them, the decades without 
estrogen put them at risk of fractures of the verte-
brae, hips, and wrist.  In postmenopausal white 
women, 90% of hip fractures are attributable to 

osteoporosis and 20% of them will die within  
1 year of sustaining the injury.23 In addition, long-
term deficiency in estrogen has been associated 
with increasing the risk and mortality of coronary 
artery disease, as well as the memory loss and  
cognitive deficits associated with Alzheimer’s  
disease.

In the past, these symptoms and sequelae of 
the hypoestrogenemic state had been easily man-
aged with hormone replacement therapy. Epide-
miologic, observational, and animal studies had 
repeatedly shown that these medications pro-
vided excellent relief of vasomotor and genitouri-
nary symptoms in addition to maintaining bone 
density. In addition, it was thought that the estro-
gen component of hormone replacement therapy 
had an added cardioprotective effect by lowering 
lipid levels.24 However, the results from the Wom-
en’s Health Initiative (WHI), a large randomized 
control study, showed a significantly higher risk 
of coronary heart disease in postmenopausal 
women receiving estrogen and progesterone hor-
mone replacement when compared with con-
trols.25 Although there were fewer hip fractures in 
the hormone therapy group, there was a higher 
rate of breast cancer, stroke, and pulmonary 
embolism in women receiving estrogen and pro-
gesterone. The size and design of the study and 
the wide media attention to its findings resulted 
in a sharp decrease in women taking hormone 
replacement therapy almost immediately on its 
publication.26 Over the past years, however, many 
physicians have reconsidered the initial adverse 
reaction to the WHI results as women have con-
tinued to suffer with vasomotor and genitouri-
nary symptoms in the immediate period after 
entering menopause. For that reason, many 
expert panels have recommended the short-term 
use of hormone replacement therapy (5–7 years) 
for the control of vasomotor and genitourinary 
symptoms associated with menopause.27–29 
Women who have not had a hysterectomy should 
receive combination estrogen and progesterone 
therapy, whereas women who have had their 
uterus removed may receive estrogen alone.  
Continuation of hormone therapy after the initial 
5- to 7-year period after entering menopause 
should be considered carefully and reevaluated 
on a regular basis.

Hormone replacement therapy for the con-
trol of vasomotor and genitourinary symptoms in 
the immediate postmenopausal period may not 
be appropriate for all women who have had a 
cancer diagnosis. Controversy remains as to the 
effects of hormone replacement therapy in breast 
cancer survivors. Observational data suggest no 
increase in the risk of recurrence in patients with 
breast cancer.30,31 However, at least one prospec-
tive study has demonstrated an increased risk  
of breast cancer recurrence in women taking  
hormone replacement therapy when compared 

with controls.32 The hormonal dependence of 
breast cancer cells and the use of tamoxifen and 
letrozole (antiestrogenic drugs), coupled with the 
prospective study findings, make many physi-
cians hesitant to prescribe hormone replacement 
therapy to women with a history of breast cancer. 
Likewise, hormonal replacement therapy for 
women with a history of ovarian and endometrial 
cancers is felt to be contraindicated by some clini-
cians owing to the hormonal dependence of the 
neoplastic cells. Other cancer survivors who 
should not receive hormone replacement therapy 
are those women who are at increased risk of 
thromboembolic events owing to the increase in 
hypercoagulability events in women taking estro-
gen with progesterone25 and estrogen alone.33 For 
most women with a diagnosis of cancer, a short 
course (5–7 years) of hormone replacement ther-
apy for the control of vasomotor symptoms is a 
reasonable option.

For women with either contraindications to 
hormone replacement therapy or continued vaso-
motor symptoms after initial treatment with hor-
mone replacement therapy, other options exist. 
Behavioral modifications, such as lowering ambi-
ent air temperature,34 exercise,35 and smoking ces-
sation,36 may decrease the number and severity of 
hot flashes. In addition, nonprescription reme-
dies, such as isoflavones, black cohosh, or vitamin 
E, may be tried for mild hot flashes. These medi-
cations may have an effect on vasomotor symp-
toms. However, there are no conclusive studies 
demonstrating their efficacy or detailing their 
absorption. Selective serotonin reuptake inhibi-
tors (SSRIs), such as fluoxetine37 and venlafax-
ine,38 have been shown in randomized, 
double-blinded, placebo-controlled trials to sig-
nificantly reduce hot flashes. These medications 
have an additional benefit of mood elevation in 
women with depression, a subclinical finding in 
many postmenopausal patients. The anticonvul-
sant gabapentin has also been shown to signifi-
cantly reduce hot flashes.39 This medication is also 
well tolerated and might also reduce somatic pain 
experienced by cancer survivors. Clonidine has 
been used successfully to treat hot flashes; how-
ever, many patients are unable to tolerate the 
drug-related side effects.40 There are several treat-
ment options for vasomotor symptoms in addi-
tion to hormone replacement therapy. Which 
regimen to choose will depend on the severity of 
the symptoms, other comorbidities, and patient 
and physician preferences. Without treatment, 
vasomotor symptoms will typically subside spon-
taneously, although this may take a long period of 
time.

Menopausal genitourinary symptoms of  
vaginal dryness, atrophy, and accompanying  
dyspareunia in addition to dysuria and inconti-
nence can be made worse by cancer treatment. 
Tamoxifen has been noted to increase these 
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symptoms in women taking this medication for 
breast cancer.41 Women who have received pelvic 
irradiation have significantly increased symptoms 
of vaginal dryness, atrophy, and dyspareunia.42 

Nonhormonal vaginal lubricants, such as Replens 
and K-Y jelly, can reduce vaginal dryness and dys-
pareunia. However, these remedies will not 
restore the atrophic vaginal and urethral epithe-
lium and therefore will not relieve all of the vagi-
nal or any of the urinary symptoms. Oral hormone 
replacement therapy has been the most effective 
in addressing all of these symptoms. Locally 
administered estrogen in the form of either a vag-
inal cream or an extended-release vaginal ring or 
pessary can also alleviate most of the genitouri-
nary symptoms.43 These routes of estrogen admin-
istration are attractive as they do not raise systemic 
levels of circulating estrogen.44 

The reduction in libido in postmenopausal 
women may be partially related to vaginal dryness 
and dyspareunia. However, a lack of circulating 
hormones also affects sexual desire. Hormone 
replacement therapy may alleviate the associated 
vaginal symptoms that may be physical barriers to 
sexual intimacy. However, estrogen therapy has 
little effect on decreased sexual drive.45 On the 
contrary, testosterone replacement may be neces-
sary to restore libido.46 Ongoing studies and drug 
development continue in an effort to help post-
menopausal women regain sexual desire.

As mentioned, osteoporosis and its associ-
ated morbidities and mortality are an important 
consideration for the postmenopausal female. 
Women with hematologic malignancies such as 
leukemia, lymphoma, and myeloma are at 
increased risk of bone loss at baseline. Behavioral 
modifications such as smoking cessation and 
weight-bearing exercise help maintain bone 
strength and structure. Adequate daily intake of 
both calcium and vitamin D are also important.47 
For patients not taking hormone replacement 
therapy, other pharmacologic agents may be used 
to treat osteopenia or osteoporosis. Bisphospho-
nates have been shown to be equally effective as 
hormone replacement therapy in preventing 
postmenopausal bone loss.48 Side effects such as 
gastrointestinal distress have made compliance 
with daily administration of bisphosphonates  
difficult in the past. However, patients can now 
take weekly or monthly doses, which greatly 
reduces the overall side effects and may increase 
compliance. Selective estrogen receptor modula-
tors (SERMs), such as tamoxifen and raloxifene, 
also conserve bone mass, thereby reducing the 
risk fractures. This class of drug also has an addi-
tional benefit of reducing the risk of breast cancer 
and might also decrease the risk of coronary artery 
disease.49 Unfortunately, these drugs have no 
effect on vasomotor or genitourinary symptoms 
and may actually worsen those symptoms in the 
acute period just after beginning the medication.

In summary, with more aggressive therapies 
and improved prognosis, women with cancer are 
becoming menopausal at a younger age and living 
longer in this state. Menopause is accompanied 
by acute vasomotor and genitourinary symptoms. 
Hormone replacement therapy remains the best 
treatment for the acute symptoms of menopause 
and can be safely used for a limited time (5– 
7 years) in most cancer patients. Patients with 
breast, ovarian, or endometrial malignancies 
should discuss this option with their oncologist. 
Other medications, such as SSRIs and gabapen-
tin, may also alleviate vasomotor symptoms. For 
women not taking hormonal therapy or other 
medications, vasomotor symptoms will resolve 
with time. Despite this, the genitourinary symp-
toms will persist and worsen with age. For these 
women, vaginal estrogen may provide good relief 
of genitourinary symptoms. The decrease in 
libido, however, will not be affected by this for-
mulation. Research continues as to the role of 
testosterone to help postmenopausal women 
maintain their sexual drive.

The long-term effects of menopause include 
osteoporosis, coronary artery disease, and possi-
ble changes in cognitive function. Women with 
hematologic malignancies are at an increased risk 
of osteoporosis and should be followed carefully. 
Exercise, smoking cessation, and dietary intake of 
calcium and vitamin D are recommended to 
maintain bone mineral density. Bisphosphonates 
and SERMs have also been shown to prevent 
osteopenia and osteoporosis. Newer formulations 
of the bisphophonates make administration less 
frequent and side effects more tolerable. SERMs 
such as tamoxifen and raloxifene not only have a 
protective effect on bone, they also reduce the risk 
of breast cancer and may prevent coronary artery 
disease in postmenopausal women. They often, 
however, exacerbate the vasomotor and genito-
urinary symptoms of hypoestrogenism. To date, 
there are no recommendations as to how best  
to manage the heart disease and cognitive loss 
associated with menopause.
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Normal sexual function depends on multiple  
factors, including sexual desire, normal response 
to arousal, and the ability to achieve orgasm. 
Sexual dysfunction, for various reasons, is a 
common problem for both patients with cancer 
and those who survive cancer. Sexual dysfunction 
may develop early in a patient’s disease course, 
during cancer treatment (related to surgery,  
radiation, chemotherapy, or hormonal therapy), 
as a result of symptom management, or after 
cancer treatment has been completed. Unfortu
nately, during cancer care, sexual difficulties are 
rarely addressed, and most patients receive little 
or no assistance in dealing with the effects of 
cancer care and treatment on intimacy.1

Libido

Libido, or the desire to have sex, is often affected 
by multiple factors during cancer treatment.  
Psychological factors, including depression and 
anxiety, that are often associated with the diag
nosis of cancer can have a significant impact on 
one’s desire to be sexually active. Also contribut
ing significantly to loss of sexual desire are the 
medical interventions that occur during cancer 
treatment. At the present time, a majority of  
cancers are treated with a combination of surgery, 
radiation, and/or chemotherapy. All of these 
modalities can have some impact on sexual 
desire. 

Surgery
Surgical treatment for cancer often requires  
hospitalization, anesthesia, exploration of body 
cavities, and the need to recover from the surgery 
itself. Postoperative pain and fatigue often affect 
sexual desire, particularly in the immediate weeks 
following surgery.2 Surgeries that have the most 
impact on sexual desire and function are those 
involving the pelvis, such as radical prostatec
tomy, radical cystectomy, abdominoperineal 
resection for rectal cancer, and radical hysterec
tomy for gynecologic cancers. This is in part due 
to changes in body image; however, physiologic 

effects from the surgery itself also affect sexual 
function.

Pelvic surgery for both men and women can 
interfere with the innervation of the pelvic organs 
and therefore can affect the physiologic response 
to sexual stimuli. The amount of dysfunction 
depends on the extent of injury to the sacral 
plexus. In men, surgery for bladder, rectal, or 
prostate cancer can affect the ability to have an 
erection by disruption of the parasympathetic 
sacral nerve fibers. Although there are procedures 
designed to spare the sacral nerve fibers, com
pression or trauma to the nerves can lead to a 
transient decrease in function, from which it may 
take a significant amount of time to recover.3 A 
list of the most common side effects associated 
with radical pelvic surgery in men is shown in 
Table  1.

In women, pelvic surgery can also lead  
to sexual dysfunction. Jensen and colleagues  
evaluated sexual function and quality of life in 
173 women treated with radical hysterectomy for 
earlystage cervical cancer.4 Lack of interest in sex 
was a common finding among women at 5  weeks 
(77%) and even up to 2  years after surgery (57%). 
Dyspareunia, or pain during intercourse, was 
more common in the immediate time period  
after surgery; however, a few patients reported 
dyspareunia 2  years after surgery. Sexual dysfunc
tion associated with pelvic surgery in women is 
commonly attributed to vaginal shortening and 
stenosis. In addition, vaginal dryness owing to a 
lack of estrogen is common in women who 
undergo oophorectomy at the time of surgery.5,6 
These physiologic changes affect not only affect 
the ability to function normally but alsothe desire 
to engage in sexual activity. The extent of these 
side effects depends on the type of surgery  
performed and the organs involved. The most 
common side effects on sexual function owing to 
pelvic surgery in women are listed in Table  2.

Radiation
Radiation therapy can result in both immediate 
and longterm side effects that influence  
sexual desire and sexual function. During radia
tion treatment, patients are often fatigued and 
nauseated and may have skin changes to the  
radiated areas of the body. All of these symptoms 
can have a significant effect on the desire to be 
sexually active, as well as an impact on body 
image. In a cohort of 118 women who were  
disease free after treatment with radiation for  
cervical or vaginal cancer, Jensen and colleagues 
reported that 91% of patients had low or no sexual 
interest 1 month after the completion of radio
therapy.5 Other common symptoms in the imme
diate period after treatment included a moderate 
to severe lack of lubrication, vaginal irritation, 
foulsmelling discharge, and dyspareunia. These 
symptoms of sexual dysfunction resulted in a 
high level of distress in this population, and in 
many of these women, symptoms persisted for at 
least 2  years after the completion of treatment.
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Table 1  Most Common Physiologic Effects of 
Pelvic Surgery on Male Sexual Function

Procedure Common Effects

Radical prostatectomy Decrease in ability to  
  have an erection
 May decrease   
  intensity of orgasm
 Dry orgasm

Radical cystectomy Decrease in ability to  
  have an erection
 May decrease   
  intensity of orgasm
 Dry orgasm
 Pain with intercourse  
  (rare)

Abdominoperineal Decrease in ability to
 resection  have an erection
 May decrease   
  intensity of orgasm
 Dry orgasm
 Pain with intercourse  
  (rare)

Total pelvic exenteration Impaired ability to   
  have an erection
 May decrease   
  intensity of orgasm
 Dry orgasm
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In addition to the shortterm side effects of 
radiation, prolonged external beam radiation can 
lead to fibrosis of soft tissues, the development of 
scar tissue, and loss of nerve function. This has a 
particular effect on patients who have highdose 
primary radiotherapy for the treatment of pros
tate, bladder, cervical, or rectal cancer. External 
beam radiation to the pelvis also affects the small 
vessels that help supply the pelvic organs. In men, 
this can be as damaging as primary surgery to  
the nerves responsible for erectile function. In 
contrast to the vascular and nerve damage caused 
by surgery, the damage related to radiation ther
apy may not be apparent until months after the 
completion of therapy.7 Finally, radiation can 
cause injury to adjacent normal tissues, including 
the bladder, rectum, and vagina, which may lead 
to symptoms that detract from sexual desire, 
including proctitis, cystitis, and vaginal stenosis.2

Improvements in radiation delivery, includ
ing the introduction of brachytherapy for the 
treatment of localized prostate cancer, seem to 
have had an impact on the side effects associated 
with pelvic radiation, including those that affect 
sexual function. Reis and colleagues compared 
the effects of prostatectomy and primary  
radiotherapy on sexual function in 158 men with  
localized prostate cancer.8 In this cohort, erectile 
dysfunction was reported in 85% of men who 
were treated by radical retropubic prostatectomy 
and in only 23% of men treated with brachyther
apy. Other studies have also found that erectile 
dysfunction may be higher among surgically 

managed patients; however, there are data to  
suggest that, over time, the treatment modalities 
have similar effects on sexual function and 
desire.9,10 

Chemotherapy
The effects of chemotherapy on sexual function 
can also be divided into immediate and longterm 
effects. During the course of treatment with che
motherapy, many patients experience nausea, 
vomiting, fatigue, hair loss, and mucositis. 
Women in particular may experience vaginal or 
perineal mucositis, causing discomfort during 
intercourse. These shortterm side effects vary 
depending on the chemotherapy agent used; 
however, they can all influence a man or woman’s 
feeling of wellbeing and desire to engage in sexual 
activity.2

In a large cohort of breast cancer patients, 
Ganz and colleagues found that patients who had 
received chemotherapy as part of their primary 
treatment reported more sexual problems at the 
end of primary treatment than women who did 
not receive chemotherapy. Lack of interest in sex 
was reported in 23.4% of all patients in the study, 
with a greater frequency among women who had 
received chemotherapy (p=.002). They also 
found that vaginal lubrication problems and pain 
during intercourse were more severe among 
women who received chemotherapy. These  
findings have been reported in previous stud
ies.11,12 A higher number of women (50%) who 
received chemotherapy reported that breast 
cancer had a negative effect on their sex life  
compared with women who had not received 
chemotherapy (p<.001).13

The longterm effects of chemotherapy in 
women have also been described. These include 
premature menopause and loss of fertility.14,15 Up 
to 50% of premenopausal breast cancer patients 
report changes in their menstrual periods after 
the diagnosis of breast cancer. These changes  
are seen more frequently in women who receive 
chemotherapy.13 Goodwin and colleagues found 
that among patients with earlystage breast cancer, 
age and systemic chemotherapy were the stron
gest predictors of early menopause.16 Physiologic 
changes associated with menopause, including 
vaginal dryness, atrophy, and dyspareunia,  
contribute to discomfort during sexual inter
course and affect a woman’s desire to have  
intercourse and her ability to become aroused. 
These factors play a major part in a woman’s 
libido and sexual function. There are limited data 
available on the longterm effects of chemother
apy on libido in the male population.

Hormonal Therapy
In a subset of endocrinesensitive cancers, hor
monal therapy has been used for both prevention 
and treatment. This type of therapy can also affect 

sexual desire and sexual function. Tamoxifen, an 
antiestrogenic compound used in the prevention 
and treatment of breast cancer, has been shown  
to increase vaginal discharge and vasomotor 
symptoms.11,17,18 Although there are no clear data 
to suggest that sexual function is statistically  
different when comparing women on tamoxifen 
with those taking placebo, some studies have 
shown that almost 50% of women on tamoxifen 
complain of pain, burning, or discomfort with 
intercourse. In addition, a high proportion of 
these women require the use of vaginal lubricants 
during intercourse owing to vaginal dryness.17,19

Other hormonal therapies used to treat 
cancer in women include megesterol acetate, 
gonadotropinreleasing (GnRH) analogues, and 
aromatase inhibitors. Progesterone therapy  
with megesterol acetate is sometimes used in the 
treatment of breast or endometrial cancer. Mege
sterol acetate is also used as an appetite stimulant 
in cancer and noncancer patients. Consequently, 
one of the main side effects is weight gain, which 
can have a negative effect on body image and 
sexual desire.20 GnRH analogues, which have 
been used in women with breast or ovarian cancer, 
are associated with menopausal symptoms, which 
have also been shown to have a negative impact 
on sexual desire and sexual function.21 Aromatase 
inhibitors are the newest class of hormonal ther
apy used for postmenopausal breast cancer 
patients. Although the data are limited, there is 
some suggestion that use of aromatase inhibitors 
can result in vaginal dryness, which may result in 
problems with sexual function.2

In men, hormonal therapy is primarily  
used in the treatment of prostate cancer. GnRH 
analogues are used to eliminate the effects of 
adrenal androgens. The primary side effect from 
this therapeutic approach is decreased libido. 
Although many men can physically achieve an 
erection and ejaculation despite loss of testoster
one, a decrease in libido is commonly reported. 
In fact, some men who are asymptomatic with a 
rising prostatespecific antigen choose to delay 
hormonal therapy for this reason. In men with 
advanced or progressive disease, other factors 
have an effect on erectile function and sexual 
desire, making it difficult to determine the  
additive effect of the hormonal therapy.2

Many patients receive a combination of  
surgery, radiation, chemotherapy, and hormonal 
therapy as primary treatment for their cancer. In 
addition, patients also receive various treatment 
modalities for recurrent or progressive disease. As 
such, it is not uncommon for patients to suffer 
side effects from each of these treatment modali
ties, which may compound the negative effects on 
sexual desire and sexual function.

Side Effects of Therapy
In general, single or multimodality cancer  
treatment is associated with fatigue, pain, and 

Table 2  Most Common Physiologic Effects of 
Pelvic Surgery on Female Sexual Function

Procedure Common Effects

Simple hysterectomy Vaginal dryness
 Shortening of the
  vagina
 Pain with intercourse
  (rare)

Radical hysterectomy Vaginal dryness
 Shortening of the
  vagina
 Pain with intercourse
  (rare)

Radical cystectomy Vaginal dryness
 Pain with intercourse
 Vaginal dryness

Abdominoperineal Vaginal dryness
 resection Pain with intercourse

Total pelvic exenteration Loss of erotic zones
 and vaginal Need to relearn how to
 reconstruction  reach orgasm
 Pain with intercourse
  (occasional)

Radical vulvectomy Loss of erotic zones
 Severe vaginal dryness
 Need to relearn how to
  reach orgasm
 Pain with intercourse
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declining physical function. These factors also 
have a significant influence on libido and sexual 
functioning. Fatigue is a common symptom  
associated with cancer diagnosis and treatment 
that is associated with decreased libido.22,23 
Chronic fatigue tends to affect most cancer 
patients but is more prevalent in certain types of 
cancer, including Hodgkin’s lymphoma.24 This 
may be related to specific side effects of treatment, 
such as anemia, but is likely multifactorial  
and represents the longterm side effects of both 
chemotherapy and radiation.2 

Uncontrolled or chronic pain can also  
contribute to a loss of libido. Pain often manifests 
itself as psychological distress, poor appetite, and 
lack of sleep, all of which may have a negative 
effect on sexual interest. The association between 
pain and decreased sexual function is intuitive; 
however, few studies have been conducted to  
support this relationship. A small study on 
patients who received highdose chemotherapy 
and autologous bone marrow for breast cancer 
patients found that pain was associated with a 
decrease in sexual function.25 There are also some 
data to support the fact that pain increases  
psychological distress, which may increase sexual 
dysfunction.26

Medications
In addition to the effects of primary treatment on 
sexual desire and function, cancer patients are 
often prescribed multiple medications during 
their cancer treatment. Many of these medica
tions can affect libido and sexual function. In 
most cases, the benefits of taking these medica
tions outweigh the side effects; however, it is 
important to understand what these side effects 
are to determine if appropriate changes in these 
medications can be made to alleviate some of the 
unwanted side effects.

Nausea is a symptom that commonly results 
from cancer treatment. It is one of the most 
common shortterm side effects associated with 
both radiation and chemotherapy. In addition, 
patients who undergo surgery often require  
antiemetic agents in the postoperative recovery 
period. Although nausea itself can decrease libido, 
many of the medications used to treat nausea can 
also interfere with sexual desire. The primary 
reason for this effect is that many of these medica
tions also act as sedatives. In addition, certain 
classes of antiemetics can affect hormone levels 
that alter sexual desire.27

Narcotics are also commonly prescribed at 
the time of diagnosis or for pain related to cancer 
treatment. In addition, these medications are 
often continued in patients who have persistent 
pain through the course of treatment or for those 
who have progressive disease. The dose and  
duration of narcotic use are patient dependent. 
When narcotics are taken for long periods of time, 

tolerance can develop, and patients may require 
higher doses to achieve the same degree of pain 
control. When given in large doses, narcotic pain 
medications can decrease sexual desire.27 

Difficulty sleeping, anxiety, depression, and 
chronic pain are often treated with sedatives,  
anxiolytics, or antidepressants in the cancer 
patient. In general, sedatives have a negative effect 
on sexual desire. Similarly, most medications that 
are used to treat anxiety also decrease sexual 
desire in men and women. Antidepressant  
medications, on the other hand, can have a vari
ety of effects on sexual desire. If antidepressant 
use results in improvement in mood, this may 
enhance sexual desire. However, the physiologic 
effects of some of these medicines can have a  
negative effect on sexual desire. Many of these 
effects are patient and medication dependent.27

Finally, many cancer patients and cancer  
survivors have other medical comorbidities for 
which they require medications. Heart disease 
and hypertension are common medical problems 
in older men and women. Therefore, medications 
used to treat these comorbidities are not uncom
mon in cancer patients. These medications can 
also complicate the issue of decreased libido and 
sexual dysfunction.

Sexual desire and sexual function in the 
cancer patient and cancer survivor are very  
complicated issues. Multiple factors, including 
treatment modality, cancerassociated symptoms, 
medication side effects, and various psychological 
factors, contribute to a patient’s desire or lack of 
desire for intimacy.

Impotence

Erectile dysfunction is a relatively common prob
lem in the general population. In a large national 
survey of 18 to 59yearolds in the United States, 
31% of men reported some type of sexual dys
function. The most common problems reported 
were premature ejaculation (28.5%), anxiety 
about performance (17%), lack of interest in sex 
(15.8%), and inability to maintain an erection 
(10.4%).28 As men grow older, the prevalence of 
erectile dysfunction increases, and by the age of 
70, up to 50% of men are impotent.

Erectile dysfunction associated with cancer 
treatment is primarily due to damage to the sacral 
nerve plexus, devascularization of the pelvic 
organs, and changes in hormone levels. These 
effects can be due to surgery, radiation, chemo
therapy, and hormonal therapies. Erectile  
dysfunction can also result from treatment of 
other non–cancerrelated conditions, such as 
hypertension and heart disease.

A majority of the studies evaluating erectile 
dysfunction in cancer patients and survivors have 
focused on the men who are at the highest risk, 
those with prostate cancer. Several studies have 

suggested that 30 to 50% of men have significant 
sexual dysfunction at the time of diagnosis with 
prostate cancer.29–31 Following treatment with 
either surgery or definitive radiation therapy,  
the rates increase to 50 to 80%, and in men  
who require antiandrogen therapy for advanced 
prostate cancer, the rates of sexual dysfunction 
approach 80 to 90%.32 

Because erectile dysfunction affects such a 
high proportion of men undergoing therapy for 
prostate cancer, changes in treatment have been 
made to help decrease erectile dysfunction. From 
a surgical standpoint, the nervesparing radical 
prostatectomy has been introduced and has been 
shown to have some effect on preservation of 
erectile function. One group reported that up  
to 86% of men who underwent bilateral nerve
sparing prostatectomy could achieve erections 
functional for intercourse within 18  months of 
surgery.33 Although these data look promising, 
the patients in this cohort tended to be younger 
(median age 57  years). Other studies in older 
populations have reported that approximately 
20% of men who undergo bilateral nervesparing 
radical prostatectomy recover to have erections 
firm enough for vaginal intercourse.34–37 Although 
most studies have found that there is some benefit 
to this approach, further study will be required to 
determine exactly how effective this procedure is 
in preserving erectile function.

Modifications in the delivery of radiotherapy, 
including the use of brachytherapy, three 
dimensional conformal therapy, and intensity
modulated therapy, may help preserve erectile 
function by sparing surrounding tissues.7,29,35,38–40 
Potency after radiation therapy for prostate cancer 
has been reported to be as high as 30 to 60%.41 
Several studies have suggested that preservation 
of erectile function is superior after radiotherapy 
than after surgical therapy; however, there are 
conflicting reports. Talcott and colleagues did  
the first prospective study comparing the two 
treatment modalities, using a validated quality of 
life questionnaire to evaluate sexual function.7 
They reported that erectile dysfunction was higher 
initially in the surgery group; however, over time, 
sexual function declined in the radiotherapy 
group and improved in the surgically treated 
group. The longer the followup period, the 
smaller the difference detected between the two 
treatment groups. This likely relates to the  
difference in the physiologic damage to the sacral 
nerve plexus and vasculature of the pelvis that 
was discussed earlier in the chapter. 

Although physicians continue to modify 
treatments to help prevent erectile dysfunction, 
impotence continues to affect a large percentage 
of men treated for prostate cancer. As such,  
physician and health care workers should also 
focus on the treatment of erectile dysfunction and 
sexual rehabilitation. 
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Psychosocial Issues

Although it is clear that treatment for cancer can 
affect the physiologic response to sexual stimuli, 
psychological factors can also have a significant 
impact on sexual desire and sexual function.  
Psychological distress is often associated with 
sexual dysfunction in healthy individuals, and 
this has also been identified in different cancer 
populations. Several studies have suggested that 
the symptoms of depression and anxiety are  
commonly identified in men and women with 
cancer. Major depressive disorder has been 
described in as many as 50% of cancer patients, 
which is significantly higher than in the general 
population (8%).42,43 This is of particular  
importance because these conditions are often 
underdiagnosed and therefore undertreated. 

Many of the studies evaluating the predictors 
of psychological distress among cancer patients 
have been disease specific. In ovarian cancer 
patients, 30 to 50% of newly diagnosed patients 
report moderate to severe levels of anxiety.44,45 
This high level of anxiety and psychological  
distress may be related to the diagnosis of ovarian 
cancer or related treatments. Completion of  
therapy and entering the “watching and waiting” 
period can also be equally distressing. More 
importantly, many of these women (60%) are not 
receiving mental health services or psychotropic 
medications.46 This suggests that we need to 
improve detection and treatment of these condi
tions in cancer patients. Although anxiety and 
depression can have many implications in the 
cancer population, these conditions can also 
affect sexual desire and sexual function.

In a study of newly diagnosed breast cancer 
patients, Schag and colleagues found that women 
who were considered at risk of psychological  
distress based on an evaluation at the time of 
diagnosis were more likely to report problems 
with sexual function 1 month and 1 year after 
diagnosis than women who were categorized  
as low risk.47 Reported problems with sexual func
tion included a lack of interest in having sex,  
difficulty in being sexually aroused, and difficulty 
reaching orgasm. Similar findings have been 
described in patients with Hodgkin’s disease and 
acute leukemia.48

Cull and colleagues evaluated a group of 
earlystage cervical cancer patients who were 
treated successfully with either surgery or radio
therapy.49 Two years after treatment, approxi
mately 50% of women continued to report 
persistent tiredness and a lack of energy. There 
were no differences in outcome or psychological 
status when comparing the two treatment groups. 
Overall, the rates of anxiety and depression were 
higher in patients with earlystage cervical cancer 
than expected for the general population. Many 

patients were found to have high levels of psycho
logical distress, which correlated significantly 
with both physical complaints and functional 
outcomes. In the subgroup of women who were 
sexually active, they felt that their sexual function 
posttreatment was significantly poorer when 
compared with pretreatment. Approximately 
50% of women reported that they would have 
liked to receive counseling for their psychological 
and sexual concerns.

Body Image
In addition to a number of other factors that 
affect psychological wellbeing during cancer 
treatment and diagnosis, body image can have a 
significant impact on sexual desire and sexual 
function. The body image changes that are associ
ated with cancer and cancer treatment can be very 
dramatic. These changes range from surgical 
defects and deformities (including limb amputa
tion, loss of a breast, and pelvic exenteration) to 
total body alopecia (loss of scalp hair, eyebrows, 
pubic and axillary hair). More subtle changes can 
include weight loss secondary to disease or weight 
gain from treatment with corticosteroids. All of 
these factors affect a patient’s selfesteem and 
sexual attractiveness.2 For some patients, the 
physical difficulties and the emotional sequelae 
are so disruptive that they no longer engage in 
sexual activity.50

In a comprehensive evaluation of multiple 
factors that affect sexual function in ovarian 
cancer patients, Carmack Taylor and colleagues 
determined that women who liked the appear
ance of their body were more likely to be sexually 
active.51 Other predictors of sexual activity in 
these women included being married, being 
younger than 56 years old, not receiving active 
treatment at the time of the study, and a longer 
interval of time between treatment and evalua
tion of sexual function. This model confirmed 
that body image, in addition to other factors, was 
important in the evaluation of sexual function in 
cancer patients. 

In women with breast cancer, breast 
conserving procedures have been implemented to 
help preserve body image. Multiple studies have 
shown that breastconserving surgery can have a 
positive impact on selfimage after treatment  
for breast cancer.52–54 Women treated with breast
conserving surgery had a more favorable body 
image, were more satisfied with their surgery, and 
had better cosmetic results when compared  
with women treated with mastectomy.55 Several 
studies have suggested that issues of body image 
are more important in a younger population; 
however, body image has also been shown to be 
important in the older breast cancer population. 
Receiving treatment that was consistent with 
preferences about appearance was important in 
determining longterm mental health.56

A longitudinal study of women with gyneco
logic cancers treated with pelvic exenteration 
found that prior to surgery, patients were anxious 
about or uncomfortable with the body changes 
that were going to occur as a result of surgery. 
Many women reported feeling unattractive and 
uninterested in having sex. After surgery, body 
image, attractiveness, and selfconfidence were all 
reduced. The extent of surgery and the amount of 
reconstruction also had a significant impact on 
body image. Women who had two ostomy  
sites (to drain bowel and bladder contents) had 
significantly more problems with physical, sexual, 
and marital issues when compared with women 
with one or no ostomy sites. In addition, women 
who did not have vaginal reconstruction also felt 
significantly less attractive and selfconfident.57 It 
is important to recognize that different surgical 
procedures can have a different impact on quality 
of life and body image. 

It is clear that in the general population, body 
image and selfesteem have a significant impact 
on sexual desire and sexual function. Cancer 
treatment can result in dramatic changes in body 
image and selfesteem. More conservative organ
preserving surgical approaches and reconstruc
tive surgery, where appropriate, may help alleviate 
some of the distress associated with these changes 
in body image.

Sexual Rehabilitation

Assessment
Sexual function is an important aspect of quality 
of life and should be assessed in all patients  
diagnosed with cancer. It is important to have a 
baseline assessment of sexual function to deter
mine if a patient has difficulties with sexual  
function prior to the initiation of treatment. This 
may help prevent the patient and the physician 
from having unrealistic expectations of sexual 
function during and after completion of  
treatment. 

Evaluating and assessing sexual dysfunction 
in a cancer patient may require a multidisciplinary 
approach. Although many oncologists do not 
have the time or training to address sexual issues, 
having the primary oncologist perform the  
initial assessment may have several advantages. It 
emphasizes to patients that the treating physician 
sees them as a whole person and not just as  
someone with a diseased body part. It also indi
cates to patients that the treating physician under
stands that sexual function is an important  
aspect of quality of life. Finally, it gives patients 
permission and freedom to talk about issues  
of sexual function during and after cancer  
treatment.1 

The initial assessment may be as limited as 
asking patients if they have any sexual problems 
or concerns and reassuring them that these issues 
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are common among cancer patients. If a sexual 
problem is identified or if the oncologist does not 
feel equipped to address the issue, involvement of 
a multidisciplinary team may be warranted. This 
may include mental health professionals trained 
in sex therapy, gynecologists familiar with con
cerns regarding hormone replacement or dyspa
reunia, urologists who specialize in the treatment 
of erectile dysfunction, and infertility specialists if 
a patient desires to have children. Once a problem 
is identified, further questioning may help deter
mine who should be involved in the care of a  
particular patient. Sample questions to further 
assess sexual function are shown in Table  3. 
Topics addressed should include desire, arousal, 
orgasm, and pain.2

The PLISSIT model, which was designed in 
the 1970s, provides a more structured approach 
to communicating with patients about sexuality 
and allows clinicians to gear this communication 
to their own level of comfort.58 The acronym 
PLISSIT was developed from the concepts of  
permission, limited information, specific sugges
tions, and intensive therapy. This basic theory 
starts by giving patients permission to disclose 
their problem with sexual function and then 
allowing the clinician to provide information 
regarding the issues brought forward and make 
suggestions for future directions. This may 
include treatment by the primary team or referral 
to a specialist.

It is important to realize that psychological 
stressors not related to cancer diagnosis and  
treatment may also be affecting a patient’s sexual 
desire and sexual function. This may include  
difficulty with relationships, a history of sexual 
trauma, unusual guilt about sexuality, other  
medical problems, and substance abuse.2 1 It is 
also important to consider the influence of aging 
on sexual function because it is sometimes diffi
cult to distinguish cancerrelated changes from 
the normal slowing of sexual response that is 
associated with increasing age.

Treatment of Sexual Dysfunction
Once a sexual problem has been identified, the 
level and type of intervention that are needed 
must be assessed.2 In some cases, the sexual  

problem can be addressed directly by an expert in 
that field (ie, gynecologist or urologist), although 
patients who have more complex problems may 
require referral to a mental health professional 
trained in sex therapy. The most important step 
an oncologist can take is to provide information 
to patients and their partners about sexual func
tioning, aging, and sexual problems related to 
cancer treatment. Schover’s book, Sexuality  
and Fertility after Cancer, includes a wealth of 
information and detailed selfhelp instructions 
for many of the common sexual problems among 
cancer patients.27 This may help ease patients’ 
concerns and facilitate them getting help. 

In women, one of the most common symp
toms associated with cancer treatment and aging 
is vaginal dryness. In women who can safely 
receive estrogen replacement therapy (ERT) after 
cancer, this is the most effective treatment  
regimen. Studies suggest that in women who are 
good candidates for ERT, this should be consid
ered early on in the treatment course to prevent 
any disruption in normal sexual function. This 
can be given either in pill form, as a vaginal cream, 
or as an estradiolimpregnated ring (Estring). 
Other options include vaginal lubricants and 
moisturizers such as Vagifem, Astroglide, or KY 
Jelly.

In men, the most common problem is  
erectile dysfunction. As discussed earlier, erectile 
dysfunction can be the result of a number of 
cancerrelated issues. It may be related to surgery, 
radiation, or low testosterone levels after hor
monal therapy, or it may be a side effect of a  
medication. To effectively treat erectile dysfunc
tion, the cause or causes of impotence must be 
defined. Treatments can then be targeted toward 
the underlying cause. Some of these issues can be 
addressed only prior to the initiation of therapy, 
for example, performing a nervesparing prosta
tectomy or using targeted radiotherapy instead of 
external beam radiation. After primary therapy, 
medication changes or correction of abnormal 
hormone levels may also be effective. If these 
changes are ineffective, there are oral erectogenic 
agents and medical devices that can enhance  
erectile function. It is important that only  
physicians who have expertise prescribe these 
modalities as they are not safe for all men.

Summary

Sexual dissatisfaction and/or sexual dysfunction 
can affect 20 to 90% of adult cancer patients.59 
This may be may related to primary cancer  
treatment, a result of symptom management, or 
may occur after cancer treatment has been  
completed. It is clear that multiple factors  
affect each cancer patient and his or her desire for 
sexual activity. The assessment and treatment of 
these sexual problems can be equally complex.  

It is important to have a multidisciplinary 
approach to effectively diagnose and treat patients 
with sexual dysfunction.
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The overall survival and cure rates of children and 
young adults with cancer have improved signifi-
cantly in recent years (Figure 1).1,2 This has led to 
increased emphasis on quality of life issues, 
including the ability to have children. Many of the 
chemotherapy and radiation regimens used to 
treat these young patients are toxic to the gonadal 
tissues, resulting in infertility and other repro-
ductive problems. These reproductive conse-
quences associated with cancer affect a large 
number of people. Each year in the United States, 
over 50,000 men and women of reproductive age 
and 12,000 children under the age of 15 years are 
diagnosed with cancer. The most common cancer 
types diagnosed in children and young adults who 
develop infertility as a result of the disease or its 
treatment are shown in Table 1.1–3 

Effects of Cytotoxic Therapy in Men

Up to 90% of postpubertal young men become 
azoospermic during cytotoxic chemotherapy.4–6 
The type and dose of agents used for therapy 
determine the amount of time required for recov-
ery of spermatogenesis. In approximately 50%  
of men, spermatogenesis is recovered in the  
6 months to 5 years following treatment.7,8 For  
the remaining patients, severe oligospermia or 
azoospermia is a permanent effect of treatment. 

In men, age at treatment does not appear to be a 
major factor in recovery from gonadal damage 
owing to chemotherapy.9,10

The effects of radiation on the testes depend 
on fractionation. Doses given in 3- to 7-week 
regimens cause more gonadal damage than single 
doses.3,11 This is in contrast to all other organ  
systems, including the female gonads, where  
fractionation decreases the toxicity of radiation. 
Azoospermia occurs at doses above 0.6 Gy, with 

the duration of azoospermia dependent on the 
total radiation dose received.12–14

For male children undergoing cancer treat-
ment, gonadal toxicity is also an important issue 
as the prepubertal testis is also susceptible to  
cytotoxic therapy. Similar to adult men, radiation 
and chemotherapy may produce permanent  
azoospermia.3,15 Of note, pubertal development is 
not usually affected as most of the regimens used 
do not affect Leydig cell function or testosterone 
levels.3,16

Effects of Cytotoxic Therapy in 
Women

Unfortunately, the effects of cytotoxic therapy on 
female gonadal function are almost always irre-
versible. The effects depend on several factors, 
including the type of agents used, the cumulative 
dose, and the patient’s ovarian reserve prior to 
beginning therapy.17,18 Ovarian reserve refers to 
the number of primordial follicles within the 
ovary. A woman is born with all of the primordial 
follicles she will ever have, and no new oocytes 
can be generated if all of the primordial follicles 
are destroyed by cytotoxic therapy. Loss of ovar-
ian reserve owing to chemotherapy will result  
in early menopause, premature ovarian failure 
(POF), and infertility.19 Older women are more 
susceptible to the sterilizing effects of cytotoxic 
chemotherapy as they tend to have lower  
numbers of pretreatment follicles compared with 
younger patients.3,19,20

In women, the degree and persistence of 
radiation therapy–induced gonadal damage are 
dependent on patient age, total radiation dose, 
and the number of treatment fractions.3 Radia-
tion is more toxic to the ovaries when given in a 
single dose compared with fractionated doses.17 
Similar to cytotoxic chemotherapy, older women 
are more susceptible to the sterilizing effects  
of radiation therapy as they tend to have fewer  
pretreatment primordial follicles when compared 
with younger women. The threshold at which 
POF occurs has been shown to be 3 Gy.21 If treated 
with less than 3 Gy, only 11 to 13% of women 

Table 1  Most Common Cancer Types Resulting 
in Infertility

Childhood cancers
 Leukemias
 Lymphomas
 Wilms’ tumor
 Neuroblastomas
 Bone and soft tissue sarcomas

Adult cancers
 Breast cancer
 Lymphomas
 Testicular cancer
 Cervical cancer
 Bone and soft tissue sarcomas 
 Colorectal cancer 

Adapted from Jemal A= and Meistrich ML et al.1,3

FigurE 1  Five-year cancer survival rates for children diagnosed under age 15 years.1
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experience POF. However, treating with 3 Gy or 
higher results in POF in 60 to 63% of women.21 It 
is difficult to say that there is a safe radiation dose 
as less than 2 Gy of radiation to the ovaries can 
destroy up to 50% of the oocyte population.20,22 It 
is also important to note that even if reproductive 
function is maintained after treatment, cytotoxic 
agents will damage some primordial follicles  
and therefore shorten a patient’s reproductive life 
span. In addition, the sterilizing potentials of 
radiation and chemotherapy are additive.20

Prepubertal girls are less susceptible to the 
gonadotoxic effects of cytotoxic therapy than 
young postpubertal women. Most chemotherapy 
regimens do not cause loss of primordial follicles, 
and the majority of girls undergo normal pubertal 
development and menarche. In addition, girls 
under the age of 12 years who are treated with 
chemotherapy and in particular with alkylating 
agents are less likely to experience premature 
menopause in their twenties or thirties, as is  
seen in those treated between the ages of 13 and 
19 years.3,23

Techniques to Protect gonads

Gonadal Shielding
For patients whose gonads are within or close to 
the radiation treatment field, special techniques, 
including field blocking and gonadal shielding, 
can sometimes be used to reduce gonadal dose.  
In men being treated with radiation therapy for 
Hodgkin’s disease, testicular shields, also known 
as clamshells, significantly reduce the radiation 
dose to the testes.24 In addition, a special position-
ing device can be used to retract the remaining 
testicle out of the radiation field in men being 
treated with radiation therapy to the hemiscro-
tum following unilateral orchiectomy for testicu-
lar cancer.25 However, even with these techniques, 
an appreciable radiation dose may reach the 
gonads owing to leakage through the accelerator 
head, radiation scatter from collimators and beam 
modifiers, and radiation scatter within the patient 
from the treatment beams.26,27

Ovarian Transposition
In women undergoing radiation therapy, surgi-
cally transposing the ovaries outside the radiation 
field can decrease the amount of radiation the 
ovaries receive and potentially prevent premature 
ovarian failure and infertility. For patients under-
going radiation treatment for Hodgkin’s lym-
phoma, the ovaries are moved to an area behind 
the uterus, away from the pelvic lymph node radi-
ation fields. In women with cervical cancer being 
treated with hysterectomy followed by radiation 
therapy, the ovaries can be transposed laterally 
out of the radiation field to potentially prevent 
premature menopause. This may retain the  

possibility of future oocyte retrieval and preg-
nancy using a surrogate. Transposing the ovaries 
is estimated to reduce the radiation exposure to 
approximately 10% of the dose of in situ ova-
ries.28,29 However, ovarian failure still occurs in up 
to 50% of women following ovarian transposi-
tion.30–32 This may be due to not transposing the 
ovaries far enough out of the radiation field, radi-
ation scatter, vascular compromise, or migration 
of the ovaries back to their original position.20

Pharmacologic Protection
After noting that the prepubertal ovary is less  
sensitive to cytotoxic drugs,20,33 investigators 
attempted to use medications such as gonadotro-
pin-releasing hormone (GnRH) agonists during 
therapy to help preserve fertility.34–36 The studies 
to date have reported conflicting results, and it 
remains unclear whether administering GnRH 
agonists during cytotoxic therapy provides  
any benefit in the prevention of POF. Further 
prospective study is needed to clarify this issue. 

GnRH agonists have also been evaluated in 
men undergoing chemotherapy and/or radiation 
for lymphoma and testicular cancer. However, 
none of the studies have demonstrated a signifi-
cant protective effect in maintaining spermato-
genesis or increasing the rate of spermatogenesis 
recovery following cancer treatment.29,34,37,38 

Fertility Preservation for Men

Improved survival rates for many cancers have 
resulted in an emphasis on quality of life. This is 
particularly important in men who want to pre-
serve their fertility. A survey of men diagnosed 
with cancer between the ages of 14 and 40 years 
was conducted by Schover and colleagues.39 They 
found that 51% of men with cancer wanted chil-
dren in the future, including 77% of men who 
were childless at the time of their cancer diagno-
sis. Only 60% of men recalled being informed 
about infertility as a side effect of cancer treat-
ment, and only 51% had been offered sperm 
banking. Overall, 24% of men in the study banked 
sperm, including 37% of childless men. Lack of 
information was the most common reason cited 
for failing to bank sperm.

Sperm Cryopreservation
It is difficult to predict which patients will become 
infertile after treatment for malignant disease. In 
addition, treatment may shift to a more sterilizing 
regimen owing to disease progression. Sperm 
banking or cryopreservation is a safe and effective 
means of storing sperm and should be offered to 
all men prior to undergoing cancer treatment that 
has the potential to impair fertility. Sperm banks 
are available in most large cities, with many cancer 
centers and large hospitals having their own 
sperm banks. If the patient does not live near a 

sperm bank, a local laboratory can collect and 
freeze semen, which can then be shipped to a 
sperm bank.

The traditional recommendations for sperm 
cryopreservation are to collect a minimum of 
three semen samples with at least 48 hours  
of abstinence between sample collections. This 
process usually requires 5 to 8 days. However, in 
many cases, the need to initiate treatment may be 
urgent, resulting in fewer samples being obtained 
and shorter time intervals between sample collec-
tions. Fortunately, advances in assisted reproduc-
tive technology have reduced the number of 
cryopreserved sperm necessary for the fertiliza-
tion of eggs. Intracytoplasmic sperm injection 
(ICSI) can now be performed when undergoing 
in vitro fertilization (IVF). This involves the injec-
tion of a single sperm cell directly into the cyto-
plasm of each oocyte.40,41 As a result, even a single 
ejaculate before starting cancer treatment can 
provide a reasonable chance of having a biologic 
child. All semen samples should therefore be 
accepted for cryopreservation, even if they have 
only a few motile sperm.

Donor Sperm

Using donated sperm is an option for couples if 
the male cancer survivor is azoospermic or if the 
couple is uninterested in pursuing IVF/ICSI. 
Donated sperm can also prevent transmitting a 
genetic risk from the male cancer survivor. Major 
sperm banks in the United States collect sperm 
from healthy donors who are paid for donating 
their sperm. The donors undergo detailed screen-
ing, including medical history, psychological  
history, and family history, and in some cases, 
genetic testing for some diseases is performed. All 
donors are also screened extensively for sexually 
transmitted diseases. Information is also provided 
about the donor’s ethnicity, physical traits,  
education, and profession. Some sperm banks 
also provide information about the donor’s  
personality and talents.42–44

The process of donor insemination is rela-
tively straightforward. The woman who will carry 
the pregnancy undergoes intrauterine insemina-
tion, in which the donor sperm is inserted into 
her uterus at the time of ovulation. No hormonal 
treatments are usually needed if the woman has 
no history of fertility problems.45 

Sperm Retrieval Methods
Testicular Sperm Extraction

Previously, donor insemination and adoption 
were the only reproductive options available for 
azoospermic men who were prepubertal at the 
time of cancer treatment or who did not bank 
sperm prior to beginning therapy. Testicular 
sperm extraction (TESE) is currently being stud-
ied as an option for men with nonobstructive 
azoospermia. Even though these men have no 
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spermatozoa in the ejaculate, they often have 
small numbers of spermatozoa in the testis 
tissue.46 TESE is a procedure involving removal of 
testicular parenchyma and isolating individual 
spermatozoa.47 The spermatozoa are then used 
for IVF/ICSI.48–50 Successful sperm retrieval with 
subsequent live births of healthy children has 
been reported by a few authors.47,51–53

TESE has also been studied as a method to 
obtain spermatozoa in men who are azoospermic 
prior to the initiation of cancer therapy. A study 
by Schrader and colleagues reported successful 
sperm recovery using TESE in 14 of 31 azoosper-
mic men prior to treatment for testicular cancer 
or lymphoma.54 These early findings suggest that 
TESE may also be an option for fertility preserva-
tion in men with pretreatment azoopermia. 

Microsurgical Epididymal Sperm Aspiration

Pelvic surgery can result in obstructive azoosper-
mia, where semen is no longer produced, but tes-
ticular function is preserved. In these patients, 
sperm can be retrieved using microsurgical  
epididymal sperm aspiration. The sperm are then 
used immediately for IVF/ICSI or cryopreserved 
for later use. Excellent fertilization rates have  
been reported using both freshly aspirated or 
cryopreserved epididymal sperm.55,56

Electroejaculation

Some patients with testicular cancer are required 
to undergo a retroperitoneal lymph node dissec-
tion as part of their treatment. Modified nerve-
sparing techniques have reduced the extent  
of dissection necessary to preserve ejaculation; 
however, up to 50% of patients still experience 
anejaculation.57 Medical treatment with sympa-
thomimetics, including pseudoephedrine, ephed-
rine sulfate, phenylpropanolamine, or imipramine, 
is sometimes successful in producing emission 
and ejaculation in these patients. However, if 
these medications are unsuccessful, electroejacu-
lation can be performed. Following administra-
tion of general anesthesia, a rectal probe is inserted 
and the sympathetic efferent fibers and smooth 
muscles are electrically stimulated, leading to 
ejaculation in over 70% of patients.58,59 Intrauter-
ine insemination can be used following electroe-
jaculation; however, sperm motility tends to be 
low, so IVF/ICSI may be required to achieve  
pregnancy.60

Future Directions
Testicular stem cell banking is currently under 
investigation as a method of preserving the fertil-
ity of prepubertal boys undergoing potentially 
sterilizing cancer therapy. The procedure involves 
the harvesting and cryopreservation of spermato-
gonial stem cells that are capable of self-renewal, 
proliferation, and repopulation of the seminifer-
ous tubules. These stem cells could potentially be 

transplanted back into the patient’s testis after 
cancer treatment is complete. Encouraging results 
have been reported in animal studies,61–63; how-
ever, further research is needed before these 
advances are applied to the treatment of male 
infertility.

Fertility Preservation for Women

In general, young female cancer patients, like 
their male counterparts, are poorly counseled on 
the effect of cancer treatment on ovarian function 
and on their options for fertility preservation. 
Fertility preservation for men is much simpler 
owing to the availability of sperm banking. The 
storage of gametes for women is more complex. 
Fortunately, recent advances in several reproduc-
tive technologies may provide the patient with the 
option of future pregnancy.18

Embryo Cryopreservation
Embryo cryopreservation is a widely used method 
of fertility preservation that has been available to 
cancer patients for several years. It is a technique 
that is used regularly by infertility clinics to bank 
spare embryos for couples undergoing IVF. The 
woman undergoes treatment with gonadotropins 
to stimulate her ovaries, followed by a minor  
surgical procedure to retrieve the oocytes. The 
oocytes are then fertilized with sperm from a 
partner or donor. Any resulting embryos are 
cryopreserved for future use.

Embryo cryopreservation can have several 
limitations for the woman newly diagnosed with 
cancer. It requires a male partner or the use of 
donor sperm. In addition, the woman needs to 
undergo ovarian stimulation and egg retrieval, 
possibly resulting in a delay of her cancer  
treatment. The probability of a successful future 
pregnancy depends on the number of IVF cycles 
performed and on the number and quality of 
embryos obtained. The more cycles performed, 
the longer the delay in her cancer treatment.18

Women with breast cancer make up the larg-
est proportion of women seeking fertility preser-
vation. Many breast tumors are estrogen receptor 
positive, raising concerns about the high levels  
of estrogen that result from ovarian stimulation 
with gonadotropins. Two strategies have been 
suggested to minimize the exposure to estro-
gen.18,20 One is to retrieve oocytes from an unstim-
ulated or natural cycle.64 This strategy is limited 
by the possibility that only one or no oocytes may 
be retrieved, decreasing the probability of a suc-
cessful future pregnancy. Another strategy is to 
include a chemopreventive agent such as tamoxi-
fen or letrozole when performing an IVF cycle. 
These agents have been shown to be efficacious  
in the prevention of breast cancer recurrence65,66 
and coincidentally have ovulation-inducing 
properties.67,68 These agents have been used in 

combination with gonadotropins in IVF cycles 
with good embryo yields and no apparent increase 
in breast cancer recurrence.18,67 These preliminary 
results are very promising; however, further study 
and long-term follow-up are needed to ensure  
the safety and effectiveness of using tamoxifen  
or letrozole in IVF cycles in women with breast 
cancer.

Oocyte Cryopreservation
Oocyte cryopreservation is an appealing option 
for women without partners. The patient is 
treated with gonadotropins to stimulate her  
ovaries, followed by a minor surgical procedure 
to retrieve the oocytes. The oocytes are then cryo-
preserved. Once the patient has completed cancer 
therapy and is ready to conceive, the oocytes are 
thawed and fertilized using IVF/ICSI and the 
embryos are implanted into the patient’s uterus. 
Despite early disappointing results owing to tech-
nical challenges associated with cryopreserving 
oocytes,18,69 recent studies have reported increased 
pregnancy rates using IVF/ICSI with thawed 
oocytes.70,71

Donor Eggs
Using another woman’s oocytes is an option for 
women who have lost ovarian function owing to 
cancer therapy but still have a uterus. The oocytes 
are retrieved from a donor and are fertilized with 
sperm from the cancer survivor’s partner using 
IVF. The embryo is then transferred to the cancer 
survivor’s uterus to achieve pregnancy. Although 
egg donation involves IVF, the cancer survivor 
does not need to take ovarian-stimulating medi-
cations. Because women with ovarian failure no 
longer produce endogenous estrogen and proges-
terone, these hormones will have to be taken by 
the patient to prepare the uterus for implantation 
and to maintain the early pregnancy until  
placental function is adequate.42,72

Similar to men who donate sperm, women 
who donate their oocytes go through extensive 
screening and testing for sexually transmitted dis-
eases. Oocyte donation can be significantly more 
difficult and expensive than sperm donation. 
Oocyte donors are required to undergo ovarian 
stimulation followed by a minor surgical  
procedure to retrieve the oocytes.42,44,72

Future Directions
Ovarian Tissue Cryopreservation and  
Transplantation

Ovarian tissue cryopreservation and transplanta-
tion is an emerging new option for women desir-
ing fertility preservation. The technique involves 
removing ovarian tissue from the patient prior  
to undergoing therapy. The tissue is thoroughly 
examined for any evidence of metastatic disease. 
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The ovarian cortex is then cut into small strips 
and cryopreserved. Following completion of 
cancer therapy, the tissue is thawed and trans-
planted within the pelvis or in the subcutaneous 
tissue of the lower abdomen or forearm. The 
grafts become hormonally active 3 to 4 months 
after transplantation, at which time oocyte 
retrieval can be attempted with or without the aid 
of exogenous gonatropins to stimulate follicular 
development.73–77 Oktay and colleagues recently 
reported on the transplant of cryopreserved ovar-
ian tissue into the subcutaneous abdominal tissue 
of a breast cancer survivor.78 Hormonal function 
was restored, and percutaneous oocyte retrieval 
was performed following ovarian stimulation. A 
viable embryo was obtained following fertiliza-
tion and implanted into the patient’s uterus. 
Unfortunately, no pregnancy occurred.

The potential use of ovarian tissue cryo-
preservation and transplantation will offer several 
advantages as a method of preserving fertility. 
Similar to oocyte cryopreservation, no male part-
ner is needed at the time of the procedure. In 
addition, pretreatment ovarian stimulation is not 
required. The ovarian tissue cryopreservation 
could be performed at ay point in the cycle so  
that there would be no delay in beginning cancer 
treatment. In children, ovarian tissue cryopreser-
vation could provide the only available fertility-
preserving option as ovarian stimulation and 
oocyte collection cannot be performed in  
prepubertal girls. Significant progress is being 
made with the development of ovarian tissue 
cryopreservation and transplantation, and it may 
eventually become a viable option for fertility 
preservation for girls and women undergoing 
gonadotoxic cancer treatment.18

Adoption

Adoption is also an option for both men and 
women who are infertile as a result of cancer ther-
apy. Adoption can be domestic, international, 
public, or private. Most adoption agencies report 
that they do not exclude cancer survivors as 
potential parents, especially with documentation 
from a doctor regarding anticipated life expec-
tancy and quality of life. Some agencies do require 
patients to be disease free for a certain amount  
of time, such as 5 years prior to being eligible to 
adopt.42,79

Pregnancy Outcome

One of the major concerns for cancer survivors 
treated with radiation therapy and/or chemother-
apy who retain fertility is whether they will be able 
to have healthy children. Common areas of con-
cern include pregnancy complications, congeni-
tal malformations, and increased risk of cancer in 
their offspring.

Pregnancy Complications
Several studies have provided information regard-
ing prenatal and perinatal morbidity and mortal-
ity in cancer survivors previously treated with 
radiation and chemotherapy.80–85 The outcomes 
vary with cancer diagnosis and with specific ther-
apy. The offspring of female survivors of Wilms’ 
tumor have been shown to have an increase in the 
risk of intrauterine and peripartum complica-
tions. A study by Li and colleagues reported  
an increased rate of spontaneous abortions, low 
birth weight babies, and neonatal deaths in 
women who received 20 to 35 Gy of abdominal 
radiation with or without chemotherapy for 
Wilms’ tumor.81 Compared with the general  
population, their relative risk was 7.9 for perinatal 
mortality and 4.0 for low birth weight infants  
(<2,500 g). These results were confirmed in a 
study by Byrne and colleagues.80 The pathogenesis 
of these radiation-associated adverse pregnancy 
outcomes remains unclear. It has been hypothe-
sized to be due to damage to the uterine muscula-
ture or vascular insufficiency from radiation.80,86

For other disease categories, the data are also 
limited. The available evidence suggests that the 
offspring of survivors of most other cancers, 
including acute lymphoblastic leukemia, do  
not have increased prenatal or perinatal  
complications.82,84,85

Congenital Anomalies
Studies to date have shown no significant increase 
in congenital malformations over the general 
population in the offspring of cancer survivors 
who received radiation or chemotherapy.80,86,87  
In addition, a large case-control study of 45,000 
children with congenital anomalies reported no 
increase in the incidence of parental exposure  
to alkylating agents or radiation proximal to the 
gonads in the parents of children with congenital 
abnormalities compared with the parents of  
the control group children.88 A large study of  
Japanese atomic bomb survivors and their chil-
dren also showed no significant increase in inher-
ited genetic disease in 30,000 offspring born to 
radiation-exposed parents.89

Currently, a large, ongoing study, the Genetic 
Consequences of Childhood Cancer Treatment, 
is evaluating the offspring of childhood cancer 
survivors treated with chemotherapy and/or radi-
ation.90 The study population is composed of 
more than 25,000 childhood cancer survivors in 
Denmark and the United States who subsequently 
had nearly 6,500 children of their own. Radiation 
doses to the gonads are being reconstructed using 
radiotherapy records. This study will provide 
important information for cancer survivors who 
wish to have children.

Cancer in Offspring
Although some cancers have a known genetic 
component, such as retinoblastoma and familial 

cancer syndromes including Li-Fraumeni, Lynch 
syndrome/herediatry nonpolyposis colorectal 
cancer (HNPCC), and breast cancer, only a small 
number of cancers affecting children and young 
adults have any heritable genetic origin.91,92 
Sankila and colleagues studied 5,487 offspring of 
approximately 14,000 childhood cancer survivors 
and found that there was less than one excess 
cancer diagnosis for every 1,000 offspring.92 

genetic Counseling

Approximately 5 to 10% of cancers are due to 
germline mutations in cancer susceptibility 
genes.93 Genetic testing has become available for 
many hereditary cancer syndromes, including 
breast cancer and Lynch syndrome/HNPCC.  
Several factors are common in hereditary cancer 
syndromes and can be used to identify individuals 
at risk (Table 2).93 High-risk individuals should 
be referred for genetic counseling and possible 
genetic testing. Genetic counseling involves 
obtaining a detailed family history, performing a 
risk assessment, providing an explanation of the 
testing available, and reviewing the options for 
surveillance and risk reduction. 

Genetic counseling and testing can also be of 
assistance to couples deciding whether to try to 
conceive a child who may be at risk of cancer. In 
addition, preimplantation genetic testing may be 
an option for individuals with hereditary cancer 
syndromes undergoing IVF. It involves removing 
one cell from each developing embryo and testing 
it for the genetic mutation.94 Only embryos that 
do not contain the genetic abnormality are then 
implanted in the woman’s uterus. This technol-
ogy has been used successfully for Tay-Sachs  
disease, cystic fibrosis, and other genetic disor-
ders. Its use for genetic abnormalities leading  
to increased cancer risk is currently being  
evaluated.

Summary

Infertility has become a significant issue for many 
cancer survivors. Young patients and their fami-
lies should be informed of the potential effects 
that their cancer and its treatment can have on 
reproductive function, including the possibility 
of sterility. All reproductive-age men undergoing 
cancer treatment with the potential to impair fer-
tility should be offered sperm cryopreservation. 
Although fertility preservation in women is more 
complicated, recent advances in reproductive 
technologies are providing an increasing number 
of options for potential future pregnancy.

Further information is available for cancer 
patients from Fertile Hope (<www.fertilehope.
org>), a nonprofit organization dedicated to  
providing reproductive information, support, 
and hope to cancer patients whose medical  
treatments present the risk of infertility.79
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According to the SEER Cancer Statistics Review, 
1975–2001, 5-year relative survival rates have 
increased in recent decades.1 For example, the 
survival rate for patients with cancer at all sites in 
1954 was 35% but in 2000 had increased to 65.5%. 
The number of cancer survivors is expected to 
increase from 1.3 million in 2000 to 2.6 million  
in 2050.2 These numbers, in part, will reflect the 
attainment of a cancer-prone age by the “baby 
boomers”—hence the increasing annual inci-
dence of cases and the increasing prevalence of 
cancer survivors.

An important factor complicating the under-
standing of the impact of cancer treatment on 
long-term survivors is how one defines “survi-
vor.” Survivors’ groups have emphasized that one 
who has been diagnosed with cancer is a “sur-
vivor” from the very beginning. How does one  
differentiate the cancer survivor being treated for 
active disease from the survivor who has been 
treated and is now free of disease? Traditionally, 
cancer-free survival of 5 years or more has  
been designated as an important milestone;  
this concept may require revision in the years to 
come.

Late Effects of Cancer and Cancer 
Treatment 

Several investigators have addressed the presence 
and complexity of the lasting medical sequelae of 
cancer throughout the adult lives of the survivors 
of childhood cancer.3–5 For example, Stevens and 
colleagues reported that 58% of survivors had  
at least one chronic health problem and 32% had 
two or more, including second primary cancers.6 
In contrast, much less is known about the lasting 
medical impact of cancer treatment on the sur-
vivors of adult-onset cancers. Despite the paucity 
of information on the physiologic late effects of 
adult cancers,7,8 investigators are aware that mul-
tiple systems are often affected. For example, 
pelvic surgery can impair fertility, and splenec-
tomy increases the susceptibility to bacterial 
infections. Moreover, certain chemotherapy 
agents and regimens can compromise the health 
of the cardiovascular, pulmonary, genitourinary, 
endocrine, and neurologic systems. Radiotherapy 

may aggravate these complications, impair skele-
tal development and dental health, and contrib-
ute to the risk of second primary cancers. In 
addition, combining the treatments can increase 
the number and severity of long-term medical 
problems.

Recently, attention has been directed toward 
the impact of cancer treatment on long-term  
survivors, particularly as it concerns their quality 
of life. Several investigators have begun to charac-
terize the physiologic health and psychosocial 
profiles of survivors of childhood cancers. 
Research regarding the psychosocial profiles of 
survivors of adult cancers has also increased. 
However, a stark paucity of data on the physio-
logic health profile of survivors of adult cancers 
remains. 

Life after Cancer Care Program

The Life After Cancer Care (LACC) program at 
The University of Texas M. D. Anderson Cancer 
Center was established to provide follow-up 
medical care to long-term cancer survivors.  
Its services include diagnosis and treatment and 
appropriate referral and consultation for the  
possible long-term effects of previously treated 
cancer. The LACC program began a systematic 
search for living, known cancer survivors who 
had been treated at the M. D. Anderson Cancer 
Center. Patients were included if they were dia-
gnosed with a cancer, their cancer was diagnosed 
at least 5 years before, they were 18 years or older 
at diagnosis, they had a US address, and they were 
free of malignant disease at their last contact.  
Surveys developed to systematically collect health 
information reported by the survivors themselves 
were sent out to more than 20,000 individuals 
who met the above criteria. Simultaneously, the 
survey was made available through the Internet at 
<www.mdanderson.org/Departments/LACC>. 
Our approach has been described in detail.9

Data from the more than 10,000 survivors 
who responded to the survey are presently avail-
able for analysis and constitute the focus of this 
chapter. Complete data are available on 8,739 
survivors who are at least 5 years from diagnosis. 
Sixty-two percent of the sample is female, and 

92% of the total sample is white. The mean age  
P standard deviation at diagnosis is 47.9P14.2 
years. Fifty percent of survivors were diagnosed 
between the ages of 18 and 48 years, and 25% 
were diagnosed after the age of 59 years. Approxi-
mately 25% of the survivors in our database are 
more than 20 years from their original diagnosis, 
and 10% of the survivors are at least 30 years from 
diagnosis. Figure 1 shows the distribution of sur-
vivors by time from diagnosis. Figure 2 illustrates 
the distribution of survivors by cancer type.  
The representation of long-term survivors in our 
database is similar to the incidence of cancer type; 
for example, thyroid cancer occurs predomi-
nantly in women, and head and neck cancer 
occurs predominantly in men. This is congruent 
with our database of long-term survivors. In addi-
tion, the distribution of cancer survivors by their 
diagnoses reflects the likelihood of long-term  
survival with different cancers and perhaps M. D. 
Anderson referral patterns.

In the survey, the survivors were asked,  
“Has cancer affected your overall health?” Inter-
estingly, only 37.4% of them replied “yes” to that 
question, and there were no significant differ-
ences between the replies of men and women or 
among the ethnic groups. Age at diagnosis 
appeared to be another predictor of how the sur-
vivor experienced long-term survival. Survivors 
who were older when their cancer was diagnosed 
were less likely to believe that cancer affected their 
overall health as they aged. On the other hand, 
survivors who were most likely to report that 
cancer had affected their overall health tended to 
be younger at diagnosis (Table 1). Forty-one per-
cent of the survivors who were diagnosed between 
the ages of 18 and 40 years reported that cancer 
affected their health in comparison with 36% of 
those diagnosed between 41 and 65 years of age 
and 28% of those diagnosed after 65 years of age. 
Perhaps older individuals expected to develop a 
number of comorbidities and were less likely to 
consider them related to their earler cancer and 
cancer treatments. 

Long-Term Health Problems
We previously reported that the specific health 
effects reported by long-term cancer survivors 
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9.8%) or more hearing loss (14.9% vs 9.9%). 
These patterns likely reflect a complex interaction 
of gender-related cancer diagnoses and com-
orbidities. The pattern of perceived and reported 
health problems was different among the cancer 
types. For example, survivors of Hodgkin’s dis-
ease prominently reported thyroid and lung 
problems (33.8% of responders with the diagno-
sis), whereas a previous diagnosis of lymphoma 
was associated with the frequent mention of 
memory loss (14.7%). 

National Health Interview Survey
A large number of health conditions have  
been reported by the National Health Interview 
Survey and categorized by age, ethnicity or race, 
and gender.12 Five of these health conditions were 
comparable to those reported by our cancer- 
survivor cohort: arthritis symptoms, diabetes, 
migraine or severe headaches, heart disease, and 
hearing loss. The frequencies of these conditions 
in the general population (computed as the 
number of affected individuals/1,000 population) 
were compared with those in our cancer-survivor 
cohort relative to patient age, ethnicity or race, 
and gender. There were significant differences in 
the frequencies of these five health conditions 
between men and women and among ethnic  
or racial groups. The most common difference  
in our cancer-survivor cohort for all groups  
analyzed was a statistically significant loss of  
hearing.13 Hispanic American women reported 
significantly higher rates of diabetes, and African 
American men reported significantly higher rates 
of heart disease than the race-adjusted national 
prevalence rates. Although apparent differences 
in the frequency of these health conditions may 
be due to the methodology of the questionnaires, 
previous cancer or cancer therapy may also play a 
role in the survivors’ health profile. For example, 
the consistent overreporting of hearing loss  
may be related to ototoxic chemotherapy. Clearly,  
further detailed analysis is needed in this area. 
Further research about comorbidities may also 
provide information about the health effects from 
a past cancer diagnosis.

Survivors of Thyroid and Breast 
Cancers

The importance of the uniqueness of cancer type 
was made obvious in two studies from our survey 
cohort of survivors of thyroid and breast cancer. 
We previously published a report on the thyroid 
cohort and noted several distinctions.10 The sur-
vivors of thyroid cancer tended to be significantly 
younger at diagnosis, were significantly closer  
to their time of diagnosis at contact, were signifi-
cantly more likely to be women, and reported  
significantly more specific health effects. We  
were impressed by the frequent complaints of 
symptoms that were reminiscent of thyroid  

illustrate a complex interplay between age, gender, 
cancer type, and cancer treatment, as well as  
ethnicity, race, and social and cultural factors.9–11 
For example, the most frequently reported health 
problems were arthritis and osteoporosis (1,541 
survivors; 26.4%). Men generally reported fewer 
specific problems; the most frequently mentioned 
were heart problems (17.2% of responding  
men), hearing loss (14.9%), and arthritis and 

osteoporosis (15.5%). Women generally reported 
more specific problems; the most frequently men-
tioned were arthritis and osteoporosis (32.9% of 
responding women), heart problems (13.9%), 
and thyroid problems (12.1%). Women were 
more likely to report thyroid problems (12.1% vs 
6.2%) or arthritis and osteoporosis (32.9% vs 
15.5%). Men, on the other hand, were more likely 
to report kidney and bladder problems (14.2% vs 

FIgurE 1  Distribution of cancer survivors by years from diagnosis.

FIgurE 2  Distribution of cancer survivors by the 10 most frequent cancer types within the sample of adult 
survivors. GU = genitourinary; Gyn = gynecologic.
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hormone imbalance and described these effects  
as “thyroid dysregulation.” We found that the 
lifetime supplementation of thyroid hormone 
was associated with unique problems that com-
promised the patients’ perception of their overall 
health. 

In another study, 291 patients with breast 
cancer were asked whether they had symptoms 
commonly associated with menopause, including 
hot flushes, painful sexual intercourse, inability 
to concentrate, fatigue, and sleep disturbance.14 
Forty-six percent of these breast cancer survivors 
indicated that breast cancer had affected their 
overall health, especially those who had received 
chemotherapy alone or in combination with 
radiotherapy. We had a problem differentiating 
the symptoms of natural menopause from the 
sequelae of cancer treatment and other physical 
health problems that affect quality of life. Even 
though hot flushes and painful sexual intercourse 
are typically attributed to menopause, in our 
sample, it was difficult to determine whether they 
represented normal menopausal symptoms or 
long-term sequelae of cancer treatment because 
of the close relationship between these symptoms 
and the ability to concentrate, fatigue, sleep  
problems, and general unhappiness.

These findings show that it is sometimes  
difficult to determine whether specific symptoms 
should be attributed to cancer treatment or to 
associated but not causally related conditions. For 
example, in the case of thyroid and breast cancers, 
are fatigue and cognitive impairment a result  
of inappropriate thyroid hormone dosing, a  
consequence of normal menopause, or a result of 
cancer treatment? These questions need further 
clarification.

Ethnic and racial Influences on 
Cancer Survivorship
We previously reported that there were signifi-
cant differences among Caucasian Americans, 

Hispanic Americans, and African Americans  
in the types of specific health effects they  
experienced as long-term survivors of cancer.11  
Moreover, we found significant ethnic or racial 
differences with respect to age at diagnosis, inter-
val since diagnosis, marital status, educational 
level, insurability, regular medical care, and the 
impact on family relationships. These differences 
among Caucasian Americans, Hispanic Ameri-
cans, and African Americans probably reflected 
not only ethnicity or race but also cancer type, 
gender, type of treatment, and disease stage,  
to name a few. A complex relationship existed 
between ethnic or racial group, family and inti-
mate relationships, and treatment types for the 
survivors of cervical cancer.

Published literature that specifically focuses 
on the impact of ethnic or racial factors on long-
term (> 5 years from diagnosis) cancer survivors 
is scarce at best. Ethnic or racial differences in the 
incidence and mortality of various cancers are 
generally attributed to disparities in the ability of 
patients to access health care, resulting in their 
having more advanced disease at the time of diag-
nosis, the socioeconomic inequities of health care, 
or both.1,15–17 In a study examining information 
from the National Survey of Functional Health, 
Ren and colleagues reported that race and  
class discrimination were pervasive and adversely 
affected the health status of ethnic or racial 
minorities.18 Although studies addressing the 
impact of ethnic or racial differences on health 
are generally related to diagnosis and treatment-
related outcomes, it is plausible that they may  
also influence other physiologic and psychosocial 
aspects of health.

When reviewing the information provided 
by cancer survivors, we found, for the most part, 
that cancer survivors had a similar view of the 
impact, or lack thereof, of their cancer experience 
on their overall physiologic health. There were, 
however, differences with respect to specific 
health concerns. For example, African Americans 
were more likely than Caucasian Americans or 
Hispanic Americans to report arthritis and osteo-
porosis, whereas Hispanic Americans were more 
likely to report abdominal pain and diabetes  
mellitus. Such differences in health profile and 
patterns may be partially related to other ethnic 
or racial propensities; for example, Brooks and 
colleagues showed that the poor outcomes of 
African American women who had cervical cancer 
were associated with preexisting comorbidities.19

Grenier and Lipshultz found that African 
American patients who had been treated with 
anthracyclines for cancer during childhood might 
be at a higher risk of cardiotoxicity and suggested 
that this could also be true for adult cancer  
survivors.20 We also found a higher incidence of  
self-reported heart disease in African American 
cancer survivors than in Caucasian American or 

Hispanic American cancer survivors. Although 
such differences may have a biologic basis,  
socioeconomic parameters may also play a role.

It is generally thought that marital status is 
closely related to health.21 Unmarried people tend 
to have a higher mortality from all causes, use 
more health services, and have more psycholo-
gical distress, and their perceptions of general 
health are poorer than those of married people. 
We found differences in health perception among 
the ethnic or racial groups according to marital 
status when we did our survey. We did not  
consistently find a protective effect of marriage; 
however, our results suggested that there is a  
positive association between the perception of 
overall health and the perceived positive impact 
of the cancer experience on family relationships. 
It is clear that socioeconomic, psychological,  
and cultural factors interact with the physiologic 
factors. Further research on larger, ethnic or 
racially diverse populations is needed to better 
understand these interactions.

Work-related Issues for Cancer 
Survivors

We analyzed survey information from 4,264 long-
term survivors of cancer in which the survivors 
were asked to respond to questions about their 
ability to work, job discrimination, and quality of 
life.22 Thirty-five percent of the respondents were 
working at the time of the survey, significantly 
more men than women and proportionately 
more Hispanic American than Caucasian Ameri-
can or African American survivors. The younger 
the survivors were at the time of diagnosis, the 
more likely they were to be working; age and 
cancer type were important parameters as well. 
For most cancer types, the survivors who were 
working were significantly younger at diagnosis 
and had a significantly higher quality of life score 
than those who were not working. Of the survi-
vors working at the time of the survey, 7.3% indi-
cated that they had experienced job discrimination; 
this was independent of age, gender, or ethnic 
grouping.

Approximately 10% of survivors indicated 
that they were unable to work as a result of  
the effects of cancer, cancer treatment, or both.  
Significantly more women than men and signifi-
cantly more African Americans than Caucasian 
Americans or Hispanic Americans reported being 
unable to work. Cancer type was also a relevant 
factor. The role of socioeconomic factors in  
these findings was not clear. A reassuring finding 
was that most cancer survivors did not perceive 
employment-related problems and assimilated 
back into the workforce. However, for those who 
did have cancer-related issues, little is known 
about their experiences because research data for 
this group were scanty and heterogeneous.

Table 1  Survivors (N = 3,268) Who Responded 
“Yes” to “Has Cancer Affected Your Health?”

Cancer Type Affected  Mean Age at
 Health (%) Diagnosis (yr)

Melanoma 16.7 43.4
Colorectal 31.3 50.2
Gynecologic 31.4 44.5
Breast 35.9 46.5
Genitourinary 36.4 55.5
Sarcoma 39.5 40.5
Head and neck 39.8 50.8
Acute leukemia 45.3 39.8
Thyroid 50.3 35.4
Lung 53.3 55.9
Lymphoma 56.9 46.3
Gastrointestinal 57.0 56.0
Chronic leukemia 60.2 49.3

Hodgkin’s disease 61.7 30.3
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Internet Message Board for Cancer 
Survivors and Their Families

As a component of the LACC program, a message 
board was created on the Internet, through which 
cancer patients and their family members or other 
loved ones could communicate with and provide 
support for other patients and families. The  
message board was accessible to anyone who  
visited the M. D. Anderson Web page. This mes-
sage board was monitored, and the findings from 
the postings were used to further understand the 
cancer experience and facilitate support for cancer 
patients.23 During the initial 16 months since its 
creation, 972 individuals logged onto the message 
board (“users”) and 284 persons posted 619  
messages (“posters”). The messages were read 
and analyzed for content. The most common 
cancer types represented by the posted messages 
were breast, gastrointestinal, lung, gynecologic, 
head and neck, and colorectal. The most frequent 
themes were questions about treatment, support, 
and long-term effects. The message themes dif-
fered between those posted by the posters who 
had cancer and those who were posting a message 
on behalf of someone who had cancer. For exam-
ple, friends and relatives who did not have cancer 
asked most frequently about treatment, whereas 
most individuals who had cancer posed questions 
about the long-term effects of cancer. Questions 
about support and diagnosis appeared to be of 
similar interest to both groups of posters.

Message board entries reflected yet another 
aspect of the cancer survivors’ experience. In  
general, literature pertaining to health care and 
the Internet highlights the significance of this 
resource. However, little information is available 
about the types of cancer-related information the 
Internet users seek. Having such information 
would allow health care providers and educators 

to develop materials that are better suited to 
respond to the needs of consumers and patients.

Concluding Thoughts
Successfully treated cancer patients have much  
to teach us. Traditionally, cancer research has 
focused on the diagnosis and treatment of cancer, 
appropriately so. We have studied those who  
have not responded to treatment, seeking answers 
to develop better treatments. We should, in our 
quest to eradicate cancer, look not only to patients 
who have succumbed to the disease but also to 
those who have survived because they provide a 
living laboratory for the understanding of cancer. 
We have only scratched the surface in under-
standing how the cancer survivor has arrived at 
the place of long-term survivorship. We have 
accumulated the responses of more than 10,000 
cancer survivors to a survey designed to shed 
some understanding on the cancer survivors’ 
long-term sequelae of cancer treatment. This sur-
vivorship project has raised many questions that 
need further research. For example, this work 
requires longitudinal and prospective studies of 
large numbers of survivors. Through programs 
such as the LACC, the M. D. Anderson Cancer 
Center is poised to lead the initiative to learn 
more about cancer survivorship.
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Continued advances in cancer treatment have led 
to improvements in treatment outcomes. The 
num ber of cancer survivors aged 18  years and 
older continues to increase because more child
hood cancer patients are surviving to adulthood 
and adult cancer patients are surviving longer. 
Currently, more than 70% of pediatric cancer 
patients will survive long term, and approximately 
60% of adult cancer patients will survive for at 
least 5  years after diagnosis.1,2 In fact, there are 
almost 10  million cancer survivors in the United 
States.

Cancer survivors have a high risk of recur
rence of the original cancer and development of 
second primary malignancies as a result of cancer 
therapy and other risk factors. In a review of 282 
consecutive patients suspected to have a malig
nancy but no tissue diagnosis, a history of malig
nancy was a statistically significant predictor of  
a cancer diagnosis among other predictors, 
including advanced age, weight loss, thrombocy
tosis, and monocytosis.3 Lifelong monitoring  
and screening for malignancies are thus necessary 
for cancer survivors. Yet a recent study showed 
that adult survivors of childhood cancer were not 
adequately screened for cancer.4 Often cancer 
survivors cease to follow up with oncologists 
because of the lack of active oncologic issues. Fur
thermore, approximately 70% of cancer patients 
have comorbid conditions,5 requiring a compre
hensive approach to medical care. Therefore, 
internists and primary care providers should not 
only manage active noncancer medical problems 
but should also ensure continued surveillance for 
malignancies and provide preventive care.

This chapter summarizes the incidence of 
and risk factors for second or secondary malig
nancies and recommendations for cancer screen
ing so that cancer survivors may reap the benefits 
of early detection. Screening practices for survi
vors of breast, colorectal, and prostate cancers; 
childhood acute lymphoblastic leukemia (ALL); 
and Hodgkin’s disease are discussed. These  
cancers were selected on the basis of their high 
prevalence or high rates of survival.

Etiologic Factors for Secondary 
Malignancies 

Ionizing Radiation
Many cancer patients have received multimodal 
therapy, and the separate contributions of  

chemotherapy and radiotherapy to treatment
related malignancies are not definitively known. 
Radiation is well known to cause primary cancers. 
When used as a treatment, radiation is associated 
with the development of secondary malignancies, 
including leukemia and brain, bone, thyroid, 
skin, and breast cancers, which usually develop 
several years to decades afterward. Typically,  
these radiationinduced malignancies occur at 
the margin of or within the irradiated field.  
Soft tissue sarcomas and osteosarcomas are  
the most frequent secondary neoplasms after 
radiotherapy.6–8 

The risk of developing radiationinduced 
breast cancer is significantly higher in girls treated 
with mantle radiation before the age of 21  years 
than in women treated in their adult years.6,9 The 
risk of secondary cancers increases with the total 
dose of radiation. In one study, a 40fold increase 
in the risk of developing bone sarcomas was 
observed after doses of 60  Gy or more.7 In another 
study, a 10fold increase in the risk of soft tissue 
sarcoma was seen in retinoblastoma patients 
receiving g60  Gy, but even as little as 5  Gy 
increased the risk 2fold for this genetically  
susceptible group.10 However, high radiation 
doses do not appear to affect the risk of leukemia 
and thyroid cancer. 

The risk of secondary cancers increases  
with time since radiation therapy.11 In the Late 
Effects Study Group, the median time to develop 
a secondary neoplasm was 10  years after radio
therapy, but secondary neoplasms might develop 
as late as >30  years after radiation exposure.12 
Radiogenic leukemias appear earlier, with a 
latency of 4 to 8  years, than radiationinduced 
solid tumors, which are usually diagnosed 10 to 
40 years after radiation exposure.13

Chemotherapy
Acute myelogenous leukemia (AML) is the most 
common type of secondary malignancy after  
chemotherapy, and other types of hematologic 
malignancies, such as ALL, chronic myelogenous 
leukemia, and myelodysplastic syndrome, have 
also been reported.14 Secondary myeloid leuke
mias induced by chemotherapy have a low  
cure rate of 10 to 20% and may be refractory to 
subsequent chemotherapy, which makes preven
tion very important.15 Chemotherapeutic agents 

that carry a high risk of secondary leukemias  
are alkylating agents and etoposide, although  
chemotherapy using multiple drugs, particularly 
when doxorubicin is included, may increase  
the risk as well. Alkylating agents, including  
ifosfamide, cyclophosphamide, melphalan, busul
fan, nitrogen mustard, procarbazine, carboplatin, 
and cisplatin, cause leukemias with deletions on 
chromosome 5 or 7. Inhibitors of topoisomerase 
II, such as epipodophyllotoxins, teniposide, and 
etoposide, cause leukemia with translocation of 
the MLL gene at chromosome band 11q23, and 
these topoisomerase II inhibitor–induced leuke
mias have relatively short latency periods of 1 to  
3  years. An increase in the risk of secondary  
leukemia was noted with increasing doses of  
epipodophyllotoxins; <3% of germ cell tumor 
survivors who received <2  g/m2 of etoposide 
would develop therapyrelated acute myeloid  
leukemia (tAML), but the incidence of tAML 
increased to >11% in survivors who received 
>2  g/m2 of etoposide.13 In survivors of childhood 
cancers, such as rhabdomyosarcoma, Ewing’s  
sarcoma, and Hodgkin’s disease, a doseresponse 
relationship has been demonstrated: alkylating 
agents increased the risk of a secondary leukemia 
almost 5fold, and with the highest doses of alky
lating agents, that risk increased to almost 24
fold.14 Doxorubicin may further increase that risk 
when used together with highdose alkylating 
agents.14 Alkylating agents may also further 
increase the risk of radiationinduced secondary 
bone cancers. In one study7, the relative risk (RR) 
of secondary bone sarcomas after radiation  
therapy was 2.7, but the RR increased to 4.7 when 
alkylating agents were also used. 

Splenectomy
The mechanism by which asplenism aids in  
the induction of secondary cancers or second  
primary cancers is unknown, but the spleen may 
play a significant role in immunosurveillance 
against malignancies.16 Standard therapies for 
Hodgkin’s disease and other lymphomas often 
include splenectomy and splenic irradiation. In a 
study of 892 Hodgkin’s disease survivors, sple
nectomy increased the risk of treatmentrelated 
secondary cancers.17 In another study of 979 
Hodgkin’s disease surviviors, splenectomy had 
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borderline significance (p=.09) in increasing the 
incidence of secondary malignancies.18 

Genetic Predisposition
Patients with a genetic predisposition for cancer 
develop multiple cancers in their lifetime. For 
instance, patients with LiFraumeni syndrome 
have a 50% probability of developing cancer by 
age 30  years.19,20 Genetic predisposition certainly 
plays a role in the development of secondary  
cancers. Germline mutations in tumor suppres
sor genes (eg, the TP53 tumor suppressor gene 
mutation in LiFraumeni syndrome) and gene 
mutations for hereditary cancers (eg, hereditary 
breast cancer genes BRCA1 and BRCA2) may 
interact with therapeutic exposures, leading to an 
increased incidence of secondary cancers. Failure 
to induce apoptotic cell death after deoxyribo
nucleic acid (DNA) damage, defects in DNA 
repair, and dysfunction of DNA damage check 
points are potential mechanisms involved in the 
development of secondary malignancies after 
therapeutic exposure to radiation and DNA 
damaging chemotherapeutic agents. 

Bone Marrow Transplantation
For patients who underwent allogeneic or syn
geneic transplantations, the cumulative incidence 
for secondary solid malignancies was 2.2% at  
10  years and 6.7% at 15  years.21 Patients who have 
undergone allogeneic transplantation have an 
increasing risk of new solid malignancies over 
time.22,23 The rate of new malignant disease was 
two to fourfold higher in these patients than in 
agematched control subjects.21,24 The types of 
solid malignancies that increased after allogeneic 
or syngeneic bone marrow transplantations 
include cancers of the buccal cavity, brain, liver, 
bone, and connective tissue and melanoma. 
Higher doses of totalbody radiation were  
associated with a higher risk of solid cancers; and 
chronic graftversushost disease and male sex 
were closely linked with an increased risk of squa
mous cell cancers of the buccal cavity and skin.25 
The incidence of secondary solid malignancies 
after autologous transplantation is estimated to 
be lower than that after allogeneic transplanta
tion.22,26 After autologous stem cell transplanta
tion in nonHodgkin’s lymphoma patients, the 
incidence of second malignancies after 10 years is 
21%, with about 10.0% having nonhematologic 
malignancies.26 New malignancy after autologous 
transplantation is the most frequent cause of 
non–relapserelated death.27

Smoking
Continuing to smoke increases the risk of second 
cancers at the same site or at different sites, 
regardless of whether the initial cancer is smoking 

related.28 When the prognosis is relatively good 
for the initial malignancy, continued smoking 
will increase the risk of new primary malignancies 
for up to 20  years after the initial cancer diagno
sis. In survivors of earlystage small cell lung 
cancer (mostly stages I and II), the risk of a  
secondary cancer (mostly non–small cell lung 
cancer) was 3.5 to 4.4fold higher than that of 
the general population.29–31 Continuing to smoke 
further increases the risk of secondary cancer, 
particularly in those who had undergone chest 
irradiation (RR=21.0) or had received alkylating 
agents (RR=19.0).30 In survivors who ceased to 
smoke at the time of diagnosis, the risk was the 
same as in those who had quit smoking at least  
6 months before the initial cancer diagnosis. 
Another study confirmed that patients with small 
cell lung cancer who survived at least 2  years had 
a greatly reduced likelihood of a secondary cancer 
if they quit smoking.32 In a study of breast cancer 
survivors who subsequently developed lung 
cancer, the relationship between lung cancer and 
thoracic radiation therapy alone was negligible, 
but the relationship between lung cancer and 
smoking was substantial and was even stronger 
for the combination of thoracic radiation therapy 
and smoking.33 Similarly, the effect of smoking on 
the risk of secondary lung cancer has also been 
observed in Hodgkin’s disease survivors.34,35 In 
one study, very high risks for subsequent lung 
cancer were identified for smokers: RR=20.2 for 
radiation treatment and smoking and RR=49.1 
for radiation, alkylating agents, and smoking.34 

Second Primary or Secondary  
Malignancies in Specific Cancer 
Survivor Groups

Breast Cancer
The treatment used for breast cancer may affect 
the subsequent risk of secondary malignancies. 
For breast cancer patients who were treated with 
doxorubicinbased regimens, the rates of second
ary cancers were 3.8% at 10  years and 7.0%  
at 15  years.36 Postmastectomy radiotherapy can 
increase the risk of secondary lung cancer, par
ticularly in smokers.37–39 Chemotherapy with 
alkylating agents increases the risk of acute leuke
mia, particularly if the patients also receive  
radiotherapy.40 Postirradiation sarcomas may 
also occur.41 Breast cancer survivors have an 
increased risk of developing cancer in the breast 
contralateral to the one where the initial breast 
cancer has been found. However, radiotherapy 
does not appear to contribute much to this risk.42 
Antiestrogens and breast cancer screening can 
reduce the incidence of second breast malignan
cies and improve survival.43 Tamoxifen has  
antiestrogenic effects on breast tissue and signifi
cantly decreases the incidence of contralateral 
breast cancer, but it has proestrogenic effects on 

the uterus and increases the risk of endometrial 
cancer.42 Thus, patients who have undergone 
longterm adjuvant hormonal therapy should 
undergo regular gynecologic examination with 
endometrial screening. 

Breast cancer survivors also have increased 
risk of cancers of the ovaries, endometrium, and 
colon or rectum.42,44 These organs share risk  
factors with breast cancer, that is, diet, obesity, 
and female hormonal status. Breast cancer genet
ics has also implicated mutations in BRCA1  
and BRCA2 as risk factors for breast and ovarian 
cancers. Screening for ovarian, endometrial, and 
colorectal cancer should be performed regularly 
in breast cancer survivors.45,46

Prostate Cancer
Radiotherapy for prostate cancer increases the 
risk of subsequent bladder cancer.47 Nevertheless, 
the increase in risk appears to be small and late 
(some years after radiotherapy). 

Testicular Cancer
Testicular cancer is one of the solid tumors with  
a very favorable outcome, whether it occurs  
unilaterally or bilaterally.48 Patients with testicu
lar cancer often receive combination chemother
apy with cisplatin, etoposide, and bleomycin. 
Although both etoposide and cisplatin can cause 
secondary leukemia, the risk correlates to the total 
cumulative dose of etoposide received. Testicular 
cancer patients treated with a combination  
of radiotherapy and chemotherapy are at an 
increased risk of secondary cancers, particularly 
in the pelvis.49 

Endometrial and Ovarian Cancer
Survivors of endometrial cancer have increased 
risk of ovarian, colorectal, and breast cancers.44,46,48 
Therefore, surveillance and screening for these 
cancers should be performed in survivors of 
endometrial cancer. Bilateral oophorectomy at 
the time of hysterectomy for the endometrial 
cancer may be considered if appropriate because 
removal of the ovaries will reduce the subsequent 

risk of ovarian cancer. 

Skin Cancer
It is well known that basal cell and squamous cell 
carcinomas (nonmelanoma skin cancers) tend to 
develop in the same skin cancer patients. This 
pattern represents the effect of the shared risk 
factor: sun exposure. Thus, those who have  
nonmelanoma skin cancer should avoid sun 
exposure and should have regular surveillance for 
new skin malignancies by dermatologists. Patients 
with dysplastic nevi may develop multiple  
melanomas. These patients and melanoma survi
vors should have regular fullbody skin examina
tions by experienced clinicians.50
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Colorectal Cancer
There are more than 1 million colorectal cancer 
survivors in the United States now. Colorectal 
cancer cases are sporadic (approximately 60%  
of all cases), familial (approximately 30%), or 
hereditary (approximately 10%, mainly as part  
of genetic syndromes, such as hereditary nonpol
yposis colorectal cancer [HNPCC] and familial 
adenomatous polyposis [FAP]). FAP has a classic 
presentation, with the formation of numerous 
adenomatous polyps in the colon and rectum at a 
young age. Patients with FAP have almost a 100% 
probability of developing colorectal cancer by the 
age of 50  years. Persons with HNPCC have a high 
risk of colorectal cancers and cancers of the ureter, 
renal pelvis, and small bowel. Females with 
HNPCC have a risk of 30 to 60% of developing 
endometrial cancer in their lifetime. Survivors of 
colorectal cancer have an elevated risk of second 
primary malignancies of the colon and rectum,  
as well as of the breasts, uterus, and ovaries.46  
For colorectal cancer survivors, prompt detection 
of new primary cancers or recurrent disease  
can improve subsequent survival. The risk of  
recurrence is highest during the first 5 years after 
resection of colorectal cancer; thus, frequent  
surveillance examination and followup care are 
recommended during this period. 

Upper Aerodigestive Tract Cancer
The rate of esophageal cancer that occurs after 
lung cancer increases after radiotherapy for the 
initial lung cancer, suggesting a carcinogenic 
effect of radiation in esophageal cancer’s etiology. 
Even in the absence of radiotherapy, the risk of 
esophageal carcinoma is still increased after the 
diagnosis of lung cancer.51–53 Quitting smoking 
and discontinuation of tobacco consumption 
after the diagnosis of the initial primary cancer in 
the upper aerodigestive tract reduce the risk of 
other tobaccorelated malignancies and thus 
remain an important strategy to prevent cancer.54 
Particularly in the case of an initial head and neck 
cancer, it is very important to look carefully for 
synchronous multiple primary tumors in the 
upper aerodigestive tract and respiratory system 
at presentation. For instance, the prognosis is 
poor if a lung nodule is a recurrence or metastasis 
from an initial oropharyngeal primary tumor, but 
cure may still be possible if a lung nodule is a 
second primary lung cancer that can be surgically 
removed. 

Retinoblastoma
Hereditary retinoblastoma patients are at high 
risk of developing a secondary malignancy after 
radiotherapy, and this is primarily due to the 
genetic predisposition of the retinoblastoma  
gene (RB1) mutation. In the largest study of  
retinoblastoma survivors, Wong and colleagues 

reported an RR of 30 for secondary cancers  
compared with an agematched control group.10 
The cumulative incidence of secondary cancers 
for patients with hereditary retinoblastoma was 
51% at 50  years compared with 5% at 50  years  
for patients with the nonhereditary form of  
retinoblastoma. Twothirds of the secondary 
malignancies were soft tissue or osteogenic sarco
mas. A radiation doseresponse relationship was 
found for soft tissue sarcomas, with as little as  
5  Gy increasing the risk of secondary malignancy 
2fold and >60  Gy increasing the risk 10fold. 

Wilms’ Tumor
The National Wilms’ Tumor Study Group found 
an eightfold increase in secondary malignancies 
in survivors of Wilms’ tumor.49 Most cases of  
the secondary leukemias were tAML, which was 
diagnosed between 1 and 6 years after the original 
therapy for Wilms’ tumor. Secondary lympho
mas had similar latency periods. In contrast, 
much longer latency periods of 3 to 21  years were 
observed for secondary solid tumors, which were 
mostly sarcomas and carcinomas (parotid gland, 
thyroid, breast, hepatocellular, and colon) but 
also brain tumors. Survivors who received 
abdominal radiotherapy had twice the risk of  
secondary cancers compared with those who did 
not. Doxorubicin may also have potentiated the 
carcinogenic effect of radiation. In another study, 
the 20year cumulative incidence of secondary 
malignancies after treatment for Wilms’ tumor 
was 3 to 6%.55

Hodgkin’s Disease
Hodgkin’s disease survivors have a RR of 2 to  
4 for developing secondary malignancies. The 
overall cumulative incidences of developing a  
secondary malignancy, most of which are solid 
tumors, are 10% at 20  years after treatment for 
Hodgkin’s disease and 26% at 30  years. Young 
age when treatment began and the use of radio
therapy were important risk factors for secondary 
cancers in Hodgkin’s disease survivors.56 Com
pared with the normal population, patients with 
Hodgkin’s disease are more likely to die from  
secondary cancers and cardiovascular diseases.57 
The RR was 6.6 for death owing to a secondary 
cancer in a Hodgkin’s disease survivor compared 
with the normal population. 

The common secondary solid tumors, in 
order of incidence, were breast, thyroid, bone, 
colorectal, lung, and stomach cancers. Breast 
cancer in the context of Hodgkin’s disease is 
related to mantle radiation therapy and chemo
therapy at a young age. Secondary breast cancer 
differs from sporadic breast cancer because it 
develops in younger women, is associated with a 
higher incidence of bilateral disease (both breasts), 

and is located closer to the midline of the body 
than sporadic breast cancer.58 

Hodgkin’s disease survivors also have a  
high risk of acute leukemia59 and nonHodgkin’s 
lymphoma60 after treatment. As many as 25%  
of the secondary malignancies in Hodgkin’s  
disease survivors are secondary leukemia or lym
phoma.6,61–63 Regimens that contain procarbazine 
and nitrogen mustard (such as MOPP [nitrogen 
mustard, Oncovin [vincristine], procarbazine, 
and prednisone]) convey the highest risk of  
secondary leukemia compared with regimens that 
contain cyclophosphamide.63

Non-Hodgkin’s Lymphoma
Over the past three decades, the combination of 
cyclophosphamide, doxorubicin, vincristine,  
and prednisone has cured a significant number of 
patients with nonHodgkin’s lymphoma. Less 
than 3% of patients developed secondary cancers 
after treatment with cyclophosphamide, doxoru
bicin, vincristine, and prednisone;64 compared 
with a control population of patients without 
nonHodgkin’s lymphoma, this increase was not 
statistically significant.

Acute Lymphoblastic Leukemia
Current treatment cures more than 80% of  
children with ALL, but these ALL survivors are at 
risk of secondary cancers. Radiotherapy appears 
to be the main contributor to the risk of develop
ing a secondary cancer. Patients with ALL who 
underwent cranial or craniospinal radiotherapy 
(about 24  Gy) as central nervous system prophy
laxis have an RR of 22 for developing central  
nervous system tumors. Patients who were less 
than the age of 5 years at the time of radiotherapy 
have the highest risk.65 A high cranial radiation 
dose is associated with the development of brain 
tumors; for patients who received >30  Gy, the 
cumulative incidence of brain tumors is 3.23%  
at 20  years.66 Therefore, in recent treatment  
regimens for ALL, young children (under 10  years 
old) who have no evidence of central nervous 
system disease at diagnosis are treated with inten
sive intrathecal chemotherapy rather than cranial 
irradiation. The risk of chemotherapyinduced  
tAML in ALL survivors varies with the dose  
and schedule of epipodophyllotoxins, and  
chemotherapy including epipodophyllotoxins 
adm inistered weekly or twice weekly resulted in a 
cumulative secondary AML incidence of 12%.67

Screening Recommendations for 
Secondary Cancer in Cancer  
Survivors

General Recommendations for All 
Cancer Survivors 
1. Obtain a detailed medical history, including 

a family medical history. (Discuss the referral 
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with a clinical genetics service if a significant 
family history of cancer is identified.)

2. Perform lifelong clinical assessments at  
yearly intervals that include symptom review, 
a clinical examination, and screening for  
secondary malignancies. A careful physical 
examination with special attention to the 
radiotherapy field should be performed at 
longterm followup clinic visits; prompt 
evaluations are needed to address and evalu
ate new or suspicious signs and symptoms. 
In the event of unexpected changes in the 
complete blood count, such as the appear
ance of macrocytosis, dysplastic changes of 
any blood cell type, or cytopenia, a bone 
marrow biopsy and aspiration should be  
performed.

3. Educate patients regarding the risks of  
secondary malignancies and the importance 
of promptly reporting new symptoms or 
masses.

4. Advise patients on the reduction of risk 
behaviors, especially smoking and sunbath
ing.

5. Encourage patients to perform self
examination,  such as of the breast, oral cavity, 
and skin.

Childhood Cancer Survivors
There are more and more survivors of childhood 
and adolescent cancers in the United States. Late 
cancerrelated complications in these survivors 
include an increased risk of premature mortality 
caused by secondary cancers and cardiovascular 
diseases. The Children’s Oncology Group has 
published guidelines for the longterm follow 
up care of survivors of childhood cancers  
(<http://www.survivorshipguidelines.org>). 
However, whether surveillance results in measur
able reductions in morbidity or mortality has not 
been proven. 

The risk of secondary AML usually manifests 
within 10  years after treatment; therefore, moni
toring should include a complete blood count 
with differential annually for at least 10  years  
after therapy (Table  1). Most solid secondary 
malignancies are related to radiation exposure; 
therefore, the annual physical examination should 
pay special attention to the skin and soft tissues  
in the radiation field together with radiographic 
(eg, chest radiography if the chest was in the  
radiation field) or other cancer screening evalua
tions (eg, dental examination if the mouth was in 
the radiation field) if indicated. 

For female cancer survivors who have under
gone radiation therapy with potential effects  
on the breast (ie, mantle, mediastinal, or lung), a 
monthly selfbreast examination should begin at 
puberty; clinical breast examination should be 
performed annually beginning at puberty until  
25  years old and then every 6  months; and  

mammograms and routine Cleopatra views to 
screen the inner quadrants should be obtained 
annually starting 8  years after radiotherapy or  
at age 25  years. The effectiveness of frequent  
self and physician examinations in younger 
women (<40  years old) with dense breast tissue 
may be low. However, Hancock and colleagues 
found that 56% of secondary breast cancers were 
discovered by physician examination during 
followup and 16% by selfexamination.68 Mag
netic resonance imaging (MRI) examinations 
may be helpful to screen younger females with 
dense breast tissue and for patients who have 
undergone mantle field irradiation to treat  
childhood malignancies. 

Although male survivors of childhood  
cancers are at risk of developing various types  
of second primary cancers as much as female  
survivors, they do not appear to have the same 
risk of breast cancer as do females. A Finnish 
review of 470,000 registered cancer patients and a 
Nordic study of 30,880 childhood cancer survi
vors found no male survivors with secondary 
breast cancers.69,70 

Screening for secondary colorectal cancer in 
cancer survivors at risk (ie, those having received 
radiation doses of g25  Gy to the spine, abdo
men, and/or pelvis) involves colonoscopy every 
10  years starting at the age of 35 years or 10  years 
after radiotherapy. Chronic hepatitis, often  
associated with blood product exposure prior  
to 1992, increases the risk of hepatocellular  
carcinoma, which can be screened by measuring 
serum afetoprotein annually; patients who have 
developed cirrhosis should have annual right 
upper quadrant ultrasonography. 

Breast Cancer Survivors
More than 2.1 million females in the United States 
are breast cancer survivors. Most breast cancer 
recurrences occur within the first 5  years after 
treatment. Nonspecific symptoms (eg, weight 
loss, persistent cough, or body ache) or physical 
findings (eg, breast or chest wall changes or 

lymphadenopathy) are common in breast  
cancer recurrence and should be investigated 
thoroughly during regular followup physician 
visits (Table  2). In addition to monitoring for 
recurrent disease, cancer screening may benefit 
breast cancer survivors as they have an increased 
risk of second primary cancers involving the 
breasts, colon, rectum, and ovaries. 

Current recommendations for surveillance 
in breast cancer survivors include monthly  
selfexamination of the breasts and chest wall, 
annual mammography of the remaining breast 
tissue, and a careful medical history and physical 
examination every 6  months for 5  years and 
annually thereafter. Many breast cancer survivors 
receive treatment with tamoxifen. Although 
tamoxifen reduces the risk of recurrent breast 
cancer and maintains bone density, it increases 
the risk of uterine cancer. To screen for uterine 
cancer, a pelvic examination and a PAP smear 
should be performed annually, and vaginal  
sonography should be performed at 3 and 5  years 
after the start of tamoxifen therapy to evaluate the 
endometrium. 

Careful compilation of the family history 
may reveal hereditary breast cancer. Approxi
mately 5 to 10% of breast cancers are caused by 
germline gene mutations (BRCA1 and BRCA2). 
Identification of a hereditary component should 
prompt referral to clinical genetics services for 
consultation and screening of close relatives. 

Mammography may have limited utility in 
females with dense breast tissue. Other new breast 
imaging modalities may trivialize the problems 
encountered in screening women with dense 
breasts. Ultrasonography may avoid unnecessary 
biopsies of cysts and may supplement mammog
raphy and clinical examination. However, ultra
sonography has never been recommended as a 
routinely used screening tool.71 Digital mammog
raphy and MRI have been introduced for breast 
cancer screening,72 and MRI is the most accurate 
method to determine the size and number of 
lesions in the breast.71 

Table 1  Cancer Screening for Childhood Cancer Survivors

Cancer Surveillance Screening for Second Primary or Secondary Cancers

ALL Individualized based on Brain radiation: central nervous system tumors
  chemoradiation treatment Acute myelocytic leukemia
  regimen* Cyclophosphamide therapy: bladder cancer

Hodgkin’s disease  Individualized*  Breast cancer (in women only) 
  Lung cancer
  Colorectal cancer
  Bone cancer
  Thyroid cancer
  Nonmelanoma skin cancer 

Adapted from guidelines for the longterm followup care of survivors of childhood, adolescent, and young adult cancer developed 
by the Children’s Oncology Group. Specific recommendations can be accessed at <http://www.survivorshipguidelines.org>.

ALL=acute lymphoblastic leukemia.
*Frequency based on cumulative anthracycline and chest radiation dose and age at treatment. 
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Colorectal Cancer Survivors
Survivors of colorectal cancer have a high risk of 
second malignancies within the lower gastroin
testinal tract, as well as in the breasts, uterus, and 
ovaries.46 Those with HNPCC have an elevated 
risk of small bowel and endometrial cancers.  
The risk of recurrence is highest in the first 5  years 
after resection. For over 1  million survivors of 
colorectal cancer in the United States, prompt 
detection of new or recurrent cancer can improve 
survival. A metaanalysis has demonstrated a  
survival benefit of 19% at 5  years among patients 
undergoing intensive followup.

The National Comprehensive Care Network 
and the American Society of Clinical Oncology 
guidelines recommend followup evaluations to 
include a medical history, a physical examination, 
carcinoembryonic antigen (CEA) testing, and 
colonoscopy. History taking, physical examina
tions, and measuring CEA are recommended 
every 3  months for the first 2  years after treat
ment and then every 6 months for the next 3  years 
(see Table  2). A CEA blood test should be  
performed every 3  months for the first 2  years 
after the initial colon cancer diagnosis and  
then every 6  months for approximately 5  years  
after that. CEA measurement, combined with 
computed tomography (CT) body imaging  
studies, can improve survival. Colonoscopy 
should be performed 1 year after the initial colon 
cancer surgery and then every 3  years.

Patients with elevated CEA levels (which may 
precede symptoms by as many as 3 to 8  months) 
should be examined by CT, positron emission 
tomography, and colonoscopy, as appropriate, to 
identify the site of recurrent cancer and evaluate 
whether the recurrent disease can be surgically 
removed. Surveillance colonoscopy is recom
mended 12  months after surgery or at 6  months 
after surgery if a full colonoscopy has not been 
performed before surgery. If no abnormalities  
are detected by colonoscopy, then it should be 
repeated every 3 to 5  years. 

Prostate Cancer Survivors
Approximately 98% of prostate cancer patients 
survive 5  years after diagnosis; thus, the number 
of prostate cancer survivors is now estimated to 
exceed 1.7 million in the United States. Disease 
surveillance of prostate cancer survivors includes 
a nannual rectal examination and monitoring 
prostatespecific antigen (PSA) levels every  
6  months for 5  years and then annually (see  
Table  2). Serum PSA declines to undetectable 
levels after radical prostatectomy; a slower decline 
occurs after radiotherapy. Elevated serum PSA 
levels after the initial decline achieved by  
definitive therapy indicate disease recurrence. 
Radiotherapy for prostate cancer may be associ
ated with an increased incidence of bladder cancer 
among prostate cancer survivors;47 therefore, 

signs of hematuria should be thoroughly investi
gated. 

The family history of prostate cancer survi
vors should be reviewed. Many cases of prostate 
cancer may have a familial component, and the 
risk of prostate cancer increases with the number 
of affected family members. Moreover, men with 
close relatives affected by breast or ovarian cancer 
may be at elevated risk of prostate cancer owing 
to BRCA1 or BRCA2 mutations. If a hereditary  
or genetic component is suspected, referral to a 
clinical geneticist for risk assessment and genetic 
testing may be indicated.

Disclaimer

It is not possible for cancer screening recom
mendations for cancer survivors to be based on 
evidence from randomized or controlled trials 
because secondary cancers are consequences  
of cancer therapy and cannot be objectives in  
prospective studies. Therefore, recommendations 
are based on retrospective studies that have  
identified secondary cancers in longterm survi
vors. Under no circumstances should the recom
mendations be considered as mandatory, and it is 
common sense that certain recommendations 
may be inappropriate or contraindicated in  
individual patients. Furthermore, recommenda
tions must be adapted regularly as our knowledge 
improves. 
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Cancers occur less frequently during childhood 
than during adulthood. Around 12,500 individu-
als under 20 years of age are diagnosed with a new 
malignancy every year in the United States.1 
Before the age of 15 years, the most frequently 
observed cancers are leukemia (30.2%, with a 
majority of patients diagnosed with acute  
lymphoblastic leukemia [ALL]), central nervous 
system (CNS) cancers (21.7%), and lymphomas 
(10.9%, including 6.2% of patients diagnosed 
with non-Hodgkin’s lymphoma [NHL]).2 The 
incidence of newly diagnosed malignancies 
increases during adolescence, with a change in the 
etiologic distribution due to the rise in the inci-
dence of Hodgkin’s disease in that age group. 
Thus, in adolescence, the most frequently diag-
nosed cancers are lymphomas (23.6%, including 
16.1% of patients diagnosed with Hodgkin’s  
disease) followed by leukemia (10.6%, with a 
majority of patients diagnosed with ALL) and 
CNS cancers (10%).3

The modest increase in the incidence of 
childhood and adolescence cancers over the past 
20 years comes in sharp contrast to the significant 
drop in the mortality rates over the same period 
of time. Cancer incidence rates increased by 1% 
yearly between 1974 and 1991.4 In parallel, the 
five-year survival rates continuously improved 
and currently exceed 70% in children and adoles-
cents, and reach more than 80% for ALL and 90% 
for Hodgkin’s disease.2 These improvements are 
the results of remarkable advances in supportive 
care and, most importantly, changes in therapy 
occurring over the past 30 years. Currently, many 
individuals diagnosed with a malignancy during 
childhood will receive combined modality thera-
pies, including surgery, aggressive multi-agent 
chemotherapeutic regimens and radiotherapy.

Approximately two-thirds of pediatric cancer 
survivors will develop medical complications or 

disabilities, which can be attributed to their previ-
ous cancer treatments.5 Endocrine disturbances 
have been documented in 20 to 50% of survivors 
and frequently occur as late effects of cancer ther-
apy. Survivors of CNS tumors, Hodgkin’s disease 
and those undergoing stem cell transplantation 
(SCT) are at particular risk of developing endo-
crine complications as a result of their exposure 
to radiation therapy and high doses of alkylating 
agents. These treatments can cause damage to the 
hypothalamus-pituitary axis, the thyroid gland, 
and the gonads. The following discusses the 
common endocrine and growth problems that 
are observed in survivors of childhood cancer.

Growth Failure

Impaired linear growth with resultant adult short 
stature occurs frequently in survivors of child-
hood cancer, particularly in individuals treated at 
a young age. A variety of factors, including high-
dose radiation therapy (particularly to the brain 
and spine), early pubertal development, hypothy-
roidism, and growth hormone deficiency (GHD), 
contribute to the short stature in adult survivors. 
Both endocrine and non-endocrine factors can 
contribute to growth retardation.

Non-endocrine Factors
The non-endocrine factors affecting growth are 
primarily related to intensive chemotherapy and 
irradiation of skeletal structures.

Chemotherapy

The administration of chemotherapy is often 
associated with mild to moderate reduced growth. 
In many instances, the observed growth decelera-
tion is only temporary; however, the adverse 
effects on growth can persist more long term.6–8 
In a report on a large series of childhood brain 

tumor survivors, Gleeson and colleagues found 
that chemotherapy was a significant cause of 
standing height loss.7 This is in contrast to a report 
by Gurney and colleagues on a cohort from the 
Childhood Cancer Survivor Study of 921 survi-
vors of a childhood brain tumor in which the 
investigators showed that adjuvant chemotherapy 
was not an independent risk factor for adult short 
stature.8 The negative effects on growth are depen-
dent on the number and dosage of the drugs and 
the duration of treatment, all of which reflect  
the intensity of the regimen. Glucocorticoids, 
mercaptopurine and methotrexate are specific 
drugs implicated in the inhibition of normal 
growth. While the mechanisms of chemotherapy-
induced growth failure remain uncertain, the data 
suggest that chemotherapy may act both directly 
on bone growth by suppressing osteoblast and 
osteoclast activity and through alterations of  
the growth hormone–insulin-like growth factor  
1 (GH-IGF-1) system.9,10

Radiotherapy

Direct external beam radiation to the spine and, 
to a lesser degree, to the long bones can produce 
profound losses in growth potential in children. 
The ultimate impact on final height depends on 
the dose of radiation therapy, the volume irradi-
ated, and the age of the subject at the time of 
treatment. Several authors have reported on the 
skeletal dysplasia that follows total body irradia-
tion (TBI), especially when administered in a 
single dose, and caused by exposure of the growth 
plate to radiation.11–14 In this context, the sitting 
height is more affected than the standing height, 
indicating that the irradiation of the vertebrae 
contributes more to the observed growth impair-
ment.11–15 Younger patients are more likely to 
incur a greater loss in final height, and are at  
risk of having altered body proportions when 
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they reach adulthood.15 The height reduction  
that occurs following contemporary radiation 
regimens for the treatment of diseases such as 
Hodgkin’s disease and Wilms’ tumor, where the 
dose of radiation to the spine and other bones is 
given at lower doses and in a more conformal 
fashion, is generally quite modest and usually not 
clinically important.16,17

Endocrine Factors
The most important endocrine factors that   
disrupt the normal pattern of growth in survivors 
include GHD and central precocious puberty 
(CPP). Both of these neuroendocrine disturbances 
usually are the consequence of hypothalamic- 
pituitary  irradiation. Primary hypothyroidism 
also may contribute to poor linear growth in these 
children and will be discussed in the section on 
thyroid abnormalities.

Growth Hormone Deficiency

Causes   (1) Direct insult by tumoral expan-
sion or ablative surgery: Tumors, such as cranio-
pharyngiomas, germinomas, and optic nerve 
gliomas, which arise near the region of the 
 hypothalamus and pituitary, produce GHD as a 
direct result of the tumor or of the surgery 
required to remove it.

(2) Radiotherapy: Cranial irradiation can 
cause damage to the hypothalamus and, less often, 
to the pituitary. Growth hormone deficiency is 
indeed the most common and frequently the only 
anterior pituitary deficit to develop after cranial 
irradiation.18 The site of the damage caused by 
irradiation is more frequently the hypothalamus, 
which is more sensitive to radiation than the 
 pituitary.19 There are two major hypothalamic 
regulators of GH secretion: growth hormone 
releasing hormone (GHRH) and somatostatin. 
The secretion and release of GH by the pituitary is 
stimulated by GHRH and inhibited by 
 somatostatin. Low doses of radiation (ie,18 gray 
[Gy] of conventional fractionated radiotherapy) 
to the hypothalamus/pituitary region are  sufficient 
to cause the loss of the GHRH tone without 
 influencing somatostatin, thus causing GHD.20 
The pituitary gland is damaged at higher doses of 
irradiation.19 Risk factors for GHD following 
radiotherapy can relate to patient characteristics 
and to the dose of radiation administered to the 
hypothalamus and pituitary.

(a) Patient characteristics: Younger patients are 
at an increased risk of developing GHD after 
 radiation of the hypothalamus/pituitary 
region.21,22 In a series of 27 patients receiving 24 
Gy of cranial prophylactic irradiation for ALL 
or lymphosarcoma, Brauner and colleagues 
 demonstrated that the GH peak response in 
stimulation tests strongly correlated with 
patient age at irradiation, despite similar time 

intervals since the completion of treatment, 
confirming previous reports with  similar results 
from Shalet and colleagues.21,22

(b) Dose delivered and time since completion 
of treatment: Radiation therapy is followed by 
GHD in both a time- and dose-dependent 
 relationship (Figure 1).23 External beam radia-
tion doses >30 Gy typically produce GHD 
within 5 years of treatment; after lower doses, 
such as 18 to 24 Gy, GHD may not become 
 evident for 10 or more years.24 In survivors of 
pediatric SCT, GHD has been shown to develop 
after TBI, often several years after the comple-
tion of cancer treatments.6,25,26 Once estab-
lished, radiation-induced GHD is usually 
permanent.27 Several authors have reported on 
a possible improvement in GH secretion in a 
minority of patients; their findings suggest 
that retesting patients diagnosed during child-
hood with irradiation-induced GHD when 
they reach their final height is warranted 
before this treatment is continued through 
adulthood.28–30

(3) Chemotherapy: The effects of chemo-
therapy on the GH-IGF-1 axis are unclear. Slow 
growth and GHD following chemotherapy have 
been reported by some authors. Bakker and 
 colleagues recently reported a high  incidence of 
abnormal growth  patterns in children receiving a 
combination of high doses of  cyclophosphamide 
and busulfan for SCT conditioning, with labora-
tory results  suggesting GHD in 4 out of 10 tested 
patients.31 Nevertheless, the changes on which the 
authors based their conclusions were not 
 statistically  significant. Rose and colleagues also 
suggested that some patients may develop 

 hypothalamic dysfunction, including GHD, 
 following  chemotherapy.32 Out of 800 cases 
reviewed by the authors, 31 patients had slow 
growth patterns and had been exclusively treated 
with chemotherapy. Out of these 31 patients, 15 
were diagnosed with GHD based upon results of 
stimulation tests alone32.

Diagnosis   Establishing a diagnosis of GHD 
can be problematic in childhood cancer survivors. 
There is no “gold standard” diagnostic tool for 
GHD in general, and some of the available tests 
are known to be unreliable in cases of hypotha-
lamic or pituitary injury following radiation. The 
diagnosis is based on the convergence of clinical 
features and laboratory results.

(1) Clinical features: GHD should be sus-
pected in patients with decreased growth velocity 
(ie, growth rate below the fifth percentile for age) 
observed over at least six monthly visits.33 It is also 
important to monitor the sitting height in patients 
who received irradiation to the spine in order to 
look for the skeletal dysplasia associated with this 
treatment.15 Special attention should be paid to 
the patients’ pubertal status because the clinical 
signs of GHD may be masked by seemingly 
normal growth rates owing to the inappropriate 
secretion of sex steroids in patients with  precocious 
puberty, another endocrine complication that can 
be encountered in this context.34 As in any pediat-
ric evaluation, the nutritional status (reflected by 
body weight and body mass index [BMI]), is a key 
clinical element that can influence linear growth 
and needs to be taken into account.

(2) Laboratory results: There are three main 
 laboratory diagnostic tools for GHD.

(a) GH provocative tests: The GH peak value is 
measured after administration of a pharmaco-
logic agent known to stimulate the secretion 
and release of GH. Several agents are used, but 
the insulin  tolerance test is believed to be the 
most reliable, despite exposing the patient to 
the risk of hypoglycemia.35,36 Although widely 
used, these tests are non-physiologic and often 
yield non- reproducible results. The normal 
peak value has been arbitrarily defined at 
10 ng/mL although  several authors have low-
ered the threshold to 7 ng/mL. Despite these 
caveats, failure to achieve a peak response 
>10 ng/mL following two pharmacologic stim-
ulation tests is considered part of the standard 
criteria for a diagnosis of GHD. Nevertheless, 
failing one stimulation test was considered 
enough for diagnosing GH deficiency in patients 
who received irradiation to the hypothalamus 
and/or pituitary by the GH research society in 
its consensus guidelines.27

(b) GH frequent sampling studies: Spontaneous 
GH secretion is assessed by obtaining blood 
 samples every 20 minutes over a 12 to 24 hour 

FiGure 1  Percentage of normal insulin-tolerance 
tests (ITTs) compared to time from irradiation in 
patients receiving <30 Gy or g30 Gy to the hypotha-
lamic-pituitary axis. Reprinted with permission from 
Clayton PE, et al.23
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period. More frequently, the samples are drawn 
only at night, during sleep (“overnight sam-
pling”), a time when the bulk of GH is  produced. 
GHD is unlikely if a GH peak above 10 ng/mL is 
observed or if a mean plasma concentration of 
3ng/mL or above is derived from the GH levels 
measured in the  collected samples. The over-
night sampling appears to be more reliable than 
the provocative tests, with fewer false negative 
and false positive results, but it is labor- intensive 
and continues to be available only in a few 
 academic centers.37,38
(c) Measurements of surrogate markers of GH: 
Growth hormone induces skeletal growth 
 indirectly by stimulating the secretion by the 
liver of insulin-like growth factor-1 (IGF-1). 
The effect of IGF-1 on skeletal growth is 
 regulated by its association with IGF binding 
protein-3 (IGFBP-3). Unlike GH, plasma IGF-1 
and IGFBP-3 levels are stable and their mea-
surement does not require performing dynamic 
tests. They are routinely used as a screening test 
for the GH status of  individuals with short stat-
ure.38 However, IGF-1 and IGFBP-3 are not 
reliable indicators of the GH status following 
cranial irradiation, or in cases of a CNS 
lesion.39,40 In patients with documented 
hypothalamic/pituitary injury due to irradia-
tion or tumoral expansion, IGF-1 and IGFBP-3 
levels can be in the normal range, despite the 
presence of GHD.

Central Precocious Puberty

CPP is defined as the onset of puberty before the 
age of 8 years in girls and 9 years in boys due to 
the premature activation of the hypothalamic-
pituitary-gonadal axis.41 Over several years, it 
became evident that cranial irradiation at both 
lower doses (18 to 35 Gy) and higher doses (35 to 
50 Gy) is associated with the development of 
CPP.42–44The presumed mechanism of this activa-
tion is the disruption of the cortical inhibitory 
influence by radiation. Roth and colleagues 
showed, using animal models, that low-dose 
hypothalamic irradiation leading to sexual  
precocity is associated with lower release rates  
of c-amino butyric acid (GABA). These findings 
suggest that irradiation disrupts the inhibitory 
influence of the GABA-ergic tone, causing the 
observed activation of the gonadotropin-releas-
ing hormone (GnRH)-gonadotropin-gonadal 
axis.45 The age-inappropriate sex steroid secretion 
can cause rapid bone age progression and further 
decrease the growth potential of children, the vast 
majority of whom also suffer from GHD.

Risk Factors   Girls seem more likely than 
boys to enter puberty at an early age following 
hypothalamic irradiation.46 Age at the onset of 
puberty is directly correlated with age at treat-
ment and inversely correlated with the BMI.43 

While earlier studies suggested that the tempo of 
puberty is also accelerated in these patients, 
recent data have been unable to confirm this.46 
Irradiation doses to the hypothalamus in the 
range of 35 to 50 Gy can result in CPP, while 
doses >50 Gy are generally associated with 
hypogonadotropic hypogonadism within the 
context of combined hormonal pituitary 
deficiencies.47,48

Diagnosis   (1) Clinical features: Precocious 
puberty is a clinical diagnosis. In the general pedi-
atric population, it is best characterized by the 
onset of sustained breast development before the 
age of 8 years in girls, and by testicular enlarge-
ment (testicular volume >4 cc) before the age of 9 
years in boys.41 In childhood cancer survivors, 
testicular volume may not be a reliable indicator 
of pubertal growth in boys, and clinicians should 
be alerted by the early onset of other secondary 
sexual characters (eg, pubic hair) as well. One of 
the first signs of pubertal development is an 
increase in the growth rate, due to the action of 
the sex steroids. In children who also are likely to 
have GHD, this may result in falsely reassuring 
normal growth velocity, as mentioned previously. 
Therefore, pubertal staging using the Tanner clas-
sification is an important part of the regular clin-
ical follow-up of these patients, and any concerns 
regarding the possibility of early onset of puberty 
should lead to a referral to an experienced pediat-
ric endocrinologist.49

(2) Radiologic findings: The bone age is 
 estimated by performing the standard x-ray 
examination of the left wrist.50 Advancement of 
the bone age more than 2 standard deviations 
(SD) for chronological age is a consistent finding 
in children with  precocious puberty and is helpful 
in corroborating the clinical impression of 
 inappropriate sexual development. In girls with 
CPP, symmetrical  uterine growth is evidence of 
estrogen impregnation, and is an earlier finding 
than bilaterally enlarged ovaries. It is not, how-
ever, a necessary procedure when clinical features 
and laboratory findings are consistent with the 
diagnosis.

(3) Laboratory results: In CPP, pubertal 
development results from the premature activa-
tion of the hypothalamic pituitary axis. Therefore, 
luteinizing hormone (LH) and follicle stimulat-
ing hormone (FSH) levels tend to be detectable at 
baseline and to rise after stimulation by GnRH. 
An LH/FSH peak ratio above 0.6 unit per liter 
(U/L) in girls and above 1 U/L in boys indicates 
a pubertal response.51 In patients who received 
gonadotoxic treatments, the LH/FSH response 
to GnRH will be altered; the FSH response will 
be augmented, making the results harder to 
 interpret. The plasma estradiol levels in girls and 
testosterone levels in boys are also important 
markers of pubertal development.

Management
The final height is most affected in individuals 
who are diagnosed with cancer at a young age, 
particularly if they are treated with high doses  
of radiotherapy (>30 Gy) to the hypothalamus 
or the hypothalamus and spine.8 In this context, 
both GHD and CPP can reduce the growth poten-
tial and result in a very impaired final height. 
While both GHD and CPP are amenable to  
therapy, growth arrest due to radiation-induced 
boney dysplasia is not.

Growth hormone replacement therapy 
improves the growth rate of children who develop 
GHD following cancer therapy, at least in the 
short term. Data accumulated several years ago 
suggested that most patients, however, achieved  
a final height significantly below their target 
height.45,52 The poor response to GH therapy has 
been attributed both to patient factors, such as 
spinal irradiation, early pubertal onset, and  
variables in treatment, such as suboptimal dosing 
schedules, as well as to the older age of most  
children started on GH. Recent data suggest that 
improvements in growth and final height can be 
achieved with contemporary dosing regimens.7,53,54 
Thus, Gleeson and colleagues reported a signifi-
cant improvement in the final heights of survi-
vors of childhood brain tumors treated after 1988, 
compared to patients treated in an earlier era.7  
In a more heterogeneous patient cohort, Adan 
and colleagues had previously reported a similar 
trend with a significant improvement of the adult 
heights in patients treated with contemporary 
GH replacement regimens.53 In both studies, the 
improvement was even more striking in patients 
with combined GHD and CPP and who received 
a gonadotropin-releasing hormone agonist to 
suppress puberty in addition to GH replace-
ment.7,53 In a more recent report from the Child-
hood Cancer Survivor Study, supported by final 
height data on 183 childhood cancer survivors 
treated with GH, Brownstein and colleagues 
showed that younger bone age at the beginning  
of GH replacement and higher doses of 
 GH-positively correlated with a better final height 
outcome.55 GH-releasing hormone (GHRH) 
therapy also may improve growth in subjects with 
radiation-induced GHD, but the data are quite 
limited.20

Concerns over the safety of GH therapy  
relate to the fact that GH and IGF-1 are potent 
growth-promoting agents with anti-apoptotic, 
mitogenic, and proliferating properties. However, 
large-scale studies assessing the risk of tumor 
recurrence in brain tumor survivors treated with 
GH have now been reported. All have consistently 
reported no increased risk associated with GH 
replacement therapy.56–58 In a report from the 
Childhood Cancer Survivor Study on 361 GH-
treated individuals, including 122 survivors of 
acute leukemia and 43 survivors of soft tissue  
sarcomas, Sklar and colleagues did not find 
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 evidence for an increased risk of disease recur-
rence or death following GH-replacement thera-
py.58 However, the data suggested that treatment 
with GH may slightly increase the risk of a sec-
ondary solid tumor, especially in survivors of 
acute leukemia. In view of the small number of 
second tumors and the wide confidence intervals, 
the clinical importance of that finding remains 
uncertain.58 The risk of developing slipped epi-
physes may be increased in cancer survivors (par-
ticularly survivors of leukemia) who were treated 
with GH, compared with children treated with 
GH for idiopathic GHD.59

Young adult survivors with either childhood- 
or adult-onset GHD, such as that following  
low-dose cranial irradiation at a young age, also 
may benefit from GH therapy, especially if they 
manifest any of the metabolic derangements, such 
as increased body fat, raised plasma lipids, and 
decreased bone density and/or quality-of-life 
issues that have come to be recognized as adult 
GHD. Murray and colleagues reported on the 
effects of GH replacement in adulthood in a  
series of 27 GH-deficient survivors of childhood 
cancer.60 After 12 months of replacement, small 
but significant improvements occurred in the 
body composition in males and in the cholesterol 
and triglyceride levels in females. Mild improve-
ment of the bone mineral density occurred after 
18 months of treatment. However, the patients 
reported a significant improvement in their over-
all quality of life 3 months after beginning the 
treatment, and this improvement was maintained 
at 12 months.60

Disorders of the Thyroid

Thyroid dysfunction is among the most common 
endocrine complications of childhood cancer 
treatments. Thyroid hormones are important for 
growth and development in childhood, and early 
recognition of thyroid dysfunction in childhood 
cancer survivors should be among the objectives 
of their long-term follow-up.

Hypothyroidism
Apart from its well known neurocognitive and 
metabolic signs observed in adults, childhood 
hypothyroidism causes growth deceleration often 
associated with excessive weight gain. Central 
hypothyroidism is secondary to hypothalamic 
and/or pituitary insults and is seen relatively 
infrequently in this population. In contrast,  
primary hypothyroidism, due to direct damage  
to the thyroid following exposure to radiation,  
is by far the most frequently observed thyroid 
dysfunction in childhood cancer survivors.

Central Hypothyroidism

Central hypothyroidism is reportedly the second 
most frequent endocrine disturbance following 

radiation of the hypothalamus/pituitary region.61 
Its association with chemotherapy, however, 
remains controversial.

Radiotherapy   While early puberty and 
GHD are the most common neuroendocrine  
disturbances secondary to irradiation of the  
hypothalamus/pituitary region, clinically evident 
alterations of the other hypothalamic-pituitary 
axes, including thyrotropin thyroid stimulating 
hormone (TSH) secretion, occur less often and 
generally only following doses in the range of 30 
to 40 Gy.18,62 Interpretation of the literature about 
these deficits is complicated by the fact that differ-
ent investigators employ different hormonal tests 
and use varying criteria for what constitutes 
abnormal. For example, Rose and colleagues 
reported a very high incidence of “hidden”  
central hypothyroidism secondary to TSH-defi-
ciency following cranial irradiation.63 According 
to the authors, the establishment of a diagnosis of 
TSH-deficiency often requires performing both a 
thyrotropin-releasing hormone (TRH) test and 
an assessment of the nocturnal TSH surge. These 
tests require obtaining multiple blood samples 
during the day and night. At present, it is unclear 
whether this subtle form of TSH dysfunction  
correlates with any clinical findings, and, thus, 
whether one can justify on clinical grounds the 
time and expense involved in this diagnostic  
protocol.

Chemotherapy   There are few reports in the 
literature on the contribution of chemotherapy to 
the development of central hypothyroidism in 
childhood cancer survivors. In one report, Rose 
and colleagues suggested that subtle TSH defi-
ciency was found in as many as 53% of patients 
exclusively treated with chemotherapy for 
extracranial malignancies and who were assessed 
for abnormal growth.32 The clinical significance 
of these findings is, again, debatable. Those 
patients had normal free thyroxine (FT4) levels, 
and the diagnosis of central hypothyroidism was 
based upon the absence of a nocturnal surge in 
TSH secretion. In a previous study including 205 
patients, Van Santen and colleagues did not find 
any damaging effects of chemotherapy on the 
hypothalamic-pituitary-thyroid axis in young 
adult survivors of childhood cancer.64 Schmiegelow 
and colleagues also reported that chemotherapy 
did not have a significant influence on the  
hypothalamic-pituitary-thyroid axis in their  
71-patient cohort of childhood brain tumor  
survivors.62

Primary Hypothyroidism

Primary hypothyroidism is the most common 
thyroid disturbance that occurs in patients whose 
thyroid gland has been irradiated. It is often 
detected in survivors who have been treated with 
neck/mantle irradiation for Hodgkin’s disease, 

craniospinal irradiation for brain tumors, or TBI 
for cytoreduction before SCT.25,61,65 Primary 
hypothyroidism has also been described in indi-
viduals treated with a radio-labeled monoclonal 
antibody such as Iodine-131-meta-iodobenzyl-
guanidine (I131-MIBG) for neuroblastoma. Che-
motherapy alone does not seem to be associated 
with primary hypothyroidism.66

As in other dysfunctions following radiation 
therapy, the prevalence is determined primarily 
by the total dose to the thyroid and by the dura-
tion of follow-up. In a recent study of 1,791 young 
adult survivors of Hodgkin’s disease, a cumula-
tive incidence of hypothyroidism of 28% was 
observed.65 Moreover, the actuarial risk of  
developing an underactive thyroid 20 years  
after treatment was 50% for survivors who had 
received thyroid irradiation with doses g45 Gy 
(Figure 2). Additional risk factors for developing 
hypothyroidism included female gender and/or 
being older than 15 years of age at the time of 
diagnosis. Of great clinical importance, new cases 
have been observed more than 25 years following 
diagnosis and treatment of Hodgkin’s disease. 
Consequently, all patients previously treated with 
radiation therapy to the region of the thyroid 
require lifelong surveillance.

Hyperthyroidism
While far less prevalent than hypothyroidism, 
hyperthyroidism does develop at an increased 
rate in certain subsets of childhood cancer 
 survivors. A common setting is following external 
beam radiation to the neck for Hodgkin’s disease, 
where the chances of becoming hyperthyroid are 
eight times greater than those observed in the 

FiGure 2  Probability of developing an underactive 
thyroid after diagnosis of Hodgkin’s disease. Patients 
are grouped according to dose of thyroid irradiation. 
RT = radiation therapy. Reprinted with permission 
from Sklar, et al.65
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general population.65 The major risk factor for 
development of hyperthyroidism is irradiation of 
the thyroid involving doses >35 Gy. A second 
but less common cause of hyperthyroidism is the 
appearance of autoimmune thyroid disease 
 following allogeneic SCT. The published data are 
most consistent with the hypothesis that the 
 thyroid disorder is due to adoptive transfer of 
abnormal clones of T or B cells from donor to 
recipient.25 Various types of autoimmune disease 
have been demonstrated to occur at increased 
 frequency following SCT.

Thyroid Neoplasms
Thyroid neoplasms, both benign and malignant, 
do occur following irradiation of the thyroid 
gland as the result of both direct exposure to 
 radiation and scatter irradiation (for example, 
after prophylactic CNS irradiation in patients 
treated for ALL). Children at greatest risk are 
those <10 years of age at the time of treatment 
and those treated with doses of radiation in the 
20 to 29 Gy range. The risk is linear at lower 
doses of irradiation (0.1 to 1 Gy), but this asso-
ciation seems to become more complex at doses 
above 30 Gy, showing a downwards curvature in 
radiation-dose response for thyroid cancer.67 
Nonetheless, the risk of developing a thyroid 
neoplasm remains elevated following even 
 relatively high-dose radiation therapy. Thyroid 
nodules are particularly common in females and 
often occur after a long latency period (>10 
years). Sklar and colleagues reported that the 
risk of thyroid cancer was increased 18-fold in a 
large cohort of young adult survivors of 
 Hodgkin’s disease.65 The median dose of radia-
tion to the thyroid was 35 Gy, with a range of 25 
to 35 Gy. Fortunately, the vast majority of can-
cers noted after radiation therapy are well 
 differentiated and have excellent prognosis. In a 
more recent study, Acharya and colleagues 
 studied the characteristics of all patients at our 
center who developed a thyroid neoplasm after 
 therapeutic radiotherapy during childhood or 
adolescence.68 The median dose of radiation to 
the gland was 24 Gy, with a median interval of 13 
years between radiation exposure and clinical 
 recognition of the thyroid neoplasm. Malignant 
neoplasms represented a high proportion of the 
observed lesions (39%). Patients who developed 
malignant lesions differed from those who 
 developed benign lesions only in that the median 
dose to the thyroid was lower compared to those 
with benign lesions (20 Gy vs. 29.5 Gy). All of 
the thyroid malignancies observed after thera-
peutic radiation were differentiated carcinomas, 
with papillary carcinoma being most common. 
In  general, the post-irradiation thyroid cancers 
did not behave in an aggressive fashion.68 The 
pathogenesis of  irradiation-induced thyroid 

neoplasms remains unclear. They may be 
related to  rearrangements of the RET proto- 
oncogene induced by the exposure to radiation, 
although the data are conflicting.69,70 Thyroid 
neoplasms following radiotherapy may not 
become evident for many years after irradiation, 
therefore all  individuals at risk require lifelong 
follow up.65,68

Management of Thyroid Disorders
Clinical Assessment

A careful clinical assessment, which includes care-
ful palpation of the neck, should be performed at 
least annually by an experienced physician to look 
for a thyroid neoplasm in all childhood cancer 
survivors who have been treated with neck/mantle 
irradiation, craniospinal irradiation, or TBI. 
Linear growth and weight gain, monitored during 
childhood by plotting on growth curves the 
heights and weights recorded at visits, can also 
give some evidence of thyroid dysfunction.  
Children with hypothyroidism tend to have a 
deceleration in growth associated with excessive 
weight gain. Hyperthyroid children tend to have 
an accelerated growth rate, often associated with 
weight loss.

Laboratory Assessment

Annual thyroid function tests, including plasma 
TSH and FT4, should be systematically performed 
in order to ensure early diagnosis and treatment 
in patients who received neck/mantle irradiation, 
craniospinal irradiation, or TBI.

Imaging and Pathology

The role of ultrasonography in screening for  
thyroid neoplasms in patients treated with radio-
therapy remains controversial due to the high 
prevalence of benign and clinically undetectable 
thyroid nodules in the general population.68  
Even when the subclinical neoplasms discovered 
by ultrasonographic screening turn out to be 
malignant, their clinical importance remains to 
be proven because their rate of progression into 
significant lesions may be very low.71 The diag-
nostic procedure of choice in evaluating a thyroid 
nodule in cancer survivors with a history of  
thyroid exposure to radiation is the fine needle 
aspiration biopsy.68

Treatment

Thyroxine replacement is warranted in patients 
diagnosed with compensated (normal T4 levels 
with high TSH) and decompensated (low T4 and 
high TSH levels) hypothyroidism. The benefit 
of treating “subtle” forms of hypothy roidism 
 diagnosed by more complex laboratory proce-
dures remains unclear.32,63 There are no  specific 
guidelines regarding the management of hyper-
thyroidism and second thyroid neoplasms in 

childhood cancer survivors, in whom the same 
 treatments are applied as for the general population.

Disorders of Pubertal Development

Impairments of the Hypothalamic- 
Pituitary-Gonadal Axis
Central Precocious Puberty

Along with GHD, CPP is one of the most fre-
quent disorders observed after the radiation of 
the hypothalamus/pituitary region. It was dis-
cussed previously, under the growth section of 
this text.

Hypogonadotropic Hypogonadism

In childhood cancer survivors, insufficient LH and 
FSH secretions have been reported in the context 
of hypothalamic and/or pituitary injury following 
tumor invasion/expansion or the treatments, 
 surgery, and radiation therapy directed against 
such tumors. Deficits of LH and FSH secretion 
following irradiation of the hypothalamus/ 
pituitary region, occur less often than GHD, and 
generally only following doses to the sellar region 
in the range of >30 to 40 Gy.18,62,72,73 In female ALL 
survivors, Bath and colleagues reported lower LH 
secretion in the 12 adolescents and young adults 
enrolled in their study, based upon the measure-
ment of the amplitude of the urinary LH surge.74 
The authors attributed this disorder to cranial 
irradiation, and suggested that doses of 18 to 24 
Gy can be sufficient to cause such “subtle”  deficits.74 
Byrne and colleagues, in a study of the fertility of 
women treated with cranial radiotherapy for 
childhood ALL, found that irradiation of the 
hypothalamus and/or pituitary with doses in the 
18 to 24 Gy range around the time of menarche 
may affect fertility and suggested that this may 
be secondary to the impairment gonadotropin 
 secretion.73 Additional long-term follow-up and 
data on the fertility of these patients will provide a 
better sense of the ultimate effect of these lower 
doses of cranial irradiation.

Little is known on the effects of chemotherapy 
on LH and FSH secretion. In their recent report on 
hypothalamic dysfunction after chemotherapy, 
Rose and colleagues found that three patients out 
of 27 patients old enough to be assessed for puber-
tal development, had pubertal delay due to insuf-
ficient gonadotropin secretion.32 Given the lack of 
clinical information on these patients, and the 
multiplicity of factors (eg, nutritional, psychologi-
cal, social) influencing the timing of puberty in a 
child recovering from cancer, caution is warranted 
in interpreting these results.

Hyperprolactinemia

Hyperprolactinemia can be observed following 
high-dose irradiation, particularly when the 
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hypothalamus is exposed to more than 50 Gy. 
Constine and colleagues reported on a series of 32 
patients who received high-dose cranial radio-
therapy (39.6 to 70.2 Gy, with a mean 53.6 Gy) as 
treatment for brain tumors, and showed that 75% 
of the adult patients and 30% of pediatric patients 
had elevated baseline prolactin levels.75 Hyper-
prolactinemia was symptomatic, however, only in 
three adult patients, who reported decreased 
libido.

Primary Gonadal Dysfunction
Males

The human testis is the site of both sex steroid 
and sperm production. Testosterone, the major 
male sex steroid, is responsible for normal male 
secondary sexual characteristics and is also a  
necessary cofactor in the production of sperm. 
Although these two functions are interconnected 
to a certain degree, they are under separate con-
trols, which include a multitude of endocrine, 
paracrine, and autocrine factors.76 The testis is 
composed primarily of three types of cells: germ 
cells that ultimately form sperm; Sertoli cells that 
support and nurture developing germ cells and 
are also the site of production of inhibin; and 
interstitial Leydig cells responsible for the biosyn-
thesis of testosterone. These three cell types are 
organized into two functional compartments: 
germ cells and Sertoli cells form the seminiferous 
tubules where spermatogenesis takes place, and 
the network of Leydig cells is responsible for the 
production of testosterone. Leydig cells lie in 
close proximity to the basal compartment of  
the seminiferous tubules, where they can deliver 
high concentrations of testosterone, which are 
necessary for normal spermatogenesis.77 Despite 
their interconnection, these two functional com-
partments are affected in different ways by the 
treatments (eg, chemotherapy, radiation) given 
to individuals with cancer.

Leydig Cell Dysfunction   Treatment- induced 
Leydig cell failure and/or dysfunction results from 
damage or loss of the machinery required for 
 testosterone synthesis and release. Leydig cell  failure 
and androgen insufficiency are relatively uncom-
mon compared to the damage to germ cells and 
infertility following cancer therapy.

Diagnosis   If it occurs prior to or during 
normal puberty, individuals with Leydig cell 
 failure will experience delayed/arrested pubertal 
maturation and lack of secondary sexual 
characteristics. If the insult is sustained following 
the completion of normal pubertal development, 
one can observe lack of libido, erectile dysfunction, 
decreased bone density, decreased muscle mass 
and other metabolic disturbances.78 Raised 
plasma concentrations of LH combined with low 

levels of testosterone are the hormonal hallmarks 
of Leydig cell dysfunction. It is important to note, 
however, that these changes may not become 
apparent until the individual has reached mid-
adolescence.79,80 Thus, it can be very difficult to 
assess or predict Leydig cell function in the 
preadolescent male.

Chemotherapy-Induced Leydig Cell Failure   In
general, Leydig cells, with their slow rate of 
 turnover, are much less vulnerable to damage 
from cancer therapy than are germ cells. Chemo-
therapy-induced Leydig cell failure resulting in 
androgen insufficiency and requiring testoster-
one replacement  therapy is quite rare.78,81,82 
Nonetheless, prior  studies suggest that Leydig 
cell dysfunction may be observed following treat-
ment with alkylating agent regimens.78,83–85 These 
reports indicate that from 10 to 57% of male 
subjects can develop elevated serum concentra-
tions of LH  following treatment.72,83,86–89 Insofar 
as the majority of males undergo a normal 
puberty, and most produce adult levels of 
 testosterone, it appears that Leydig cell dysfunc-
tion is generally subclinical when it occurs. For 
instance, in a report by Kenney and colleagues 
on 17 male survivors of childhood sarcoma 
treated with  high-dose cyclophosphamide, while 
baseline LH was elevated in 40% of the patients, 
testosterone secretion was normal in 93.8% of 
the cases.86 Young boys and adolescent males 
who receive standard-dose cyclophosphamide 
alone (200 mg/kg) as  conditioning regimen 
before SCT for aplastic anemia appear to retain 
normal Leydig cell  function; the vast majority 
are reported to have normal plasma concentra-
tions of LH and testosterone and to normally 
enter and progress through puberty.90 In patients 
whose SCT conditioning regimen  combined 
high doses of busulfan and cyclophosphamide, 
Leydig cell  function also appears to be preserved 
in most adult males despite damage to the germi-
nal epithelium.31,91

Radiation-Induced Leydig Cell Failure   
External irradiation is more likely than 
 chemotherapy to cause Leydig cell damage. The 
doses required are much higher than the doses 
needed to cause germ cell failure. The interpreta-
tion of the impact of radiation on Leydig cell 
function is confounded by the concurrent use 
of chemotherapy in most subjects as well as the 
potential effects of the malignancy itself (eg, tes-
ticular relapse in ALL). Nonetheless, the data 
obtained from  individuals treated with radiation 
therapy for a variety of malignancies show that 
the likelihood of sustaining radiation-induced 
Leydig cell  failure is directly related to the dose 
delivered and inversely related to age at treat-
ment. 92–95 Normal amounts of  testosterone are 
produced by the majority of males who receive 

f20 Gy fractionated radiation to the  testes.78 
Shalet and  colleagues noted that Leydig cell func-
tion was preserved in a group of adult males who, 
as children, were exposed to doses up to 9.8 Gy of 
testicular  irradiation.96 Both, Sklar and colleagues 
and  Castillo and colleagues described age-appro-
priate levels of testosterone and normal pubertal 
maturation in males who were treated prophylac-
tically with 12 Gy of  testicular irradiation for 
ALL.82,97 Because raised plasma concentrations of 
LH, both at baseline and following GnRH 
 stimulation, are found in many of these young 
men, one must assume that subclinical injury to 
the Leydig cell is common at this dose range. 
A dose of >  24 Gy of fractionated irradiation as 
therapy for young males with  testicular relapse of 
ALL is associated with a very high risk for Leydig 
cell dysfunction. One should anticipate that the 
majority of boys who are  prepubertal at the time 
they receive 24 Gy  testicular irradiation will 
develop frank Leydig cell failure and require 
androgen replacement.80,94,95 Most, but not all, 
boys who are older and/or in early puberty at the 
time they are treated with 24 Gy will also  ultimately 
need therapy with testosterone.95 It has been esti-
mated that testicular doses in excess of 33 Gy are 
needed to induce Leydig cell failure in 50% of 
adolescent and young adult men.98 Of note, Sklar 
reported normal adult testosterone levels in two 
young men who received in excess of 40 Gy tes-
ticular irradiation during late adolescence.78

Germ Cell Dysfunction   Treatment-induced 
germ cell failure in males occurs frequently, in 
contrast to what occurs in Leydig cells, which are 
resistant to most chemotherapeutic agents and 
lower doses of radiation.

Diagnosis   Infertility resulting from radia-
tion therapy or chemotherapy is often associated 
with reduced testicular volume, increased FSH 
concentrations, and reduced plasma concentra-
tions of inhibin B. While there are good correla-
tions overall between these markers and sperm 
counts in large groups of survivors, considerable 
overlap occurs between normal and abnormal 
individuals; many male survivors with  documented 
azoospermia fail to manifest either a reduced 
 testicular volume or an elevated level of FSH.86 
Thus, currently, there is no substitute for sperm 
analysis to determine a male’s current  fertility 
 status.99

Chemotherapy-Induced Germ Cell Failure   
The chemotherapeutic agents most commonly 
associated with impaired male fertility include the 
alkylating agents listed in Table 1. Importantly, 
the concept derived from studies suggesting that 
the germ cells of younger individuals were less 
vulnerable to the toxic effects of chemotherapy 
compared with older boys and young adults has 
been called into question by more recent studies.86 
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Impaired fertility occurs in 40 to 60% of young 
adult survivors of childhood cancer. A high prob-
ability of  oligospermia, azoospermia and infertil-
ity exists in those exposed to >20 g/m2 of 
cyclophosphamide. In contrast, many individuals 
treated with a  cumulative dose of 7.5 to 10 g/m2 or 
less retain normal sperm production.72,86 Procar-
bazine, another alkylating agent commonly used 
in the treatment of Hodgkin’s disease has also 
been shown to induce gonadal dysfunction in a 
dose-dependent fashion. In a study by van den 
Berg and colleagues, patients with Hodgkin’s dis-
ease who received three mechlorethamine, vin-
cristine, procarbazine, and prednisone (MOPP) 
cycles alternating with three cycles of doxorubicin 
hydrochloride, bleomycin, vinblastine, and dac-
arbazine seemed to suffer less testicular damage 
than patients who received 6 MOPP cycles.100 The 
sperm counts available in this study were too few 
to enable any definite conclusions, but these find-
ings are consistent with an  earlier report from 
Mackieand colleagues.89 Most of the young men 
treated with the combination of busulfan and 
cyclophosphamide in preparation for SCT do 
appear to sustain damage to their germinal epi-
thelium. Anserini and colleagues, in a small 
sample of post-SCT patients, demonstrated that 
recovery of some spermatogenetic activity 
occurred in 50% of cases after such conditioning 
regimens, but semen quality was impaired.101 
Grigg and  colleagues had previously suggested 
that recovery of spermatogenetic activity occurred 
more  frequently in patients receiving lower doses 
of cyclophosphamide (120 mg/kg) and busulfan 
(16 mg/kg) than in patients who receive the usual 
higher doses.102 Overall, the ultimate effect of this 
combination on male fertility remains unclear.

Radiotherapy-Induced Germ Cell Failure
Testicular irradiation in doses as low as 0.15 Gy 
has produced impaired sperm production. If the 
dose is under 1 to 2 Gy, recovery is generally 
common. At doses >2 to 3 Gy, recovery of sperm 
production is rare.103 Germ cell dysfunction is 

present in essentially all males treated with TBI.104 
The vast majority of subjects will have increased 
plasma levels of FSH as well as reduced testicular 
volume, indices that correlate with impaired sper-
matogenesis. Azoospermia is the rule for patients 
studied in the first few years after treatment with 
TBI. Recovery of germ cell function has occurred 
rarely and primarily following single-dose irradi-
ation.105 A few men have been reported to father a 
child following TBI.104

Females

Ovarian failure results in disruption of and 
damage to both ovarian germ cells and the  
hormone-producing cells. This results from the 
structural and functional interdependence within 
the follicle between sex–hormone-producing cells 
and oocytes.78 This contrasts with testicular 
pathology where, despite the loss of the germ cells 
following cytotoxic therapy, production of sex 
hormones is often preserved. As the ovarian  
follicular reserve decreases naturally with age, 
older patients are more at risk of ovarian failure 
following childhood cancer and its treatments.78

Diagnosis   Ovarian failure that occurs prior 
to the onset of puberty will result in delayed 
puberty and primary amenorrhea. If ovarian 
function is lost during or after pubertal matura-
tion, one generally observes arrested puberty, sec-
ondary amenorrhea, and menopausal symptoms 
(ie, hot flashes, vaginal dryness). Women who 
experience premature loss of estrogen production 
are also predisposed to developing osteoporosis 
and coronary artery disease.106 Increased plasma 
concentrations of gonadotropins, especially FSH, 
and reduced levels of estradiol are typically found 
in the adolescent and young adult with ovarian 
failure. As in the male, plasma levels of LH/FSH 
may remain normal in the prepubertal child, 
despite coexisting ovarian failure.107 Thus, it may 
not be possible to establish the status of ovarian 
function in young girls until they reach 10 to  
12 years of age.

Chemotherapy-Induced Ovarian Failure   The 
ovaries of prepubertal females, with their greater 
complement of follicles, are relatively resistant to 
chemotherapy-induced damage compared with 
the ovaries of adults.102,107 Nonetheless, certain 
chemotherapeutic agents (see Table 1) when given 
at high doses are toxic, even to young ovaries, 
 especially alkylating agents, including cyclophos-
phamide, ifosfamide, busulfan, cisplatin, carmus-
tine (BCNU), and lomustine (CCNU).108–110 
Fortunately, the majority of prepubertal girls and 
adolescent females receiving standard combina-
tion chemotherapy will retain or recover ovarian 
function during the immediate post-treatment 
period.78,111–113 However, histologic examination of 
ovarian tissue in prepubertal and postpubertal 

girls treated for solid tumors or leukemia has 
revealed a decreased number of ovarian follicles 
and inhibition of follicular growth compared to 
age-matched controls.114,115 In a recent study com-
bining data from strictly timed ovarian ultra-
sonography and hormonal assessment, Larsen and 
colleagues reported on the ovarian function of 100 
childhood cancer survivors.116 Interestingly, the 
authors found that survivors with spontaneous 
menses at the time of the study (70 patients) had 
similar LH and FSH concentrations but smaller 
ovarian volumes, lower numbers of antral follicles 
per ovary, and lower inhibin B levels when 
 compared to age-matched controls, suggesting a 
reduced ovarian reserve in the survivors’ group.

Increased plasma concentrations of FSH, a 
sensitive index of ovarian damage and reproduc-
tive aging, have been noted in young women 
treated with alkylating agents for acute leukemia, 
brain tumors, and Hodgkin’s disease.89,113,117–122 
Fortunately, many of these women demonstrate 
normalization of their FSH levels over time, and 
only a minority seem to experience irreversible 
ovarian failure requiring long-term hormone-
replacement therapy. Of note, however, recovery 
may not occur for many years following the  
completion of therapy.78,123 However, some of 
these young women may experience a premature 
menopause when they reach their 20s and 30s.124 
Females who receive high-dose myeloablative 
therapy with alkylating agents such as busulfan, 
melphalan, and thiotepa in the context of SCT are 
at high risk of developing ovarian failure.31,91,125 
This has been observed in patients treated before 
and after pubertal development, is characterized 
by menopausal levels of LH and FSH, delayed or 
arrested puberty, and amenorrhea. Recovery of 
function has been recorded only rarely, but the 
follow-up time has been relatively brief for most 
of the patients.104,126 When female childhood 
cancer survivors treated with chemotherapy do 
get pregnant, no adverse pregnancy outcomes 
were identified in a large study conducted by 
Green and colleagues within the framework of the 
Childhood Cancer Survivor Study.127

Radiotherapy-Induced Ovarian Failure 
Females receiving abdominal, pelvic, or spinal 
irradiation are at increased risk of ovarian failure, 
especially if both ovaries were within the treat-
ment field.26,128–130 The data suggest that the ovary 
of a younger individual is more resistant to 
damage from irradiation than is the ovary of an 
older (adult) individual.111,131–133 Thus, while radi-
ation doses of 6 Gy may be sufficient to produce 
irreversible ovarian damage in women >40 years 
of age, doses in the range of 10 to 20 Gy are needed 
to induce permanent ovarian failure in the major-
ity of females treated during childhood.128,129,131,133 
Moreover, it is important to keep in mind that,  

TAblE 1  Chemotherapeutic Agents  
Associated with Germ Cell Damage

Alkylating Agents
Cyclophosphamide
 Ifosfamide
 Procarbazine
 Busulfan
 Melphalan
 Thiotepa

Nitrosoureas
 BCNU (carmustine)
 CCNU (lomustine)

Etoposide

Cisplatin
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if irradiation is being given in association with 
alkylating agent chemotherapy, ovarian dysfunc-
tion may occur despite the use of lower doses of 
radiation.

Administration of spinal radiation for the 
treatment of ALL and brain tumors appears to 
result in clinically significant ovarian damage in 
some young women.44,118,120,121 The incidence of 
raised plasma concentrations of FSH was 19% 
and 67% in young women treated for ALL with 18 
and 24 Gy spinal irradiation, respectively. Long-
term follow-up data, however, indicate that the 
majority of these young women go on to experi-
ence normal puberty and menarche, albeit at an 
older age.44 Several groups report raised plasma 
concentrations of FSH in the majority (64 to 
86%) of female subjects treated with chemother-
apy and craniospinal irradiation.120,121 Normaliza-
tion of FSH levels occurs over time in the majority 
of these young women.120 In our experience, 
essentially all female brain tumor survivors treated 
with craniospinal irradiation and standard doses 
of chemotherapy have entered puberty at a normal 
or early age and few has required hormone-
replacement therapy.43

Girls treated with whole abdominal and/or 
pelvic irradiation for Hodgkin disease or Wilms’ 
tumor or other solid tumors (eg, rhabdomyosar-
coma, neuroblastoma) are at high risk of ovarian 
failure.122,128,134 In the study by Wallace and  
colleagues, 27 of 38 females treated with whole 
abdominal radiation therapy (total dose 22 to  
30 Gy) during early childhood for a variety of 
solid tumors failed to undergo or complete puber-
tal development.128 A further 10 experienced an 
early menopause at a median of 23.5 years of age, 
including three who had conceived at an earlier 
time. When ovarian transposition is performed 
prior to radiotherapy, however, ovarian function 
is retained in the majority of young girls and  
adolescent females.78,133 In a report from the 
Childhood Cancer Survivor Study including data 
on 1,915 female survivors and 4,029 pregnancies, 
Green and colleagues reported, however, a  
significant risk of low birth weight in the offspring 
of female survivors treated with pelvic  
irradiation.127

The outcome of ovarian function following 
TBI appears to be determined to a large extent by 
the age of the patient at the time of irradiation.135 
Our data, as well as the data of others, indicate 
that approximately 50% of prepubertal girls given 
fractionated TBI will enter puberty spontaneously 
and achieve menarche at a normal age.82,92,136 
While plasma gonadotropins have been elevated 
in up to two-thirds of these patients early after 
transplant, normalization of the plasma concen-
trations of LH and FSH can occur over time.92 
Ovarian failure is seen in essentially all patients 
who are greater than age 10 years at the time they 
are treated with TBI.92,135–137 Patients require 

 hormonal support in order to achieve normal 
sexual development and to maintain normal 
menstruation. Recovery of ovarian function has 
been documented in a small number of women 
who have received TBI.104 These women had 
increased risks of miscarriage and premature 
delivery of low birth weight infants.104 This can be 
due to the uterine consequences of TBI. Holm 
and colleagues, Bath and colleagues, and Larsen 
and colleagues demonstrated that the uterine 
volume of patients treated with TBI is smaller 
than in normal controls and cancer survivors 
exclusively treated with chemotherapy.138–140 The 
blood supply of the uterus was significantly 
decreased after TBI, suggesting a vascular mecha-
nism for the observed abnormalities, with 
increased risks in younger patients.138–140 Overall, 
the full impact of SCT on reproduction and on 
the health of future offspring will remain in ques-
tion until we have data from large numbers of 
survivors followed long-term.

Hormone-Replacement Therapy
Males

Testosterone-replacement therapy is indicated in 
Leydig cell failure resulting from both primary 
hypogonadism and hypogonadotropic hypogo-
nadism. In boys with pubertal delay, defined as 
the lack of signs of puberty and/or prepubertal 
levels of testosterone after 14 years of age, testo-
sterone replacement therapy induces the develop-
ment of secondary sexual characters and the 
pubertal growth spurt; it also contributes to the 
restoration of normal body composition and 
normal bone mineral density (BMD).141 Low 
doses of long-acting testosterone esters (eg,  
testosterone enanthate starting at doses of 50 mg 
administered intramuscularly every month) are 
used to induce puberty, the dose being gradually 
increased thereafter to full replacement doses at 
adulthood.142,143 The transdermal forms of testo-
sterone, available for adult patients, deliver  
high doses of treatment and are not suitable for 
pediatric use. Oxandrolone, a non-aromatizable 
androgen is sometimes used to stimulate the 
growth velocity and induce the pubertal growth 
spurt without advancing the bone age.142 Its  
benefits in comparison to the low doses of testo-
sterone used to induce puberty are uncertain, and 
it lacks the virilizing effect of testosterone.143

Young men with mild testosterone deficiency 
(borderline low plasma testosterone levels and 
raised LH levels) may have a low BMD and some 
impairment of their sexual function.144 However, 
in a randomized, placebo-controlled study  
of patients from that population, Howell and  
colleagues showed that testosterone replacement 
therapy did not result in significant changes in 
BMD, body composition, and quality of life. The 
authors concluded that androgen replacement  

in this population cannot be recommended as a 
routine practice.145

In patients with hypogonadotropic hypogo-
nadism retaining the potential for spermatogen-
esis, treatment with chronic GnRH or human 
chorionic gonadotropin will stimulate testicular 
growth and germ cell production. This treatment 
is generally restricted to adult men at the time 
they desire paternity.

Females

Despite recent reports on the possible association 
between cardiovascular disease, breast cancer and 
estrogen replacement without progesterone in 
post-menopausal women estrogen-replacement 
therapy is still indicated in young girls with ovar-
ian failure in order to induce secondary sexual 
characters and optimal bone density 146,147. Treat-
ment can be initiated with a low dose of estrogen 
(eg ethinyl estradiol, 2 to 10 micrograms, conju-
gated equine estrogen 0.15–0.3 mg according to 
age at which replacement therapy is started). The 
dose can be slowly escalated over an 18–24 month 
period of time, followed by cyclic estrogen- 
progesterone therapy (eg low estrogen birth con-
trol pill). If breakthrough bleeding occurs on 
estrogen monotherapy, cyclic estrogen-progester-
one should be initiated earlier 142.

Alterations in Body Composition

Overweight
The most widely accepted measurement to define 
childhood adiposity uses the BMI, calculated as 
the ratio between the weight (in kilograms) 
divided by the height2 (in m2) and expressed in 
percentiles with regards to both gender and 
chronological age. Overweight is defined in  
children whose BMI is above the 95th percentile 
for gender and chronological age. Patients whose 
BMI is between the 85th and 95th percentile are 
described as “at risk” for being overweight.148 
Obesity and being overweight are well-established 
sequelae of cancer therapy and are often observed 
in survivors of acute leukemia and various brain 
tumors.

Sklar and colleagues examined BMI in a 
group of 126 survivors of ALL, and a high inci-
dence of being overweight was observed but  
was confined to those survivors who received  
cranial irradiation (Figure 3).149 Additional risk  
factors for obesity other than cranial irradiation 
include female gender and exposure to dexa-
methasone. van der Sluis and colleagues com-
pared the body composition parameters (BMI, 
lean body mass, and percentage of body fat mea-
sured with dual X-ray absorptiometry [DEXA]) 
of childhood ALL survivors exposed to high-dose 
dexamethasone and cranial irradiation to those of 
patients only treated with dexamethasone.150 
Their findings suggest that the deleterious effects 
of dexamethasone on body composition may be 
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temporary. Oeffinger and colleagues, in a report 
from the Childhood Cancer Survivor Study using 
data from 1,765 adult survivors of childhood 
ALL, found that cranial radiotherapy g20 Gy, 
especially in females treated at a young age  
(<4 years) was significantly associated with  
obesity (ie, BMI g30).151 The mechanisms under-
lying these propensities remain unsolved. One 
possible explanation is that radiation damages 
centers within the brain that normally control 
eating behaviors and/or regulate body composi-
tion. For instance, Brennan and colleagues found 
higher leptin levels in ALL survivors treated with 
cranial radiotherapy (18 to 25 Gy), when com-
pared to BMI-matched controls, suggesting that 
cranial irradiation may induce a state of relative 
leptin resistance.152 Growth hormone deficiency 
in adulthood has been associated with obesity and 
may contribute to the observed changes in body 
composition in ALL survivors who received  
high-dose cranial radiotherapy.153 Childhood ALL  
survivors have also been shown to have reduced 
physical activity, even a long time after remission, 
but the contribution of this behavioral factor has 
yet to be proven.154 Premature adiposity rebound, 
believed to be a predictor of adult obesity, was 
also described in childhood ALL survivors in a 
study by Reilly and colleagues, and may partly 
explain the increased risk for obesity in patients 
treated at a very young age (<5 years).155

Brain tumors developing near the sellar 
region and their treatments can also disrupt 
hypothalamic and pituitary functions and induce 
severe states of morbid obesity.156 In a large retro-
spective study, Lustig and colleagues analyzed 
data compiled over 30 years on 148 patients sur-
viving childhood brain tumors.157 Their findings 
showed that the development of obesity in  
those patients was associated with the degree of 
hypothalamic damage (tumoral proximity to the 
hypothalamus, hypothalamic exposure to radia-
tion, especially to doses above 51 Gy, and extent 
of the surgical resection) and with the histology of 

the tumor (craniopharyngioma, pilocytic astro-
cytoma and medulloblastoma). In a report on 921 
patients from the Childhood Cancer Survivor 
Study, Gurney and colleagues also showed that 
hypothalamic/pituitary irradiation was associated 
with a greater risk of obesity in female patients, 
and that this association was dose dependent.8 
However, the authors did not find an overall  
significant difference in BMI in their population 
of childhood brain cancer survivors compared  
to the general population and related that  
observation to the exclusion of patients with  
craniopharyngioma from their study.8 While the 
hypothalamic insult is believed to alter satiety 
centers and cause hyperphagia, another mecha-
nism involving an increased parasympathetic 
tone leading to hyperinsulinemia (the latter  
promoting fat storage) has been suggested as a 
contributing factor to obesity in these patients.158 
It is with regards to that latter mechanism that 
treatment with octreotide has been tried in a small 
number of patients with hypothalamic obesity 
and has yielded some encouraging results.157  
Otherwise, there are no specific strategies for the 
prevention and treatment of obesity in childhood 
cancer survivors.

Osteoporosis
Young adult survivors of childhood cancer have 
reduced BMD, and many of them are at an 
increased risk for osteoporosis and fractures.106 
Osteopenia and osteoporosis can occur in child-
hood cancer survivors for several reasons. Firstly, 
the disease itself and its progression can affect 
bone structure and metabolism. For instance, in a 
prospective study, Crofton and colleagues had 
findings consistent with a low bone turnover in 
children who had just been diagnosed with ALL 
and before starting any treatments.9 Secondly, 
chemotherapy and exposure to glucocorticoids 
can also adversely affect the bone mineral density. 
Methotrexate, in particular, a cytotoxic drug  
frequently used in treating ALL, has been shown 
to alter bone metabolism and to be associated 
with an increased risk for fractures.159,160 Finally, 
the hormonal deficiencies associated with cancer 
and its treatments (and described earlier in the 
text), GHD, and sex-hormone deficiencies, are 
additional factors for osteoporosis.106,161

Subjects deemed at high risk for the develop-
ment of osteoporosis should undergo periodic 
bone density studies. While the DEXA remains 
the most widely used tool for measuring bone 
mineral density, its results should be interpreted 
according to age, pubertal stage and height in the 
pediatric population using the z-score values. 
Failure to take these elements into account may 
result in over-diagnosing osteoporosis.162 Preven-
tive measures (for example, supplementation 
with calcium and vitamin D, smoking cessation, 
weight-bearing exercise) should be encouraged  

in all individuals with low or borderline bone 
mineral density. Therapeutic interventions (for 
example, sex hormone therapy, GH replacement, 
bisphosphonates) may prove beneficial for those 
with abnormally reduced bone density, but long-
term follow-up data are currently not available.

Conclusion

Endocrine sequelae occur frequently following 
childhood cancer and its treatments. Our under-
standing of the consequences on growth and 
pubertal development of cancer therapy, as well as 
the alterations it induces on body composition, 
has increased substantially over the past few years. 
Radiation therapy and chemotherapy are capable 
of causing damage to the endocrine systems, which 
control these functions. These endocrine abnor-
malities may remain subclinical for many years. 
Physicians who follow children or adolescents 
who have been treated with chemotherapy and/or 
radiation therapy for cancer must encourage the 
patients to continue lifelong surveillance for 
potential endocrine disease. The prevention, early 
recognition and treatment of these complications 
will help reduce long-term morbidity and improve 
the quality of life of childhood cancer survivors.
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patient’s cancer. Physicians should pay particular 
attention to pain management, which is too fre-
quently overlooked by clinicians despite the high 
priority patients place on this aspect of their care. 
Finally, because most patients with cancer who 
are undergoing surgery have many caregivers, 
including surgeons, oncologists, and radiation 
oncologists, one common role of the primary care 
physician is to coordinate the patient’s overall 
care. Frequently, the physician knows the patient 
well enough to have a frank conversation with the 
patient and the patient’s family about their expec-
tations. This conversation can provide an oppor-
tunity to ascertain the patient’s wishes regarding 
resuscitation. In summary, primary care physi-
cians frequently play an important and complex 
role in the perioperative care of patients with 
cancer. Indeed, the complexity of this role has led 
to proposals that hospitals should implement 
coordination mechanisms to improve delivery of  
multidisciplinary care to patients with cancer.1

RefeRence

1. Bickell NA, Young, GJ. Coordination of care for early-stage 
breast cancer patients. J Gen Intern Med, 2001;16: 
737–42.

General internists and family practice physicians 
frequently act as primary care physicians or con-
sultants in the perioperative assessment and man-
agement of patients with cancer. Approximately 
75% of patients with solid tumors undergo surgi-
cal resection for cure, and about 90% undergo 
surgery for cure or palliation. Perhaps the pri-
mary consideration is the patient’s cancer diag-
nosis, including the extent of the disease and 
cancer-related treatments that are planned or 
have already been performed. The natural history 
of the cancer, including prognosis, and the pos-
sible side effects of any previous chemotherapy  
or radiation therapy should also be considered. 
For example, some chemotherapies can cause 
permanent adverse effects on pulmonary or car-
diac function that should be considered prior to 
surgery.

In the preoperative evaluation of a cancer 
patient, as with any preoperative evaluation, the 
physician should have a basic understanding of 
the surgical procedure and should know whether 
the surgery is intended for cure or palliation. The 
physician must also obtain a thorough medical 
history and physical examination to adequately 

assess comorbid conditions, such as hyperten-
sion, diabetes, cardiac, pulmonary, or renal dis-
ease. The preoperative medical evaluation should 
include an assessment of the patient’s functional 
status, nutritional status and pain. Patients with 
cancer vary widely in their performance status. 
Some patients are ambulatory and fully func-
tional in activities of daily living, whereas others 
are severely debilitated. A patient’s performance 
status depends on many factors, including  
the type of cancer, extent of disease, side effects  
of cancer-related treatments, and presence of 
comorbid medical conditions. The Karnofsky 
performance status scale is a general and robust 
prognostic indicator for both cancer and surgical 
outcome and mortality. However, to assess risks 
for specific perioperative complications, such as 
cardiac complications or deep vein thrombosis,  
it is important to use more specific measures of 
risk as are described in the following sections. In 
addition, a careful assessment of nutritional status 
can help identify patients who might benefit  
from delaying surgery for a week of intensive 
nutritional supplementation.

In general, organ dysfunction is managed 
with standard treatments, regardless of the 
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Malnutrition has been recognized as a risk factor 
for poor surgical outcome for at least 70 years.1,2 
It is associated with infection, poor wound heal-
ing, prolonged postoperative recovery, and sepsis 
with multiorgan failure. Clinical trials, many of 
them exclusively or predominantly in cancer 
patients, have demonstrated the benefits of vigor-
ous perioperative nutritional support for severely 
malnourished patients.3 The nutritional state of 
all cancer patients should be evaluated prior to 
surgery, and, in general, patients with a recent, 
sustained loss of more than 15% of body weight 
or with a severely cachectic appearance and with 
a serum albumin below 2.5 gm/dL should be con-
sidered for at least a week of vigorous nutritional 
support prior to surgery.3,4 Whenever feasible, 
enteral feeding is preferred, because it provides 
more benefit with less risk than does parenteral 
feeding.5,6

Causes and Effects of Malnutrition 
on Surgical Outcome

From 40 to 80% of patients anticipating major 
cancer surgery are malnourished.7 There are  
many causes of malnutrition in cancer patients, 
including pain-induced and medication-induced 
anorexia, mechanical obstruction of the orophar-
ynx or gastrointestinal tract, the side effects of 
chemotherapy and radiation therapy (including 
anorexia, nausea, and stomatitis), the use of 
restrictive alternative diets or dietary supple-
ments, and a fear of “feeding” the cancer. In addi-
tion, an inflammatory response to the cancer can 
lead to the release of tumor necrosis factor-a (for-
merly called cachectin), interleukin 6 (IL-6) and 
other inflammatory mediators causing both 
anorexia and a general catabolic state. The cata-
bolic state is manifested by insulin resistance, 
depletion of fat stores, and increased protein 
turnover.8 Malnutrition can be exacerbated by 
the metabolic demands of the cancer and by sur-
gery-related fasting and stress. Immune suppres-
sion as a direct consequence of the cancer, or as a 
side effect of treatments makes patients more sus-
ceptible to infection, and infection causes addi-
tional inflammation that can further exacerbate 
cachexia. Whatever the causes of preoperative 

malnutrition, it is associated with worse surgical 
outcomes, including poor surgical site healing, 
more frequent infection, and increased 30-day 
mortality.9

Preoperative Nutritional  
Assessment and Treatment

Most single measures of nutrition are relatively 
poor predictors of postoperative outcome because 
people can be sustained on a wide variety of diets, 
because there is a broad range of normal for body 
habitus, and because most measures are affected 
by factors other than nutritional status. Anthro-
pometrics (measures and formulae of weight, 
height, limb circumferences and skinfold thick-
nesses) do not predict surgical outcome. Although 
serum albumin concentration is a simple and 
robust measure of nutrition, it has a relatively 
long half-life (up to 20 days) and is affected by 
factors other than nutrition, including the 
patient’s hydration status. Nonetheless, an obser-
vational trial of more than 54,000 patients under-
going major noncardiac surgery at Veterans 
Administration hospitals found that, in a multi-
variable model, serum albumin concentration 
was the single best predictor of 61 variables for 
30-day operative morbidity and mortality.9 As 
serum albumin concentration dropped from 4– 
6 gm/dL to below 2.1 gm/dL, mortality increased 
from 1% to 29%, and morbidity increased from 
10% to 60%. Combining serum albumin with 
gross measures of nutrition, including recent 
weight loss, body mass index, and patient appear-
ance, yields a subjective nutritional index that is 
perhaps the most robust indicator of nutritional 
status: the Subjective Global Assessment.10

One purpose of assessing risk is to help decide 
which patients might benefit from perioperative 
nutritional support. There have been a number  
of studies that showed apparent benefit of total 
parenteral nutrition (TPN); however, they were 
poorly controlled and meta-analysis showed  
a high complication rate that negated the  
benefits.5 Complications that are more frequent 
in patients receiving TPN include pneumothorax, 
sepsis, and abdominal abscesses.11 A Veterans 
Affairs Medical Center (VAMC) trial of almost 

400 malnourished patients undergoing major 
abdominal or thoracic surgery, who were ran-
domized to receive perioperative TPN or usual 
care, showed no benefit overall but a trend toward 
benefit in severely malnourished patients (as 
measured by the Subjective Global Assessment) 
or by just considering those who had lost more 
than 15% of their baseline weight.12 Over 60% of 
these patients had cancer. Therefore, general sur-
gery should not be delayed for intensive preop-
erative nutritional support except for patients 
who are severely malnourished as assessed by a 
greater than 15% loss of body weight, a cachectic 
appearance with a low body mass index, and a 
serum albumin below 2.5 gm/dL. Furthermore 
(when feasible), enteral nutrition, either oral or 
via feeding tube, is preferred over TPN because 
enteral nutrition yields a lower complication rate, 
including a lower rate of infections.

Postoperative Nutritional Support

Although the benefits of preoperative nutritional 
support are often diminished by the continued 
presence of the factors that led to malnutrition 
and must be weighed against the risks of postpon-
ing surgery, postoperative nutritional support is 
more uniformly effective and beneficial. Many 
patients are unable to maintain adequate nutri-
tional intake after cancer surgery. This can be due 
to postoperative compromise in the gastrointesti-
nal tract (for example, postoperative ileus) or to 
medication side effects such as anorexia and 
slowed bowel transit from narcotic analgesics or 
chemotherapy. It can also be due to mechanical 
compromise of chewing and swallowing. Over 
93% of patients who undergo resection of oro-
pharyngeal cancers required at least some post-
operative nutritional support. The National 
Institutes of Health, the American Society for 
Parenteral and Enteral Nutrition, and the Ameri-
can Society for Clinical Nutrition jointly reviewed 
prospective, controlled trials of perioperative 
nutritional support involving over 2,500 surgical 
patients, most of whom had cancer. They reached 
three main conclusions: (1) TPN given to severely 
malnourished patients with gastrointestinal 
cancer for 7 to 10 days before surgery decreases 
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postoperative complications by approximately 
10%; (2) routine use of early postoperative TPN 
in malnourished general surgical patients who 
did not receive preoperative TPN increases post-
operative complications by approximately 10%; 
and (3) postoperative nutritional support is nec-
essary to prevent starvation of patients unable to 
eat for more than a week after surgery. In sum, 
most patients will benefit from postoperative 
nutritional support if they are malnourished and/
or will be unable to eat for more than a week after 
surgery; however, TPN should be reserved for 
patients without enteral access who are severely 
malnourished.
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Neurological complications are common in 
patients with cancer. Delirium is perhaps most 
common, but seizures, stroke, focal weakness, 
back pain, and gait disturbances also occur.1,2 
These complications can be due to medication 
toxicity, infection, metabolic abnormalities, and 
both direct and indirect effects of cancer on the 
nervous system. It is important to detect and 
address neurologic complications before surgery, 
to continue appropriate treatments through the 
perioperative period, and to anticipate special 
risks and needs that may arise after surgery.

Brain metastases can present with headache, 
confusion or new focal neurologic deficits, such 
as hemiparesis. Papilledema is unreliable as a 
diagnostic sign of brain metastases because it 
occurs in less than one-fourth of patients. Lepto-
meningeal metastases should be suspected  
in patients who develop multifocal neurologic 
deficits, especially the combination of cranial 
neuropathies with spinal nerve root deficits. Lung 
and breast cancers, melanomas, and lymphomas 
are common causes of leptomeningeal metasta-
ses. Spinal cord compression presents with severe 
acute back pain and myelopathy. Myelopathy can 
include the physical findings of leg weakness and 
spasticity, lower extremity hyperreflexia, abnor-
mal Babinski’s reflex, and urinary incontinence. 
Emergent treatment of spinal cord compression 
with high-dose corticosteroids, radiation therapy, 
or surgical decompression is necessary to preserve 
neurologic function.

Delirum

Delirium, including confusion and encepha-
lopathy is common in cancer patients and has 
many potential causes, including medication side 
effects, metabolic disturbances, metastatic intra-
cranial tumors, strokes, seizures, and side effects 
of cancer treatments (Table 1). Patients under-
going chemotherapy often have both baseline and 
chemotherapy-induced cognitive dysfunction in 
areas such as attention, learning, and processing 
speed. Chemotherapy-induced effects resolve in 
some, but not all patients.3 Delirium is often due 
to medications, especially narcotics, sedatives, 
and antiemetics exacerbating underlying age or 

disease-related deficits; however, infections (eg, 
sepsis, pneumonia, meningitis, encephalitis) must 
be kept in mind as possible causes. Delirium can 
be the only manifestation of infection in patients 
who are immunosuppressed from the cancer and/
or chemotherapy.

Stroke
Stroke can be caused by a variety of tumor-related 
conditions, including direct tumor invasion, side 
effects of chemotherapy, cancer-related coagu-
lopathy, and thrombotic (marantic) endocar ditis.1 
Certain types of operations can also place patients 

at risk for stroke due to arterial embolus from 
manipulation of the heart and great vessels or the 
cerebral vasculature. In addition, perioperative 
hypotension can cause ischemia distal to a  
narrowed vessel that was adequately perfused at 
the patient’s usual blood pressure.

Seizures
Prior to surgery, it is important to thoroughly 
assess any new or chronic seizures. New onset sei-
zures can be caused by cancer metastatic to the 
brain, brain hemorrhage or infarction, infection, 
or metabolic disturbances. The preoperative 
report should include a basic description of the 
patient’s usual seizure pattern, including seizure 
frequency, when the most recent seizure occurred, 
and the current anticonvulsant regimen. The 
patient’s baseline anticonvulsant serum concen-
trations should be determined. Often, this infor-
mation is available from the physician who usually 
prescribes the patient’s anticonvulsant medica-
tion, but it can be obtained as a preoperative 
blood test. For patients whose seizures are well 
controlled, a baseline anticonvulsant level can 
help to determine whether any postoperative sei-
zure might be due to insufficient medication or if 
another explanation must be sought. If feasible, 
before surgery a neurologist should evaluate and 
adjust the medications of any patient whose sei-
zures are not fully controlled. In general, on the 
day of surgery, anticonvulsant medications should 
be taken with a sip of water. During the time a 
patient is unable to take enteral medications, 
there are several alternative intravenous anticon-
vulsants that can be considered, including phe-
nytoin (Dilantin), fosphenytoin (Cerebyx) and 
valproate sodium (Depacon). A substitute intra-
venous anticonvulsant should be selected and 
ordered prior to surgery to minimize the patient’s 
risk for breakthrough seizure activity in the  
perioperative period.

Neuromuscular Disorders

Paraneoplastic syndromes that affect neuromus-
cular function are rare but are of particular con-
cern in the perioperative period because treatment 
with anesthetic agents can exacerbate muscular 

Table 1  Disorders Associated with Postoperative 
Mental Status Changes in Cancer Patients

Structural
Hydrocephalus/elevated intracranial pressure
Primary or metastatic brain tumor, including  
 leptomeningeal metastases
Stroke: thrombotic or hemorrhagic, including  
 tumor hemorrhage
Radiation therapy to the head

Medications
Anticonvulsants
Antidepressants
Antiemetics
Anxiolytics
Chemotherapy
Narcotics
Neuroleptics
Sedatives
Steroids

Metabolic Abnormalities
Endocrine disorders
Fluid/electrolyte imbalances
Hepatic failure
Hypoxemia
Nutritional deficiencies: Wernicke’s  
 encephalopathy
Renal failure

Infections
Meningitis
Pneumonia
Urinary tract infection
Sepsis
Surgical site infection



 Perioperative Neurologic Issues 685

weakness leading to delayed recovery of mechan-
ical lung function or even respiratory failure. 
Symptoms and signs of Eaton-Lambert syndrome 
include proximal muscle weakness, diminished 
or absent deep tendon reflexes, and autonomic 
neuropathy with varied manifestations, including 
gastroparesis and orthostatic hypotension. Some 
medications, such as calcium channel antago-
nists, can exacerbate symptoms, and treatment of 
the cancer can occasionally improve them.4

Pain Management

Pain is also common in patients with cancer who 
are anticipating surgery and almost universal 
immediately after surgery. Cancer-related pain 
can be due to tumor compression or invasion of 
nerves, to healing of the surgical site, to side effects 
of treatments, and to other causes.5 At the time of 
the preoperative evaluation every patient should 
be asked specifically about pain. The cause of any 
new pain should be adequately investigated, and 
the patient’s need for pain medication should be 
addressed. New or worsening pain in the spine 
should suggest epidural spinal cord compression 
and warrants an immediate evaluation, probably 
including spinal MRI. Treatment of pain should 
not wait for a determination of cause, but should 
be initiated simultaneously with any indicated 
evaluation.

In general, pain medications should be taken 
as usual on the day of surgery with a sip of water. 
Because nonsteroidal anti-inflammatory analge-
sics can increase perioperative blood loss, it is 
important to establish the surgeon’s wishes for 
use of these medications around the time of sur-
gery. In general, aspirin is discontinued one to 
two weeks before surgery, and other nonsteroidal 
anti-inflammatory drugs are discontinued at least 
two days before surgery. Acetaminophen and 
opiates can be taken up to the time of surgery. 

Because cancer patients are sometimes taking 
substantial doses of opiate pain medication, an 
accurate record of a patient’s opiate use prior to 
surgery is helpful in estimating approximate doses 
of medication needed for pain control after sur-
gery. Ensure that all caregivers are aware if the 
patient is receiving a transdermal analgesic, such 
as fentanyl, because it can be overlooked and the 
patient inadvertently under- or overdosed.

Preoperative Evaluation

In the preoperative period, it is important to 
obtain a complete neurologic history. In particu-
lar, it is helpful to obtain any prior history of 
stroke, TIA, or seizure disorder.

It is equally important to seek a few specific 
neurologic physical findings in the preoperative 
evaluation of cancer patients. A standard screen-
ing neurologic evaluation should include assess-
ment of alertness, orientation, gross cranial nerve 
function, gross motor function, major deep 
tendon reflexes, gross sensation to light touch, 
speech, and gait. Any suggestion of somnolence, 
forgetfulness, confusion, or agitation should be 
further characterized with a Mini-Mental Status 
examination. Depression should be in the differ-
ential diagnosis of causes. Any asymmetry of 
strength or reflexes, or any evidence of speech or 
gait dysfunction should be investigated by a more 
thorough neurologic examination. Patients at 
risk for neuropathy from chemotherapy should 
also be tested for fine touch, vibration, and pro-
prioception in their distal extremities.

Postoperative Evaluation

In the postoperative period, a neurologic assess-
ment is an important part of the patient evalua-
tion. Postoperative delirium is usually due to 
medication and the stress of surgery exacerbating 

underlying age or disease-related deficits; how-
ever, metabolic disturbances, stroke, seizure, and 
infection must be kept in mind as possible causes 
(see Table 1). Some types of chemotherapy  
are more commonly associated with seizures, 
including cisplatin, ifosfamide, interferon,  
L-asparaginase, and methotrexate.

Hospital Discharge

Medications, pain control, follow-up and com-
munication are four fundamentals to ensure a 
patient is adequately prepared for hospital dis-
charge. Ensure that the patient is on the appropri-
ate medications and that medications have not 
been accidentally duplicated or dropped when 
therapeutically equivalent medications were sub-
stituted to conform to the hospital formulary. 
Prior to discharge, ensure that every patient has 
adequate access to pain control, including both 
medication and non-medication methods. Ensure 
that the patient has all necessary follow-up 
appointments, including follow-up with a neu-
rologist for any new neurologic developments. 
Finally, ensure that all of the patient’s many phy-
sicians and other health care providers receive 
reports of the hospitalization.
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Anemia

Causes
Anemia in patients who have been, or are actively 
being, treated with chemotherapy or radiation 
therapy may require special attention during the 
perioperative period because of the patients’ 
inability to respond adequately to acute blood 
loss. This compromise of marrow function  
can have several causes, including recent marrow-
suppressive chemotherapy, reactive anemia of 
cancer, replacement of the bone marrow by infil-
trating malignant cells, and, rarely, a myelodys-
plastic syndrome secondary to chemotherapy or 
radiation therapy. In the perioperative period, 
patients undergoing chemotherapy may require 
transfusion with packed red cells more frequently 
than comparable patients who are not actively 
receiving chemotherapy. However, as with any 
patient, red blood cell transfusion should not be 
based on an arbitrary hemoglobin level, but upon 
need demonstrated by the patient’s clinical condi-
tion.1,2 The risk for chemotherapy-related anemia 
does not completely disappear after patients have 
been cured of the cancer and have recovered from 
adverse treatment effects. Within five years, about 
1% of patients who receive adjuvant chemother-
apy for breast cancer may develop a chemother-
apy-induced myelodysplastic syndrome or acute 
myeloid leukemia. Higher rates are seen with 
more intense chemotherapy regimens.3

Treatment
The acute perioperative treatment of anemia in 
patients actively receiving cancer therapy is not 
different from that for non-cancer patients; 
packed red cell transfusion is the mainstay of 
therapy. Patients being actively treated for a 
malignancy may require transfusion support 
sooner and may require more transfusions in the 
perioperative period than comparable patients 
not undergoing chemotherapy or radiation  
therapy. If the surgery is not urgent, then delaying 
surgery until the patient’s marrow function  
recovers can help to minimize transfusion require-
ments; however, this usually requires several 
months. For some patients, it might be appropri-
ate to stimulate bone marrow function with 
erythropoietic medications. One month of  
treatment with epoetin alpha (Epogen, Procrit) 
or darbepoetin alpha (Aranesp) can usually  

stimulate erythropoiesis sufficiently to signifi-
cantly increase hemoglobin levels.4

Neutropenia, Lymphopenia,  
Lymphocytosis

Causes
The most common clinically significant effect of 
cancer chemotherapy is neutropenia. Although 
the administration of granulocyte colony stimu-
lating factors can reduce the severity and the 
duration of neutropenia, patients can still have  
a period of neutropenia that is associated with  
a significantly increased risk of postoperative 
infection and other complications. In one series 
of 56 neutropenic cancer patients requiring 
urgent abdominal surgery, half had a major post-
operative complication, and 30-day postoperative 
mortality was 32%.5 Hematologic malignancies 
can also cause neutropenia directly. Patients with 
acute myeloid and lymphoid leukemias, as well as 
patients with advanced chronic myelogenous leu-
kemia, may have a clinically significant neutrope-
nia, not because of chemotherapy, but because of 
replacement of normal bone marrow by cancer 
cells. Finally, patients with chronic lymphoblastic 
leukemia (CLL) are likely to be at higher risk for 
postoperative infectious complications because 
of both neutropenia and hypogammaglobu-
linemia from CLL and from chemotherapy.

Treatment
Patients with neutropenia are at increased risk  
for perioperative complications, including  
death. The administration of granulocyte colony 
stimulating factors can shorten the duration of 
neutropenia after chemotherapy, but is unlikely 
to have a significant effect on neutropenia that  
is caused directly by an underlying hematologic 
malignancy. If feasible, postpone elective and 
semi-elective surgeries until the patient’s granu-
locyte count rises above 1,000/mm3.

Thrombocytopenia and  
Thrombocyto s is

Thrombocytopenia
Causes

Transient thrombocytopenia is a frequent finding 
in patients undergoing chemotherapy. Similar to 

neutropenia, the severity and duration of throm-
bocytopenia depends on agent-specific factors  
as well as patient-specific factors that include  
age and previous response to myelosuppressive 
therapy.6 Although studies rarely report rates of 
myelosuppression and complications, almost all 
chemotherapeutic agents will produce some 
degree of myelosuppression, with most agents 
producing a nadir 7 to 14  days after treatment, 
and recovery requiring 21 to 28  days.7 Patients 
with a lymphoproliferative disorder can also 
develop immune-mediated thrombocytopenia 
(ITP). In addition, thrombocytopenia can be 
caused by infiltration of the bone marrow by the 
cancer, independently of the myelosuppressive 
effects of chemotherapy. Finally, up to 1% of 
patients previously treated with chemotherapy  
or radiation therapy develop a recalcitrant chronic 
thrombocytopenia due to a therapy-related 
myelodysplastic syndrome.

Treatment

Thrombocytopenia can pose a significant danger 
in the perioperative period. If the thrombocyto-
penia is likely to be transient (for example, if it is 
caused by recent chemotherapy) and the surgery 
can be safely postponed, then the procedure 
should be postponed until the thrombocytopenia 
resolves. If the surgery cannot be safely post-
poned, then platelet transfusions can usually 
achieve a platelet count sufficient to provide 
hemostasis. In contrast to chemotherapy-induced 
thrombocytopenia, thrombocytopenia due to 
ITP in patients with an underlying lymphoprolif-
erative disorder is less likely to respond to platelet 
transfusion, and hemostasis is unlikely to be  
adequate for surgery. Direct treatment of the  
ITP with corticosteroids and intravenous immu-
noglobulins is a reasonable approach, but is also 
often ineffective. However, successful treatment 
of the underlying lymphoproliferative disorder 
usually leads to resolution of the ITP. Therefore, 
if feasible, the surgery should be postponed  
to allow time for treatment of the underlying 
lymphoproliferative disorder.

Thrombocytosis
Causes and Treatment

Because platelets are an acute phase reactant, 
patients can develop a reactive thrombocytosis as 

Hematologic Issues
Spero R. Cataland, MD



 Internal Medical Care of Cancer Patients 687

part of the inflammatory reaction to a cancer or 
to cancer treatments. Reactive thrombocytosis 
can reach platelet counts of 106/mm3; however, 
regardless of the platelet count, reactive thrombo-
cytosis does not increase the risk of thrombosis.8 
Therefore, cytoreductive therapy is unnecessary 
and anticoagulant treatment beyond that  
indicated for the patient’s clinical situation is 
unnecessary. As the inflammatory reaction 
resolves, the patient’s platelet count will also 
gradually return to baseline. In contrast to a  
reactive thrombocytosis, a thrombocytosis caused 
by an underlying myeloproliferative disorder  
(eg, myelofibrosis, essential thrombocytosis, or 

polycythemia vera) is characterized by qualitative 
abnormalities in platelet function. Patients with 
this type of thrombocytosis are at increased  
risk, both for thrombotic and for hemorrhagic 
perioperative complications. Cytoreductive ther-
apy or acute removal of platelets via apheresis  
can improve surgical hemostasis and may be  
appropriate.
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activate factor VII and factor X directly.5 Addi-
tional prothrombotic insults affecting cancer 
patients may include cytotoxic chemotherapies, 
hormonal therapy such as tamoxifen, and growth 
factors such as granulocyte colony stimulating 
factor (GCSF) and erythropoietin.5

The increased risk of VTE in breast cancer 
patients treated with tamoxifen plus chemother-
apy is clear. In two large clinical trials of women 
with node negative breast cancer, the 5-year inci-
dence of VTE was 4.2% in those who received 
chemotherapy and tamoxifen, 0.9% in those 
receiving tamoxifen alone, and 0.2% in the pla-
cebo group.6,7 In general, cancer patients receiv-
ing chemotherapy or immunosuppressive therapy 
have about a 6.5-fold increased risk of VTE  
compared to non-cancer patients.8

Pharmacologic Prophylaxis

Commonly used antithrombotic pharmacologic 
options include unfractionated heparin (UFH), 
low-molecular-weight heparins (LMWHs), and 
vitamin K antagonists (eg, warfarin). Newer 
agents such as subcutaneous fondaparinux (a 
synthetic pentasaccharide that inhibits factor Xa) 
and direct thrombin inhibitors (DTIs) show 
promise in clinical trials. UFH has been evaluated 
in clinical trials for the prevention of VTE after 
cancer surgery. UFH is a heterogenous mixture  
of repeating polysaccharide chains of varying 
sizes, averaging about 15,000 daltons. It binds 
antithrombin (AT-III) and facilitates AT-III-
mediated inactivation of factors IIa, Xa, IXa and 
XIIa. Of these, IIa and Xa are most responsive to 
inhibition. Due to its large size, UFH is not well 
absorbed from subcutaneous tissue, and it has a 

variable anticoagulant response due to interac-
tions with plasma proteins, macrophages, and 
endothelial cells.9 It also binds to platelets and 
platelet factor-4 (PF4), and may precipitate hepa-
rin-induced thrombocytopenia (HIT). LMWHs 
have also been evaluated in clinical trials for the 
prevention of VTE after cancer surgery. LMWHs 
are derived from UFH through a chemical depo-
lymerization or de-fractionation process. They 
are about one-third the size of UFH, with a 
molecular weight of approximately 5,000 daltons. 
These smaller molecules are readily absorbed 
from the subcutaneous tissue, eliciting a more 
predictable anticoagulant response than UFH. 
Unlike UFH, LMWHs have only minimal non-
specific binding to plasma proteins, endothelial 
cells, and monocytes,9 resulting in a predictable 
dose response, which obviates  
the need for lab monitoring. The longer plasma 
half-life of LMWH compared to UFH allows  
these drugs to be dosed subcutaneously once  
or twice daily. LMWHs do not bind platelets as 
readily as UFH and may carry a lower risk of  
heparin-induced thrombocytopenia than UFH. 
Because of their smaller size, LMWHs tend to 
preferentially inhibit factor Xa, whereas UFH 
tends to inhibit both factor Xa and IIa equally.9

Fondaparinux is a synthetic analogue of the 
unique pentasaccharide sequence that mediates 
the interaction of heparin with antithrombin. It 
inhibits both free and platelet-bound factor Xa. It 
binds antithrombin with high affinity, has close 
to 100% bioavailability, and has a plasma half-life 
of 17 hours that permits once-daily administra-
tion. The drug is excreted unchanged in the urine 
and is contraindicated in patients with severe 
renal impairment (ie, CrCl < 30 mL/min). It does 

Venous thromboembolism (VTE) is one of the 
most common complications of cancer. Patients 
with cancer have an approximate sixfold increased 
risk of VTE compared to those without cancer.1 
Active cancer accounts for ≈  20% of all new VTE 
events occurring in the community.1 The esti-
mated annual incidence of VTE in cancer patients 
is about 1 in 200.2 The number may be higher in 
patients undergoing chemotherapy and in those 
with indwelling central venous catheters. There 
may also be a relationship between VTE and the 
stage of disease, type of malignancy and type of 
ongoing cancer therapy.3 Cancer is also a well-
recognized major risk factor for the development 
of postoperative VTE. The incidence of fatal pul-
monary embolism (PE) after major abdominal 
and pelvic cancer surgery may be as high as 5% in 
the absence of VTE prophylaxis.4 Therefore, when 
a patient with cancer is planning to undergo  
surgery, close attention to prevention of this 
potentially fatal illness is essential.

Cancer and Thrombosis

All three components of Virchow’s triad, namely 
hypercoagulability, endothelial damage and stasis, 
are responsible for the increased risk of VTE in 
surgical patients with cancer. In cancer, macro-
phages and monocytes interact with malignant 
cells to release tumor necrosis factor (TNF), inter-
leukin-1 (IL-1), and interleukin-6 (IL-6), causing 
endothelial injury. Chemotherapy also leads to 
the release of these factors.5 Interactions between 
cancer cells and macrophages also activate  
platelets, factor X, and factor XII, which lead to 
thrombin generation. Tissue factor and other 
procoagulants released by cancer cells can  
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not bind PF4 and therefore should not cause  
HIT. At this time, there is no antidote for 
fondaparinux; however, if uncontrolled bleeding 
does occur, a procoagulant such as recombinant 
factor VII might be effective.9 Fondaparinux 
effectively prevents thrombosis following major 
abdominal cancer surgery, and can also be used in 
the acute treatment of VTE.

Warfarin is a coumarin derivative that exerts 
its anticoagulant effects by limiting hepatic  
production of the biologically active vitamin  
K-dependent clotting factors (factors II, VII, IX, 
X). Additionally, warfarin interferes with the  
production of the anticoagulant proteins C and S 
and can potentially exert a transient procoagulant 
effect following initiation of treatment. In addi-
tion, it takes approximately 96 hours to decrease 
the levels of factor IIa enough to provide a clinical 
anticoagulant effect, even though depletion of the 
short-lived factors VII and IX can increase the 
international normalized ratio (INR) in less than 
24 hours. Although warfarin monotherapy has 
been shown to be effective in preventing VTE 
after orthopedic surgery in several trials, a recent 
meta-analysis10 and a case-control study suggest 
that it is inferior to LMWH. Therefore, it is our 
own preference to avoid warfarin monotherapy 
as VTE prophylaxis after major surgery, especially 
since the patient is unprotected from thrombosis 
during the first few days of treatment.

Ximelagatran is an oral direct thrombin 
inhibitor. It is a prodrug that is rapidly hydro-
lyzed to form melagatran, the active drug that 
binds thrombin. It has a plasma half-life of 4 to  
5 hours and is given twice daily in fixed doses. It 
does not have drug and food interactions like 
warfarin. It is renally cleared. The drug has been 
shown in phase III trials to be effective for VTE 
prevention after major orthopedic surgery, for 
stroke prevention in atrial fibrillation, for acute 
treatment of VTE, and for secondary prevention 
of VTE after an acute episode.11 The drug, how-
ever, has not been evaluated for VTE prevention 
in cancer patients undergoing surgery. Although 
ximelagatran was approved for use in several 
European countries for VTE prevention after 
major orthopedic surgery, it was later withdrawn. 
The United States Food and Drug Administration 
(FDA) recently declined to approve its use in  
the United States based on its potential  
hepatotoxicity as shown in clinical trials.

The details of selected trials evaluating UFH, 
LMWH, and fondaparinux in cancer surgery 
patients are outlined in Table 1. There is  
evidence that UFH effectively reduces the risk of 
VTE after cancer surgery; however, the dose of 
the UFH may be important. In an early gyneco-
logic cancer surgery trial, UFH 5,000 units (U) 
subcutaneously (SC) twice daily (bid) was not 
significantly superior to placebo with rates of VTE 
14.8% and 12.4%, respectively.12 Other clinical 
trials outlined in Table 1 suggest that UFH  
5,000 U SC every 8 hours (q8h) or three times  

a day (tid) is as effective as LMWH (eg. enoxapa-
rin sodium 40 mg SC four times a day [qd] or 
Dalteparin 5,000 U SC qd) with similar bleeding 
rates in most studies.13 Although some studies 
have reported fewer wound hematomas with 
LMWH than with UFH, other studies have sug-
gested the opposite. It is our recommendation, 
therefore, for cancer surgery patients to receive 
either UFH 5,000 U SC q8h or tid or a LMWH for 
most types of cancer-related surgeries.

The results of the 2,927-patient, randomized, 
double-blind, dalteparin-controlled, Pentasac-
charide in General Surgery Study) trial show that 
fondaparinux is at least as safe and efficacious as  
a low molecular weight heparin (dalteparin) for 
the prevention of VTE following major abdomi-
nal surgery. The rate of VTE in the fondaparinux 
and dalteparin groups were 4.6% and 6.1%, 
respectively (p = .14). For those patients who 
underwent abdominal cancer surgery (approxi-
mately 70% of the overall sample), VTE incidence 
was significantly reduced for fondaparinux recip-
ients compared to dalteparin recipients (4.7%  
to 7.7%, p = .02). Fondaparinux’s adverse effect 
profile was reassuring in patients with and  
without malignancy.

The duration of prophylaxis has also been 
evaluated in at least two clinical trials.14,15 The  
evidence suggests that cancer patients undergoing 
major orthopedic surgery, pelvic surgery, or 
abdominal surgery should receive extended  
prophylaxis with an LMWH for up to 28 days 
postoperatively; extended prophylaxis may  
reduce the risk of postoperative thrombosis by 
60% compared to standard prophylaxis that is 
stopped after 6 to 10 days of treatment.14

Mechanical Prophylaxis

The options for mechanical prophylaxis include 
graduated compression stockings (GCSs) and 
intermittent pneumatic compression (IPC) 
devices. They are attractive options in those 
patients who are actively bleeding or at high risk 
for bleeding. Studies in gynecologic surgery 
patients suggest that the patients most likely to 
fail IPCs are those with underlying cancer.16 In 
another study, the rate of VTE was 4% with IPCs 
and 6.9% with UFH 5,000 U SC bid, these results 
were not statistically different, and UFH 5,000 U 
bid is probably inferior to tid dosing, as suggested 
in Table 82-1. Therefore, the potential role of 
IPCs for preventing postoperative thrombosis  
in cancer patients remains ill-defined. Some  
practical problems with IPCs include that they 
need to be on for at least 15 hours a day to achieve 
maximal benefit; ambulation is restricted if 
patients wear the IPCs all day, and sleep may be 
adversely affected.

Three meta-analyses demonstrated that 
GCSs are superior to placebo.17–19 In the Cochrane 

review, the rate of DVT with placebo was 27% 
and, while with GCSs, about 13% (an NNT of 
7).18 However, this was in all general surgery 
patients and not just cancer surgery patients. 
GCSs in combination with UFH may provide 
added efficacy, increasing the protective effect of 
UFH by as much as 75%.18 Therefore, combining 
this modality with either LMWH or UFH in 
cancer surgery patients may be helpful, although 
this dual modality has never systematically  
studied specifically in cancer surgery patients. 
Some practical problems with GCSs include  
difficulty with fitting and poor compliance by 
patients and health care providers.13

Our recommendations for VTE prophylaxis 
in surgical patients with cancer are evidence-
based and adapted from recent guidelines of the 
American College of Chest Physicians.13 These 
recommendations are outlined in Table 82-2.

Non-Surgery Cancer Patients

Primary prevention of VTE in non-surgical cancer 
patients has only been studied to a limited extent; 
limited data do support using warfarin, but this 
has not been embraced in clinical practice. The 
data with LMWH for primary prevention of VTE 
in the cancer patient not undergoing surgery do 
not show any benefit. In a trial of 311 women with 
metastatic breast cancer, warfarin at an INR of  
1.3 to 1.9 was found to be both clinically effective 
(rate of VTE = 0.6% vs. 4.4% in the placebo 
group; p = .031) and cost-effective, with no 
increased risk of bleeding compared to pla-
cebo.20,21 In a recently published trial termed the 
fragmin advanced malignancy outcome study,22 
382 patients with advanced cancer were random-
ized to receive either a once-daily subcutaneous 
injection of dalteparin (5,000 IU) or placebo for  
1 year. The survival rates in the dalteparin group 
were 46%, 27%, and 21%, at 1, 2, and 3 years, 
respectively, compared with 41%, 18%, and 12%, 
respectively, for patients receiving placebo (p = 
.19). The rates of symptomatic venous thrombo-
embolism were no different at 2.4% and 3.3% for 
dalteparin and placebo, respectively, and with 
bleeding rates of 4.7% and 2.7%, respectively.

Cancer Patients with Central 
Venous Catheters

Central venous catheters (CVCs) predispose to 
upper extremity DVT in the general population.8 
Cancer patients with indwelling catheters are 
probably at even higher risk for developing upper 
extremity DVT, but the overall incidence of  
clinically apparent CVC-associated DVT is still 
low at ≈  3.4% (1.14 per 1,000 catheter days) 
amongst those with peripherally inserted central 
catheters.13 There is one study that supports  
the use of a 1 mg daily dose of warfarin for DVT 
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prevention. In this trial, the rate of upper extrem-
ity DVT by mandatory venography at day 90  
was 37.5% with placebo and 9.5% with warfarin 
(p < .001).23 However, two subsequent trials  
failed to show any benefit from 1 mg daily dosing 

compared to placebo in preventing clinically 
apparent DVT.13 In addition, the safety of 1 mg  
of daily warfarin without monitoring in cancer 
patients may be of concern because these patients 
may be more susceptible to small doses of  

warfarin due to their nutritional status and their 
vitamin K stores.

LMWH has also been evaluated for preven-
tion of CVC-associated thrombosis. In one  
small study, dalteparin 2,500 U SC once daily was 
superior to no therapy for the prevention of veno-
graphically detectable thrombosis.24 In a larger 
trial of 425 cancer patients receiving chemother-
apy, dalteparin 5,000 IU SC once daily did not 
show superiority over placebo. The rate of clini-
cally relevant VTE was ≈3.5% in both groups.25 
Therefore, based on this evidence, we and the 
ACCP do not endorse routine prophylaxis for 
cancer patients with CVCs.

Postoperative VTE in Cancer 
Patients

Patients with cancer are at higher risk for  
postoperative VTE than patients without cancer 
undergoing similar surgeries,26 and clinicians 
should have a high index of suspicion for  
postoperative VTE in these patients. Objective 
radiographic tests, such as lower extremity duplex 
ultrasonography or helical computed tomogra-
phy, should be used for diagnosis in postopera-
tive cancer patients. Given the ongoing hemostatic 
activation in postoperative hospitalized patients,27 
there is no role for D-dimer testing.28

Table 1  Selected Randomized Control Trials of LMWH, UFH, and IPC Trials in Cancer Surgery 

Study Type of Surgery No. of Patients Prophylaxis  Rate of VTE Diagnostic Modality

Enoxacan I53 Abdominal or pelvic surgery 1115 UFH 5,000 U SC tid vs  18.2% (UFH) Venography 
  for cancer    Enoxaparin 40 mg SC qd  14.7% (enoxaparin) Venography or 
       (p = NS)  ultrasonography
Mcleod et al54 Colorectal surgery (1/3 of patients 936 UFH 5,000 U SC tid vs  9.4% (UFH)  
  with cancer)   enoxaparin 40 mg SC qd  9.4% (enoxaparin) 
       (p = NS) 
Clarke-Pearson et al55 Gynecologic cancer surgery 208 UFH 5,000 U bid vs IPC* 6.9% (UFH) I-125 fibrinogen 
     4.0% (IPC) 
     (p = NS) 
Clarke-Pearson et al12 Gynecologic cancer surgery 185 UFH 5,000 U bid vs placebo 14.8% (UFH) I-125 fibrinogen + IPG† 
     12.4% (placebo) 
     (p = NS) 
Clarke-Pearson et al56 Gynecologic cancer surgery 304 UFH 5,000 U SC q8h vs placebo 8.0% (UFH) I-125 fibrinogen
     18.4% (placebo)
     (p < 0.05) 
Bergqvist et al14 Abdominal or pelvic surgery  332 Enoxaparin 40 mg SC qd vs  4.8% (enoxaparin)  Venography 
  for cancer   placebo (for 3 weeks after all  12.0% (placebo) 
    patients recd. 6 to 10 d  (p = 0.02) 
    of LMWH)
Agnelli et al57 High-risk abdominal surgery 2927 Fondaprinux 2.5 mg SC qd vs.  4.6% (fondaprinux) Ultrasonography 
    dalteparin 5,000 IU SC qd  6.1% (dalteparin) 
     p = 0.14
     In the subroup with  
     Cancer: 4.7% (fondaprinux) 
     7.7% (dalteparin) p = 0.02

bid = twice daily; d = dalton; LMWH = low-molecular-weight heparin; IPC = intermittent pneumatic compression; IU = international units; NS = not significant; qd = four times a day;  
SC = subcutaneous; tid = three times a day; U = units; UFH = unfractionated heparin.

* intermittent pneumatic compression
† impedence plethysmography

Table 2  Patients with underlying cancer undergoing surgery for a non-cancer related condition

Type of Surgery Type of Prophylaxis Duration 

Moderate risk general surgery  UFH 5,000 U SC tid or LMWH* Until ambulation or discharge
High risk general surgery UFH 5,000 U SC tid or LMWH plus  Up to 28 days 
  IPC or GCSs
Vascular surgery UFH 5,000 U SC tid or LMWH Until ambulation or discharge
Laparoscopic gynecologic  UFH 5,000 U SC tid or LMWH plus  Until ambulation or  
 surgery > 30 min.  IPC or GCSs  discharge
Major gynecologic surgery UFH 5,000 U SC tid or LMWH plus  Until ambulation or discharge 
 M IPC or GCSs
Urologic surgery other  UFH 5,000 U SC tid or LMWH plus  Until ambulation or discharge 
 than low-risk  IPC or GCSs
Major orthopedic surgery LMWH or VKA or Fondaparinux† 28 to 35 days
 Neurosurgery
 Extracranial
 Intracranial
 LMWH plus IPC PGCSs
 LMWH plus IPC PGCSs
 Until ambulation or discharge

Adapted from Geerts et al.13

GCSs = graded compression stockings; IPC = intermittent pneumatic compression;  IU = international units; LMWH =  
low-molecular-weight heparin; qd = four times a day; SC = subcutaneously; tid = three times a day; U = units; VKA=Vitamin 
K antagonists (warfarin).

*LMWH dosing = enoxaparin 40 mg SC qd, dalteparin 5,000 IU SC qd or tinzaparin 75 IU/kg qd
†2.5 mg SC qd



Prevention of Postoperative VTE 691

When postoperative VTE is diagnosed in a 
patient with cancer, the treatment options are 
similar to the options in patients without cancer. 
However, the optimal management strategy may 
be different. Cancer patients who undergo suc-
cessful curative surgery are probably no different 
from patients without cancer and can be viewed 
as having situational thromboses. In such cases, 3 
months of anticoagulation is reasonable. How-
ever, many cancer patients are not cured of  
their disease and have ongoing chronic activation 
of the clotting cascade, particularly those with 
adenocarcinomas of the viscera, brain tumors,  
or certain hematologic malignancies. In these 
patients, although the precipitating event (sur-
gery) may be situational, ongoing hypercoagula-
bility places them at higher risk for recurrent 
thrombosis following discontinuation of therapy. 
Indefinite anticoagulation may be considered  
in patients who suffer VTE following surgery  
who have uncured malignancies known to be 
associated with hypercoagulable states (such as 
visceral adenocarcinomas or brain tumors), but 
this strategy may expose patients to a high risk  
of bleeding29 and should be considered only on a 
case-by-case basis.

Given the high rates of warfarin-resistant 
thrombosis and warfarin-associated bleeding in 
patients with cancer,29 consideration of long-term 
LMWH treatment is justified when a cancer 
patient develops a thrombosis. The CLOT inves-
tigators30 recently examined the safety and  
efficacy of dalteparin (200 IU/kg/d for the first 
month, followed by 150 IU/kg/d for 5 months) 
compared to oral anticoagulation for the treat-
ment of VTE in cancer patients. Of 336 patients, 
27 (8.0%) in the LMWH group suffered recur-
rence, compared to 53 of 336 (15.8%) in the oral 
anticoagulation group (hazard ratio 0.48; p = 
.002). Most recurrences occurred while on anti-
coagulation. The frequencies of major and minor 
bleeding were similar. Although this trial did  
not specifically enroll patients with postoperative 

VTE, the relatively high recurrence rates illustrate 
that cancer patients with VTE are at high risk for 
recurrence even in the face of ongoing warfarin 
treatment. A smaller study using enoxaparin 
1.5 mg/kg/d demonstrated a similar risk reduc-
tion that failed to reach statistical significance.29 
However, any increased efficacy of LMWH in  
the treatment of cancer-associated VTE com-
pared to oral anticoagulation must be weighted 
against the cost of the drug31 and the willingness 
of the patient or family members to administer 
daily injections.

Inferior Vena Cava Filters

Inferior vena cava (IVC) filter placement has 
increased during the last two decades in patients 
with PE, patients with DVT alone, and patients at 
risk for VTE who have not yet had an event.32 
Some authors have argued against placement of 
IVC filters in patients with advanced cancer 
because the filters may have little overall clinical 
benefit in terminally ill patients, and may not be 
cost-effective. In a case series of 308 patients with 
cancer-associated VTE who received IVC filters,33 
the filters appeared to be safe and effective in  
preventing PE-related deaths. Although overall 
mortality was high in these patients (median  
survival < 1 year), less than 5% of patients suf-
fered PE-related death. It is our opinion, however, 
that IVC filters be reserved for cancer patients 
with contraindication to anticoagulation, recur-
rent thromboembolic disease despite LMWH 
therapy, or a significant complication from anti-
coagulation therapy. The FDA recently approved 
three different types of retrievable filters. Although 
long-term safety data for these devices was not 
available as of this writing, they may be attractive 
options for cancer surgery patients who have a 
very high risk of developing perioperative VTE 
and transient contraindication to anticoagulation 
(such as intracranial surgery). In our opinion, 
prophylactic filter placement is not generally war-
ranted and should be tested in prospective trials 
before we can recommend this strategy for our 
patients.

Perioperative/Periprocedural  
Management of Warfarin in Cancer 
Patients

Although some patients with cancer may suffer 
recurrent VTE despite warfarin treatment, warfa-
rin is effective for treatment and secondary pre-
vention of VTE for most cancer patients.30 Other 
cancer patients may be on warfarin for other indi-
cations, such as atrial fibrillation or valvular heart 
disease. When a cancer patient on warfarin is 
scheduled to undergo surgery, there are a few key 
questions that must be addressed. First, does the 
nature of the procedure warrant discontinuation 

of therapeutic anticoagulation? Second, if antico-
agulation must be reversed, is the patient at  
high enough risk for short-term thrombosis to 
justify “bridging” anticoagulation with short-
acting anticoagulants prior to the procedure? If 
so, which agent should be used? Finally, which 
anticoagulation regimen should be employed  
following the procedure? Although these ques-
tions need to be addressed prior to surgery for all 
patients on warfarin—regardless of whether or 
not they have cancer—the second and third ques-
tions require special thought for cancer patients 
who are often at particularly high risk for VTE 
and VTE recurrence.

Some minor procedures, such as dental, 
cutaneous, and ophthalmologic surgeries and 
gastrointestinal endoscopy without biopsy, can 
be performed safely in patients who are fully anti-
coagulated.35–39 Cancer patients requiring such 
procedures can continue their warfarin without 
interruption. If this approach is considered, the 
surgeon must agree that the procedure can safely 
be performed while the patient is anticoagulated, 
and care should be taken to ensure that the patient 
does not have a supra-therapeutic INR on the 
morning of the procedure. Other procedures such 
as prostate biopsy, endoscopic biopsy, and even 
herniorrhaphy may be performed with a reduced 
dose (but not full reversal) of oral anticoagula-
tion, targeting an INR of 1.5 to 2.0 on the morn-
ing of surgery.40 If anticoagulation must be 
discontinued, then approximately 5 to 6 days are 
required for anticoagulant effects of warfarin to 
wear off in most non-cancer patients.41 Provided 
that hepatic synthetic function is normal or near-
normal, there is no reason to suspect that a longer 
duration of cessation is needed in patients with 
cancer.

During the few days prior to surgery, while 
the oral anticoagulation is wearing off, the patient 
is relatively unprotected from VTE. The risk of 
recurrence during a brief period of warfarin ces-
sation depends upon the timing of the most recent 
thrombotic event, the duration of anticoagulant 
cessation, and the intensity of the underlying  
proclivity to develop thrombosis. In general,  
for patients with a thrombosis in the preceding 
month, the average daily recurrence rate is 
approximately 0.3% to 1.3%.42–45 This high rate 
may stem from the likelihood that residual, unsta-
bilized thrombus is still present. Over the next 
two months, the daily recurrence rate is approxi-
mately four- to tenfold lower.42–44 However, these 
figures apply to all patients on warfarin for acute 
VTE, and there is reason to suspect that patients 
with underlying hypercoagulable states (such as 
malignancy) may be at higher risk for thrombosis 
than these figures suggest. Therefore, we recom-
mend that all cancer patients with a thrombotic 
episode in the preceding three months receive 
short-acting anticoagulants prior to surgery  

Table 3  Recommendations for VTE prophylaxis 
for Cancer Surgery

UFH 5,000 U SC q8h or tid at least until  
 ambulation or discharge with a preoperative  
 dose of 5,000 U SC given 2 hours prior to  
 surgery 
OR
LMWH (enoxaparin 40 mg SC qd or dalteparin  
 5000 U SC qd) or Fondaparinux 2.5mg SC qd
Extended prophylaxis for 28 days with LMWH  
 for major abdominal, pelvic or orthopedic  
 surgery in cancer patients.

LMWH = low-molecular-weight heparin; q8h = every  
8 hours; qd = four times a day; SC = subcutaneously;  
tid = three times a day; U = units; VTE= venous 
thromboembolism.
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starting 2 days after the warfarin is discontinued. 
If the most recent event occurred in the preceding 
month, consideration should be given to delaying 
the procedure or placing an inferior vena cava 
filter. In patients with more distant thrombosis 
(> 3 months prior) without evidence of underly-
ing active cancer, it may be reasonable to simply 
let the warfarin wash out without any preo perative 
bridging therapy. However, this latter approach 
should be exercised cautiously in patients with a 
history of life-threatening, recurrent thromboses 
and active cancer. Patients with cancer without 
history of VTE, but who are on warfarin for other 
conditions (such as atrial fibrillation), may also 
need bridging therapy. The need for bridging 
therapy in these cancer patients is summarized in 
Table 4. As a general rule, patients at very high 
risk (ie, > 10% annual risk for arterial embolism 
or > 10% monthly risk for venous thromboem-
bolism) should receive bridging anticoagulation. 
For patients at low-risk (ie, < 5% annual risk for 
arterial embolism, or < 5% monthly risk for 
venous thromboembolism), however, bridging 
therapy prior to surgery may involve unnecessary 
risk. The need for bridging in intermediate-risk 
patients may need to be decided on a case-by-case 
basis.

If a decision is made that bridging therapy 
with short-acting anticoagulants is warranted, 
LMWHs allow for effective outpatient treatment. 
Unless the thrombosis was very recent (in the 
preceding 3 months), we believe that prophylac-
tic doses of LMWH are appropriate. It is impor-
tant to recognize that the doses of LMWH used  
in the initial treatment of VTE (“full-intensity” 
treatment) may, in fact, be higher intensity  
then necessary, with potential risk of bleeding.45 
Although full-intensity treatment with heparin 
products is clearly indicated for the initial treat-
ment of VTE, lower doses may be reasonable  
following the first few weeks of therapy. For 
example, in the CLOT study, which compared 
dalteparin to oral anticoagulation following 
cancer-associated VTE,30 the dose of dalteparin 
was decreased from full-intensity (200 IU/kg/d) 
to 75% of the full-intensity (150 IU/kg/d) after 
the first month of therapy to reduce the risk of 
bleeding. Despite this dose reduction, there was a 
> 50% reduction in VTE recurrence in those 
assigned to dalteparin (compared to oral antico-
agulation) and comparable bleeding rates in both 
groups. This supports the concept that full-dose 
treatment with LMWH may be excessive and 
unnecessary beyond the first month of VTE treat-
ment. Observational bridging studies of LMWH 
in patients who require temporary interruption 
of warfarin therapy have utilized full doses of 
LMWH (ie, dalteparin 200 IU/kg SC qd, enoxa-
parin 1 mg/kg SC q12h or enxoaprin 1.5 mg/kg 
SC qd).46 However, the ideal dosing regimen 
remains to be determined in a randomized  

clinical trial. In the absence of prospective ran-
domized clinical trials, we believe that established 
prophylactic doses (eg, 40 mg daily or 30 mg twice 
daily of enoxaparin, or dalteparin 5,000 IU) are 
probably appropriate for “bridging” therapy in 
most patients with a history of cancer-associated 

VTE, and that 75% of full-dose treatment can be 
considered (eg, 1.125 mg/kg daily or 0.75 mg/kg 
twice daily of enoxaparin, or 150 IU/kg/d of  
dalteparin) if the thrombosis was recent (1 to  
6 months prior). The last dose of LMWH should  
be approximately 24 hours before surgery if  
full-dose or 75% of full-dose LMWH is used and 
at least 12 hours prior to surgery if prophylactic 
doses of LMWH are used. This is important  
to prevent unnecessary surgical bleeding and 
complications related to spinal or epidural anes-
thesia. In patients with renal insufficiency, subcu-
taneous UFH or dose-reduced enoxaparin may 
be appropriate options,40,47,48 but we discourage 
the use of intravenous heparin except in patients 
at extremely high risk (eg, those with thrombosis  
in the preceding month) since it necessitates hos-
pitalization, and prophylactic dosing regimens 
are not established for intravenous heparin. In 
patients with a history of heparin-induced throm-
bocytopenia, LMWH and UFH should be avoided.  
Consideration can be given to the off-label use  
2.5 mg daily of fondaparinux (a pentasaccharide 
with no in-vitro cross-reactivity to antibodies 
against platelet-factor 4).49,50 In patients with a 
history of HIT who are at very high risk for recur-
rence (eg, thrombosis in the preceding month), 
admission to the hospital for administration  
of perioperative intravenous direct thrombin 
inhibitors (such as lepirudin or argatroban) is 
appropriate.

Following surgery, the daily risk for recur-
rent VTE is much higher than prior to surgery, 
since surgery itself is a major risk factor for VTE. 
However, there is also an increased risk for anti-
coagulant-mediated bleeding, especially from  
the surgical site.50 Major postoperative bleeding is 
a problem in its own right but also necessitates 
cessation of anticoagulation, placing patients at 
high risk for thrombosis. For this reason, it is 
appropriate to use prophylactic doses of agents 
with demonstrated efficacy in VTE prevention 
following major surgery (eg, enoxaparin 40 mg 
daily or 30 mg twice daily, dalteparin 5,000 IU SC 
qd or fondaparinux 2.5 mg daily),50–52 rather  
than full-intensity anticoagulation. Since the 
antithrombotic effects of warfarin are delayed, 
warfarin can be restarted the day of surgery or on 
the following day. Once the INR approaches ther-
apeutic intensity, the parenteral antithrombotic 
drugs can be discontinued. Figure 1 outlines a 
protocol bridging them copy.

Conclusion

VTE is a common complication in cancer patients 
especially those undergoing surgery, and patients 
who develop this complication have a higher rate 
of dying compared to non-cancer patients with 
VTE. It is clear that cancer patients undergoing 
major surgery need both aggressive and extended 

Table 4  Risk for Thromboembolism

High risk: Annual risk of arterial  
thromboembolism > 10% or monthly risk of 
venous thromboembolism > 10% without 
anticoagulation] (bridging advised)
Known hypercoagulable state as documented by a  
 thromboembolic event and one of the  
 following: protein C deficiency, protein  
 S deficiency, antithrombin III deficiency,  
 homozygous factor V Leiden mutation or  
 antiphospholipid antibody syndrome 
Hypercoagulable state suggested by recurrent  
 (two or more) arterial or idiopathic venous  
 thromboembolic events (not including primary  
 atherosclerotic events, such as stroke or  
 myocardial infarction due to intrinsic  
 cerebrovascular or coronary disease)
Venous or arterial thromboembolism within the  
 preceding 3 months
Rheumatic atrial fibrillation
Acute intracardiac thrombus visualized by  
 echocardiogram
Atrial fibrillation plus mechanical heart valve in  
 any position
Older mechanical valve model (single disk or  
 ball-in-cage) in mitral position
Recently placed mechanical valve (< 3 months)
Atrial fibrillation with history of cardioembolism

Intermediate risk [annual risk of arterial 
thromboembolism 5 to 10% or monthly risk of 
venous thromboembolism 5 to 10% without 
anticoagulation] (Bridging decision to be made on 
a case-by-case basis)
Cerebrovascular disease with multiple (two or  
 more) strokes or TIAs without risk factors for  
 cardiac embolism
Newer mechanical valve model (eg, St. Jude) in  
 mitral position
Older mechanical valve model in aortic position
Atrial fibrillation without a history of cardiac  
 embolism but with multiple risks for cardiac  
 embolism (eg, low ejection fraction (< 40%),  
 diabetes, hypertension, non-rheumatic valvular  
 heart disease, recent (within preceding month)  
 transmural myocardial infarction)
VTE > 3 to 6 months ago

Low risk [annual risk of arterial  
thromboembolism < 5% or monthly risk of venous 
thromboembolism < 5% without anticoagulation] 
(bridging not advised)
One remote VTE (> 6 months ago)
Intrinsic cerebrovascular disease (such as carotid  
 atherosclerosis) without recurrent strokes or  
 TIAs
Atrial fibrillation without multiple risks for  
 cardiac embolism
Newer model prosthetic valve in aortic position
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pharmacologic prophylaxis for up to 28 days 
postoperatively. At this time, we believe that 
LMWHs are the agents of choice; however, 
encouraging data are emerging for newer agents 
such as fondaparinux. Patients on long-term  

warfarin with recent VTE, high-risk atrial fibrilla-
tion or mechanical valves may need parenteral 
bridging therapy with short acting anticoagulants 
such as LMWHs in preparation for their surgery 
to decrease the risk of thromboembolism.
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Endocrine disorders are common in cancer 
patients who undergo surgery. Patients may have 
a chronic endocrine disease, such as diabetes  
mellitus, in addition to their malignancy. They 
may have primary or metastatic disease of an 
endocrine organ, such as the thyroid or adrenal 
gland. Finally, treatment of their malignancy, 
whether by surgery, radiation or chemotherapy, 
may affect endocrine function. This chapter dis-
cusses perioperative evaluation and management 
of cancer patients with diabetes mellitus, thyroid 
disorders, adrenal dysfunction due to exogenous 
steroids, and electrolyte abnormalities.

The Patient with Diabetes Mellitus

Introduction
Diabetes mellitus is a common medical condition 
with a prevalence of about 8% in the United States 
population.1 Complications from diabetes such 
as hyperglycemia, ischemic heart disease, periph-
eral vascular disease and renal insufficiency can 
contribute to adverse perioperative outcomes 
that include postoperative infection, myocardial 
infarction, and acute renal failure.2 The cancer 
patient with diabetes may have additional risk 
factors for complications that must be identified 
in the perioperative period. Chemotherapy with 
corticosteroids can worsen insulin resistance and 
precipitate or maintain hyperglycemia. Immuno-
suppression from both malignancy and its thera-
pies can add to an increased risk of infection from 
both hyperglycemia and poor wound perfusion 
secondary to vascular disease. Anorexia and 
cachexia from cancer may affect the patient’s 
need for diabetic medications and lead to  
hypoglycemia. Careful preoperative evaluation 
and meticulous perioperative management of 
diabetic cancer patients undergoing surgery can 
modify risk factors and prevent both medical and 
surgical complications.

Preoperative Assessment
Patients with known diabetes should be identified 
preoperatively, but up to a third of patients with 

diabetes may be undiagnosed.3 Those with risk 
factors for diabetes, including family history, 
advanced age, obesity, inactivity, dyslipidemia, 
polycystic kidney disease or a history of gesta-
tional diabetes, and those with symptoms of  
diabetes, such as polyuria, polydipsia, weight loss 
or weight gain, should be tested for it before  
surgery.1 Nonurgent surgery may need to be  
postponed in the newly diagnosed diabetic if 
blood sugars are very high or ketosis is present.

Duration of disease, episodes of diabetic 
ketosis, complications from previous surgeries, 
and medications should be documented. An A1C 
may be helpful in determining how well con-
trolled the patient has been and how effective his 
or her current medication regimen is. All diabet-
ics should be tested preoperatively for renal  
disease with electrolytes and a creatinine.

One of the greatest risks for the diabetic 
undergoing surgery is perioperative ischemia and 
infarction. Diabetic patients without previous 
myocardial infarction have the same risk for  
myocardial infarction as nondiabetic patients 
with a previous myocardial infarction.4 The  
Relative Cardiac Risk Index (RCRI) includes 
insulin-requiring diabetes mellitus as one of six 
well-validated independent predictors of major 
perioperative cardiac complications.5 Therefore, 
all diabetics should be screened for heart disease 
with a pertinent history, cardiac exam and EKG. 
Early studies suggested that treatment of patients 
at risk for cardiac complications with beta- 
blockade could prevent perioperative morbidity 
and death,6 but subsequent randomized trials 
have not demonstrated similar efficacy. Based on 
the most recent guidelines from the American 
College of Cardiology (ACC), beta-blockade 
should be continued in diabetics going to surgery 
who are already on them for cardiac disease. 
There is also probable benefit in initiating periop-
erative beta-blockade in diabetics going for vas-
cular or intermediate surgery who have a history 
of or newly diagnosed coronary heart disease, or 
who have a history of heart failure, a history of 

cerebrovascular disease or a serum creatinine 
greater than 2.0  mg/dL.5 If possible, beta- 
blockade should be initiated days to weeks prior 
to the procedure, and the target heart rate should 
be 70 or less. The ACC guideline is also useful  
in determining which patients should undergo 
additional cardiac studies prior to surgery, but 
invasive studies and interventions may not be 
warranted in the cancer patient with a poor prog-
nosis who is undergoing palliative rather than 
curative surgery. Medical treatment for presump-
tive disease can be used to modify cardiac risk 
after discussion and agreement with the patient 
and surgical team.

Perioperative Management
Type 1 diabetics have an absolute deficiency of 
insulin due to pancreatic islet cell failure, and 
always require insulin. Type 2 diabetics have a 
relative insulin deficiency with peripheral insulin 
resistance and increased hepatic gluconeogene-
sis.1 Management options in them include diet 
and exercise, oral medications, or insulin, but a 
patient’s usual regimen may need to be modified 
in the perioperative period. Surgery is a stress that 
releases counterregulatory hormones such as  
cortisol, glucagon, catecholamines, and growth 
hormone that oppose insulin, increase insulin 
resistance, and exacerbate hyperglycemia.

There is an increasing body of evidence that 
suggests that hyperglycemia contributes not only 
to a higher incidence of wound and other post-
operative infections, but may predict higher  
morbidity and mortality in hospitalized patients 
as well. Additional studies have suggested that 
closer management of hyperglycemia, usually 
with insulin infusions, can decrease the risk  
of postoperative infection, affect long-term  
outcomes of myocardial infarction, and reduce 
mortality in intensive care unit (ICU) patients.

In a study that prospectively monitored  
glucose control in 100 diabetic patients under-
going major surgery at a tertiary care center, a  
glucose level >220 on postoperative day 1 
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increased the relative risk of a serious postopera-
tive infection to 5.7 compared to patients with 
blood sugars less than 220.7 In another study, the 
mean of six blood sugars was used to evaluate 
perioperative glycemic control in the first 36 
hours after coronary artery surgery in 411  
diabetic patients. Postoperative hyperglycemia 
greater than 200 was an independent predictor  
of short term postoperative infectious complica-
tions.8 In a prospective study of 2,467 diabetic 
patients who underwent open heart surgeries 
over a period of 10  years, those who were treated 
with a continuous intravenous insulin infusion  
to maintain blood sugars less than 200 had a  
clinically significant decrease in sternal wound 
infections compared to those who were treated 
with intermittent subcutaneous insulin injections 
based on a sliding scale.9

Several studies in stroke and myocardial 
infarction patients have shown that higher blood 
sugars at admission correlate with poorer  
outcomes, even in patients without diabetes.10,11 
The hyperglycemia may be an indicator of insulin 
resistance due to the stress of the illness or a 
marker for the extent of injury. A retrospective 
study of 1,826 patients admitted to a single ICU 
for a wide range of medical and surgical diagnoses 
showed that hospital mortality increased as  
glucose levels increased and that the lowest mor-
tality occurred among patients with mean glucose 
values between 80 and 99  mg/dL.12 Records of 
2,030 consecutive adult patients with and without 
diabetes admitted to the general wards of a single 
hospital were reviewed for hyperglycemia. Of the 
study patients, 38% had either a fasting glucose of 
126 or greater or two or more random glucose 
levels of 200 or more. Newly diagnosed hyper-
glycemia was associated with a higher in-hospital 
mortality rate (16%) compared to those patients 
with known diabetes (3% mortality) and patients 
with normoglycemia (1.7% mortality).13 

Some authors argue that close monitoring 
and modification of hyperglycemia with intrave-
nous insulin infusions can decrease hospital  
mortality. The Diabetes and Insulin-Glucose 
Infusion in Acute Myocardial Infarction study 
showed that long-term mortality was decreased 
in diabetic patients whose blood sugars were 
tightly controlled after an acute myocardial 
infarction.14 A prospective controlled study  
randomized 1,548 patients admitted to a surgical 
ICU on mechanical ventilation either to intensive 
insulin therapy to maintain blood glucose between 
80 and 110  mg/dL or conventional treatment  
with maintenance of blood glucose between 180 
to 200  mg/dL. Intensive insulin therapy reduced 
mortality during intensive care from 8% with 
conventional treatment to 4.6% (p<.04) with the 
benefit attributable to its effect on mortality  
in patients who remained in ICU for more than  
5  days. Intensive insulin therapy also reduced 
overall hospital mortality by 34%, bloodstream 

infection by 46%, acute renal failure requiring 
dialysis by 41%, the median number of red-cell 
transfusions by 50%, and critical-illness polyneu-
ropathy by 44%.15 In another study, 800 consecu-
tive patients admitted to a single ICU were placed 
on a protocol to monitor and maintain blood  
glucose levels lower than 140  mg/dL. A continu-
ous insulin infusion was begun if a patient had a 
glucose reading of 200 on two separate occasions. 
The patients were matched to 800 patients previ-
ously admitted prior to initiation of the protocol. 
The protocol resulted in significantly improved 
glycemic control and was associated with 
decreased mortality (29.3% reduction, p=.002) 
and decreased length of ICU stay (10.8%  
reduction, p=.01).16

These studies, which assessed the correlation 
between hyperglycemia and hospital mortality, 
looked at patients with and without diabetes 
admitted mainly to ICUs and did not specifically 
address postoperative diabetic patients. However, 
a study of 3,554 diabetics undergoing coronary 
artery bypass grafting compared aggressive  
treatment of hyperglycemia with subcutaneous 
insulin (1987 to 1991) versus a continuous insu-
lin infusion (1992 to 2001). Glucose control was 
significantly better with a continuous infusion 
(177P30  mg/dL vs. 213P40  mg/dL). Observed 
mortality was significantly lower in patients on a 
continuous insulin infusion (2.5%) compared to 
those patients on subcutaneous insulin (5.3%, p 
<.0001). Multivariable analysis revealed that 
continuous insulin infusion added an indepen-
dently protective effect against death.17 A smaller 
study of 141 diabetics undergoing coronary artery 
bypass grafting prospectively randomized patients 
to tight glycemic control (serum glucose of 125 to 
200  mg/dL) with an intravenous glucose, insulin, 
and potassium solution versus standard treat-
ment with intermittent subcutaneous insulin and 
a serum glucose target of less than 250  mg/dL. 
Patients with tight glycemic control had improved 
perioperative outcomes, enhanced survival and 
decreased incidence of both ischemic events and 
wound complications.18

Continuous insulin infusions are labor-
intensive, and, so far, there is insufficient evidence 
to justify a continuous insulin infusion in all  
diabetics undergoing surgery. However, critically 
ill surgical patients and those undergoing major 
surgeries should be considered for this therapy. 
Perioperative blood sugars less than 200  mg/dL 
should be a target in all diabetic patients to 
decrease risk of infections. Postoperative ICU 
patients should be more tightly controlled with 
blood sugars between 80 to 110  mg/dL.15 More 
studies need to be done to see if tighter glucose 
control in diabetic patients undergoing noncar-
diac surgery reduces postoperative ischemia, 
infarction, and mortality.

The timing, type and duration of surgery will 
determine perioperative management of oral 

hypoglycemics as well as insulin dosing in the  
diabetic. Oral hypoglycemics should be held the 
morning of surgery. Insulin may be needed in  
the patient who is only on oral medication if the 
patient’s diabetes is poorly controlled. Table  1 
details preoperative dosing of insulin based on a 
patient’s type and scheduled regimen of insulin as 
well as the time and duration of surgery. Patients 
on basal insulin regimens such as glargine or  
continuous infusion pumps should receive their 
basal medication during surgery without boluses. 
Insulin-treated patients undergoing major sur-
gery should be treated with a continuous insulin 
infusion.19

The patient who receives insulin prior to  
surgery should be given D5 in the intravenous 
fluids at 100 to 150 cc/hr to prevent hypoglycemia 
while taking nothing by mouth. All diabetics 
should have their blood glucose checked pre-
operatively and then frequently throughout the  
surgery and in the postoperative period. Post-
operative blood sugars can be managed with a  
continuous insulin infusion or sliding scale  
subcutaneous insulin with reintroduction of the 
patient’s preoperative regimen when he or she 
resumes a full diet. An exception is a patient on 
metformin hydrochloride who receives intrave-
nous contrast during a procedure. The medica-
tion should be held for 72  hours after the 
procedure, and a creatinine should be checked 
before it is restarted.19 Metformin should not be 
resumed in a patient who develops postoperative 
heart failure, hypotension, renal insufficiency or 
hepatic dysfunction.20 Metabolic and hormonal 
changes can continue up to 4  days after major 
surgery, but are most pronounced through the 
first postoperative day.21 Persistence of hypergly-
cemia may reflect a perioperative complication 
such as infection. Providers must be alert through-
out the perioperative period for neuropsychiatric 
symptoms in a diabetic that may be due to  
hypoglycemia or ketosis.

The Patient with Hypothyroidism

Introduction
Hypothyroidism is a common disease with a 
prevalence of 1 to 2% in the general population, 
though it is ten times more common in women 
than men.22 Genetics, environmental factors, such 
as dietary iodine deficiency, and autoimmune 
disease play a role in its development. Medica-
tions such as lithium or amiodarone, surgery  
for benign or malignant thyroid disease, and  
radiation to the head and neck or to the mediasti-
num in lymphoma, head and neck, or breast 
cancer can cause hypothyroidism.23,24

Thyroid function affects the physiology of 
many of the body’s organs, and its dysfunction 
can influence perioperative outcome through 
myocardial contractility and heart rate, lowered 
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metabolic rate, hemostasis, gastrointestinal motil-
ity, and free water balance.25 There are case reports 
of intraoperative hypotension, cardiovascular 
collapse, and myxedema coma in undiagnosed 
hypothyroid patients undergoing anesthesia  
and surgery.26,27 Yet there are no randomized, 
prospective studies that compare surgical out-
comes in untreated hypothyroid patients versus 
controls.

However, two studies from the 1980s did 
evaluate the hypothyroid patient undergoing  
surgery with retrospective case-matched controls. 
In one study, anesthetic and surgical outcomes 
were compared in 59 hypothyroid and 59 paired 
euthyroid patients. There was no difference  
in surgical outcome, hospital length of stay, or 
perioperative complications that included  
pulmonary or myocardial infarction, sepsis, 
arrhythmias, need for postoperative ventilatory 
assistance, fluid and electrolyte imbalances, or 
bleeding complications. In addition, no differ-
ences in outcome were found based on level of 
thyroxine, although only a few patients in the 
sample were severely hypothyroid.28 A second  
retrospective study looked at perioperative  
complications in 40 hypothyroid patients matched 
to 80 euthyroid controls. Hypothyroid patients 
had more intraoperative hypotension in noncar-
diac surgery, more heart failure in cardiac  
surgery, more postoperative gastrointestinal and 
neuropsychiatric complications and were less 
likely to mount a fever with infection. However, 
there were no differences between the two groups 
in duration of hospitalization, perioperative 
arrhythmias, delayed anesthetic recovery or 
death.29

Preoperative Assessment
Despite its prevalence, preoperative screening  
for thyroid disease is not justified in the general 
population. Furthermore, assessment of thyroid 
function is complicated in the hospitalized patient 
by the euthyroid sick syndrome, which signifi-
cantly reduces the specificity of the serum  
thyroid-stimulating hormone.30 Nevertheless, 
cancer patients who have undergone radiation  
to the thorax or head and neck or who have 
undergone prior thyroidectomy or head and neck 
surgery should be assessed for hypothyroidism.31 
Increased risks for hypothyroidism were found in 
post-laryngectomy patients who were female, 
received preoperative radiation therapy, had 
invasion of the thyroid gland by tumor, had  
cervical metastasis, and had postoperative  
fistula.32 Studies have shown a higher prevalence 
of hypothyroidism in patients with cutaneous 
melanoma,33 as well as those with autoimmune 
diseases such as autoimmune pancreatitis, 
Sjögren’s syndrome, polymyalgia rheumatica and 
giant cell arteritis.34–36 Hypothyroidism should be 
considered in any of these patients. In addition, 
thyroid function should be assessed in all patients 
with known hypothyroidism prior to surgery.

Perioperative Management
Clinical and laboratory euthyroidism is the opti-
mal management goal for hypothyroid patients 
undergoing elective surgery, but patients with 
mild to moderate hypothyroidism may undergo 
urgent or emergent surgery without delay.  
Postoperative complications in subtherapeutic 
patients such as ileus, delirium, or infection  

without fever, should be anticipated and man-
aged. Patients with severe hypothyroidism mani-
fested by heart failure, pericardial effusion, mental 
status changes, or very low levels of thyroxine 
should be treated with perioperative intravenous 
triiodothyronine (T3) or thyroxine (T4) along 
with glucocorticoids if they undergo urgent or 
emergent surgery.

Thyroid replacement therapy can be initiated 
in the newly diagnosed patient with mild to  
moderate disease who undergoes noncardiac  
surgery at the same dose and schedule that would 
have been initiated in the outpatient setting. 
Patients already on therapy can take their usual 
dose of medication the morning of surgery.  
Levothyroxine (synthetic T4) has a half-life of 5 to 
9 days and so oral doses can be missed for several 
days after surgery in a patient who is not eating. 
Liothyronine (synthetic T3) has a shorter half-life 
of 1.5 days. About 80% of levothyroxine is 
absorbed enterally in the duodenum and proxi-
mal jejunum, and, therefore, patients who are fed 
with a percutaneous jejunostomy tube may not 
adequately absorb levothyroxine over a prolonged 
period of time.37 In those cases, infusion intrave-
nously or through a nasogastric tube may be  
warranted. Intravenous levothyroxine should be 
reduced to 80% of the oral dose.

There is controversy regarding the initiation 
of thyroid hormone replacement in those patients 
who undergo cardiac surgery. A common  
concern is that treatment may provoke or exacer-
bate ischemia, though a large early study showed 
that less than 1% of newly diagnosed hypothyroid 
patients developed angina in the first 6 months of 
therapy.38 A small retrospective study showed no 
difference in outcome in coronary artery bypass 
graft (CABG) between hypothyroid patients with 
mild to moderate hypothyroidism compared to 
those who were euthyroid on replacement.39  
A prospective study showed no difference in  
outcome from CABG between patients with mild 
to moderate hypothyroidism and those without 
the disease.40 A more recent prospective study 
evaluated 58 consecutive patients on thyroid 
replacement in a sample of 3,631 patients who 
underwent CABG over a 7-year period. Women 
with hypothyroidism on hormone replacement 
had an excess 30-day mortality compared to men 
with hypothyroidism on replacement. Levothy-
roxine dose and serum thyroxine level were 
inversely associated with mortality. However, the 
study was limited in several ways. The number  
of hypothyroid patients was small, and the preva-
lence of hypothyroidism in the study sample was 
likely underestimated because thyroid hormone 
levels were not checked preoperatively in all 
patients.41 Given the conflicting studies, the need 
for thyroid replacement in newly diagnosed or 
undertreated hypothyroid patients undergoing 
cardiac surgery needs to be assessed on an  
individual basis.

Table 1  Perioperative Management of Diabetes Mellitus Insulin Regimens

Duration and Anticipated Meals Usual Insulin Regimen Perioperative
Type of Surgery   Management

Short Early am Breakfast will be eaten Single or multiple doses Delay and give after
    procedure with breakfast
  Peakless (glargine)  Usual am dose 
  Insulin pump Basal rate, bolus with
    breakfast if needed

Short Late am Breakfast will be missed Single am dose 2/3 TDD as IAI
 Lunch will be eaten 2 or 3 daily doses 1/2 TMD as IAI
  MDI 1/3 am dose of SAI
  Peakless (glargine) Usual am dose
  Insulin pump Basal rate only

Short Afternoon Breakfast will be missed Single am dose ½ TDD as IAI
 Lunch will be missed 2 or 3 daily doses MDI 1/3 TMD as IAI
   1/3 am, 1/3 lunch doses of 
    SAI
       or or Peakless (glargine) Usual am dose 
Uncertain Uncertain Insulin pump Basal rate only
Complex NPO Any Continuous IV insulin
Prolonged

Adapted from Jacober SJ and Sowers JR.19

IAI=intermediate-acting insulin; MDI=multiple doses of short-acting insulin; SAI=short-acting insulin; TDD=total daily dose 
(short plus intermediate-acting insulin); TMD=total morning dose (short plus intermediate-acting insulin).



698 Chapter 82

In a case series of 136 post-laryngectomy 
head and neck cancer patients, wound complica-
tions were twice as frequent in those who were 
hypothyroid.32 Case reports documented rapid 
healing of fistulas refractory to conservative  
therapy in head and neck cancer patients if occult 
hypothyroidism was treated.42 Hypothyroidism 
should be suspected in any postoperative patient 
who develops unexplained heart failure, pro-
longed ileus or neuropsychiatric complications. 
Myxedema coma is rare, but surgery can precipi-
tate it.43–44 It should be considered in any  
hypothyroid patient who develops seizures,  
shock or coma and should be treated in an  
ICU with intravenous T3 and T4 as well as  
glucocorticoids.45

The Patient with Hyperthyroidism

Introduction
Thyrotoxicosis carries risk for the perioperative 
patient. Thyroid hormone exerts direct inotropic 
and chronotropic effects on cardiac muscle, and  
it influences the sympathetic nervous system  
and vasculature. Manifestations of thyrotoxicosis 
include systolic hypertension with a widened 
pulse pressure, tachycardia, decreased systemic 
vascular resistance, and increased cardiac output, 
all of which can lead to angina, congestive heart 
failure and arrhythmias.46–48 Thyroid storm is a 
rare but life-threatening complication of thyro-
toxicosis. It can present with fever, tachycardia, 
and confusion, and can quickly progress to  
cardiovascular collapse and death.49 The stress of 
surgery can provoke perioperative complications 
in the undiagnosed or undertreated hyperthyroid 
patient.

Preoperative Assessment
Like hypothyroidism, the prevalence of hyperthy-
roidism is higher in women and increases  
with age.50–52 It may also be higher in patients with 
thyroid cancer. Two European studies showed a 
prevalence of hyperthyroidism of 9.1% in 217 
patients53 and 14% in 110 patients who under-
went thyroidectomies for differentiated cancer.54 
Struma ovarii is a teratoma of the ovaries that 
contains thyroid tissue. Tumors may be benign or 
malignant, but in either case, a small percentage 
of patients can develop ectopic hyperthyroidism 
from them.55 Patients with previous radiation 
therapy for Hodgkin’s disease have an elevated 
risk, not just for hypothyroidism but for Graves’ 
disease.23 Patients who have undergone past treat-
ment for hyperthyroidism may develop recurrent 
disease.56 While screening for hyperthyroidism is 
not warranted in the general surgical population, 
patients with previous thyroid surgery or treat-
ment, patients with clinical symptoms suggestive 
of hyperthyroidism and patients with cancers 
associated with it should be tested for thyroid 
function.

Perioperative Management
Elective surgery in a patient with hyperthyroid-
ism should be postponed until the patient is  
clinically and biochemically euthyroid. Preopera-
tive treatment should include a combination  
of therapies directed against the thyroid gland, 
against peripheral effects of thyroid hormone, 
and against systemic decompensation (Table 2).57 
The thionamides, propylthiouracil (PTU) and 
methimazole, block thyroid hormone synthesis 
but not its release. Though it may take 3 to 8  weeks 
for the patient to become euthyroid while on 
them, they are preferred therapy. Methimazole 
has a longer duration of action and once-daily 
dosing, while PTU has the advantage of blocking 
peripheral T4 to T3 conversion. Both can cause 
agranulocytosis in less than 1% of patients.

Iodine can be beneficial in patients who need 
rapid preparation or combination therapy for 
severe thyrotoxicosis. It decreases the synthesis  

of new hormone,58 but in hyperthyroid patients  
it may paradoxically worsen thyrotoxicosis by 
temporarily providing substrate for more thyroid 
production.59 Thus a thionamide should be given 
at least an hour before its administration. Iodine 
can be given orally through, Lugol’s solution, or 
iopanoic acid, a radiographic contrast agent. It 
can also be given intravenously or rectally.

All thyrotoxic patients should be treated with 
beta-blockade unless there are contraindications 
to its use. At high doses propranolol blocks 
peripheral conversion of T4 to T3, but other b-
blockers have no effect on hormone production. 
Rather, they treat tachycardia and help prevent 
cardiac complications such as arrhythmia. Higher 
and more frequent doses of b-blockers than usual 
may be necessary because of increased metabo-
lism in the hyperthyroid patient.60 Heart rate and 
blood pressure should be used as a guide for 
dosing. Longer acting b-blockers such as atenolol 
given the morning of surgery provide longer  
perioperative blockade.61 Intravenous proprano-
lol, metoprolol or esmolol can be used for the 
patient who cannot take oral medication.

Some patients may need rapid preparation 
for urgent or emergent surgery, and reports have 
shown this can be done safely in an average of 
seven days.62,63 A regimen for this preparation is 
detailed in Table 3.

All patients should be monitored closely for 
intraoperative and postoperative cardiac compli-
cations, including ischemia, heart failure, and 
arrhythmia. Thionamides should be continued in 
the postoperative patient who has not undergone 
thyroidectomy. These can be given rectally for the 
patient who cannot take them orally.64,65 Adrenal 
reserve may be low in the thyrotoxic patient, and 
corticosteroid replacement should be considered 
in the decompensating or critically ill postopera-
tive patient. Corticosteroids treat adrenal insuffi-
ciency and may block peripheral conversion of  
T4 to T3. Thyroid carcinoma, an elevated free  
thyroxine level and substernal thyroid disease are 
risk factors for post-thyroidectomy hypocalce-
mia, and postoperative calcium should be checked 
in those cases.66

Although thyroid storm is now rare, it should 
be considered in patients with high fever, gastro-
intestinal symptoms (such as nausea, vomiting, 
diarrhea or abdominal pain), and cardiac or  
neuropsychiatric decompensation.49 Therapy is 
similar to the patient with severe thyrotoxicosis 
but is given at higher doses and includes  
beta-blockade, thionamides, iodinated contrast 
agents, iodine and corticosteroids. Supportive 
care in the ICU is essential and should include 
hydration, nutrition with glucose and vitamins, 
antipyretics, cooling blankets, and treatment  
of cardiac decompensation. Acetaminophen 
should be given for fever because aspirin may 
increase thyroid hormone concentrations by 

Table 2  Management of Thyrotoxicosis

Treatment directed against the thyroid gland
Inhibition of new hormone synthesis
 Thionamide drugs (PTU, MMI)
Inhibition of thyroid hormone release
 Iodine
 Potassium iodide, Lugol’s solution,  
  iopanoic acid
 Lithium carbonate

Treatment Directed against Peripheral Effects of  
Thyroid Hormone
Inhibition of T4 to T3 conversion
 PTU
 Corticosteroids
 Iopanoic acid, amiodarone
 Propranolol
 Anti-adrenergic agents
 Reserpine
 Guanethidine
Removal of excess circulating thyroid hormone
 Plasmapheresis
 Charcoal plasmaperfusion

Treatment Directed against Systemic  
Decompensation
Treatment of hyperthermia
 Acetaminophen
 Cooling
 Correction of dehydration and nutritional  
  deficit
 Fluids and electrolytes
 Glucose
 Vitamins
Supportive therapy
 Corticosteroids
 Vasopressors
 Treatment of congestive heart failure
 Treatment of arrhythmia

Treatment Directed at a Precipitating Event in  
Thyroid Storm
Etiology-dependent therapy 

Adapted from Langley RW and Burch HB.57
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interfering with protein binding of T3 and T4 (see 
Table 2).

The Patient on Exogenous  
Corticosteroids

Introduction
Millions of prescriptions for oral corticosteroids 
are written yearly in the United States for autoim-
mune and inflammatory diseases such as asthma 
or rheumatoid arthritis.67 Corticosteroids are also 
frequently used in cancer patients in chemother-
apy regimens and as treatment for complications 
of malignancy and chemotherapy, such as nausea 
or increased intracranial pressure and swelling 
from primary and metastatic brain tumors.

Adrenal gland production of cortisol is an 
essential endocrine response to stress and is 
caused by activation of the hypothalamic- 
pituitary-adrenal (HPA) axis and increased serum 
corticotropin (also called ACTH). Cortisol main-
tains vascular tone, endothelial integrity, and  
vascular permeability, and also potentiates the 
vasoconstrictor actions of catecholamines.68 
Destruction of the adrenal glands through infec-
tion, infarction, hemorrhage, or autoimmune 
disease leads to primary adrenal insufficiency. 
Secondary adrenal insufficiency can be caused by 

exogenous corticosteroids that can suppress the 
normal feedback loop of the HPA axis. Chronic 
suppression may prevent sufficient innate  
cortisol production by otherwise normal adrenals 
during stress. Recovery of adequate adrenal  
function may be delayed after cessation of exog-
enous corticosteroids.

The stress of surgery can precipitate adrenal 
crisis in the cancer patient with underlying  
adrenal insufficiency and lead to fever, hypoten-
sion, shock, and death. Early case reports in the 
1950s suggested that acute adrenal insufficiency 
occurred when patients’ chronic corticosteroids 
were withheld in the perioperative period. In 
response to those reports, “stress dose” supple-
mental steroid regimens were devised to give to 
patients currently or previously on corticoste-
roids who underwent surgery to ensure adequate 
cortisol coverage and to prevent adrenal crisis. 
Patients often received large doses of corticoste-
roids for several days in the perioperative period. 
More recent authors have questioned the need 
for, or the amount of, supplemental perioperative 
corticosteroids.69 Some have argued that patients 
only need to continue on their usual dose of  
corticosteroids in the surgical period.70 Although 
other recent studies have shown that periopera-
tive corticosteroids may carry additional benefits, 
such as prevention of postoperative nausea and 

modulation of inflammatory mediators that may 
improve surgical outcomes, they can also increase 
the risk of infection and mask a febrile response 
to it.71–73 Corticosteroids can provoke or increase 
hyperglycemia, affect wound healing, and con-
tribute to gastrointestinal hemorrhage and perfo-
ration.74–77 Management of patients on chronic 
corticosteroids must balance the risk of adrenal 
crisis from insufficient corticosteroid supplemen-
tation against the risk of complications from 
excessive corticosteroid supplementation.

The dose and duration of exogenous cortico-
steroids that cause suppression of the HPA axis 
are highly variable among individuals. It seems 
clear that doses equivalent to less than 5 mg of 
morning prednisone or prednisone given on an 
every-other-day regimen do not cause HPA axis 
suppression no matter how long they are given.78,79 
Long-acting corticosteroids such as dexametha-
sone, which are frequently given to cancer 
patients, may cause HPA suppression sooner than 
those with shorter half-lives. A number of  
small studies showed that patients recover HPA 
function quickly (within one to two weeks)  
after given high doses of corticosteroids for 5 to 
30  days, but a few patients may remain suppressed 
for much longer.80,81 There are studies that show 
biochemical evidence of HPA axis suppression in 
patients on chronic, high-dose, inhaled or potent 
topical steroids, and case reports of adrenal insuf-
ficiency with stress in patients, especially children, 
on those medications.82,83 There are only a few 
older, poorly designed studies that look at how 
long it takes for the HPA axis to recover after a 
course of prolonged corticosteroids.

Some have argued that the corticotropin 
stimulation test should be used to assess patients 
preoperatively for HPA axis suppression so that 
only those who need supplemental corticoste-
roids receive them. Though it is a very sensitive 
test for primary adrenal insufficiency, its sensitiv-
ity is less for secondary adrenal insufficiency.84 
Furthermore, there may not be time for the 
patient to undergo the test prior to surgery. In 
addition, a few small studies showed that even 
those patients who have documented HPA axis 
suppression from exogenous corticosteroids do 
not develop adrenal insufficiency—even when 
they go to surgery without corticosteroid cover-
age.70,85,86 Laboratory evidence of HPA axis  
suppression does not always correlate with clini-
cal adrenal insufficiency.

Without a sufficient number of well-designed 
studies to provide reliable evidence for decisions 
on which patients on chronic corticosteroids need 
perioperative supplementation, the consultant 
must rely on consensus. The likelihood of adrenal 
crisis in a surgical patient on chronic corticoste-
roids is low, but the morbidity and mortality from 
untreated adrenal crisis is high, and, therefore, it 
must be prevented. A conservative approach is to 

Table 3  Rapid Preparation of Thyrotoxic Patients for Emergent Surgery

Drug Class Recommended Drug Dosage Mechanism of Action Continue Postoperatively?

Beta-adrenergic Propranolol 40 to 80  mg Beta-adrenergic Yes
 blockade  PO tid-qid  blockade; decreased
   T4 to T3 conversion 
    (high dose)

 or Esmolol 50 to100   Beta-adrenergic Change to oral
   mg/kg/min  blockade  propranolol

Thionamide Propylthiouracil 200  mg Inhibition of new Stop after near total
   PO q4h  thyroid hormone  thyroidectomy 
    synthesis; decreased Continue after
    T4 to T3 conversion  nonthyroid surgery

 or Methimazole 20  mg Inhibition of new Stop after near total
   PO q4h  thyroid hormone  thyroidectomy
    synthesis Continue after
     nonthyroid surgery

Oral cholecysto- Iopanoic acid 500  mg Decreased release Stop immediately
 graphic agent   PO bid  of thyroid hormone,  after surgery
    decreased T4 to T3

    conversion

Cortico-steroids Hydrocortisone 100  mg Vasomotor stability; Taper over 72
   PO or IV  decreased T4 to T3  hours
   q8h  conversion

 or Dexamethasone 2  mg PO Vasomotor stability; Taper over 72
   or IV q6  decreased T4 to T3  hours
    conversion

 or Betamethasone .5  mg PO Vasomotor stability; Taper over 72
   IM or IV  decreased T4 to T3   hours
   q6h  conversion

Adapted from Langley RW and Burch HB.57

bid=twice a day; IM=intramuscularly; IV=intravenously; PO=by mouth; qid=four times a day; q4h=every 4 hours; 
q6h=every 6 hours; q8h=every 8 hours; T3 = triiodothyronine; T4=thyroxine; tid=three times a day.
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consider any patient who has been on greater 
than 5  mg of prednisone for more than a week  
as possibly suppressed. Though there is still  
disagreement among experts on what dose and 
duration to use as a cut-off for presumed HPA 
axis suppression, there is more agreement on 
what amount of corticosteroid needs to be given 
for specific types of procedures.

Cortisol levels peak postoperatively in  
the early recovery period, probably in response  
to pain, but usually return to normal 24  hours 
after surgery.87,88 The average corticosteroid 
requirement for minor surgery is 25  mg/d of 
hydrocortisone; for moderate stress surgery, it  
is 50 to 75  mg/d; and for major surgery, 100 to 
150  mg/d.69 Though the response to severe stress 
or critical illness can be 200 to 500  mg of cortisol 
per day, responses of more than 200  mg/d in the 
first 24 hours after surgery are rare. Therefore, 
many patients on corticosteroids will only need to 
take their usual dose for minor or moderate stress 
surgery to meet the hydrocortisone needs of the 
procedure. For example, patients on 7.5  mg daily 
of prednisone who undergo a minor procedure, 
such as an inguinal hernia repair, are already on 
the equivalent of more than 25  mg of hydrocorti-
sone. They should take the usual dose the morn-
ing of surgery and do not need supplementation 
with additional corticosteroids (Table 4).

Preoperative Assessment
A patient’s type and dose of corticosteroid and 
duration of use should be documented. Use in  
the 6 months to a year before surgery should be 
investigated, especially in patients with underly-
ing diseases that are treated with corticosteroids. 
Previous complications from corticosteroids, 
such as osteoporosis or infections. should be 
noted. The decision to continue with the usual 
corticosteroid dose or to add a supplemental dose 
needs to be communicated to the patient and the 
anesthesiologist. The consultant must be familiar 
with corticosteroid equivalencies in order to 
choose dosing compatible with the patient’s  
corticosteroid regimen and the stress of the  
anticipated surgery (Table 5). 

Perioperative Management
Usual and supplemental oral corticosteroids can 
be given the morning of surgery if it is minor or 
of short duration. Supplemental corticosteroids 
given in addition to the patient’s usual oral dose 
should be given intravenously prior to intubation 
for prolonged or complex procedures. Additional 
doses may need to be given intraoperatively or in 
recovery depending on the length and stress of 
surgery and half-life of the corticosteroid used. 
Corticosteroids with longer half-lives such as 
dexamethasone may be preferred over ones with 
shorter half-lives, such as hydrocortisone, to 
achieve longer lasting coverage and less fluctua-
tion in cortisol levels in the surgical period.  
Supplemental corticosteroids do not need to be 
given to patients on high-dose inhaled or topical 

corticosteroids unless they have documented 
HPA axis suppression. However, if they develop 
perioperative hypotension or other signs of  
adrenal insufficiency, they should be assessed and 
treated promptly.

In the absence of complications such as 
bleeding, ischemia, or infection, the patient can 
resume his or her usual corticosteroid dose the 
day after minor or moderate stress surgery. 
Patients who undergo major surgery should  
probably be tapered over 24 to 48 hours to their 
usual dose.

Adrenal insufficiency should be suspected in 
any patient who develops fever, hypotension, or 
shock, postoperatively. Confusion, hyperkalemia, 
and hyponatremia may also be indications of 
adrenal insufficiency. Though acute primary 
adrenal insufficiency is uncommon in the surgical 
period, it can occur in response to prolonged 
hypotension or overwhelming infection or  
hemorrhage involving both adrenals.

The surgical patient in the ICU may need 
special evaluation of adrenal function. In critical 
illness, and in particular septic shock, inflamma-
tory mediators may suppress the HPA axis.  
Tissues and receptors may become resistant to 
corticosteroids, and, despite normal or even high 
levels of cortisol, a relative adrenal insufficiency 
may develop. Some studies have shown that, in 
these patients, supplemental corticosteroids may 
decrease mortality.89,90 Therefore, surgical patients 
with septic shock resistant to vasopressors should 
have a random cortisol level checked. If it is less 
than 20, they should be treated with corticoste-
roids. If the level is 20 to 34, an ACTH stimulation 
test should be done. If the rise in cortisol in 
response to the test is less than 9, corticosteroids 
should be given (see Table 5).

The Patient with Electrolyte  
Abnormalities

Hypercalcemia
General Overview

Malignancy associated hypercalcemia is a life-
threatening disorder with high morbidity  
and mortality. Approximately one-third of all 
outpatients who present with hypercalcemia and 
half of all hospitalized patients with hypercalce-
mia have a malignancy-related etiology.91 It is  
the most common life-threatening metabolic  
disorder associated with cancer.92 Hypercalcemia 
is estimated to occur in 10% to 20% of cancer 
patients during the course of their disease, but the 
symptoms are often overlooked because they are 
nonspecific and are dismissed as being due to the 
underlying malignant process or its therapy.93,94

Various types of malignancies have been 
associated with hypercalcemia. However, over 
half of the patients with malignancy-associated 
hypercalcemia have a lung or breast carcinoma. 

Table 4  Corticosteroid Equivalents

Corticosteroid Relative Potency Equivalent Dose (mg) Biological Half-life (hr)

Hydrocortisone
(cortisol) 1 20 8 to 12
Cortisone .8 25 8 to 12
Prednisone 4 5 18 to 36
Prednisolone 4 5 18 to 36
Methylprednisolone 5 4 18 to 36
Triamcinolone 5 4 18 to 36
Dexamethasone 25 to 50 .5 35 to 54

Adapted from Krasner AS. Glucocorticoid-induced adrenal insufficiency. JAMA 1999;282:671–6.

Table 5  Supplemental Corticosteroid  
Regimen

Type of surgical Corticosteroid
procedure supplementation

Minor If currently taking 
  corticosteroids take usual 
  dose in am, no 
  supplementation needed 

 If not currently on
  corticosteroids, take the 
  equivalent of 25 mg of 
  hydrocortisone

Moderate 50 to 75mg hydrocortisone 
  equivalent over the day of
  surgery 
 Resume usual dose POD 1

Major 100 to 150 mg of 
  hydrocortisone equivalent 
  over day of surgery
 Taper by 1/2 to usual dose 
  over 24-48 hours

Critical Illness 50 to 100  mg hydrocortisone 
  IV q6 to 8 or .18  mg/kg/h 
  continuous infusion plus 
  50ug fludrocortisone until 
  shock resolved. 

Reproduced with permission from.
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Other malignancies frequently associated with 
hypercalcemia include multiple myeloma, squa-
mous carcinomas of the head and neck, and car-
cinomas of the kidney and ovary.95 The relative 
frequency of the type of malignancies associated 
with hypercalcemia is outlined in Table 6.

Malignancy-associated hypercalcemia is  
predominantly due to increased mobilization of 
calcium from bone, and to a minor degree from 
increased renal tubular calcium reabsorption. 
There are three major mechanisms by which this 
occurs: tumor cell release of parathyroid– 
hormone-related peptide, induction of local  
osteolysis by tumor cell mediators, and increased 
production of calcitriol (1, 25 hydroxy-vitamin 
D3) by tumor cells.96

Preoperative Assessment

Free intracellular calcium initiates or regulates 
muscle contraction, neurotransmitter release, 
hormone secretion, enzyme action, and energy 
metabolism. Thus, symptoms of hypercalcemia 
are due to the various end-organ abnormalities 
associated with these functions.97 The degree of 
symptomatology is linked more to the rate of 
increase in serum calcium than to that of the 
absolute serum calcium level.98 Mild to moderate 
hypercalcemia is often asymptomatic, but symp-
toms could include anorexia, nausea, vomiting, 
constipation, polydipsia and polyuria, muscle 
weakness, and fatigue. When the hypercalcemia is 
more severe (corrected serum calcium of more 
than 14.0  mg/dL), the patient will often develop 
mental status changes such as lethargy, headache, 
confusion or obtundation. Cardiac abnormalities 
are also common and include shortened QT 
intervals, bradycardia, ST-T wave abnormalities 
and arrhythmias. Peptic ulcer disease is more 
prevalent in hypercalcemic patients because the 
production of gastrin and gastric acid is increased. 
Approximately one-third of all hypercalcemic 
patients are hypertensive; the hypertension  
usually resolves with successful treatment of the  
primary disease.

It is important to check calcium levels in  
the perioperative assessment of patients with 
malignancy—regardless of symptomatology. In 
this population, ionized calcium levels are a better 
alternative than total serum calcium levels. 
Because half of the total extracellular calcium is 
protein-bound (mainly albumin) or complexed 
with anions, decreased serum albumin levels can 
markedly affect the result of the measured  
total serum calcium. In a patient with abnormal 
albumin levels, the total serum calcium needs to 
be corrected; every change in total serum albumin 
of 1  g/dL is associated with a 0.8  mg/dL change in 
total serum calcium. This is important to keep in 
mind because of the high prevalence of low serum 
albumin in this population. Alternatively, plasma 
concentrations of ionized calcium represent the 
hormone-regulated and biologically active form 
of calcium and do not need to be corrected for 
albumin. Ionized calcium levels are therefore a 
better alternative for calcium measurement in the 
cancer patient.

The acute treatment of hypercalcemia is 
hydration with normal saline. The benefit of 
hydration is twofold. Hydration lowers serum 
calcium concentrations by dilution and sodium 
acts to inhibit renal tubular absorption of  
calcium. Once the patient is volume-expanded, 
furosemide-induced diuresis will facilitate renal 
elimination of calcium. Complications of these 
interventions include hypomagnesemia and 
hypokalemia, and, thus, magnesium and potas-
sium need to be followed closely and replaced  
as necessary. Phosphate levels should be moni-
tored and replaced because hypophosphatemia 
decreases calcium uptake into bone, increases  
calcium, and stimulates breakdown of bone. 
Hydration and diuresis, accompanied by phos-
phate repletion, suffice for the acute management 
of most hypercalcemic patients.

Intraoperative Management (Communication 
with Anesthesia)

Patients with mild or moderate hypercalcemia 
(12 to 14  mg/dL) who have normal renal and  
cardiovascular function present no special pre-
operative problems. Because severe hypercalce-
mia (>14  mg/dL) can result in hypovolemia, 
normal intravascular volume and electrolyte 
status should be restored before anesthesia and 
surgery are begun. However, asymptomatic 
hypercalcemia is associated with minimal risk  
in the euvolemic patient if the corrected  
calcium concentration is less than 12  mg/dL. The 
anesthetic management of a patient with  
hyper calcemia should involve maintenance of  
hydration and urine output with sodium- 
containing fluids.97

Intraoperative monitoring of the electrocar-
diogram is useful to detect cardiac conduction 
defects with prolonged PR or QT intervals and/or 

widening of the QRS complex. Hypercalcemic 
patients who have skeletal muscle weakness  
may have decreased requirements for muscle 
relaxants, whereas hypercalcemia might also 
antagonize the effects of nondepolarizing muscle 
relaxants. In view of this unpredictable response 
to muscle relaxants, many anesthesiologists  
will decrease the initial dose of these drugs and 
monitor the patient’s response with a peripheral 
nerve stimulator.99

Postoperative Management

Postoperative management of hypercalcemia in 
this population should include more definitive 
treatment of the hypercalcemia. The most  
effective way to control the hypercalcemia of 
malignant disease is by expedited therapy  
(chemotherapy, radiation therapy or surgical 
therapy) aimed at eradicating or reducing the 
tumor burden.94 To control the serum calcium 
level in the interim, an antihypercalcemic drug 
can be used.

There have been several antihypercalcemic 
therapies used in the past, but bisphosphonates 
have become the drug of choice because they 
inhibit osteoclast function—which is the final 
common pathway for bone resorption in both 
humoral and local osteolytic hypercalcemia (bone 
resorption is increased in the majority of patients 
with malignancy-induced hypercalcemia).100 An 
infusion of either intravenous zoledronic acid  
or pamidronate is most commonly used. In the 
presence of more severe or symptomatic hyper-
calcemia, intramuscular calcitonin can be used in 
conjunction with the bisphosphonate.94 The 
serum calcium will usually reach a nadir at 5 to  
7  days. The duration of normocalcemia is vari-
able, depending on the tumor type, tumor burden, 
and patient differences. Calcium concentrations 
should be monitored on a weekly basis and repeat 
treatment with zoledronic acid or pamidronate at 
2- to 3-week intervals is recommended until the 
patient has definitive treatment of the malignancy 
and the hypercalcemia has resolved. Unfortu-
nately, the malignant process is often quite 
advanced when hypercalcemia occurs and the 
patient usually dies within a few weeks.

Hyponatremia
General Overview

Hyponatremia is defined as a decrease in serum 
sodium concentration below 136 milliequivalents 
per liter (mEq/L).101 It is one of the most common 
electrolyte disorders in the general population, 
occurring in 1 to 20% of all hospitalizations.102–107 
Similarly, hyponatremia has been reported in 
about 4% of cancer patient hospitalizations.108

Many malignancies have been associated 
with hyponatremia. However, more than 50%  

Table 6  Malignancies Associated with  
Hypercalcemia

 No. of  Percent of
 Patients Total

Breast 40 36 
Lung 26 23
Myeloma 15 14
Head and Neck 9 8
Kidney  9 8
Gastrointestinal 6 5
Bladder 3 3
Undifferentiated 3 3
Total 111 100

Reproduced with permission from Adami S and Rossini 
M.95
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of patients with malignancy-associated hypo-
natremia have lung (both non-squamous cell  
and squamous cell), breast and head/neck carci-
nomas. Other malignancies that are occasionally 
associated with hyponatremia are gas trointestinal 
neoplasms, acute leukemias, non-Hodgkin  
lymphomas and other hematological  
malignancies.108

Hyponatremia in the setting of malignancy 
has several potential etiologies. The most common 
causes are syndrome of inappropriate antidiuretic 
hormone (SIADH) secretion and depletional 
(gastrointestinal, renal losses or poor oral [PO] 
intake) states, occurring in 35% and 33%, respec-
tively, of hospitalized cancer patients.108 Of course, 
hyponatremia in this population can also be  
secondary to certain antineoplastic drugs, by  
iatrogenic causes, and by other comorbid con-
ditions. Table 7 outlines the common causes of 
hyponatremia in cancer patients categorized into 
one of three categories: 1) related to tumor or 
metastasis, 2) related to therapy, or 3) related to 
secondary complications.109

Preoperative Assessment

The symptoms of hyponatremia are primarily 
neurologic, and the severity is dependent on the 
rapidity of onset and absolute decrease in plasma 
sodium. Early on, patients may be asymptomatic 
or may complain of nausea and malaise. As the 
plasma sodium falls, the symptoms progress to 
include headache, lethargy, confusion, and obtun-
dation. Stupor, seizures, and coma do not usually 
occur unless the plasma sodium falls acutely 

below 120  mEq/L.110 Cardiac symptoms (ventri-
cular tachycardia and fibrillation) usually occur 
late, at levels of 110  mEq/L or lower.97 However, 
electrocardiogram (ECG) changes (widened QRS 
and elevated ST segment) are noted at levels of 
115  mEq/L.99 In chronic hyponatremia, adaptive 
mechanisms designed to preserve cell volume 
occur and tend to minimize the increase in  
intracellular fluid volume, and, thus, patients  
are less symptomatic at lower sodium levels.110 
Since serum sodium concentrations of less than 
130  mEq/L have been associated with a 60-fold 
increase in mortality, early recognition and 
appropriate therapy are important.109

A careful history and physical examination is 
important to help identify the etiology of the 
hyponatremia. An assessment of fluid intake and 
output should include oral and parenteral intake, 
as well as extracellular volume losses from gastro-
intestinal sources, from skin and from urine. The 
physical exam should focus on volume status. 
Postural hypotension, dry mucous membranes, 
and poor skin turgor suggest decreased extracel-
lular fluid volume. Peripheral edema and jugular 
venous distention suggest increased extracellular 
fluid volume. However, commonly, the patient  
is euvolemic, and none of these findings are  
present.

Laboratory evaluation should include plasma 
osmolality, electrolytes, blood urea nitrogen and 
creatinine, glucose, urine sodium and urine 
osmolality. The results of the history, physical 
examination findings, and the laboratory evalua-
tion should help to narrow down the etiology  
of the hyponatremia, which is crucial to imple-
menting an appropriate treatment plan aimed at 
normalizing the serum sodium levels.

Acute treatment of hyponatremia and the 
urgency of sodium correction depend on the 
presence and severity of the symptoms and  
the rapidity in which the hyponatremia has  
developed. The treatment of hyponatremia is 
directed by the presumed etiology and by the 
extracellular fluid volume status. For patients 
with hypovolemic hyponatremia, treatment 
should involve replacing the extracellular fluid 
volume with isotonic saline, which will restore 
normal intrarenal hemodynamics and suppress 
vasopressin release. For patients with hypervol-
emic hyponatremia, the mainstay of treatment 
consists of sodium and water restriction, often 
with the use of loop diuretics to facilitate free 
water excretion. Those patients with euvolemic 
hyponatremia are the most common and,  
perhaps, the most difficult to treat in that patients 
usually have to adhere to strict water restriction.

In any patient with severe, symptomatic 
hyponatremia, a concentrated solution of saline 
can be used cautiously to replace the serum 
sodium up to 125  mEq/L, and then less aggressive 
measures can be instituted. If hypertonic saline  

is necessary, the patient should be closely moni-
tored in an intensive care setting where sodium 
levels and urine output can be monitored on an 
hourly basis. The rate of correction of the serum 
sodium concentration has been the subject of 
debate. A good rule of thumb is to correct the 
serum sodium at the rate in which the hyponatre-
mia developed. If the patient developed hypona-
tremia and symptoms within 48 hours, a more 
rapid correction is safe. If the timeline of onset is 
unknown or greater than 48  hours, it is best  
to replace the serum sodium more slowly (10 to 
12  mEq/L per day) to prevent delayed neurologic 
complications.109

Intraoperative Management

Asymptomatic hyponatremia is not associated 
with increased perioperative risk, provided that 
normal extracellular fluid volume is normal-
ized.111 Patients with symptomatic hyponatremia, 
however, need to be treated urgently and should 
not undergo any surgical procedure until the 
symptoms resolve.

Due to the decreased excitability of cells as a 
result of the hyponatremia, patients may have 
poor myocardial contractility and increased  
sensitivity to nondepolarizing muscle relaxants. 
Patients with hyponatremia may also develop 
unexpected hypotension in response to cardiac 
depressant anesthetic drugs due to the hypona-
tremic effect on myocardial function.99 

Preventive measures, such as preference for 
the use of isotonic saline for intraoperative fluid 
replacement in patients who are “at risk” for 
hyponatremia are also important. Those felt to be 
“at risk” are patients with malignancies known to 
be associated with SIADH, patients with CNS 
lesions, patients on positive pressure ventilation, 
and patients who are currently on chemotherapy. 
For these patients, it is important to monitor 
sodium levels closely and to avoid the use of 
hypotonic fluid replacement if at all possible.

Postoperative Management

The sodium levels need to be monitored closely in 
the postoperative period, as well, because pain, 
stress, and opiate use can also stimulate ADH 
secretion. In addition, postoperative oral intake  
is usually reduced, and fluid replacement can 
often be excessive. All these factors can worsen 
hyponatremia.

The postoperative management of patients 
with malignancy-associated hyponatremia should 
be directed at treating the underlying neoplasm 
or correcting the underlying disorder felt to be 
contributing to the hyponatremia. The corner-
stone of hyponatremia treatment is fluid manage-
ment. However, for patients who are unresponsive 
or noncompliant with water restriction, there  
are pharmacologic agents that interfere with  

Table 7  Major Causes of Hyponatremia in 
Cancer Patients

Related to Tumor or Metastasis
Syndrome of inappropriate antidiuretic hormone  
 (SIADH) secretion
Adrenal insufficiency
Cirrhosis with ascites
Reset osmostat

Related to Therapy
Vincristine
Cyclophosphamide 
Cisplatin 
Hydration with hypotonic fluids
Overhydration

Related to Secondary Complications
Vomiting
Diarrhea
Lung disease (eg, pneumonia, TB or metastasis)
Central nervous system involvement
Acute renal failure
Salt-losing nephropathy

Reproduced with permission from McDonald GA, Dubose 
TD.109
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vasopressin action—the most common of which 
is demeclocycline. Demeclocycline interferes with 
the effect of antidiuretic hormone at the level of 
the collecting tubule and is most effective for 
patients with hyponatremia due to SIADH, but 
can also be used for patients with other causes of 
hyponatremia in whom loop diuretics are either 
contraindicated or ineffective.112
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Perioperative Cardiopulmonary  
Complications and Consideration in the 

Cancer Patient
Valerie Seabaugh, MD

Cancer patients are prone to many cardiothoracic 
complications, even if their primary tumor site  
is distant from the chest. Complications, such as 
pleural effusions, pulmonary embolism (PE), and 
cardiac compromise (from a variety of mecha
nisms), are commonly encountered in the onco
logy patient. These cardiothoracic complications 
can be particularly devastating—if not lethal—to 
this already physiologically compromised patient 
population. In fact, oncology patients admitted to 
the intensive care unit (ICU) with a complication 
requiring mechanical ventilation have a 65 to 
75% mortality rate.1,2 Needless to say, in patients 
at increased risk for cardiothoracic complica
tions, it is not surprising that there are unique 
considerations for cancer patients in the perio
perative phase of their treatment. This chapter  
will focus on these special considerations, as well 
as the frequent and infrequent complications 
encountered in thoracic surgery for cancer 
patients.

Pre-Operative Considerations

Lung cancer consistently remains one of the lead
ing causes of cancer death in the United States.3 
The 5year mortality of nonoperative treatment 
for stage one lung cancer is almost 83%.4 In  
contrast, mortality from lung resection surgery  
is about 3 to 4 %.5 Because resection remains  
the only hope for cure, every patient presenting 
with a lung tumor deserves careful consideration 
for surgery.

In evaluating patients preoperatively for  
pulmonary resection, a balance must be struck 
between the patient’s mortality risk of nonopera
tive treatment versus the mortality risk of surgical 
lung resection. Because many of the patients  
presenting for lung resection have a smoking  
history, the concurrence of chronic obstructive 
pul monary disease (COPD) with lung cancer is 
quite high. The challenge becomes predicting 
which patient with already compromised  

pul monary function will tolerate loss of lung 
tissue (Figure 1). 

Forced expiratory volume in one second 
(FEV1) is a commonly used spirometry study that 
has been shown to be a predictor of postoperative 
complications.6 Although this test is effort 
dependent, it does help quantify the extent of  
disease in COPD patients. In the patient being 
considered for pneumonectomy, an FEV1 greater 
than 2  L indicates the patient is in a lower risk  
category and can proceed to surgery. Alterna
tively, in the case of smaller adults, an FEV1 
greater than 80% of predicted suggests the patient 
will tolerate pneumonectomy. If the FEV1 is 
greater than 1.5  L the patient is a suitable candi
date for lobectomy. Additionally, each patient 
must be assessed for radiographic evidence of 
interstitial disease and queried about level of dys
pnea during exercise. If there is interstitial disease 
or a history of undue dyspnea on exertion, the 
diffusing capacity of carbon monoxide (DLCO) 
should also be measured. A predicted postopera
tive DLCO (ppoDLCO) of greater than 80% has 
been shown to have a very low postoperative 
mortality. A ppoDLCO value less than 40% of 
predicted is very sensitive as an indicator of a high 
postoperative mortality risk, and a ppoDLCO less 
than 80% is indicative of a threefold increased 
risk of pulmonary complications.7 Therefore, 
patients with a ppoDLCO greater than 80%  
may proceed to surgery without further testing.  
For patients with ppoDLCO less than 40%, the 
product of the ppoDLCO and ppoFEV1 has been 
shown to be a sensitive predictor of surgical out
come. If the ppoDLCO x ppoFEV1 is less than 
1,650, there is a high risk of mortality, and other 
options should be considered.8 For patients  
where the ppoFEV1 is 30 to 80% and the 
ppoDLCO is 40 to 80%, additional exercise  
testing is recommended.

The maximal oxygen consumption (VO2 
max) is calculated from measuring exhaled gases 

during exercise. During exercise, oxygen uptake 
increases incrementally up to a maximum 
amount. Beyond this level of activity, there is no 
increase in oxygen entering the circulation from 
the lungs. This peak uptake is the VO2 max and is 
thought to be a reflection of a patient’s pulmo
nary reserve. A VO2 max less than 10  mL/kg/min 
portends an unacceptably high risk for postoper
ative complications and death. If the VO2 max is 
greater than 20  mL/kg/min, the risk is acceptable 
for surgery. If the VO2 is less than 15  mL/kg/min 
and the ppoFEV1 and DLCO are both less than 
40%, the danger of death is too high for surgical 
treatment.8 For patients testing between 10 to  
20  mL/kg/min, decisionmaking should be based 
on overall clinical picture and additional testing. 
Additional exercise testing to consider is the 
patient’s ability to climb a flight of stairs or to 
walk at a progressively faster pace. Stair climbing 
is a rather simple form of exercise testing that was 
used to evaluate lung resection candidates prior 
to the availability of pulmonary function testing. 
A patient unable to climb one flight of stairs has 
been shown in several studies to be in danger of 
serious postoperative complications.9–12 Shuttle 
walking is a test that estimates pulmonary reserve 
based on walking between two points that are 
10  m apart. Each trip between the markers is 
timed by an audio signal that is shorter for  
each repetition, forcing the patient to walk at an 
escalating pace. The number of completed trips 
between the markers before the patient must stop 
due to dyspnea is their shuttlewalking score. 
Inability to complete at least 25 shuttles during 
two tests correlates with a high mortality risk and 
approximates a VO2 less than 10  mL/kg/min.9–12

For patients with conflicting test results or  
on the borderline of acceptability for surgical 
treatment, a broader approach must be used to 
consider their surgical candidacy. Age should  
not be used as a selection criteria since there is 
suggestion that elderly patients with adequate  
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Additionally it provides the lung with resistance 
to overinflation.14

Physiology of Pleural Fluid  
Accumulation
There are two main pathophysiologic pertur
bations which lead to the formation of pleural 
fluid accumulation. Either the rate of pleural fluid 
accumulation has exceeded the rate of maximal 
fluid absorption, or the pleural space’s ability  
to absorb the fluid has decreased. Of course, a 
combination of these two variables can also lead 
to fluid accumulation.

Ordinarily, there is a balance between the 
oncotic and hydrostatic pressure gradients, so 
that the net accumulation of fluid in the pleural 
space is zero. Under normal conditions, the 
hydrostatic fluid tension favoring movement 
from the capillaries to the pleural space is about 
35  cm H2O. This number reflects about 5  cm H2O 
of negative pleural pressure pulling across the 
capillary, as well as 30  cm of H2O in capillary 
hydrostatic pressure within the vessel wall. 
Opposing this force out of the capillaries is the 
oncotic pressure exerted by protein and solute 
within the plasma of the capillary, which totals 
about 34  cm H2O. However, there is an oncotic 
pressure from the normal pleural fluid protein 
found within the space. This small amount of 
fluid contains some protein, even at baseline con
ditions. This protein opposes the capillary oncotic 
pressure by about 5  cm H2O. Therefore, the net 
oncotic pressure working against the hydrostatic 
pressure totals 29  cm H2O.14

As demonstrated in Figure 2, there is a  
6  cm H2O pressure gradient favoring movement 
of fluid from the capillaries to the pleural space 
(35  cm H2O-29  cm H2O  =  6 cm H2O). In animal 
models, the rate of pleural fluid formation is  
0.01  mL/kg/h.15 The mechanism to clear this  
constantly forming pleural fluid is the lymphatic 
system. When challenged with increasing pleural 
fluid formation, the lymphatic system has the 
ability to absorb between 0.22 to 0.40 mL/kg/h.16,17 
Therefore, a 70kg human can clear over 670  mL 
of pleural fluid in a 24hour period (or 28  mL per 
hour).

With the physiologic and respiratory changes 
that accompany surgery, formation of pleural 
effusions is unfortunately common. In the setting 
of surgery (in the cancer patient, in particular), 
there are additional causative factors for the  
formation of pleural effusions.

In the setting of a gastrointestinal/abdominal 
tumor, cancer patients are at increased risk of 
malnutrition and, consequently, hypopro teine
mia. Hypoproteinemia can decrease plasma 
oncotic pressure and, therefore, contribute to net 
movement of fluid out of the pleural capillary.  
Up to 8% of effusions may be associated with 

pulmonary reserve can tolerate resection.13 
Rather, patients need to be presented with the 
options and known risks based on their cardio
pulmonary function profile and allowed to  
weigh the risks versus the potential benefits for 
themselves.

Pulmonary Complications
Pleural Effusions
Pleural effusions are a common and troublesome 
complication in oncology patients in both the 
acute inpatient and the chronic officebased set
ting. Because of their frequent presence in patients 
with all types of neoplasms, a discussion of the 
physiology of the pleura and the mechanism of 
fluid accumulation is necessary to understand 
their treatment.

Physiology of the Pleura
The pleura is a membranous surface covering  
the lungs, mediastinum, diaphragm, and intra
thoracic chest wall. This surface comprises the 
parietal and visceral pleura. The visceral pleura 
covers the lung parenchyma, including the  
intralobar fissures. The parietal pleura provides 
coverage to the thoracic wall. The parietal pleura 
is made of loose, irregular connective tissue  
over which lies a single layer of mesothelial cells. 
Vessels and initial lymphatics are within this  
irre gular connective tissue matrix. The connec
tive tissue within the visceral pleura contains  
collagenous fibers (woven in a pleated fashion) 
which have two discrete functions in lung phy
siology. This woven layer helps create the elastic 
recoil of the lung allowing for passing exhalation.  

Figure 1  Preoperative assessment for pulmonary resection.
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hypoproteinemia/hypoalbuminemia.18 Hy poal
buminemia as the sole cause of pleural effusion, 
however, is controversial. In studies of four 
patient groups (divided into four discrete groups 
with serum proteins above 3.5  g/dL, from 2.1 to 
3.5  g/dL, from 1.0 to 2.0  g/dL, and less than  
1.0  g/dL), the incidence of an effusion was com
parable among all the groups. In each patient in 
the group with serum albumin less than 1.0  g/dL, 
there was an additional causative factor for the 
effusion.19 Hypoproteinemia may be a contri
buting factor more than a causative factor in the 
formation of pleural effusion.

Patients with abdominal neoplasms also  
frequently develop paradoxical pleural effusions. 
The mechanism for this fluid accumulation may 
be due to anatomic defects in the diaphragm. 
Porous openings in the diaphragm, as well as 
defects around the esophageal junction, which 
allow ascitic fluid to freely flow into the thoracic 
cavity, have been described.20

Obviously, cancer patients with metastatic 
disease many times have obstructed lymphatic 
channels, as well as plugged porous end 
openings, and may not have the ability to accom
modate even the normal rate of pleural fluid 
formation leading to fluid collection. Local tumor 
growth may also block the thoracic duct and 
create an effusion comprised of chyle (chylo
thorax). Cancer (specifically lymphoma) is res
ponsible for about 75% of nontraumatic 
chylothoraces.14

Any perturbation that increases the rate  
of formation has the potential to create a large  
effusion. Compounding the inability to reabsorb 
normal pleural fluid, is the additional risk factor 
for congestive heart failure from prior cancer 
treatments. Chest radiation and chemotherapy 
can both contribute to the development of heart 
failure as well as edematous tissues with leaky 
capillary beds. In these patients, as pulmonary 
capillary pressure increases, fluid begins to leak 
out of the vessel wall and into the interstitium. 
This edema in the interstitium elevates the inter
stitial pressure and drives fluid across the visceral 
pleura into the pleural space.21,22

In the critically ill patient, the systemic 
inflammatory response (SIR) and sepsis (which 
can both be seen frequently in the postoperative 

oncology patient) also cause capillary leak. Both 
the sepsis and SIR syndromes similarly result in 
effusion formation. Both syndromes are asso
ciated with the release of mediators that affect  
capillary permeability and create leaky vessels.

Indications for Drainage of Effusions
Simply stated, there are three indications for 
drainage of pleural fluid. If the patient has a para
pneumonic effusion or empyema, drainage of the 
infected fluid is indicated to clear the infection. 
Secondly, if the fluid is of unknown origin,  
drainage for diagnostic purposes is a reasonable 
approach. Thirdly, effusions can be drained for 
symptomatic relief in patients who have chronic 
or acute accumulations of a known origin.

Whether the effusion is of lung, pleural, or 
paramalignant origin the approach to manage
ment is similar. When constructing therapy plans 
for cancer patients with pleural effusions, symp
tomatology must first be assessed. Complaints of 
dyspnea and fatigue are not only associated with 
pleural effusions, but also concurrent cardiopul
monary disease, respiratory complications (such 
as PE & infection), and complications of chemo
therapy or radiation therapy. If a symptomatic 
patient with a pleural effusion reports relief  
of dyspnea with thoracentesis and the post 
procedure chest xray shows lung reexpansion, 
there are several options for longterm mana
gement. In patients deemed to have only a few 
months expected survival, periodic therapeutic 
thoracentesis is a reasonable approach to palliate 
symptoms. In patients with longer expected  
survival, chemical pleurodesis by chest tube or 
thorascopic technique can be considered. Pleuro
peritoneal shunting, permanent pleural drainage 
catheters, pleurectomy/pleural abrasion and sys
temic therapy are additional options. In patients 
with non–small cell lung cancer, recurrent  
effusion, and improvement with thoracentesis, 
pleurodesis is recommended.23 In patients with 
small cell lung cancer, systemic chemotherapy  
is recommended. There is also data to suggest  
that effusions from other types of cancer, such as 
breast, lymphoma, prostate, ovarian, thyroid, and 
germ cell neoplasms, may respond to systemic 
chemotherapy.24

Preoperative Pleural Fluid Drainage

In a symptomatic patient being considered for 
surgery or a general anesthetic, drainage of a large 
effusion may be indicated for the potential benefit 
of increasing lung expansion and facilitating  
ventilation.25 However, in the surgical candidate 
without symptoms of dyspnea, preoperative 
drainage is not necessary given the continued 
ability to effectively ventilate and oxygenate the 
patient.26

Postoperative Pleural Fluid Drainage

In the immediate postoperative setting, pleural 
effusion drainage may be indicated if there is  
difficulty in ventilator weaning or if a pleural 
effusion is felt to be the source of dyspnea threat
ening a patient to be reintubated. If there is any 
suspicion of an effusion becoming contaminated 
and developing into an empyema, then surgical 
intervention is absolutely necessary for drainage 
and decortication of the infected material.

Perioperative Pulmonary Embolism
The association between pulmonary thrombo
embolism and malignancy has been known since 
1865. Malignancy along with stroke, immobiliza
tion, recent surgery, and a history of previous 
thromboembolism are the five most common 
risk factors for developing pulmonary embo
lism.27 In one study, 17% of patients initially pre
senting with pulmonary embolism or deep venous 
thrombosis (DVT) had a known cancer dia
gnosis.28 Another 5% of these patients went on to 
have a malignancy diagnosed either at present
ation or within oneyear follow up. Patients  
receiving certain chemotherapy regimens, such as 
asparaginase for acute lymphoblastic leukemia 
(ALL), tamoxifen combined with chemotherapy 
for breast cancer, and docetaxel with thalidomide 
for prostate cancer, have all been reported to have 
increased rates of thromboembolism.29–31 It is well 
established that oncology patients are at increased 
risk for thromboembolism, but the additional 
risk factor of surgery can double their likelihood 
for pulmonary embolism.32

Most pulmonary embolisms arise from the 
venous system of the lower extremities. Having a 
high index of suspicion for DVT and pulmonary 
embolism is necessary due to the vague and unre
liable symptomatology associated with both PE 
and DVT. Patients with symptomatic DVT have 
been shown to have asymptomatic pulmonary 
embolisms, and patients with pulmonary embo
lisms do not necessarily have any preexisting 
symptomatology of a DVT.33–37 The most frequent 
symptoms of PE are dyspnea, pleuritic pain, 
cough, and hemoptysis. The most common signs 
of acute PE are tachypnea, rales, tachycardia, a 
fourth heart sound, and an accentuated pulmonic 
component of the second heart sound.34 Fever is 
associated with PE in 14% of patients.38

Figure 2  Summary of pleural fluid forces.



708 Chapter 83

Diagnostic Modalities for PE 

Diagnosing acute PE can be challenging, and  
a variety of diagnostic studies are available to  
the clinician. Simple studies such as EKG, chest  
radiography, and arterial blood gas can be com
pleted rapidly at the bedside, but are nonspecific 
for diagnosing pulmonary embolism. Generally, 
these studies are useful to rule out other  
conditions that may be mimicking a suspected 
PE.

Pulmonary venography is the gold standard 
for diagnosing PE. It is performed by injecting 
contrast (usually by a transfemoral approach) 
into a pulmonary artery branch under fluoros
copy. The drawback to pulmonary angiography is 
that it is an invasive study that requires a skilled 
clinician, who may not always be available to  
perform the study.39

Pooled data suggests that contrastenhanced 
spiral CT has a 70% sensitivity and an 88% speci
ficity with a 76% positive predictive value and an 
84% negative predictive value.40 It has the advan
tage of being fairly expeditious to perform and 
readily available. Another advantage is the benefit 
of imaging the chest to rule out other possible 
intrathoracic pathology. Advances in computed 
tomography (CT) have now made it possible to 
scan with 1  mm resolution in a single 10second 
breathhold for the patient. Although some  
studies have shown a sensitivity of only 70% for 
standard CT angiography,41 with multidetector 
row CT, the improved resolution appears to have 
the ability to detect PE in sixthorder branches of 
the pulmonary vasculature and is recommended 
as a firstline imaging modality by Schoepf and 
Costello.42

Magnetic resonance imaging (MRI) is an 
evolving area in the diagnosis of PE. It has a  

sensitivity of 88% and a specificity of 90% in diag
nosing central pulmonary emboli.43 MRI has the 
advantage of being minimally invasive without 
the need for nephrotoxic contrast administration. 
However, many patients have contraindications 
to MRI and it does not appear to be as sensitive 
for segmental pulmonary emboli.40

Transesophageal echocardiography can be 
utilized in diagnosing a central PE with a specific
ity of 100% but a sensitivity of 76%.44 It has severe 
limitations in diagnosing segmental pulmonary 
emboli and can be poorly tolerated in nonintu
bated patients already experiencing respiratory 
compromise from a suspected PE.

Ddimer blood assays quantify the cross
linked fibrin degradation products in the circula
tion. They are not only elevated in the setting  
of PE, but trauma, surgery, disseminated intra
vascular coagulation, inflammatory states, and 
malignancy have been known to elevate Ddimer 
levels as well. The Ddimer assay has a high nega
tive predictive value and is useful in excluding  
the diagnosis of PE together with the clinical  
presentation.45,46

Lung scintigraphy or a ventilation/perfusion 
scan will study the consequence of a PE occluding 
flow within the pulmonary artery(s). Com parison 
of blood flow to air flow is used to predict the 
presence of a PE. This comparison of the ven
tilation to perfusion (V/Q scan) has the ability  
to predict the presence of a PE when the scan  
is interpreted as high probability. In high  
probab ility scans, the prevalence of PE is about 
85% (however, this does leave 15% of patients  
receiving anticoagulation unnecessarily). In low 
pro bability to intermediate probability studies, 
the prevalence of PE is 25%. However, in the set
ting of a patient with a low probability scan but 
high clinical likelihood, the prevalence of PE can 

be as high as 40%.27 The disadvantage of the V/Q 
scan for clinicians lies in the difficulty of formu
lating the best treatment course for a patient when  
73% of V/Q scans are reported as intermediate 
probability.27

Lower extremity venous ultrasonography  
is another option available to diagnose DVT. 
Lower extremity ultrasonography has limitations 
in the availability of staff to perform the study; 
and the presence of casts, dressings, or other lower 
extremity fixation devices can prevent the per
formance of complete studies. Most importantly, 
a normal venous sonogram does not exclude  
the possibility of a pulmonary embolism already 
occurring. In patients with objective evidence of a 
PE, lower extremity ultrasonography is only able 
to diagnose a DVT in 50% of cases.47 This may be 
due to the possibility that the entire thrombus  
has already embolized out of the lower extremity 
venous system or that the PE originated from 
another source, such as the pelvis. Therefore 
ultrasonography is probably most useful to the 
clinician in surveillance of DVT formation and 
prevention of the occurrence of PE.47

Treatment of PE and DVT

Recent treatment guidelines were developed by 
the American College of Chest Physicians con
cerning the treatment of both DVT and PE.48 The 
following discussion provides a summary specific 
to cancer patients.

When there is objective evidence of DVT, 
anticoagulation with unfractionated heparin  
or lowmolecularweight heparin (LMWH) is  
recommended. If unfractionated heparin is used 
intravenously (IV), the initial loading dose can be 

Figure 3  Chest computed tomography scan demon-
strating bilateral pulmonary artery filling defects  
consistent with massive pulmonary embolism.

Figure  4  Chest computed tomography scan demon-
strating large anterior and posterior pericardial  
effusion. Image courtesy of Mylen Truong, MD, The 
University of Texas M. D. Anderson Cancer Center.

Figure  5  Chest radiograph demonstrating contrast 
leaking from esophageal anastomosis.
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either 5,000 units or weightadjusted to 80 units 
per kilogram of body weight. This dose is  
followed by 30,000 units over the first 24 hours or 
18 units/kg/h by continuous infusion. Although 
activated partial thromboplastin time (aPTT) is 
most commonly used to titrate the heparin infu
sion, it is important to realize that the PTT study 
is a global coagulation test that does not always 
correlate to the antithrombotic activity of heparin 
or its concentration in the plasma. Laboratories 
should therefore standardize the aPTT assay to 
correspond with plasma heparin levels between 
0.3 to 0.7 IU/mL antiXa activity by the amidoly
tic assay.49 Subcutaneous administration is as 
effective and safe as IV administration.50 If the 
subcutaneous route is utilized, 5,000 units should 
be given IV followed by 17,500 units subcutane
ously twice on the first day. The dose is then 
adjusted to achieve 1.5 to 2.5 prolongation based 
on an aPTT drawn 6 hours after the morning 
administration.

LMWH is another treatment option for 
DVT. Recent metaanalysis failed to show any 
benefit in bleeding risk or recurrence of embolus 
with LMWH compared to unfractionated 
heparin.51 However, other studies have shown the 
benefit of decreased hospital time with home use 
of LMWH in the treatment of DVT and that it  
can be administered in once or twicedaily 
dosing.52,53

If the patient has reversible risk factors  
for DVT (such as surgery within the last 3 months) 
it is recommended that treatment be initiated 
with several days of LMWH or unfractionated 
heparin followed by 3 months of vitamin K antag
onist therapy. However, in a patient with non 
reversible risk factors such as cancer, treatment 
with LMWH for a minimum of 6 months is  
recommended (dalteparin 200 IU/kg body weight 
subcutaneously daily for one month followed by 
150  IU/kg, or tinzaparin sodium 175  IU/kg body 
weight subcutaneously daily). Discontinuation 
after 6 months can be considered if the cancer  
is felt to be resolved. In the case of patients  
with ongoing presence of malignancy, indefinite 
anticoagulant therapy is appropriate.

Since PE and DVT are different manifesta
tions of the same disease process, recommenda
tions for the treatment of pulmonary embolism 
are similar to the treatment of DVT. The excep
tion is that anticoagulant therapy should be  
initiated prior to definitive diagnostic testing  
in the setting where there is a high clinical suspi
cion of PE. Again, unfractionated heparin and  
lowmolecularweight heparin are both options. 
LMWH allows for earlier discharge in some cases. 
In the cancer patient, LMWH is preferable to 
unfractionated heparin. Duration of therapy for 
PE is identical to the recommendations for DVT 
treatment. Several days of unfractionated heparin 
or LMWH should be followed by longterm  

anticoagulation. For patients with malignancy 
still present, LMWH is superior to vitamin K 
antagonists unless the cancer is felt to be resolved. 
In the case where anticoagulation is contraindi
cated or there is recurrent DVT or PE despite 
adequate therapy, a vena caval filter is indicated.

Cardiac Complications

Pericardial Effusion
The pericardium and heart can be a common site 
for metastatic disease as opposed to primary neo
plasia. Up to one in five post mortem exams of 
cancer patients showed evidence of metastatic 
disease to the heart or pericardium.54 Adenocarci
noma of the esophagus, breast, and lung are the 
most common malignancies known to metasta
size to this area, but it is possible for nearly any 
cancer type.55,56 It is therefore not surprising to  
be faced with the issue of pericardial effusion in  
the perioperative period either from neoplastic 
origin or as a secondary sequelae of the patient’s  
systemic disease state (chemotherapy, chest radi
ation, myocardial infarction, uremia, hypothy
roidism, trauma to pericardium such as cardiac 
surgery, tuberculosis, viral/bacterial/fungal  
pericarditis). Although low voltage changes and 
tachycardia are nonspecific electrocardiogram 
findings, pericardial effusion is best evaluated by 
echocardiography.57

Treatment decisions are best made on an 
individual basis, taking into consideration the 
patient’s symptoms, the effusion etiology, if the 
patient is being evaluated preoperatively, and  
the patient’s prognosis. If an effusion within the 
pericardial sac is creating pressure that impairs 
cardiac function, then by definition a cardiac 
tamponade exists. Tamponade can be either acute 
or chronic. Accumulation of a very small amount 
of fluid in a short amount of time can lead to seri
ous tamponade symptomatology. Conversely, if 
given time to expand, the pericardium can hold a 
surprising amount of fluid while a patient remains 
asymptomatic. In the acute situation, as pressure 
begins to equalize in the chambers of the heart 
due to the extrinsic pericardial pressure, filling  
of the heart is severely compromised. As the  
rightsided pressure approaches 20, emergent 
evacuation of the fluid is indicated by the most 
expeditious method. Usually, this is accomplished 
with percutaneous drainage through a subxiphoid 
approach. If the etiology of the accumulation is 
known, a catheter may be left in place for future 
sclerosis.

Other treatment options include creation of 
a pericardial window or pericardioperitoneal 
shunt.58 Large effusions or those with any evi
dence of hemodynamic compromise should be 
drained.59 Because of the hemodynamic lability 
associated with general anesthesia and even the 
regional anesthetic techniques (spinal/epidural) 

preoperative drainage of significant pericardial 
effusions should be strongly considered.

Perioperative Thoracic Mechanical 
Complications

Lobar Lung Collapse and Torsion
Lobar torsion is a recognized but rare com
plication of pulmonary resection. However, undi
agnosed lobar torsion can have serious sequelae. 
The incidence of lobar torsion is between 0.3  
to 0.089%.60,61 The presentation of lobar torsion  
is nonspecific and includes fever, tachycardia,  
loss of breath sounds over the affected field,  
and sudden cessation of air leak. On chest radio
graphy, there may be rapid opacification of the 
affected lobe. A high index of suspicion is required 
to make the diagnosis. In the clinical setting  
of lobar opacification on chest radiography, it  
is prudent to proceed with a bronchoscopic eval
uation. On bronchoscopy, complete or partial 
airway occlusion can usually be seen. If the diag
nosis is not clear, followup CT can be a useful 
adjunct. Treatment for torsion is thoracotomy to 
detorse the lobe and resect any infarcted tissue.61

Lobar collapse is a much more common 
complication in postsurgical patients, particularly 
postthoracotomy patients. The incidence of 
lobar collapse in a surgical ICU setting has been 
stated to be as high as 8.5 %.62 Lobar collapse  
can result from mucous plugging a bronchus. 
Inflammation of bronchial mucosa can also create 
an elliptically shaped channel that decreases air 
flow and mucous clearing, resulting in collapse.63 
In the setting of an upper lobectomy, the pulmo
nary anatomy is altered such that the remaining 
lung is shifted upward in the chest creating a  
partial torsion or narrowing of the bronchi to  
the lower lobes (23).64 Treatment includes bron
choscopy (to rule out torsion as well as to clear 
retained secretions) and supportive pulmonary 
physiotherapy.

Post-pneumonectomy Syndrome
Pneumonectomy creates an empty pleural cavity, 
which can be associated with anatomic changes 
creating the postpneumonectomy syndrome. As 
the remaining lung overinflates, the entire medi
astinum can shift into the empty thorax, creating 
a torsiontype compression of the trachea and 
bronchus. The shifting of the mediastinum can be 
evident on a plain chest film, but is also diagnosed 
on chest CT and bronchoscopy. This complica
tion can occur anywhere from 6 months to many 
years postoperatively. Patients who develop this 
syndrome present with cough, recurrent pneu
monia, and stridor.65 Treatment is a surgical  
procedure to reposition the mediastinum and fill 
the empty cavity with a nonabsorbable material 
such as saline breast implants, thereby shifting  
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the mediastinum back to the original anatomic 
position.66

Bronchopleural Fistula
Bronchopleural fistulas can develop as a com
plication of pneumonectomy and carry anywhere 
from a 30 to 80% mortality rate. Patients with  
a large (> 25  mm) bronchial stump are at risk.67 
Other risk factors include rightsided surgery  
and age above 60 years. Unresolved tumor which 
requires chemotherapy or radiation also places 
patients at additional risk.

The possible sequela of a postoperative  
bronchopleural fistula is the development of  
an empyema. Early development of an air leak in 
the chest tube of the operative side may herald 
fistula formation. In the first postoperative week, 
empyema is not as large of a concern as it is in the 
2 to 3 weeks following surgery.

Treatment includes draining the empyema 
and systemic antibiotics. When the acute infec
tion is resolved, surgical repair of the fistula is 
required.

Chylothorax
Chylothorax usually develops within the first 1  
to 3 postoperative days after thoracotomy and  
has an incidence of 1 to 2% in postthoracotomy 
patients.68 It presents as rapid filling of the empty 
thoracic cavity after pneumonectomy and/or 
chylous drainage from chest tubes. Although it 
more commonly occurs after procedures invol
ving lymph node resection and dissection near 
the thoracic duct in the mediastinum, it can occur 
with any cardiovascular or pulmonary surgery.69 
Diagnosis is confirmed by the presence of triglyc
erides (> 110  mg/dL) as well as chylomicrons in 
the drainage fluid.70 Conservative treatment has a 
70 to 80% success rate and consists of a nothing
bymouth (NPO) diet with total parenteral  
nutrition support.68,71 Reoperation with thoracic 
duct ligation should be considered if chest tube 
drainage does not decrease to less than 1,500  mL/
day for 5 days, if drainage does not considerably 
decrease over 2 weeks of treatment, or if  
the patient’s nutrition status is impaired by  
treatment.72

Cardiac Herniation
Although cardiac herniation is a rare complica
tion following pneumonectomy in cancer patients, 
it merits discussion because missing this diagno
sis can be lethal to the patient. With either right  
or left pneumonectomy, the heart can herniate 
through a defect in the pericardium and into the 
empty pleural space. It is most common within  
3 days of surgery, although it has been reported  
as far as 6 months postoperatively.73 The presen
tation can mimic many other acute catastrophic 
cardiopulmonary events such as pulmonary 

embolism, massive myocardial infarction, and 
greatvessel rupture. Patients have a sudden onset 
of hypotension, chest pain, cyanosis, elevated 
central venous pressure, and shock, which can 
quickly progress to cardiovascular collapse. Chest 
radiography can be useful in diagnosis by show
ing a shift of the heart shadow out of the thoracic 
cavity with the remaining lung and into the empty 
pleural space. Treatment is emergent thoraco
tomy to reposition the heart and repair the 
defect.74

Esophageal Leak
In experienced centers, postoperative mortality 
from esophagectomy is 5%, with about a 35% 
fiveyear survival.75 Although there is no unifor
mity in the definition of anastomotic leak, some 
authors report a postesophagectomy leak rate as 
high as 53%.76 Lerut and colleagues suggest divid
ing anastomotic leaks into four categories.77 Small 
leaks lacking major symptomatology, but visual
ized with a radiographic contrast study, may be 
managed conservatively with a nothingbymouth 
regimen for several days. In leaks of a cervical 
anastomosis with wound inflammation and  
containment on contrast study, wound drainage, 
antibiotics, and NPO are recommended. Somato
statin (to decrease gastric secretion) and proton 
pump inhibitors (to neutralize gastric secretion) 
can also be of additional benefit in these cases. In 
clinically major leaks, with patients showing signs 
of sepsis and severe anastomotic disruption on 
endoscopy, CTguided drainage is indicated for 
wellcontained fluid collections. Reoperation for 
débridement and temporary esophagostomy and 
feeding jejunostomy are recommended in the 
case of a poorly contained thoracic leak with a 
large anastomotic defect on endoscopy. Other
wise, conservative treatment is favored. At the 
fourth level of anastomotic leak, there is evidence 
of tissue necrosis on endoscopy. These cases  
also require reoperation with débridement, 
esophagostomy, and feeding jejunostomy.

Tumor Embolization
Dyspnea in a cancer patient can have a variety of 
etiologies and presents a challenge to clinicians. 
There are a host of reasons for oncology patients 
to complain of shortness of breath. Infection, 
thromboembolism, cardiopulmonary disease 
(induced by prior chemotherapy or radiation 
therapy), baseline cardiopulmonary disease (from 
COPD and coronary artery disease), metastases, 
and effusions are all common occurrences in 
patients with cancer. However, embolization  
of solid tumor cells is probably underdiagnosed. 
Autopsy series estimate the incidence of tumor 
embolization in patients with solid tumors to  
be anywhere from 3 to 26 %.78–80 Tumor emboli
zation is not necessarily the same entity as  

tumor metastasis to the lung. Tumor emboli can 
occur in large proximal vessels (similar to throm
boembolism), in the microvasculature, in the 
lymphatic system, or a combination of these.78 
Although tumor cells have broken away from the 
primary site and traveled through the venous 
system to lung vasculature, the cells ability to 
grow in a distant site depends on interactions 
with local inflammatory mediators and signaling 
pathways.

Tumor emboli are more tenacious compared 
to thromboemboli owing to the inability of tumor 
cells to be reorganized. If a patient survives  
a thromboembolic event, symptomatology will 
eventually improve due to the reorganization  
of the clot and recannulation of the vessel. In  
contrast, tumor emboli lack this reorganizational 
capability and their presence represents a  
continued problem for the patient.

The most common presenting complaint is 
dyspnea, but patients may also experience cough, 
chest pain, and abdominal pain.12 Patients can 
develop cor pulmonale symptomatology over 
weeks to months. Presenting examination find
ings include peripheral edema, ascites, jugular 
venous distention, and an augmented second 
heart sound. Patients may be hypoxic with a res
piratory alkalosis on arterial blood gas sampling. 
Echocardiogram can show a dilated right heart. 
Definitive diagnosis is difficult with conventional 
imaging modalities. Chest radiography may only 
show prominent pulmonary vasculature or an 
enlarged cardiac silhouette. Because the emboli 
are most commonly found in the microvas
culature, CT angiography is usually normal.  
Pul monary angiography is considered the defini
tive diagnostic modality for thromboembolism, 
but it is insensitive to tumor emboli.81 Ventilation  
perfusion scanning may be the only abnormal 
radiologic exam in the tumor embolism patient. 
Small, peripheral, subsegmental perfusion  
defects may appear concomitantly with a normal  
ventilation scan.82,83

Pulmonary artery wedge aspiration cytology 
is possibly the most definitive test for diagnosis of 
tumor embolus (although negative cytology does 
not rule out the diagnosis). After a pulmonary 
artery catheter is inserted, the catheter is wedged 
with the balloon inflated as if to measure a wedge 
pressure. The first 10 to 15 mL of aspirated blood 
is discarded. The next 10 mL are sent in a hepa
rinized tube for cytologic analysis. In order to 
avoid misinterpretation of normal megakaryo
cytes as tumor cells, an experienced pathologist 
should review the cytology.84

Treatment of tumor emboli is directed 
toward treatment of the underlying tumor. If  
the patient has a larger central embolus, it may  
be worthwhile to consider a vena caval filter, or 
even embolectomy. However, most emboli will 
not be amenable to this type of therapy, and  
the best response will probably be gained from 
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eradication of the presenting mass with conven
tional methods.

Summary

Cancer patients frequently experience cardiopul
monary complications. Patients with primary 
pulmonary tumors require careful testing to eval
uate their suitability for lung resection. Pleural 
effusions are a troublesome and common occur
rence in patients in the perioperative setting. An 
understanding of the physiology of the pleura as 
well as the patients expected disease course is par
amount in the consideration of the treatment of 
pleural effusion. Cancer patients are well known 
to be at increased risk for thromboembolism. 
Thromboembolism may require an indefinite 
therapeutic time period as long as tumor is still 
present. Pericardial effusion and tamponade can 
occur secondary to tumor metastasis to the peri
cardium and must be ruled out in any oncology 
patient. Although rare, lobar torsion and cardiac 
herniation can be deadly postlobectomy and 
postpneumonectomy complications. Elderly, 
rightsided pneumonectomy patients with larger 
bronchial stumps are at greatest risk of develop
ing bronchopleural fistula. Bronchopleural fistula 
is associated with empyema. A rapidly developing 
effusion after thoracotomy may represent chylo
thorax and must be investigated. Esophageal leaks 
after esophagectomy may develop relatively well
contained cavities with mild symptomatology or 
cause lifethreatening septic shock, depending on 
their location and size. Tumor embolus is pro
bably underdiagnosed and can cause symptoms 
of cor pulmonale.
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The Importance of Social Support

Treatment plans can be undermined by a lack  
of consideration of the patient’s social context, 
including the patient’s financial and emotional 
needs, the patient’s family concerns and the 
patient’s belief systems (Table 1). Addressing a 
patient’s psychosocial needs is an essential aspect 
of good perioperative patient care; however, 
doing so can be difficult and time-consuming.1,2 
Furthermore, patients are sometimes embar-
rassed to bring social issues, such as finances, to a 
physician’s attention. Other professionals can 
help to address these issues, including social 
workers, psychologists, psychiatrists and chap-
lains (Table 2). Two critical tasks for the physi-
cian are, (1) to recognize the importance of social 
issues in successfully implementing a treatment 
plan, and (2) to communicate early and often 
with the other professionals who can help to 
address the social issues. Before surgery, it is 
important to establish the kinds of support that 
the patient will need after the procedure. As we 
have reduced the length of the perioperative  
hospital stay, we have placed more responsibility 

outside of the hospital on patients and families  
to prepare for, and to recover from, surgery. 
Having the appropriate support available at home 
can sometimes enable a patient to recover from 
surgery at home instead of at an extended care 
facility (nursing home). Furthermore, patients 
with adequate social support are less likely to have 
complications than clinically similar patients 
without social support.3,4 Note that the patient’s 
family might also require psychosocial support. 
For example, the patient might be the primary 
care provider for a family member, such as a child, 
spouse or parent, and alternate sources of care 
will be needed to enable the patient to have sur-
gery and recover. Usually, the sooner these needs 
are discovered, the easier it is to address them. 
Therefore, a thorough preoperative evaluation 
should include an assessment of the patient’s  

psychosocial needs and referral to appropriate 
professional help.

Procedure-Specific Issues

Different surgical procedures may bring up  
different psychosocial issues. For example, 
although sexuality can be an issue with any serious 
illness, it is even more likely to be an issue for 
patients with breast and genital cancers. There-
fore, providing these patients with information, 
and, if needed, referral to a counselor can be 
important to postoperative recovery. Periopera-
tive patient education and supplies must be  
tailored to the surgery and to the patient. For 
example, patients with cancers involving the 
airway are likely to require information (and even 
training) about keeping the airway patent, and 
are likely to need suction equipment if they will 
go home with a tracheotomy. Failure to plan for 
these considerations can not only delay hospital 
discharge, but can be fatal. As another example, 
patients with oropharyngeal and gastrointestinal 
cancers, and their families often have questions 
about foods and diets. Patients with oropharyn-
geal cancers usually have difficulty chewing and 
swallowing, and may even have difficulty speaking, 
before and/or after surgery. Patients, and the 
families of patients with cancers of the face, neck, 
and breast are often concerned about how they 
will appear after surgery and what cosmetic and 
prosthetic options are available. If these issues are 
not adequately addressed prior to surgery, then 
the patients and their families can suffer unneces-
sary shock and consternation, and have a negative 
perception of a surgery that was technically  
successful.

Write a List of Psychosocial Issues

In the same way that physicians keep a medical 
“problems list,” it is useful to write out a psycho-
social problems list for patients with cancer who 
are anticipating surgery. This list should include 
tests and treatments that might be unusual or 
experimental, and therefore not reimbursed. A 
social worker can often help to generate this list, 
and to garner the necessary resources. The list 

Table 1  Psychosocial Issues for Cancer Patients 
in the Perioperative Period

Financial Needs
Paying for treatment
Communication with insurers
Time off from work
Obtaining needed medical equipment

Emotional Needs
Impact—response to diagnosis of cancer
Depression: diagnosis and treatment including 
 counseling

Family Concerns
Care for a child, spouse, pet or other family 
 member
Keeping family members informed

Belief System
Treatment proscriptions (eg prohibition of blood 
 transfusion)
Disposition of removed body parts
Rituals, including those in case of death

Table 2  Professionals Who Provide Psychosocial 
Support

Social Worker
Financial
 Communicating with Insurers, eg
  reimbursement
 Communicating with Employer, eg time off of 
  work
 Obtaining resources, eg tube feeds, medical 
  equipment
 Helping to navigate disability application 
  process
Completing forms for physician/patient
Counseling of patient/family, less-intimidating 
 source of information
Discharge planning and arrangements
Placement—Aftercare Needs

Psychologist and Psychiatrist
Counseling of patient and family
Recommendations on approach to patient and 
 family 

Psychiatrist
Prescription of treatment for psychiatric illness

Chaplain
Counseling of patient and family
Advice on ritual needs and religious proscriptions

Hospice
Palliative therapies
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should also include special needs during hospital-
ization, such as diet or visitation, and the patient’s 
anticipated needs for postoperative rehabilitation 
or placement. There are many government and 
private programs to help patients with cancer. 
The two keys to obtaining assistance from these 
programs are (1) learning about them, and (2) 
applying for them early in the clinical course. 
Therefore, the earlier a social worker or other 
qualified person is engaged in this task, the more 
likely the patient is to obtain needed resources. 
The patient will not receive the care, no matter 
how medically necessary, if it is not both feasible 
and paid for. Therefore, sometimes the care  
plan must be modified to accommodate social 
realities, including transportation, religious  
proscriptions, and reimbursement limitations.

Resources for the Primary Care 
Physician

A primary care physician whose patient is under-
going cancer surgery may not have the resources 
to address the patient’s many psychosocial issues. 
Hospitals often have professional social work staff 
that can be a useful resource for the primary care 
physician. Clerical staff and nurses in oncologists’ 
and surgeons’ offices are another useful resource 
because they usually have experience working 
with similar patients and addressing cancer- 
specific psychosocial issues. They can often refer 
the patient to additional financial and counseling 
services. Written, faxed, or phoned communica-
tion with the oncologist’s or the surgeon’s office 
as soon as an issue is identified can often speed 
resolution of the problem.

Psychosocial Issues for Children of 
Parents undergoing Cancer Surgery

The young children of a cancer patient can present 
additional psychosocial issues. These issues 
include relatively straightforward problems, such 
as obtaining childcare, to more subtle problems, 
such as a child’s magical thinking (blaming him- 
or herself for the parent’s illness). Additional 
issues can include helping young children cope 
with separation from a hospitalized parent (for 
example, by arranging for hospital visits). Teenage 
children are often dealing with issues of separa-
tion and independence that can be complicated 
by the parent’s cancer and hospitalizations. The 
American Cancer Society has information, pam-
phlets, and videotapes in a “Kids Can Cope with 
Cancer” program that can be accessed via their 
Web site (www.cancer.org) or through the local 
society.

Working with the Patient’s Belief 
System

The patient’s religious/spiritual belief system can 
determine which treatments are acceptable.5 The 
classic perioperative example is the proscription 
against blood transfusions by some religions. 
Another consideration is the disposition of any 
removed body parts. This information must be 
ascertained and communicated to the surgeon 
prior to surgery. Although the surgeon is ulti-
mately responsible, the internist and the primary 
case physician are often in a good position to 
know such information and to work closely with 
the patient and family. Information on the 
patient’s religious beliefs is usually collected on 
nursing intake forms, but must be explicitly 
reviewed and addressed to avoid inconvenience 
and religious transgression. When faced with  
the diagnosis of cancer, and with the need for  
surgery, many patients are overwhelmed with 
issues of mortality.6 This can complicate their 
care and can lead to avoidance and even refusal of 
therapeutically indicated procedures. Unless 
these issues are addressed, they can continue to 
plague the patient and interfere with care. A  
physician can make significant progress in 
addressing these issues simply by acknowledging 
them.5 In the inpatient setting, the hospital chap-
lain can also often provide substantial comfort 
and reassurance to patients and families.

Complementary and Alternative 
Therapies in the Perioperative 
Period

Most studies find that complementary and alter-
native therapies are used by about half of cancer 
patients, and find that, about half the time, the 
patient’s doctors’ are unaware of them.7 Some 
alternative therapies are being actively investi-
gated for their potential benefits; however, they 
can also directly interfere with surgery. The 
Society for Integrative Oncology (http//:www.
inegativeon.org) is a useful source of current 
knowledge. In the perioperative period, some 
relatively noninvasive treatments, such as mas-
sage, can help to relieve anxiety and discomfort 
without adverse effects.8, 9 Other complementary 
treatments (such as herbal medicines) can have 
adverse effects. For example, ginseng, garlic, and 
ginkgo biloba can increase perioperative bleeding. 
It is generally recommended that all herbal  
medications be discontinued two weeks prior to 
surgery.10 The physician must recognize that 
alternative therapies are often an important part 
of the patient’s belief system, and that the patient’s 

belief in the alternative therapy can be stronger 
than the patient’s belief in conventional medi-
cine. Compassionate and open communication is 
critical to developing a care plan that is agreeable 
to the patient and concordant with our best  
current understanding of pathophysiology and 
therapeutics.

Additional Psychosocial Issues for 
an Inpatient

One key to effective inpatient management is 
keeping the hospital social worker or discharge 
planner updated on the treatment plan. It is a 
useful practice to include an estimate of the dis-
charge date and a summary list of the patient’s 
discharge needs (including any placement issues) 
in the patient’s daily progress note. This note is 
usually written by a social worker or discharge 
planner, but must be reviewed and updated by 
the physician to ensure good communication.

Billing for Psychosocial Care

Payment for psychosocial support is often con-
sidered to be “bundled” with the perioperative 
care; but specific interventions, such as coun-
seling, can be appropriately billed and are covered 
by some health plans. To be reimbursed, both the 
medical diagnosis and the time spent counseling 
must be documented in the patient’s medical 
record.
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The emergency care of patients with cancer  
presents many challenges. To formulate an  
appropriate treatment plan, clinicians providing 
emergency care for cancer patients (newly diag-
nosed patients, patients currently receiving cancer 
treatments, patients with stable disease, patients 
in remission, and patients dying from cancer) 
must not only be guided by the standard  
emergency protocols but also by the prognosis, 
the quality of life, and the patient’s and family’s 
wishes.

There are few emergency centers that pro-
vide care to large numbers of cancer patients. 
Each year at The University of Texas M. D.  
Anderson Cancer Center, approximately 18,000 
patients with acute care issues are evaluated in  
the emergency center. About 40% of those 
patients require hospitalization, and about one 
quarter of these require critical care. Patients with 
cancer present to emergency centers with medical  
complaints related to the malignancy, related to 
treatments for the malignancy, or completely 
unrelated to the malignancy. The emergency phy-
sician must determine quickly and methodically 
whether the patient’s presenting complaint is a 
true oncologic emergency or just an unscheduled 
consultation for a non-emergency condition. The 
key to accurate diagnosis is being able to identify 
common complaints associated with various 
cancer types at different stages of the natural  
history or treatment. Medical problems unrelated 
to the malignancy must always be considered  
in the differential diagnosis of the presenting 
complaint.

 The goal of this chapter is to share our expe-
rience and discuss selected issues in the emer-
gency care of cancer patients. Rather than 
discussing a laundry list of topics traditionally 
considered oncologic emergencies—such a dis-
cussion could fill volumes1,2—we shall address the 
major presenting complaints seen among patients 
at our emergency center. The major topics we  
will cover are cardiopulmonary emergencies, 
thromboembolic disease, hemostatic disorders, 

central nervous system emergencies, tumor lysis  
syndrome, and infection.

Cardiopulmonary Emergencies

Sudden Cardiopulmonary Arrest
When a cancer patient is brought to an emergency 
center in full or impending cardiopulmonary 
arrest, the emergency care provider may never 
have met the patient before, which makes  
assessing prognosis difficult. The success rate of 
cardiopulmonary resuscitation and the hospital 
discharge rate of resuscitated patients are similar 
for cancer patients and non-cancer patients.3 If a 
cancer patient has good performance status and  
is not expected to die soon, the patient should  
be resuscitated with the same vigorous effort as 
non-cancer patients. However, when cardiopul-
monary arrest comes as the last events in the  
disintegration of bodily functions caused by 
cancer, resuscitation will generally be futile.

The emergency care provider faces the major 
decision on whether to initiate or continue  
resuscitative efforts or stop because of futility. 
The decision is based on the patient’s physical 
status, the events leading to the cardiopulmonary 
arrest, duration of arrest, initial cardiac rhythm; 
presence of rigor mortis or algor mortis, the stage 
and prognosis of cancer, prospects for cancer 
treatment success, directives of the patient or 
family, comorbid conditions, performance status, 
nutritional status, advanced age, and potential 
quality of life if the patient survives.

Resuscitation generally follows the algori-
thms outlined in the advanced cardiac life  
support protocols.4 However, if the specific causes 
of cardiopulmonary arrest are identified, the  
clinician may be able to tailor resuscitative efforts 
accordingly. For example, prior knowledge of the 
presence of pericardial effusion would help the 
physician tailor the resuscitative effort. Emergent 
pericardiocentesis will relieve the pressure on  
the cardiac chambers and rapidly restore cardiac 
output in pulseless electrical activity due to  

cardiac tamponade. Acute carcinoid syndrome is 
another example of a treatable cause of cardiopul-
monary arrest in cancer patients. Anesthesia,  
chemotherapy, adrenergic drugs (eg, dopamine 
and epinephrine), biopsy, or surgery may  
precipitate a carcinoid crisis in carcinoid tumor 
patients. Hypotension, arrhythmias, and bron-
chospasm due to massive release of serotonin  
and other vasoactive humors from the tumor  
can be treated effectively with a somatostatin  
analogue (octreotide acetate 150 to 500  mg  
intravenously).5

Arrhythmia
Arrhythmia is a common presenting problem of 
cancer patients in emergency centers. Arrhythmia 
may be related to cancer, cancer treatment, or 
unrelated medical problems. Signs and symptoms 
of arrhythmia can be subtle and intermittent,  
and may include isolated or recurrent syncope,  
lightheadedness, dizziness, dyspnea (Table  1), 
hypotension (Table  2), palpitation, chest pain, 
transient or persistent neurologic deficits of acute 
onset, and peripheral vascular embolization.

Sustained arrhythmia can be diagnosed easily 
by electrocardiography. However, transient or 
intermittent arrhythmia, which is common, may 
present a diagnostic challenge. Normal findings 
on a brief period of continuous monitoring do 
not exclude the presence of an intermittent or 
latent, but potentially life-threatening, rhythm 
disturbance. If the symptoms suggest arrhythmia, 
Holter monitoring for 24 to 48  hours is war-
ranted. Cardiac rhythm analysis can be challeng-
ing in cancer patients because exaggerated 
respiratory variations of the electrical axis and 
changes in mean QRS voltage due to pleural  
or pericardial effusions, pulmonary surgery or 
radiation-induced lung damage may be confused 
with heart rhythm irregularity.

Primary arrhythmia is caused by focal or  
diffuse abnormalities in cardiac and pericardial 
structures. Common causes of primary  
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arrhythmia in cancer patients include increased 
intracardiac pressure and wall stress; ischemic 
heart disease; hypertrophic, congestive and infil-
trative cardiomyopathy; and fibrosis related to 
aging. The major cancer-related causes of primary 
arrhythmia are intracardiac tumors (primary or 
metastatic),6 amyloid infiltration,7 myocarditis,8 
pericarditis,9 and chemotherapy-induced  
cardiomyopathy (especially anthracyclines).10

Secondary arrhythmia arises from abnormal 
electrolyte concentrations, toxic reactions to 
drugs, thyroid disorders, vasoactive mediator 
release (by pheochromocytomas and carcinoid 
tumors), and radiation-induced heart damage. 
Arrhythmogenic cancer drugs include anthracy-
clines,11 arsenic trioxide,12 5-fluorouracil,13  
irinotecan,14 gemcitabine,15 and interferon.16

Treatment of Arrhythmia

The urgency and etiology of arrhythmia guide the 
therapy. Specific treatment aimed at reversing  
the causative factor is preferred.

Treatment of stable secondary arrhythmia 
usually involves restoring metabolic homeostasis 
(particularly glucose, potassium, calcium, and 
magnesium) and removal of offending drugs or 
substances. When antiarrhythmic treatment is 
necessary, standard guidelines for arrhythmia 
management may be followed.4 Except for  
beta-adrenergic blockers, many antiarrhythmic 
agents are potentially proarrhythmic,17 and the 
cardiac rhythm should be monitored during the 
initiation of therapy.

Supraventricular tachycardia is the most 
common arrhythmia in cancer patients. Paroxys-
mal supraventricular tachycardia can be aborted 
by vagus-stimulating maneuvers such as carotid 
sinus massage. Adenosine administered as one  
or two rapid intravenous boluses is frequently 
effective in restoring normal sinus rhythm. When 
the mechanism of supraventricular tachycardia is 
unclear on electrocardiographic monitor strips, 
adenosine is sometimes used to help determine 
the mechanism. However, adenosine for diagnos-
tic purpose is usually unnecessary with careful 
analysis of standard electrocardiograms. In cancer 
patients, sustained supraventricular tachycardia 
often cannot be terminated by drug therapy. 
While drugs are used to regulate the excessive 
pulse rate, elective synchronized cardioversion 
should be considered and planned soon after 
diagnosis. Anticoagulation therapy may be 
avoided if supraventricular tachycardia can be 
terminated within 48  hours of the onset. In  
the absence of a reliable time of arrhythmia  
onset, anticoagulation therapy is needed, and 
transesophageal echocardiography may be  

performed to exclude the presence of intracardiac 
thrombi prior to elective cardioversion.

Arrhythmias due to structural cardiac abnor-
malities are likely to persist and progress to  
life-threatening arrhythmias. In the emergency 
setting, the treatment goals are stabilization of 
blood pressure and oxygenation, diagnosis of  
correctable causes, and symptom control. Emer-
gent consultation with cardiologists, cardio-
thoracic surgeons may be required to arrange  
for emergent diagnostic or interventional  
procedures to address the root cause of arrhyth-
mias.

In the absence of do-not-resuscitate (DNR) 
orders, cancer patients with unstable arrhythmia 
should be treated with pharmacologic or electri-
cal interventions according to the current  
standard of care, such as the guidelines recom-
mended by the American Heart Association.18 
These interventions include administration of  
a vasopressor, (vasopressin or epinephrine), 
administration of antiarrhythmic drugs (amioda-
rone, lidocaine, or procainamide), electrical  
cardioversion or defibrillation, intravenous infu-
sion of crystalloid fluid, airway management and 
ventilation with oxygen, and chest compression. 
Torsades de pointes may be treated by intrave-
nous magnesium, electrical overdrive pacing or 
pharmacologic overdrive with isoproterenol,  
and antiarrhythmic agents such as phenytoin or 
lidocaine. As for emergent synchronized cardio-
version, the initial energy level for atrial fibrilla-
tion may be 200 joules,19 although higher energy 
levels for cardioversion are appropriate when 
cancer patients are significantly overweight or 
have concomitant effusions. Lower initial energy 
levels (ie, 50 to 100 joules) should be used to for 
atrial flutter.

Pericardial Tamponade 
Pericardial tamponade occurs when hemody-
namics is impaired by accumulation of fluid  
in the pericardial cavity. Not including hemo-
pericardium, the etiology of pericardial tampon-
ade is usually either malignant or infectious. 
Infectious causes of pericardial tamponade 
include pericardial abscess20 and Candida pericar-
ditis.21 Excess pericardial fluid accumulation  
due to malignancy can be caused by (1) obstruc-
tion of lymphatic drainage and (2) tumor nodules 
on pericardial surfaces secreting excess fluid. 
Pericardial fluid cytologic tests have a 70 to  
80% diagnostic yield for malignant pericardial  
effusion.

Pericardial tamponade can be caused by a 
number of cancers. The most common malig-
nancy that actually arises from the pericardium  
is mesothelioma. Cancers in the chest, such as 
carcinoma of the lung and malignant thymoma, 
may extend directly into the pericardium. Yet the 
most frequent routes of spread to the pericardium 
by cancer are by retrograde lymphangitic spread 

Table 2  Differential Diagnosis of Hypotension in 
a Cancer Patient

Autonomic dysfunction
Toxins (medications, illicit drugs, alcohol)
Amyloidosis

Hypovolemia
Dehydration
Hemorrhage
Dialysis

Cardiac
Cardiomyopathy
Myocardial infarction
Cardiac arrhythmia
Valvular dysfunction

Infection
Sepsis
Endocarditis

Table 1  Differential Diagnosis of Dyspnea in a 
Cancer Patient

Cardiac

Congestive heart failure (comorbid heart diseases,  
 chemotherapy-induced cardiomyopathy,  
 amyloidosis, . . . etc.)
Cardiac arrhythmia (comorbid heart diseases,   
 cancer treatment-induced arrhythmia,  
 arrhythmia secondary to electrolyte  
 abnormalities, . . . etc.)
Valvular heart disease (carcinoid cardiac disease,  
 comorbid valvular diseases)
Pericardial tamponade
SVC syndrome

Pulmonary
Pneumothorax
Infectious pneumonia (bacterial, fungal, 
mycobacterial, viral, and protozoal (PCP))
Radiation pneumonitis
Bronchiolitis obliterans
Drug-induced toxicity (infiltrates, fibrosis)
Alveolar hemorrhage
Pleural effusion
Lymphangitic carcinomatosis
Leukostasis
Extensive pulmonary metastasis
Pulmonary embolism
Restrictive lung disease (including massive  
 ascites)

Air way
Tracheal or bronchial obstruction
Pharyngeal or laryngeal obstruction 
Angioedema
Asthma
Chronic obstructive pulmonary diseases

Psychogenic
Anxiety

Systemic
Transfusion reaction
Anaphylaxis or anaphylactoid reaction
Metabolic acidosis
Anemia
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or hematogenous dissemination, which occur 
frequently in cancers arising in the chest (eg, 
breast and lung carcinomas). Malignant mela-
noma is the most likely cancer to metastasize to 
the heart. Leukemias and lymphomas (both 
Hodgkin’s and non-Hodgkin’s) may cause  
pericardial effusions as well22.  

Usually pericardial effusion is a late compli-
cation in patients with known metastatic disease 
although it may occasionally be the first clinical 
manifestation of malignancy. Less than one third 
of patients with malignant pericardial effusion 
are symptomatic. The most common complaints 
are shortness of breath, dyspnea on exertion, 
orthopnea, pleuritic chest pain and general weak-
ness. Physical findings may range from normal to 
hemodynamic collapse. Signs of compromised 
cardiac output include tachypnea, hypotension, 
tachycardia, jugular venous distention and 
peripheral edema. The severity of hemodynamic 
impairment is determined by both the amount of 
pericardial fluid and the rate of fluid accumula-
tion. Exaggerated decrease in systolic blood pres-
sure with inspiration (pulsus paradoxus) is a 
classic finding of cardiac tamponade, but it is 
nonspecific because it can also be present in 
patients with significant lung disease, or cor  
pulmonale.

In the course of investigating the signs and 
symptoms of cancer patients with pericardial 
tamponade, electrical alternans in electrocardio-
graphs or widening of the cardiac silhouette on 
plain chest radiographs are very helpful findings 
when present. (Figure  1.) Computed tomography 
(CT) or magnetic resonance imaging (MRI)  
studies provide information on the size, location, 
and presence of loculation of pericardial effusions 
but do not provide adequate assessment of  
the hemodynamic significance of the effusions. In 
contrast, two-dimensional echocardiography can 
not only diagnose pericardial effusion but can 
also evaluate its hemodynamic significance (ie, 
determine whether there is cardiac tamponade). 
Compression of the right atrium, diastolic col-
lapse of the right ventricle, and a side-to-side or 
front-to-back movement of the heart (cardiac 
rocking) are common echocardiographic signs  
of pericardial tamponade. Doppler study of  
respiration-induced alterations in the blood flow 
across the mitral valve is also helpful in evaluating  
the hemodynamic significance of pericardial  
effusions.

Initial management of a malignant pericar-
dial effusion depends on its hemodynamic  
significance. In patients with severe symptoms 
and compromise in cardiac output, echocardiog-
raphy-guided pericardiocentesis may be per-
formed in the emergency center or intensive  
care unit. Placement of a drainage catheter into 
the pericardial space may be required to prevent 
rapid recurrence of tamponade. The catheter  

can remain in place until the pericardial fluid  
drainage is <50  mL over 24  hours.

Long-term management aims at preventing 
reaccumulation of pericardial fluid, which occurs 
in >50% of patients with malignant effusions. In 
patients with rapidly reaccumulating effusion 
with significant hemodynamic compromise,  
creating a pleuropericardial window using one  
of a variety of approaches can help the patient  
to avoid repeated pericardiocentesis. The  
pleuropericardial window procedure is usually 
performed in an operating room, but can also  

be performed at the intensive care unit using  
local anesthesia (eg, the use of a percutaneous 
intrapericardial balloon catheter to create a  
pleuropericardial window).23 Creating a pericar-
dioperitoneal shunt through a laparoscopic trans-
diaphragmatic approach is another treatment 
option.24 In hemodynamically stable patients, 
pericardial radioactive colloid, systemic chemo-
therapy or external-beam irradiation may be used 
for tumors that are sensitive to these treatments. 
Instillation of chemotherapeutic agents or  
sclerosing agents into the pericardial cavity can 

FigurE 1  Cardiac tamponade by malignant pericar-
dial effusion. A 48 year-old female with non–small 
cell lung cancer and malignant right pleural effusion 
presented with dyspnea and mild hypotension to our 
emergency center. A, Chest radiography showed a 
small residual right pleural effusion and the presence 
of an indwelling Denver pleural catheter. B, Mild  
posterior fullness of the cardiac silhouette was appar-
ent in the lateral view (white arrow heads). C, Two-
dimensional echocardiography demonstrated right 
atrial collapse (black arrow head) and D, a large  
circumferential pericardial effusion. A pericardial 
catheter was inserted emergently to drain the pericar-
dial effusion. E, The pericardial catheter was shown 
on the CT scan image (black arrow head).
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also prevent reaccumulation of pericardial fluid 
in many patients.25

Acute Airway Obstruction
Acute airway obstruction usually involves the 
upper airway. Nonmalignant causes of upper 
airway obstruction in cancer patients include  
foreign body or food aspiration, severe tracheo-
malacia, tracheal stenosis, airway edema, and 
fungal, viral, or bacterial infections. Upper airway 
obstruction due to angioedema can occur in 2  
to 3% of patients receiving paclitaxel.26 Causes  
of airway obstruction related to cancer include 
tumor encroachment, tumor-associated airway 
edema, or hemorrhage. Primary tumors of the 
head and neck (base of tongue, larynx, hypophar-
ynx, thyroid, or trachea) and lung can directly 
extend to the upper airway and cause obstruction. 
Metastatic spread of cancers to the neck or  
mediastinum can also cause obstruction of the 
upper airway.

For the lower airway, the most common 
cause of obstruction is primary bronchogenic 
carcinoma. Other, less common causes are  
metastases from cancers of the colon, breast,  
thyroid, or kidney; melanoma; lymphoma; or  
sarcoma. Severe bronchospasm due to release of 
hormone mediators is a major component of the 
acute carcinoid syndrome.

Dyspnea is the primary symptom of airway 
obstruction. As the airway diameter narrows,  
dyspnea on exertion will progress to dyspnea at 
rest. Further progression of obstruction will lead 
to wheezing, orthopnea, tachycardia, diaphoresis, 
stridor, and respiratory distress. Stridor is an 
ominous sign that can rapidly be followed by  
bradycardia, obtundation, and death.

The oral cavity should be quickly inspected 
to exclude the presence of foreign body or food. 
Clinical diagnosis of upper airway obstruction is 
often confirmed by direct visualization with either 
a laryngoscope or bronchoscope. Endotracheal 
intubation may be difficult, and laryngoscopy or 
bronchoscopy may be necessary to guide the 
endotracheal tube. Severe upper airway obstruc-
tion that is immediately reversible may require 
tracheotomy. Other supportive therapies include 
corticosteroids, bronchodilators, and helium-
oxygen mixtures.

For patients with lower airway obstruction, 
chest radiographs identify the obstruction in 75% 
of cases. In other cases, CT scan of the chest  
can usually reveal the diagnosis. (Figure  2.)  
Interventional pulmonary treatments using rigid 
or flexible bronchoscopes and may involve  
balloon bronchoplasty,27 placement of stents,28,29 
laser bronchoplasty,29,30 cryosurgery,31 and brachy-
therapy.32 Other surgical interventions may be 
considered as appropriate for the patient’s cancer 
prognosis, functional performance status, and 
comorbid conditions.

Pneumothorax
In cancer patients, procedures often associated 
with iatrogenic pneumothorax include percuta-
neous lung biopsy, transbronchial biopsy, and 
insertion of central venous lines. Even nasogastric 
tube placement may occasionally result in pneu-
mothorax. Secondary Spontaneous pneumotho-
rax is most often due to chronic obstructive 
pulmonary diseases, and may be common among 
smokers with lung cancers and head-and-neck 
cancers. Primary and metastatic pulmonary  
neoplasms may also lead to spontaneous pneu-
mothorax. Pneumothorax has been reported  
in chemotherapy with bleomycin,33 carmustine,34 
and lomustine. Rupture of mycetoma (aspergil-
losis, coccidioidomycosis, cryptococcosis, and 
mucormycosis) into the pleural space may result 
in pneumothorax. Other infectious agents  
associated with pneumothorax include Klebsiella, 
Staphylococcus, and Pseudomonas species, jiroveci 
(formerly Pneumocystis carinii), and Mycobacte-
rium species.

Patients with underlying lung disease often 
cannot tolerate decreases in vital capacity and 
have a higher risk for respiratory failure when 
pneumothorax occurs. Dyspnea and chest pain 
are invariably present in a significant pneumo-
thorax. Other symptoms, such as cough, hemop-
tysis, or orthopnea, are less common. Small 
pneumothoraces (<20% of lung volume) are 
undetectable on physical examination. In a  
large pneumothorax, examination usually reveals 
absent or decreased breath sounds on ausculta-
tion, absent tactile fremitus, and hyperresonance 
of the affected side of the chest. Deviation of the 
trachea to the side contralateral to the affected 
lung and decreased movement of the affected 
hemithorax may also be present. In a tension 
pneumothorax, increased central venous and 
intrapleural pressures may manifest as jugular 
venous distension. When venous return and  

FigurE 3  Pneumothorax. A 38 year-old female  
suffered pneumothorax during attempts for central 
venous catheter insertion. A small residual pneumo-
thorax persisted despite placement of a pig-tail cath-
eter into the pleural cavity connected to a Heimlich 
valve (enlarged inset: the pleural line indicated by the 
arrow heads). The left lung became fully expanded 
after repositioning of the pig-tail catheter (full chest 
radiograph).

cardiac output are impeded by the tension pneu-
mothorax, hypotension, severe hypoxemia, and 
respiratory acidosis will occur.

Chest radiographs are the most valuable 
diagnostic tools for pneumothorax. Pneumotho-
rax is diagnosed when a chest radiograph reveals 
a visceral pleural line beyond which there are  
no lung markings. About one-third of pneumo-
thoraces are undetected on semi-erect and supine 
chest radiographs.35 In a small pneumothorax, 
the pleural line may be difficult to see. Therefore, 
a good-quality upright chest radiograph and a 
bright light for viewing are needed, and in some 
cases, expiratory films may be helpful. Recently, 
digital processing of digitized chest radiographs 
to enhance edges are becoming popular to help to 
detect visceral pleural lines.

For small pneumothoraces without signifi-
cant symptoms, close observation will suffice. 
Serial chest radiographs should be obtained  
several hours after the initial radiograph to rule 
out further expansion of the pneumothorax. If 
the small pneumothorax is stable in size, the 
patient may be discharged with appropriate 
instructions and follow-up arrangement, and 
scheduled for repeat chest radiographs in 12 to  
48  hours.36

Intrapleural catheter aspiration may be  
performed for symptomatic pneumothoraces, 
rapidly expanding pneumothoraces, and pneu-
mothoraces of more than 15% of the ipsilateral 
pleural space (Figure  3). A pneumothorax  

FigurE 2  Carinal mass obstructing right main stem 
bronchus. A 65 year-old man with adenocarcinoma of 
the lower esophagus presented with subacute onset 
of dyspnea on exertion. Computed tomography of the 
chest revealed a subcarinal mass encasing the right 
main stem bronchus with endobronchial extension 
(white arrow heads) that caused obstruction of right 
main stem bronchus.
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that fails to reexpand or recurs after catheter  
aspiration requires tube thoracostomy. Heimlich 
valves are often used. Initial treatment with tube 
thoracostomy is indicated for a traumatic pneu-
mothorax and hemothorax, a pneumothorax 
occupying more than 15% of the ipsilateral  
pleural space with retained secretions or lung 
infections on the affected side, or a pneumotho-
rax that developed while on mechanical ventila-
tion. Thoracotomy or thoracoscopic surgical 
repair may be considered for patients with  
only partial lung expansion 5 to 7  days after  
a tube thoracostomy and for patients with a  
persistent air leak due to bronchopleural fistula. 
Thoracoscopic pleurodesis with talc or other 
drugs, thoracoscopic pleurectomy, thoracoscopic 
pleural abrasion, or chest tube pleurodesis may be 
considered to prevent recurrence.37

Thromboembolic Diseases

Venous Thromboembolism 
The association between malignancy and venous 
thromboembolism (VTE) is well established; 
numerous studies have demonstrated that almost 
all types of cancer may be associated with an 
increased risk for thromboembolic disease. VTE 
is the second leading cause of death in patients 
with cancer. VTE comprises two related  
conditions: deep venous thrombosis (DVT) and  
pulmonary embolism (PE). DVT is often a  
precursor of PE. Unfortunately, even one and a 
half centuries after Armand Trousseau reported 
the association between VTE and malignancy in 
1865, the pathophysiology of VTE remains poorly 
understood.

Compared with non-cancer patients, cancer 
patients have higher rates of initial thrombosis, 
recurrence of thrombosis, and fatal PE.38 Patients 
with malignancy and no underlying comorbid 
condition have a 15 to 20% risk of developing 
thromboembolic disease. Compared with patients 
without cancer undergoing similar procedures, 
cancer patients undergoing surgery have two to 
three times the risk of developing postoperative 
VTE.39 The most common cancers associated with 
VTE include prostate, colon, lung, and brain 
cancer (in men), and breast, lung, and ovarian 
cancer (in women).40,41 In one retrospective  
analysis, pancreatic cancer was also associated 
with a high incidence of VTE and a 12.1%  
per-hospitalization risk of VTE.42 In another 
study, genitourinary and gynecologic malignan-
cies were commonly associated with VTE.43 The 
incidence of DVT after surgery for brain tumors 
has been reported to be 1.6 to 4%. PE occurs in as 
many as 5% of patients after neurosurgery, and 
the associated mortality rate is 9 to 50%.44,45

Extrinsic factors play an important role in 
cancer patients’ predisposition to VTE. These 
include cytotoxic chemotherapeutic agents which 

increase the risk 6.5-fold54 hormonal treatments 
(estrogens and anti-estrogens), radiotherapy, and 
central venous catheters. Radiotherapy causes 
endothelial damage, making a nidus for the  
formation of platelet clumping.

The presence of a central venous catheter, 
commonly used in cancer patients to facilitate 
chemotherapy administration and blood draws, 
is an independent risk factor for VTE and carries 
the same weight as other risk factors, such as 
malignancy, chemotherapy, and oral contracep-
tive therapy.46 Approximately 13 to 35% of 
patients with subclavian venous catheters develop 
axillary-subclavian vein thrombosis, with cathe-
terization estimated to account for 39% of all 
subclavian vein thromboses.47 The question of 
whether cancer patients with central venous  
catheters should receive prophylaxis with  
warfarin is controversial, and a need for more 
randomized studies is recognized.48

Patients with a prior episode of VTE are at 
increased risk for recurrence, especially if other 
risk factors are present. In a case-control study, 
patients with prior VTE had eight times the risk  
of a subsequent episode compared to patients 
without prior VTE.49

Diagnostic Strategies in the Emergency Setting

In the emergency room, the diagnostic evaluation 
of patients with suspected VTE should include 
history and complete physical examination, 
radiologic imaging, and, as more recent evidence 
suggests, laboratory studies. The clinician needs 
to be astute to elicit additional risk factors that 
would predispose the cancer patient to VTE, as 
discussed previously.

In the case of DVT, the patient may be 
asymptomatic or have complaints such as pain or 
swelling in the involved extremity. It is difficult to 
diagnose PE in cancer patients because the signs 
and symptoms are vague and difficult to differen-
tiate from those related to the malignancy process 
or side effects of cancer treatments. The most 
common presenting symptoms of PE are  
dyspnea, tachypnea, and pleuritic chest pain.50,51 
Sometimes, fever and a pleural rub may be 
detected. When massive PE occurs, increase in 
pulmonary vascular resistance and right ventricu-
lar afterload causes right ventricular failure. The 
patient may have angina due to right ventricle 
ischemia. Cardiovascular collapse and death  
may ultimately occur following development of 
ischemia, right ventricular dysfunction, tricuspid 
regurgitation, and forward flow failure. Hemop-
tysis is rare and is associated with pulmonary 
infarction, a complication happening 12 to  
36  hours after PE.

Although DVT in the lower extremities 
occurs in fewer than half of all patients with PE,52 
the lower extremities should be examined for  
evidence of thrombosis. Assessment of oxygen 

saturation by pulse oximetry or arterial blood gas 
measurements and calculation of alveolar-arterial 
oxygen gradient can be helpful. A chest radio-
graph is needed to exclude causes of pulmonary 
symptoms other than PE. An electrocardiogram 
commonly shows sinus tachycardia, inverted T 
waves, or nonspecific ST-T wave abnormalities, 
but the S1-Q3-T3 pattern classical for PE is uncom-
mon. Other electrocardiographic changes associ-
ated with right ventricular abnormalities such  
as right axis deviation, atrial arrhythmia, P- 
pulmonale, and right bundle branch block may 
occur. Electrocardiography, chest radiography, 
and measurement of arterial blood gases, although 
routinely performed in patients with clinically 
suspected PE, may not be of value in confirming 
the diagnosis.53

D-dimer, a marker of endogenous fibrinoly-
sis, has been studied in a variety of settings to 
determine whether it can be used alone or in 
combination with radiologic studies to exclude 
the diagnosis of VTE. Elevated D-dimer levels 
usually occur in patients with VTE but may also 
be elevated in other conditions, including infec-
tion, trauma, and malignancy. Several studies in 
the 1990s showed that the D-dimer has a high 
negative predictive value and is a sensitive but 
nonspecific marker of VTE. In a meta-analysis  
of studies from 1983 to 2003 comparing results  
of different D-dimer assays with findings on 
objective tests for VTE (compression ultrasonog-
raphy, venography, and lung scanning) in patients  
with suspected DVT or PE, Stein and colleagues 
concluded that the D-dimer enzyme-linked 
immunosorbent assay (ELISA) had 95% sen-
sitivity and negative likelihood ratios (about 0.1) 
for excluding DVT and PE.54

The usefulness of a D-dimer test coupled 
with clinical suspicion of DVT was tested in a 
study of 1,096 outpatients.55 The patients were 
divided into two groups by using the “Clinical 
Model for Predicting the Pretest Probability of 
Deep-Vein Thrombosis”.56 Completely normal 
findings on D-dimer testing may exclude the  
possibility of VTE in a low-risk population. 
Recent data suggest that D-dimer testing may  
be also be used to determine if a patient has a 
recurrent DVT. Plasma D-dimer measurement 
seems to provide a simple method for excluding 
acute recurrent DVT in symptomatic patients.57

Venous compression ultrasonography is  
the radiologic diagnostic test of choice for  
suspected DVT.58 Normally, the veins are com-
pressible. In the presence of a DVT, the vein  
is non-compressible.59 Contrast venography rem-
ains the reference standard for diagnosis of DVT, 
but is rarely used because it is invasive, expensive, 
and not readily available.53

The degree of clinical suspicion should  
guide the clinician in the diagnostic work-up of 
VTE, especially PE. A patient with a high clinical 
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suspicion of PE should undergo imaging testing 
immediately. D-dimer is not the diagnostic test of 
choice when there is a high clinical suspicion  
of PE but may be useful if the clinical probability 
is low.60,61

The radionuclide ventilation-perfusion (V/
Q) scan is a common initial test for diagnosing 
PE. When V/Q scans are interpreted as having an 
“intermediate probability” of PE, other tests such 
as spiral CT, MRI, and pulmonary angiography 
may be indicated to further investigate the diag-
nosis of PE. Spiral CT and MRI are relatively new 
diagnostic modalities with sensitivities and speci-
ficities of about 80% and 90%, respectively.62,63 
Despite those rates, PE in the distal pulmonary 
vasculature is not reliably detected with these 
modalities64; the negative predictive value of  
spiral CT angiography for PE is 98% (Figure  4).65 
Spiral CT is increasingly becoming the diagnostic 
method of choice for acute PE at many institu-
tions. Moores and colleagues performed a meta-
analysis of the literature from 1966 through 2004, 
assessing the safety of withholding anticoagula-
tion in patients with suspected PE and negative 
results on spiral CT, and concluded that it was 
safe to withhold anticoagulation after negative 
spiral CT results since the rate of subsequent VTE 
was the same as that seen after negative results  
on conventional pulmonary angiography.66  
Nevertheless, the gold standard for the diagnosis 
of PE is pulmonary angiography, which should  
be considered in patients with strong clinical  
suspicion of PE and negative initial diagnostic 
tests.67

Treatment Options in the Emergency Setting

In cases of massive PE, hemodynamic instability 
and hypoxia must be treated emergently with 
intravenous crystalloid fluids, inotropic agents, 
and oxygen administration by mask or endotra-
cheal tube. For patients in whom PE is strongly 
suspected, heparin or low-molecular-weight  
heparin (LMWH) should be administered unless 
clinically contraindicated. Unfractionated hepa-
rin is administered in a bolus injection of 80  U/
kg, and then a continuous intravenous infusion 
of 18  U/kg/h is used, adjusted to maintain the 
activated partial thromboplastin time at 1.5 to 2.0 
times the baseline control value.68 LMWHs are 
alternatives for unfractionated heparin69 with the 
same or lower risk of bleeding complications as 
unfractionated heparin,70 and have the advantage 
of not requiring intravenous access and partial 
thromboplastin time monitoring. Thrombolysis 
is generally considered in patients with massive 
PE and hemodynamic instability.71 Criteria for 
thrombolytic therapy are emboli occlusion of 
more than 40% of the pulmonary vasculature,72 
echocardiographic evidence of right ventricular 
dysfunction, and severe hypoxemia.73 Compared 
to anticoagulation alone, thrombolytic therapy 
doubles the rate of major complications, includ-
ing intracranial hemorrhage.74 Although throm-
bolysis accelerates fibrinolysis and clot dissolution 
and improves cardiopulmonary function, a  
definite beneficial effect on mortality remains to 
be demonstrated by large-scale studies.75 Surgical 
and catheter embolectomy is reserved for patients 
in whom the usual treatment approaches fail.

In hemodynamically stable patients with 
VTE, treatment should begin with administration 
of unfractionated heparin or LMWHs to prevent 
thromboembolic recurrence. The therapy should 
begin immediately after the diagnosis is estab-
lished. Studies comparing the LMWHs and 
unfractionated heparin have found that they are 
equally effective, but LMWHs have the advantage 
of potential outpatient administration and no 
need for coagulation laboratory monitoring.40,76,77 
For cancer patients, anticoagulation therapy 
should be continued until the malignancy is no 
longer active,78 and LMWHs may be superior  
to wafarin in the prevention of recurrent  
VTE.79 The high drug cost of LMWHs may be 
offset by the cost of coagulation laboratory  
monitoring required for wafarin therapy.

Outpatient treatment of DVT with LMWHs 
and close monitoring has become standard prac-
tice. Patients treated on an outpatient basis need 
to have follow-up with their primary physicians 
within 3 to 5 days for monitoring of the platelet 
count and coagulation parameters and decide 
whether or not to transition to oral anticoagula-
tion.80 Outpatient treatment of PE has been  
investigated in a limited number of studies of  
the general patient population. Patients with low 

risk according to a quantitative risk score were 
treated successfully in the outpatient setting with 
LMWH.81 Another prospective cohort study 
showed that outpatient LMWH treatment was 
feasible and safe for patients with non-massive 
PE.82 Outpatient treatment of PE needs to be 
investigated further in cancer patients. Exclusion 
criteria for the outpatient treatment of VTE with 
LMWH should include the need for hospitaliza-
tion (because of the severity of the disease  
and comorbidities), active bleeding, and severe 
coagulopathy.

Patients with VTE who are severely throm-
bocytopenic, who are at risk of serious bleeding, 
who are actively bleeding, or who are allergic to 
heparin products present a therapeutic challenge 
to the emergency center physician. The accepted 
indications for the placement of an inferior vena 
caval filter include active bleeding, risk of serious 
bleeding that precludes the use of anticoagulant 
therapy, and failure of anticoagulant therapy. 
However, the use of inferior vena caval filters  
is associated with an increased long-term risk  
of recurrent DVT despite concurrent oral  
anticoagulant therapy.83

Hemostatic Disorders and Acute 
Hemorrhage

After organ failure due to tumor invasion and 
infection, bleeding is the third most common 
cause of death in patients with metastatic cancer 
and the second most common cause of death  
in patients with hematologic malignancies.84,85 
Causes of hemorrhage in cancer patients include 
coagulopathies due to the malignancy or its treat-
ment, tumor invasion of vascular structures, and 
bleeding from the tumor itself.

In the hemorrhaging cancer patient, no 
matter where the bleeding site is, the immediate 
treatment goal is to achieve hemostasis, establish 
hemodynamic stability, determine the cause,  
and correct any coagulopathy. Prompt action on 
the part of the emergency physician will limit 
morbidity and mortality.

In the emergency setting, direct compression 
of the bleeding vessel or site should be applied 
whenever feasible while the cardiopulmonary 
status is rapidly assessed. Intravenous fluid resus-
citation is vital to maintain intravascular volume, 
cardiac output, and adequate vital organ perfu-
sion. Isotonic crystalloid fluids (lactated Ringer’s 
solution, normal saline, etc.) are the appropriate 
first-line agents because colloids (eg, hetastarch) 
have not been proven to improve survival com-
pared with crystalloids.86 Coagulopathy and 
thrombocytopenia should be corrected by trans-
fusion of blood products as quickly as possible. 
Whether to transfuse red blood cells depends on 
hemodynamic stability, estimated blood loss, 

FigurE 4  Bilateral pulmonary embolism. A CT chest 
angiogram demonstrated multiple filling defects in 
the lumen of pulmonary vasculature on both sides 
(arrow heads) in a pancreatic cancer patient with 
chest pain and dyspnea.
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persistence of hemorrhage, and comorbid condi-
tions (eg, ischemic heart disease and cerebrovas-
cular disease). Typed and cross-matched red 
blood cells are preferred, but in the case of mas-
sive life-threatening hemorrhage, non-cross-
matched type-specific blood or type-O blood may 
have to be administered during emergent resusci-
tation. Specific procedures to control bleeding, 
such as balloon tamponade, embolization, or  
surgical ligation of bleeding vessels, should be 
performed rapidly.

Massive Hemoptysis
Massive hemoptysis can be defined as expectora-
tion of 100  mL of blood in a single episode or 
more than 600  mL of blood over a 24-hour 
period.87,88 Mortality increases with increased 
bleeding. Nearly a third of patients with  
massive hemoptysis have a fatal hemorrhage.89 
Death results from asphyxiation rather than 
exsanguination.

Patients at greatest risk for massive hemopty-
sis are those with tumors involving the airway  
(eg, endobronchial tumor or tumor invading  
the pulmonary or bronchial vessels). Other  
causes of massive hemoptysis include infection 
(eg, necrotizing pneumonia or lung abscess due 
to various organisms, including mycobacteria 
and fungi), PE with infarction, and bronchie-
ctasis. Hemostatic abnormalities, such as severe 
thrombo cytopenia and coagulopathy, may  
result from malignancy or its treatment, and 
impaired hemostasis will worsen pulmonary 
hemorrhage. Hemoptysis may be the presenting 
symptom of malignancy, especially in patients 
with lung cancer. Metastatic disease from breast 
cancer, melanoma, laryngeal cancer, sarcoma,  
or lymphoma may also lead to massive  
hemoptysis.90

The airway should be protected. Intubation 
is recommended for patients with rapid bleeding, 
hemodynamic instability, severe dyspnea, venti-
latory impairment, or hypoxia.87 Patients with 
hemodynamic instability also require volume 
resuscitation, administration of supplemental 
oxygen, correction of underlying coagulopathies, 
and cough suppressants. Attempts should be 
made to localize the site of bleeding, and the 
patient should be positioned bleeding side down 
to prevent aspiration of blood into the unaffected 
lung. Maintenance of the airway is important, 
and the patient should be intubated in prepara-
tion for bronchoscopy. If the bleeding can be 
localized, unilateral intubation should be done to 
protect the non-bleeding lung.91 A balloon occlu-
sion (Fogarty) catheter may be used temporarily 
to tamponade the bleeding. Emergency thoracic 
surgery and pulmonary medicine consultations 
should be arranged.92 Nonsurgical options include 
arterial embolization of bronchial arteries,93  
bronchoscopic laser photocoagulation and  
electrocautery,29,94–96 or radiation treatment.93,97,98

Carotid Artery Rupture
Rupture of the carotid artery (or “carotid blow-
out”) is one of the most devastating complica-
tions of head and neck cancer and its treatment 
and is now considered a syndrome. Carotid  
blowout syndrome (CBS) is defined as the  
rupture of the extracranial carotid arteries or their 
major branches. It is most commonly seen in 
squamous cell carcinoma of the head and neck. 
Additional risk factors include previous neck  
dissection, irradiation, previous CBS with stent 
placement, and wound infection.99–102

Carotid artery rupture often occurs as a 
sudden and massive arterial spurting. Occasion-
ally, ominous minor and transient sentinel bleed-
ing episodes herald the massive carotid blowout. 
In some cases, bleeding through a fistula into  
the esophagus, trachea, hypopharynx or pharynx 
may masquerade as massive hematemesis or 
hemoptysis. Even with prompt management, 
many such patients will rapidly deteriorate with 
hypotension, hypovolemic shock, and loss of 
consciousness, ending in death.

Prompt control of the bleeding site is key in 
reducing mortality. Firm, constant pressure with 
a gauze bandage at the site of bleeding is manda-
tory until the patient arrives in the operating 
room or interventional radiology suite. Initial 
management should also include airway manage-
ment and aggressive fluid resuscitation. Large-
bore intravenous access with crystalloid infusion 
should be immediate. Transfusion of packed  
red blood cells should be started promptly.  
Vasopressor agents may be necessary for hemo-
dynamic support until the bleeding can be 
stopped. The bleeding very rarely stops spontane-
ously. With emergent operative ligation of the 
common carotid artery or internal carotid artery, 
a mortality rate of 40% and a neurologic morbid-
ity rate of 60% have been reported.103–105 More 
recently, management of carotid blowout syn-
drome with intraluminal balloon occlusion and 
endovascular stenting has shown promising 
results: reported morbidity and mortality rates 
are less than 10%.106–108

Splenic Rupture
Acute leukemia, chronic myelogenous leukemia 
and non-Hodgkin’s lymphoma are malignancies 
commonly associated with spontaneous splenic 
rupture. Other associated malignancies include 
hairy cell leukemia, Hodgkin’s lymphoma, gastric 
cancer, prostate cancer, and lung cancer. The 
mechanism of spontaneous splenic rupture is not 
clear but may involve minor trauma to the spleen, 
infiltration of the splenic capsule by malignant 
cells, severe splenomegaly, splenic infarction, 
thrombocytopenia, and coagulopathy.

Pain in the left shoulder or abdomen (left 
upper quadrant), tachycardia, and hypotension 
are typical signs and symptoms of splenic  

rupture, the severity of which depends on the 
extent of bleeding. Diagnostic peritoneal lavage  
is rarely used in non-trauma cases. Imaging  
studies often can provide a definitive diagnosis of  
splenic rupture. The diagnostic study of choice is 
CT, which is noninvasive and can provide detailed 
information about the severity of retroperitoneal 
or intraperitoneal hemorrhage. Splenic rupture 
can also be diagnosed by ultrasonography,109 the 
portability of which allows bedside evaluation  
for hemodynamically unstable patients.

Prompt splenectomy is indicated for patients 
with hematologic malignancies having splenic 
rupture because the mortality rate is high without 
surgery. In selected patients with contraindica-
tions to surgery, selective arterial embolization  
or external-beam irradiation of the ruptured  
site may control bleeding.110 Patients who are  
not surgical candidates should be supported  
with intravenous crystalloid fluid, supplemental 
oxygen, pain medications, and blood products.

Gastrointestinal Hemorrhage
Upper gastrointestinal bleeding is a common 
problem, both in the general patient population 
and in cancer patients. Fewer than 20% of cases of 
upper gastrointestinal bleeding can be attributed 
to cancer111–113; most cases of upper gastrointesti-
nal bleeding are due to non-cancer causes, such  
as hemorrhagic gastritis and peptic ulcer disease, 
esophagitis, esophageal varices, and Mallory-
Weiss tears. When cancer is the cause, the  
malignancies most commonly implicated include 
adenocarcinoma, lymphoma or sarcoma of the 
gastrointestinal tract, and metastatic tumors.

Treatment of upper gastrointestinal bleeding 
in cancer patients should address the cause. Fluid 
resuscitation and blood transfusions are war-
ranted to maintain hemodynamic stability. Cor-
rection of coagulopathy is necessary, and, if the 
patient is actively bleeding, platelet transfusions 
should be given to maintain the platelet count 
above 50,000 per microliter. H2-antagonists or 
proton-pump inhibitors are routinely given to 
reduce or neutralize gastric acid, but this has not 
been shown to stop active bleeding or prevent 
rebleeding.114 Endoscopic therapies such as  
epinephrine injections, bicap electrocoagulation, 
heater probe, and the argon plasma laser  
coagulator may be used to achieve hemostasis.

Retroperitoneal Hemorrhage
Any damage to retroperitoneal organs (eg, the 
kidneys, adrenal glands, pancreas, duodenum, 
major blood vessels) may cause retroperitoneal 
hemorrhage. Retroperitoneal or intraperitoneal 
invasive procedures (including radiofrequency 
coagulation for treatment of liver tumors115) and 
placement of a central venous catheter through a 
femoral vessel can also cause severe retroperito-
neal hemorrhage. Malignancies rarely cause  
spontaneous retroperitoneal hemorrhage; cases 
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involving renal cell carcinoma (primary or  
metastatic),116 angiolipoma,117 or adrenal-gland 
tumors118 have been reported. Hemostatic abnor-
malities are predisposing factors for spontaneous 
retroperitoneal hemorrhage.

Retroperitoneal hemorrhage causes nonspe-
cific signs and symptoms that may vary according 
to the rate of, and the site of, bleeding. Patients 
may present with abdominal pain, a tender mass 
in the flank, tachycardia, and hypotension. Some 
may have hematuria or hematochezia if the  
blood somehow finds its way into the ureter or 
gastrointestinal tract. Diagnosis of retroperito-
neal hemorrhage is difficult on the basis of  
clinical findings, and a high level of clinical  
suspicion and early imaging studies are keys to 
successful diagnosis and treatment. CT of the 
abdomen and pelvis is the noninvasive study most 
commonly used to diagnose retroperitoneal 
bleeding. (Figure  5.) Ultrasonography can be  
performed at the bedside for rapid diagnosis of 
unstable patients.

In the emergency center, stabilizing treat-
ments for acute retroperitoneal hemorrhage—
such as intravenous crystalloid fluid, blood 
transfusion, and correction of coagulopathy and 
thrombocytopenia—should be started immedi-
ately. The patient should be monitored closely  
for hemodynamic stability. In life-threatening 
cases of acute retroperitoneal hemorrhage, most 
patients require emergent laparotomy and  
surgical removal of the bleeding tumor or organ. 
Selective arterial embolization may control  
the bleeding of a renal lesion since renal cell  
carcinomas are often hypervascular. Preoperative 
embolization may also help minimize intrao-
perative blood loss. In hemodynamically stable 
patients with subacute bleeding, external-beam 
irradiation of the bleeding tumor may be  
performed.119

Epistaxis
Epistaxis is common in patients with malignan-
cies, especially in those who are thrombocytope-
nic or coagulopathic. Epistaxis is the most 
frequent otolaryngologic complication in patients 
undergoing leukemia treatment or bone marrow 
transplantation.120 Most minor episodes of  
epistaxis result from drying of the nasal mucosa 
and local trauma to the anterior nasal vessels.121 
Epistaxis in cancer patients is usually not life-
threatening. The physician’s approach should  
be to maintain an adequate airway while reassur-
ing the patient. If blood is aspirated and then 
expectorated or swallowed and then vomited, 
epistaxis may mimic hemoptysis or hematemesis, 
respectively. Maneuvers to control the bleeding  
may include pinching the nose, applying an ice 
pack to the face and nose, and applying pressure 
to the gingival buccal junction above the maxil-
lary incisors to compress the anterior nasal artery.  
In cases of more severe bleeding, topical vaso-
constrictors/decongestants [eg, phenylephrine  
hydrochloride, oxymetazoline] can be used to 
constrict the mucosal vessels to stop the bleeding. 
Electrocautery may also be used if the bleeding 
site can be identified. Nasal packing may be used 
for anterior bleeds. Posterior artery bleeding 
necessitates posterior packing and endoscopic 
evaluation. Correction of thrombocytopenia  
and coagulopathy by transfusion of blood  
products is essential to control the bleeding.

Urinary Tract Hemorrhage
Hematuria is common in patients with cancer, 
and it may be massive and life-threatening, 
requiring aggressive management. Causes include 
tumor involving the bladder, chemotherapy, 
radiation-induced or viral hemorrhagic cystitis, 

and severe coagulopathy. Bladder and prostate 
carcinomas are the tumors that most often cause 
massive hematuria. Cervical and rectal carcino-
mas may also cause bleeding if they invade the 
bladder.122 The oxazaphosphorine drugs (cyclo-
phosphamide, ifosfamide, and busulfan) are the 
chemotherapy agents most commonly associated 
with hemorrhagic cystitis.123,124 Prophylactic  
measures aimed at minimizing the formation  
of the offending metabolite and its contact with 
the bladder epithelium include aggressive hydra-
tion to encourage frequent urination, continuous 
bladder irrigation, and administration of the  
uroprotective agent 2-mercaptoethane sulfo-
nate.122 Patients who have undergone bone 
marrow transplantation may develop severe  
hemorrhagic cystitis associated with adenovirus 
and parvovirus infections.125,126 Pelvic irradiation 
may result in bladder complications, including 
massive hematuria; the tumors most commonly 
associated with this finding include bladder, 
rectal, cervical, and prostate carcinoma.

Massive hematuria may lead to intravesicular 
clot formation and urinary retention. In such 
cases, after a urology consultation, the bladder 
should be lavaged to evacuate clots via a three-
way Foley catheter, and continuous bladder irri-
gation with normal saline should be continued 
until bleeding subsides. Aggressive volume resus-
citation with crystalloid intravenous fluid and 
packed red blood cell transfusion may be neces-
sary. Any coagulation abnormalities must be 
promptly addressed. If hemorrhage persists,  
formalin, alum, prostaglandins, phenol, iced 
saline, or silver nitrate may be instilled in the 
bladder in an attempt to stop the bleeding. Should 
conservative measures fail, surgical measures may 
be required to control bleeding.127

Central Nervous System  
Emergencies

Altered Mental Status
“Altered mental status” is a general phrase 
describing reduced levels of mentation, including 
impaired cognition, diminished attention, altered 
level of consciousness, and/or reduced awareness, 
and may range from intermittent mild distur-
bance to coma. Altered mental status is a common 
chief complaint in emergency departments, 
accounting for 4 to 10% of emergency visits in  
the general population, and may be a confound-
ing complaint with other clinical presentations  
(Table  3). Elderly patients are more likely (up to 
30%) to present with altered mental status for 
emergency care than are younger patients.128

The evaluation of altered mental status in an 
emergency setting requires complete evaluation 
of the patient. A reliable history is often not 
attainable from the patient, and family members 
and/or bystanders offer important components 

FigurE 5  Retroperitoneal bleeding from left iliac artery with hemoperitoneum. A 44 year-old male with retro-
peritoneal malignant fibrous histiocytoma had surgical resection of the cancer 6 weeks prior to presentation at 
the emergency center with mild abdominal pain and hypotension. CT scan of the abdomen demonstrated hemo-
peritoneum (left panel: arrow heads) and extravasation of intravenous contrast from the left iliac artery (right 
panel: arrow head).

A B



 Emergency Care: Special Considerations in Cancer Patients 723

of the history. Underlying medical conditions—
including diabetes mellitus, hypertension, coro-
nary artery disease, chronic obstructive pulmonary 
disease, and alcohol abuse—may point to a  
possible cause (Table  3).129

Patients with altered mental status should  
be examined to ensure that their vital signs are 
sufficient to support brain function. The 
“ABCs”—airway, breathing, and circulation—are 
of utmost importance. Blood pressure, respira-
tion rate, and oxygen saturation must be checked, 
and testing must be done to ensure that the patient 
is not hypoglycemic. Once these basic functions 
are examined, a complete physical examination, 
including a complete neurologic examination, 
should be completed. Essential laboratory studies 
should be ordered, including a complete blood 
cell count, prothrombin time, partial thrombo-
plastin time, chemistry panel, toxicologic screen, 
and blood cultures.130 Arrhythmias and acute 
myocardial infarction should be ruled out by 
obtaining an electrocardiogram and measuring 
appropriate cardiac enzymes. Arterial blood  
gas values should be obtained if hypoxemia, 
hypercapnia, drug intoxications, or metabolic 
encephalopathies are being considered. A  
head CT scan or a lumbar puncture should be 
emergently obtained if intracranial pressure or 
meningitis is considered in the differential  
diagnosis.

In all patients with coma, a 100  mg intrave-
nous dose of thiamine, an important cofactor for 
several enzymes, should be replaced since its 
depletion can lead to Wernicke’s encephalopathy. 
If opiate overdose is a possible cause, intravenous 
naloxone, 0.4 to 2.0  mg, should be given. Fluma-
zenil, a specific benzodiazepine receptor blocker, 
can reverse benzodiazepine-induced coma.  
However, the benefits of reversing coma induced 

by benzodiazepine must be weighed against the 
risk of flumazenil-induced seizures or cardiac 
arrhythmias.131

Spinal Cord Compression
About 1 to 5% of cancer patients may develop 
spinal cord compression, and they should  
be treated emergently because delays may result 
in permanent neurologic deficits.132 Spinal cord 
compression due to cancer most commonly 
involves the thoracic spine: 70% of cases involve 
the thoracic spine; 20%, the lumbosacral spine; 
and 10%, the cervical spine. Spinal cord compres-
sion may be the initial presentation of lung cancer, 
breast cancer, prostate cancer, multiple myeloma, 
lymphoma, renal cell cancer, or sarcoma.

Either direct compression or interruption of 
the vascular supply causes injury to the spinal 
cord by the tumor. Pain is the most prevailing 
presenting symptom—present in over 90% of 
patients. Unlike the pain in degenerative interver-
tebral disc disease, the pain in spinal cord com-
pression tends to worsen when the patient is 
supine, moving the back, coughing, or sneezing. 
Pain (radicular or local, constant or intermittent) 
may be present for days or months before the 
emergence of other neurologic deficits. Associ-
ated neurologic symptoms may include motor 
and sensory deficits in the spinal cord levels below 
the highest point of compression, and autonomic 
dysfunction (bowel or bladder dysfunction). 
Physical examination may reveal bone tenderness 
over the involved area, sensory loss, ataxic gait, or 
muscle paralysis. Paraplegia with difficulty in 
ambulation is present at diagnosis in almost 
three-quarters of patients with spinal cord com-
pression.133 Dense paralysis and urinary retention 
before treatment are predictors of a poor neuro-
logic outcome.

The differential diagnosis includes intramed-
ullary metastasis, disc herniation, vertebral body 
fracture with retropulsion of bone fragment,  
epidural abscesses, and hematoma. Plain  
radiographs of the spine may demonstrate bony 
abnormalities but offer no information on soft 
tissue lesions. The diagnostic test of choice is  
MRI of the spine with gadolinium enhancement 
(Figure  6).134

Prompt adequate analgesic therapy will facil-
itate patient cooperation for physical examina-
tion and diagnostic imaging studies. High-dose 
corticosteroids should be started when the spinal 
cord compression by tumor is clinically suspected. 
There is no clear clinical study data to support the 
superiority of one particular corticosteroid dosing 
regimen over others. The initial dose of dexa-
methasone varies from 10 to 100  mg in common 
clinical practice, and this is usually followed by  
4 to 10  mg every 4 to 6  hours.135 An emergent 
neurosurgical consultation should be sought to 

determine if surgery is indicated. If surgical inter-
vention is not warranted, radiotherapy at the level 
of the compression should be initiated, although 
prior radiotherapy to the involved anatomic 
region must also be taken into consideration.

Increased Intracranial Pressure with 
Brain Herniation
Increased intracranial pressure may be caused by 
primary brain tumors, brain metastases, intracra-
nial hemorrhage, infection, or trauma. Cancers 
that most frequently metastasize to the brain 
include lung cancer, breast cancer, and mela-
noma. Depending on the underlying process, the 
presentation may be acute or subacute. Processes 
that develop gradually usually allow early diagno-
sis and treatment in the clinic setting before  
herniation develops. Acute processes (eg, hemor-
rhage) may cause rapid deterioration of neuro-
logic function and require emergency intervention. 
Patients with hematologic malignancies are likely 
to have prolonged thrombocytopenia, which 
increases the risk of intracranial hemorrhage.

The patient with elevated intracranial pres-
sure and brain herniation is often unconscious on 
arrival at the emergency department. The exami-
nation must focus on signs of brain herniation, 
including level of consciousness, presence of  
papilledema, papillary size and light responses, 
whether the patient is exhibiting decerebrate or 
decorticate posturing, and the presence of nuchal 

Table 3  Differential Diagnosis of Altered Mental 
Status in a Cancer Patient

Hypoxia
Hypoglycemia or hyperglycemia
Thiamine deficiency
Hypothermia or hyperthermia
Seizures
Toxins (medications, illicit drugs, alcohol)
Electrolyte abnormalities
Infectious causes (meningitis, encephalitis,  
 abscess)
Stroke
Subarachnoid hemorrhage
Intracerebral hemorrhage
Tumors
Metabolic encepholapathyencephalopathy  
 (hepatic, uremic, sepsis, etc.)
Hypercapnia
Vasculitis FigurE 6  Thoracic spinal cord compression. A  

43 year-old male with adenocystic cancer of the left 
lacrimal gland presented with severe back pain 
between his scapulae plus bilateral chest pain. Mag-
netic resonance imaging of the spine demonstrated 
tumor replacement of T6 thoracic vertebral body with 
complete collapse of the vertebral body and epidural 
extension of the tumor compressing the spinal cord. 
The patient was treated by emergent T6 diskectomy, 
corpectomy and stabilization, and postoperative 
radiotherapy.
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rigidity or opisthotonos. Uncal herniation,  
and central transtentorial herniation produce 
characteristic clinical syndromes, but foraminal 
or tonsillar cerebellar herniation and transfalcial 
(cingulated) herniation are difficult to recognize 
due to the lack of specific features. Cushing reflex 
(systemic hypertension and bradycardia) is a late 
finding in elevated intracranial pressure.136

If clinical findings suggest increased intracra-
nial pressure or brain herniation and the patient 
is neurologically unstable, treatment to decrease 
intracranial pressure should be instituted  
immediately, even before brain imaging studies. 
Emergent treatments for brain herniation are 
hyperventilation, mannitol, and corticosteroids. 
Hyperventilation is the fastest way to decrease 
intracranial pressure, but the effects generally last 
only a few hours. After endotracheal intubation, 
the ventilator is set to hyperventilate, targeting  
a PCO2 of 25 to 30  mm Hg. Hypocapnia causes 
cerebral vasoconstriction, decreases cerebral 
blood volume, and, consequently, decreases 
intracranial pressure. Mannitol, a hyperosmotic 
agent, also has fast onset but short-lived effects. 
Solutions of 20 to 25% mannitol are infused 
intravenously (IV) at 0.5 to 2  g/kg over 20 to  
30 minutes. Additional doses may be given if the 
patient’s clinical condition continues to deterio-
rate. Corticosteroids may be helpful, especially 
when vasogenic edema is present. Dexametha-
sone is most often used, and is usually adminis-
tered IV as an initial bolus of 40 to 100  mg, 
followed by 40 to 100  mg IV per day in divided 
doses. Immediate neurosurgical consultation 
should be sought in the emergency department  
to determine whether surgical intervention  
is indicated. Once the patient is stabilized,  
treatment should be directed at the underlying 
cause.

Status Epilepticus
Seizures in cancer patients may be due to meta-
bolic, infectious, structural, and cancer– 
treatment-related causes, but the majority of 
cancer patients presenting to an emergency center 
with seizures are due to brain lesions.137 Status 
epilepticus is defined as continuous seizure  
activity or successive seizures without full recov-
ery between seizures for more than 30 minutes.  
It can lead to devastating neurologic damage  
from neuronal injury and cell death, as well as 
serious systemic complications (eg, neurogenic 
pulmonary edema and rhabdomyolysis with renal 
failure).

After seizure activity, physical examination 
may show bruises, bitten tongue, and signs of  
urinary or fecal incontinence. Patients may have 
focal neurologic deficits and altered mental status 
(confused or unresponsive) in a postictal phase, 
which may last for up to 24  hours. Laboratory 
findings may reveal increases in lactic acid and 

muscle enzyme levels. The status of the malig-
nancy, cancer treatment history, seizure history, 
and current medications should also be 
reviewed.

When a cancer patient presents with status 
epilepticus, airway, breathing, and circulation 
should be quickly assessed, and then anticonvul-
sant therapy with a benzodiazepine (lorazepam 
or diazepam) should be administered parenter-
ally. Phenytoin (or given as the prodrug  fosphe-
nytoin sodium) and phenobarbital are second-line 
and third-line agents, respectively. After a seizure, 
the unconscious patient should be placed lying  
on his or her side in the recovery position to  
prevent aspiration. Supplemental oxygen and 
airway suctioning may be needed. For patients 
with continuing seizure activity refractory to  
anticonvulsants, combination anticonvulsant 
therapy with complete sedation or anesthesia is 
required in the intensive care unit with endotra-
cheal intubation, mechanical ventilation, and 
monitoring with electroencephalography.

The precipitating factor in provoked seizures 
needs to be identified by measurement of electro-
lytes, serum glucose, calcium and magnesium, 
and hepatic and renal function testing. A com-
plete blood cell count, blood cultures, arterial 
blood gases, drug screens and electrocardiogra-
phy may be appropriate. Lumbar puncture may 
also be needed, depending on the suspected  
precipitating factor, the patient’s condition, and 
findings on brain imaging by CT or MRI.138

Tumor Lysis Syndrome
Tumor lysis syndrome (TLS) is caused by the 
death of a large number of cancer cells,139 and is 
characterized by hyperuricemia, hyperkalemia, 
azotemia, hyperphosphatemia, hypocalcemia, 
and metabolic acidosis out of proportion to the 
degree of renal insufficiency. TLS usually occurs 
after chemotherapy (including corticosteroid 
alone in sensitive lymphomas),140 immunother-
apy,141 or radiotherapy,142 but can also occur 
spontaneously. Historically, TLS has usually 
occurred less than 72  hours after chemotherapy 
in patients with leukemia and lymphoma. New 
effective treatments have caused TLS in patients 
with chronic lymphocytic leukemia, which is  
an indolent and chronic disease.141TLS also has  
been reported in patients with solid tumors, 
including small-cell carcinomas,143 breast 
cancer,144 non–small-cell lung cancer,145 and ovar-
ian cancer.146 The dreaded consequences of TLS 
are life-threatening arrhythmia secondary to the 
severe electrolyte abnormalities (especially hyper-
kalemia) and renal failure. Early recognition  
of metabolic abnormalities in TLS and prompt 
treatment can minimize morbidity and avoid 
mortality.

Common symptoms of TLS include nausea, 
vomiting, weakness, fatigue, cloudy urine, muscle 

cramps, and arthralgia. Physical signs include 
neuromuscular irritability, seizures, muscle  
weakness, and arrhythmias. Hyperphosphatemia, 
hyperkalemia, and hypocalcemia may lead to  
cardiac arrhythmia or tetany. Arrhythmia in TLS 
may cause sudden death.147 Precipitation of uric 
acid or calcium phosphate in the renal tubules 
may lead to acute renal failure.

Factors associated with high risk of TLS 
include the type of malignancy (eg, the risk is high 
in patients with Burkitt’s lymphoma), respon-
siveness of the malignancy to treatment, rapid cell 
cycle turnover, and large tumor burden. Other 
risk factors are acute renal failure developing 
shortly after chemotherapy, preexisting renal 
insufficiency, and poor response to hydration. 
Pretreatment lactate dehydrogenase levels, which 
correlate with tumor bulk in patients with stage C 
or D lymphoma, can predict the development of 
azotemia after chemotherapy, but pretreatment 
uric acid levels are not predictive. Preventive 
measures in patients at risk for TLS include 
aggressive hydration with intravenous crystalloid 
fluid up to 3  L/m2/d to maintain a urine output of 
>100  mL/h with or without loop or osmotic 
diuretics, and the xanthine oxidase inhibitor  
allopurinol (100 to 300  mg orally per day).

There are few or no signs or symptoms in 
early TLS, and the diagnosis requires a high level 
of suspicion. In cancer patients with risk factors 
for TLS, routine uric acid and electrolyte screen-
ing (including calcium and phosphorus levels) is 
indicated. Once diagnosed, patients with severe 
TLS should have intravenous fluid hydration 
coupled with diuresis by loop diuretics (eg, furo-
semide 20 to 200  mg IV every 4 to 6  hours),  
acetazolamide (250 to 500  mg IV daily) and  
mannitol. If aciduria is present, sodium bicar-
bonate or sodium acetate infusion may be used to 
alkalinize the urine between pH 7.1 and 7.5. To 
treat hyperuricemia, allopurinol may be increased 
up to 900  mg/d. Recombinant urate oxidase  
(uricozyme or rasburicase, an enzyme that oxi-
dizes uric acid to allantoin) (200  mg/kg IV daily) 
may be used to prevent or treat urate nephropa-
thy.148 The high potassium level can be lowered 
rapidly by shifting potassium into cells with  
IV administration of insulin plus dextrose, IV 
sodium bicarbonate, and beta-adrenergic stimu-
lation. To remove potassium from the body, loop 
diuretics, oral potassium ion-exchange resins 
(sodium polystyrene sulfonate), and dialysis  
may be used. Intravenous calcium infusion can 
stabilize excitable membranes and decrease  
the risk of arrhythmia and tetany in hyperkale-
mia. In hyperphosphatemic patients with hypo-
calcemia, oral calcium-based phosphate-binding 
compounds (eg, calcium acetate or calcium  
carbonate) will reduce phosphate absorption  
and increase calcium absorption. Intravenous 
calcium administration can potentially cause  
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precipitation of calcium phosphate in severe 
hyperphosphatemia, and should be used  
cautiously.

Indications for dialysis in patients with TLS 
include: (1) symptomatic hypocalcemia and a 
serum phosphorus level greater than 3.3  mmol/L 
(>10.2  mg/dL), (2) severe azotemia and renal 
failure (creatinine >10  mg/dL), (3) persistent 
hyperkalemia (>6  mEq/L), (4) severe hyperuri-
cemia (>10  mg/dL), (5) oliguria or anuria 
despite diuretic use, (6) refractory acidemia, and 
(7) volume overload. Hemodialysis is commonly 
performed intermittently; continuous venove-
nous hemofiltration and continuous arteriove-
nous hemodialysis with a high dialysate flow rate 
are also effective.

infection

Febrile Neutropenia
The most common reason for a visit to the emer-
gency center at M. D. Anderson Cancer Center is 
fever. Infection remains the leading cause of  
morbidity and mortality in cancer patients with 
neutropenia.149 A clinically evident source of 
infection will guide antibiotic therapy. In addi-
tion, a variety of factors in cancer patients will 
influence antibiotic therapy: immune compro-
mise, the presence of vascular access devices, 
breach of host-defense barriers, and the probabil-
ity of exposure to multi-drug-resistant microbes. 
Neutropenic fever is a true medical emergency, in 
which the timely administration of antibiotics 
may prevent sepsis or death. Neutropenia is 
defined as an absolute neutrophil count <500/ml 
or <1000/ml, depending on the reference 
cited.150,151 A patient who is neutropenic for weeks 
is at greater risk for developing life-threatening 
infections than one who is neutropenic for less 
than one week.150,151

In a general emergency department review  
of the treatment of patients with neutropenia  
and fever, less than 50% of these patients had  
an identifiable source of infection.152 The type of 
infection with prolonged or profound neutrope-
nia can also be different that that seen in  
an immunocompetent host. Invasive fungal  
infections (Candida, Aspergillus), viral infections 
(cytomegalovirus), and life-threatening bactere-
mia (gram-negative rods) are seen with greater 
frequency in patients with prolonged neutrope-
nia. In addition, patients who have been hos-
pitalized are at risk for nosocomial infection  
with multi-drug–resistant organisms such as 
Escherichia coli with extended-spectrum b- 
lactamase and vancomycin-resistant enterococ-
cus. Patients receiving prophylactic antibiotics 
may also have infection with organisms resistant 
to these antibiotics.153

During neutropenia, the mucosa of the  
alimentary tract may be altered, and mucositis 

and stomatitis may give bacteria an entryway into 
the bloodstream, resulting in both gram-positive 
and gram-negative bacteremia. Perirectal and 
perineal infections may also occur and must be 
considered.

Guidelines have been published for the treat-
ment of cancer patients with febrile neutrope-
nia.154 Low-risk patients with solid tumors (ie, 
patients with no evidence of infection, able to  
tolerate oral antibiotics, and able to return for 
close follow-up) may be treated with oral antibi-
otics on an outpatient basis.155,156 These patients 
can be treated with a combination of oral amoxi-
cillin/clavulanate 500 mg three times a day and 
ciprofloxacin 500 mg three times a day for a  
total of 7 days. Patients with solid tumors who 
have evidence of sepsis, soft tissue infection, or 
pneumonia, and who are unable to return for 
close follow-up in the case of a change in status, 
should be admitted to the hospital and receive 
intravenous antibiotics.

Most cancer patients with neutropenic  
fever require hospitalization and intravenous 
antibiotics—especially leukemia patients and 
bone marrow transplant recipients. Patients with 
no obvious infectious source can be treated with 
monotherapy. Other patients should receive 
combination therapy with a glycopeptide if there 
is a suspected gram-positive source of infection 
and/or receive combination therapy with an  
aminoglycoside if a gram-negative etiology is  
possible. Agents that have been studied for mono-
therapy include the broad-spectrum antibiotics, 
such as cefepime, carbapenems, and piperacillin/
tazobactam.154,157–163

Other causes of fever in neutropenic cancer 
patients are medications used to treat the malig-
nancy, such as monoclonal antibodies, other  
chemotherapeutic agents (eg, cytarabine), and 
granulocytic growth factors. Patients may also 
develop fever while receiving blood transfusions. 
Drug-induced fever from antibiotics has also 
been reported; the agents most commonly 
involved include ciprofloxacin, rifampin, and  
trimethoprim/sulfamethoxazole.164–166

Prophylactic antibiotics should be consid-
ered for neutropenic patients who are undergoing 
emergency invasive procedures because the  
invasive procedure may lead to bacteremia. 
Examples include rectal introduction of contrast 
material for a CT scan in a patient with potential 
neutropenic colitis and emergent endoscopy in a 
neutropenic patient.

In formulating an antibiotic regimen, the 
emergency physician must follow the hospital’s 
antibiogram and be aware of the presence of  
antibiotic-resistant organisms in the institution 
and community. In addition, the patient’s past 
culture results and sensitivities must be taken into 
account. Recent cultures revealing vancomycin-
resistance enterococcus should alert the clinician 
to the risk of failure of empiric therapy using  

vancomycin to cover gram-positive organisms. 
Linezolid or daptomycin should be considered  
as alternative therapy.167 The current local  
Pseudomonas resistance patterns should alert  
the clinicians to the need for double empiric  
antibiotic coverage for Pseudomonas.

Sepsis
The goal of treatment in patients with sepsis or 
septic shock is to decrease mortality by rapidly 
instituting appropriate therapy. With in-hospital 
mortality approaching 50% in some studies, 
prompt identification of the septic patient and 
initiation of therapy are key factors in improving 
clinical outcomes.168 In 2003, experts in critical 
care and infectious diseases from 11 international 
organizations developed guidelines for managing 
severe sepsis and septic shock. The Surviving 
Sepsis Campaign, a worldwide effort, has increased 
awareness and improved clinical outcomes in 
sepsis.169 Many hospitals have instituted “severe 
sepsis bundles” (a “bundle” being defined as a 
group of synergistic interventions) to facilitate 
organized, evidence-based health care in the criti-
cal care setting, and emergency departments have 
started to adopt the Surviving Sepsis Campaign 
guidelines. A major recommendation by the  
Surviving Sepsis Campaign is early goal-directed 
therapy, which is reported to reduce absolute 
mortality by 16%.170 In the emergency center, 
therapy for sepsis must start early and continue 
throughout the hospital course.

Once a patient with signs and symptoms  
suggestive of sepsis is identified, the components 
of the “severe sepsis bundle” should be imple-
mented within 6 hours. Diagnostic studies aimed 
to identify the infectious process and organisms 
should include blood cultures from two separate 
sites, appropriate cultures of body fluid and sites, 
and radiologic studies. Undisputedly, early  
appropriate empiric antibiotic therapy is the  
cornerstone of treating sepsis. Broad-spectrum 
anti biotics should be administered as soon as 
possible, preferably within 1 hour of diagnosis. 
Empiric antibiotic therapy should be chosen on 
the basis of the current bacterial susceptibility 
patterns in the hospital and community. Crystal-
loid and colloid volume resuscitation should 
begin immediately. Urine output, mental status, 
and changes in blood pressure should guide treat-
ment. A septic patient may require as much as 6 L 
of intravenous fluid during the first 24  hours of 
treatment. Vasopressor support may include  
norepinephrine and dopamine (pressor doses of 
>5  mg/kg/min) as first-line choices. Glucocorti-
coid supplementation in adrenal insufficiency 
produced a 10% benefit.170,171 Stress dose steroids 
(eg, hydrocortisone 200 to 300  mg/d) may be 
necessary if adrenal insufficiency is suspected. 
Packed red blood cells should be replaced as  
necessary to maintain a hemoglobin level of 7 to 
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9  g/dL.172 Other therapies such as recombinant 
activated protein C, tight glucose control, and 
low-tidal-volume ventilation strategies have also 
led to improved survival.170
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A reduction of cancer-related morbidity and 
mortality in older individuals is essential for 
cancer control for at least two reasons. First, 
cancer already affects more persons aged 65 and 
older than those younger, and this difference is 
going to widen with the aging of the population 
(Figure 1).1 Second, cancer-related mortality  
has decreased for people younger than 65 but  
has increased for those older, during the past  
50 years.2 The management of cancer in the older 
aged person involves an answer to new questions 
germane to the aging of the population:

1. Why do incidence and prevalence of cancer 
increase with age?

2. Is cancer equally lethal and morbid in both 
younger and older individuals?

3. Which older persons may benefit from  
cancer prevention and cancer treatment (that 
is, which ones have a life expectancy long 
enough to die of cancer or to suffer the  
complications of cancer)? Which ones are 
able to tolerate cancer treatment? 

4. What type of clinical trials are necessary to 
assess benefits and risks of cancer prevention 
and cancer treatment in older persons? How 
can we increase the participation of older 
individuals in clinical trials?

5. What is the role of the primary care physician 
in cancer control?

These questions will be addressed after 
reviewing the extent of the problem (that is, the 
epidemiology of cancer and aging).

Epidemiology of Cancer and Aging.

At the beginning of the past century, the age-
weighted profile of the population appeared as a 
pyramid, with a wide base of individuals younger 
than 20 and a small tip representing those over 85. 
Today the pyramid has become closer to a square 
(what epidemiologists like to call the squaring  
of the pyramid), due to a prolongation of the 
average life expectancy and a reduction in fatality 

rate.3 Of interest, the segment of the population 
undergoing the most rapid expansion in the 
United States and in the developed world is that 
aged 85 and over!

The aging of the population has been  
associated with an increased incidence and preva-
lence of chronic disease, among which cancer is 
prominent (Figure 2) since the incidence of most 
common cancers increases with age. While the 
mortality rate of cardiovascular disease is decreas-
ing, that of cancer is increasing,4 and, in a non-
distant future, cancer may become the number 
one cause of mortality for older individuals.

Six epidemiologic observations are high-
lighted, as they may have clinical implications.

First, Figure 2 indicates that the incidence  
of most cancers increases until age 65 and levels 

off, or even declines, thereafter. Autopsy studies 
indicate that the incidence of cancer—even occult 
cancers—declines after age 95, and cancer is only 
a minor cause of mortality after this age.5,6 So, 
when discussing cancer in the elderly, one refers 
to cancers occurring in the age window of 65 to 
95.

Second, some neoplasms (including breast 
and colorectal cancer) tend to present at a more 
advanced stage in older rather than younger 
patients.7 This suggests a number of remediable 
causes, including the fact that older individuals 
may not be utilizing optimal cancer screening8 
and may not be as attentive as the younger ones to 
early symptoms of cancer. Cognitive decline, 
increased threshold for visceral pain,9 symptoms 
of previous conditions that may mask the symp-
toms of cancer, and the prejudice that pain is a 
natural result of aging, may lessen one’s alertness 
to cancer presentation.10

Third, in the past two decades the incidence 
of two neoplasms, non-Hodgkin’s lymphomas 
and malignant brain tumors, has increased  
unexpectedly among the elderly.1,2 This phenom-
enon may be accounted for by the fact that older 
tissues are more susceptible to environmental 
carcinogens than younger tissues. In other words, 
older individuals may represent a natural moni-
tor system for new environmental carcinogens, 
because an epidemic of cancer in older individu-
als may predict the same epidemics, to come  
years later, among the younger ones. Another 
important clinical implication is that the epide-
miology of neoplastic diseases is evolving, and  
the clinician should be alerted to the possibility 
that previously rare diseases are becoming more 
common among the elderly.

Fourth, in the past two decades, there has 
been an age-related shift in mortality for some 
cancers, most notably lung cancer. Whereas  
the mortality has declined for individuals under 
60, it has increased for those over 75.2 In the 
meantime, a large portion of lung cancers, if not 

Geriatric Considerations in the Care of 
Cancer Patients

Claudia Beghe, MD
Lodovico Balducci, MD

FigurE 1  Cancer burden of people aged 65+ in 
2000 and 2030.



730 Chapter 86

the majority, develop in ex-smokers, are better 
differentiated, and have a much more indolent 
clinical course.11,12 This finding is a direct result of 
smoking cessation that has resulted in prolonga-
tion of survival, decreased incidence of coronary 
death and chronic obstructive lung disease, and 
in more indolent forms of lung cancer.

Fifth, the incidence and prevalence of multi-
ple cancers increases with age.13 In part, this may 
be due to “field carcinogenesis” and, in part, to 
the fact that aging is a risk factor for multiple, dif-
ferent cancers. Field carcinogenesis implies that 
all cells of susceptible tissues have been exposed 
to the same dose of the same carcinogens during 
a lifetime, and persons with history of cancer are 
at increased risk for a second cancer in the same 

organ and system (breast cancer, colorectal 
cancer, etc.). As smoking is a carcinogen for dif-
ferent tissues, it is not unusual to see in the same 
smoker a primary cancer of the lung, the upper 
airways, the esophagus, the bladder, or the pan-
creas. The suspicion for two simultaneous cancers 
should be high, when older patients present with 
lesions in different organs. While metastatic 
cancer is rarely curable, two primary cancers may 
both be curable. In addition, older individuals 
may harbor indolent metastatic neoplasms, with 
a median survival of several years. These include 
prostate cancer, breast cancer metastatic to the 
bones and soft tissues, and low-grade lympho-
mas. The presence of such neoplasms should not 
preclude the investigation and treatment of more 

aggressive tumors that may shorten a patient’s 
survival.

Sixth, cancer affects preferentially older indi-
viduals in good general conditions. Repetto and 
colleagues and Ferrucci and colleagues established 
in Italy that older individuals with cancer had  
a lower prevalence of comorbidity and of func-
tional dependence than individuals of the same 
age without cancer.14,15 In an analysis of the Sur-
veillance, Epidemiology and End-Result (SEER) 
data, Diab and colleagues found that women  
who developed breast cancer at age 80 and older 
had a more prolonged life expectancy than women 
of the same age without breast cancer.16 These 
findings support aggressive investigation and 
treatment of cancer in older individuals since,  
in the majority of cases, cancer is the cause of 
death.

Biologic interactions of Cancer and 
Age

Aging involves a progressive reduction of the 
functional reserve of multiple organs and systems, 
increased prevalence of diseases, appearance of  
a number of pathologic conditions that are called 
geriatric syndromes and restriction in personal 
and social resources. The final result is a pro-
gressive reduction in life expectancy and toler-
ance of stress, and increased prevalence and 
degree of functional dependence. An elegant way 
to summarize the different dimensions of aging is 
loss of entropy,17 which is a loss of energy avail-
able, a decline in the amount of energy that can be 
wasted, and the need to economize energy.

A number of molecular cellular and physio-
logic changes underlie aging and have been partly 
identified. At the molecular level, aging cells in 
vitro accumulate genomic abnormalities that 
make them more susceptible to environmental 
toxins, including environmental carcinogens.18 In 
addition, aging cells may lose the self-replicative 
ability (proliferative senescence).19 At a physio-
logic level, aging is seen as a chronic and progres-
sive inflammation that leads to accumulation of 
catabolic cytokines in the circulation.20,21 These 
substances may be responsible to some extent for 
many age-related changes, including sarcopenia, 
fatigue, osteoporosis, cognitive decline, immune 
senescence, and reduced hemopoiesis.22,23 Other 
important physiologic aspects of aging include 
endocrine senescence, with reduced production 
of sexual hormones and growth hormone.

Age and Carcinogenesis
At least three mechanisms may account for  
the association of aging and cancer. The first is 
duration of carcinogenesis. As carcinogenesis is a 
multistep process that may take several years, it  
is reasonable to expect a linear increase in the 
incidence of cancer with age.18 The second involves 

FigurE 2  Incidence of different cancer and age. Reproduced with permission from Berlin NI.4
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increased susceptibility of aging cells to environ-
mental carcinogens. Both experimental and  
epidemiologic findings support this possibility.  
In rodents, cutaneous, hepatic, lymphatic, and 
nervous tissues are more likely to develop cancer 
after exposure to carcinogens if they are obtained 
from older animals.18 In humans, the incidence of 
some neoplasms, including non-melanomatous 
skin and prostate cancer, increases logarithmi-
cally with age, suggesting that carcinogenesis is 
enhanced.24 Increased susceptibility to envi-
ronmental carcinogens may also explain the 
increased incidence of non-Hodgkin’s lympho-
mas, anaplastic astrocytomas and glioblastoma 
multiforme in older individuals during the past 
30 years.

Age-related increased susceptibility to envi-
ronmental carcinogens suggests that cancer  
prevention strategies may be effective in older 
individuals. These include elimination of the  
carcinogen, or blockage and reversal of  
carcinogenesis via chemoprevention.

Third, proliferative senescence, paradoxi-
cally, may enhance the risk of cancer. Senescent 
cells lose the ability to undergo apoptosis,  
may become immortal, and give origin to slowly 
growing tumors, such as follicular lymphoma.19

Aging and Tumor Growth
Aging may influence tumor growth by two mech-
anisms. First, the tumor cell may have different 
biologic characteristics in the younger and in the 
older person. Second, the older tumor host may 
modulate the tumor growth in a different way.

It is reasonable to expect a concentration of 
more indolent tumors among older individuals 
(Figure 3) by a process of natural selection.  
This is certainly the case with breast cancer, as  
the prevalence of well-differentiated, hormone–
receptor-rich tumors increases with age.25,26 The 
influence of the tumor host on cancer growth was 

demonstrated in a now classical experiment by 
Ershler and colleagues, who demonstrated the 
same load of Lewis lung carcinoma and B16  
melanoma were associated with shorter survival 
and higher incidence of metastasis in younger 
animals.27 In successive studies, these authors 
demonstrated that the tumor growth rate seemed 
to decrease for poorly immunogenic—and 
increase for highly immunogenic—tumors, high-
lighting the influence of immune senescence on 
tumor growth. In humans, Kurtz, and colleagues, 
demonstrated a reduction in the growth rate  
of primary breast cancer among older women 
directly related to the degree of mononuclear  
cell reactions.28 This observation suggested that 
immune senescence may mitigate tumor growth 
in poorly immunogenic tumors. In addition to 
immune senescence, endocrine and proliferative 
senescence may play a role in modulating tumor 
growth. Clearly, decline in sexual hormone  
production may affect the growth of hormone-
dependent tumors, such as breast, prostate, and 
endometrial cancer. In addition, a decline in 
growth hormone may deprive tumor cells of insu-
lin-like growth factor 1, one of the most powerful 
tumor growth factors. Proliferative senescence  
of stromal cells is associated with increased pro-
duction of heregulin, a powerful tumor growth 
factor, and of metalloproteinases, enzymes that 
facilitate tumor metastasis with the dissolution of 
collagen.19

Age-related changes in tumor behavior have 
clinical relevance (Table 1) . Table 1 contains two 
important messages. The first is that both the 
biology of the tumor cells and the influence of the 
tumor host may change with the age of the patient. 
The second is that tumors may become more 
aggressive and more lethal (as well as more indo-
lent) with the age of the patient. This information 
is contrary to common wisdom holding that age 
is always associated with less aggressive and less 
lethal neoplasms.

At this point, one should emphasize that age 
by itself cannot be considered prognostic. While 
80% of breast cancers in women aged 70 and 
older are rich in hormone receptor, 20% of these 
cancers are poor in hormone receptor and may 
need cytotoxic chemotherapy. While 67% of 
patients aged 60 and over with acute myeloid  
leukemia express Multidrug resistance 1 gene, 
33% do not and have a disease responsive to che-
motherapy.

Irrespective of age, each case should be 
treated on its own merits based on an estimate  
of risks and benefits.

Biology of Age and Decisions Related  
to Cancer Prevention and Cancer  
Treatment
Age may lessen the benefits and increase the risk 
of cancer prevention and cancer treatment, owing 
to a reduction in both life expectancy and toler-
ance of therapy. Prior to involving an older indi-
vidual in a preventative or therapeutic program, 
it is important to assess risk and benefit based on 
individual life expectancy and functional reserve, 
as well as on the aggressiveness of the tumor. 
Since aging is highly individualized, chronologic 
age is not a good predictor of the risk-to-benefit 
ratio in individual situations. To provide this 
judgment, the patient’s primary care physician 
and the oncologist need to work together, to share 
information and to participate in the treatment 
plan.

Clinical Evaluation of the Older 
Patient
A comprehensive geriatric assessment (CGA) 
reflecting the multidimensional nature of aging  
is the backbone of any geriatric practice  
(Table 2). In addition to the medical condition 
and the function of the patient, the CGA  
examines the personal and social resources that 
may compensate for the loss in functional 
reserve.

In general geriatrics, the CGA has achieved 
important goals, including reduced rate of func-
tional dependence and of admission to hospital 
and adult living facilities.29–32 According to  
some studies, the CGA has also improved the life 
expectancy of older individuals.

In geriatric oncology the CGA has succeeded 
in the following:

•	 Discovering conditions that may com promise 
cancer treatment, including unsuspected 
comorbidity, early cognitive decline, sub-
clinical depression, functional limitations, 
malnutrition, polypharmacy, and adequacy 
of the caregiver.14,33–35 In a pilot study involv-
ing 15 women aged 70 and older with early 
breast cancer, the performance of the CGA 
resulted in additional 17.2 interventions per 
patient.35

FigurE 3  The prevalence of more indolent tumors may increase with age for a process of natural selection. 
In the figure, two persons start developing cancer at the same age of 35. A, One cancer is very aggressive, and 
will become manifest at age 37 and cause death at age 39. B, The other is very indolent and won’t become 
manifest until age 65 and cause patient’s death until age 75. For a process of natural selection, due to the 
deaths of the bearers of more-aggressive tumors, one can expect to find a higher prevalence of indolent tumors 
among older individuals.
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•	 Providing an estimate of life expectancy and 
tolerance of treatment. Life-expectancy 
declines with the degree of functional depen-
dence and with the seriousness of both 
comorbidity and geriatric syndromes.36–38 
Two recent studies demonstrated that the 
risk of chemotherapy-induced myelosup-
pression increased for patients who were 
dependent in some instrumental activities of 
daily living (IADLs).39

•	 Instituting a common language for the clas-
sification of older individuals undergoing 
cancer treatment or participating in clinical 
trials. The subdivision of age into four differ-
ent functional states proposed by Hamerman 
has been the frame of reference for this clas-
sification (Table 3).40 Originally, Hamerman 
called the secondary state frailty, but this 
term may give rise to some confusion because, 
in newer classifications achieving widespread 

acceptance, frailty is more germane to the 
intermediate state and is intended as a condi-
tion of increased vulnerability to environ-
mental stress, rather than a condition of 
functional reserve exhaustion. 

In the following discussion, the aspects of the 
geriatric assessment41 with special interest for the 
oncologist are highlighted.

Function
Function is assessed by examining performance 
status (PS), activities of daily living (ADLs) and 
instrumental activities of daily living (IADLs). 
ADLs include transferring, bathing, dressing, 
eating, toileting, and continence; dependence in 
one or more of these activities, with the exception 
of incontinence, assigns an individual to the  
secondary state defined by Hamerman, and is 
associated with a two-year mortality rate of 27%. 
ADL dependence may prompt admission to an 
assisted living facility.36,42,43 IADLs are activities 
necessary to maintain an independent life; they 
include use of transportation, shopping, the abil-
ity to take medications independently, to provide 
to one’s own meals, to use the telephone, and  
to manage finances. Dependence in one or more 
IADLs is associated with a 16% two-year mortal-
ity rate, a 50% risk of dementia,36,42–44 and increased 
risk of neutropenia from cytotoxic chemother-
apy.39 Two studies found a poor correlation 
between functional dependence and PS, and rec-
ommended that both be evaluated.34,35 Alhough 
they are not part of the CGA, advanced activities 
of daily living (AADLs) are generating increasing 
interest. AADLs are those that make life pleasur-
able and include leisure activity as well as profes-
sional and other working activities.41 Assessing 
AADLs may be considered an indirect measure-
ment of quality of life as well as of psychological 
health and motivation to undergo treatment.

Comorbidity
Comorbidity is important for at least three rea-
sons. First, comorbidity is an independent cause 
of mortality.45–46 In women aged 65 and older, 
with early breast cancer, Satariano and Regland 
showed that comorbidity was associated with 
reduced survival and reduced cancer-related 
mortality.45 In patients with cancer of the upper 
airways, Piccirillo and colleagues found that 
comorbidity was associated with increased risk of 
mortality.46 Second, comorbidity may reduce the 
patient’s tolerance of cancer treatment. The pres-
ence of cardiac diseases may contraindicate the 
use of anthracyclines; multiple chronic diseases 
may be associated with increased circulating levels 
of catabolic cytokines, sarcopenia that compro-
mises hemopoiesis, the main target of cytotoxic 
chemotherapy, and, in general, may delay or  
prevent recovery from treatment. (The multiple 

Table 1  Age and Changes in Cancer Prognosis

Neoplasm Age-Related Changes in Prognosis Mechanism(s)

Acute myelogenous leukemia111 Worse: Increased resistance to  Increased prevalence of 
  chemotherapy   MDR1 expressing cells;
 Increased mortality during induction Increased prevalence of
   stem-cell leukemia
Non-Hodgkin’s lymphoma112–114 Worse: Decreased duration of  Increased circulating 
  complete remission  concentration of interleukin 6
Breast cancer26-28 More indolent disease  Increased prevalence of  
   hormone receptor-rich
   well-differentiated tumors
  Decreased production of sexual  
   hormones
  Immune senescence
Coelomic ovarian cancer115 Worse: Decreased remission  Unknown 
  duration
 Decreased survival 
Non–small cell lung cancer7 Better prognosis  Unknown
 Presentation at an earlier stage

MDR1 = ;

Table 2  Comprehensive Geriatric Assessment and Clinical Implication

Functional Status
Activities of Daily (ADL) and Instrumental  Relation to life expectancy, functional dependence and 
 Activities of Daily Living (IADL)  tolerance of stress

Comorbidity
Number of comorbid conditions and  Relation to life expectancy and tolerance of stress 
 comorbidity indices 

Mental Status
Folstein mini mental status Relation to life expectancy and dependence

Emotional Conditions
Geriatric Depression Scale (GDS) Relation to life expectancy; may indicate motivation 
  to receive treatment

Nutritional Status
Mini-nutritional assessment (MNA) Reversible condition; possible relationship to survival

Polypharmacy
 Risk of drug interactions 

Geriatric Syndromes
Delirium, dementia, depression, falls, incontinence,  Relationship to survival 
 spontaneous bone fractures, 
Neglect and abuse, failure to thrive, vertigo. Functional dependence
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drugs associated with comorbidity may also sup-
press hemopoiesis).22,23,47,48 Third, comorbidity 
may alter the prognosis of cancer. Meyerhardt 
and colleagues reported that patients with colonic 
cancer and diabetes experienced higher cancer 
recurrence rate than those without diabetes.48 
Polypharmacy resulting from comorbidity may 
alter the metabolism of antineoplastic agents. 
This possibility has been well established in chil-
dren with acute lymphatic leukemia, in whom the 
use of antiepileptic drugs was associated with 
decreased time to progression and overall sur-
vival.49 Polypharmacy may also have some benefi-
cial effect on cancer. Recent studies showed that 
chronic use of nonsteroidal anti-inflammatory 
drugs was associated with lower risk of death 
from cancer of the large bowel,50–52 and use of 
statins was associated with decreased risk of both 
colorectal and breast cancer.53 The assessment of 
comorbidity is controversial.54 Satariano and 
Ragland identified seven conditions associated 
with reduced life expectancy and demonstrated 
that the risk of mortality increased with the 
number of comorbid conditions. Other authors 
devised comorbidity scales, accounting for the 
degree of severity of each condition. Of these, the 
Cumulative Index of Related Symptoms-Geriat-
rics (CIRS-G) proved in some studies as the most 
sensitive.54 Another advantage of the CIRS-G is 
that its final score may be translated into the score 
of another scale of common use in epidemiologic 
studies: Charlson’s scale, which is also commonly 
used.

Among the comorbid conditions, anemia 
should be highlighted because its incidence and 
prevalence increase with age23 and it has a perva-
sive effect on cancer treatment.55 Anemia is an 
independent risk factor for death, and chemo-
therapy-related toxicity56; it is the main cause of 
fatigue and functional dependence23 and may be 
associated with congestive heart failure, coronary 
deaths, and cognitive decline.56 Controversy  
lingers on the definition of anemia. The common 
definition of the World Health Organization 
(WHO), defines anemia as hemoglobin levels 
below 12 g/dL for women and 13 g/dL for men.55 
This definition was recently challenged by a 
number of studies. The Women’s Health and 
Aging Study (WHAS) showed that hemoglobin 
levels lower than 13.4 g/dL were an independent 
risk factor for death among 1,003 home-dwelling 
women aged 65 and over, followed prospectively 
for a period of 8 years.57 The same study demon-
strated that the risk of functional dependence 
increased inversely with hemoglobin levels lower 
than 13 g/dL.58 Other studies showed that the risk 
of functional dependence and mobility impair-
ment increased inversely for levels of hemoglobin 
lower than 14 g/dL both in men and women.59,60 
Clearly, the values proposed by the WHO should 
be reexamined in light of these results.

More than 50% of the causes of anemia in 
older individuals are reversible and include iron 
deficiency and B12 deficiency, for which preva-
lence increases with age.23 Particular mention is 
deserved for anemia related to renal insufficiency 

and chronic infection that can be reversed by 
erythropoietin.59 In these conditions, one observes 
a form of “relative erythropoietin insufficiency” 
in that older individuals may be unable to pro-
duce an adequate amount of erythropoietin to 
reverse anemia.

Geriatric Syndromes
These conditions are typical, if not specific, of 
aging and include dementia, depression, delir-
ium, incontinence, vertigo, falls, spontaneous 
bone fractures, failure to thrive, and neglect and 
abuse. Geriatric syndromes are associated with 
reduced life expectancy, and may be considered a 
hallmark of the secondary state in the Hamerman 
classification (see Table 2).40 To be considered  
as geriatric syndromes, these conditions must 
interfere with a person’s daily life: dementia must 
be moderate to severe, delirium must occur as a 
result of medications or organic diseases that do 
not commonly affect the central nervous system 
(eg urinary or upper respiratory infections); 
incontinence must be complete and irreversible, 
falls must occur at least three times a month or 
the fear of falling must prevent regular activities 
such as walking. Depression is associated with  
a decreased life expectancy, even when it is sub-
clinical,60–62 that is diagnosed only by screening 
tests. Depression interferes with treatment com-
pliance and may be fully reversible by medication. 
A simple 15-item questionnaire, the Geriatric 
Depression Scale 15 (GDS 15) speedily and  
reliably detects individuals with subclinical 
depression and is part of the CGA.62

Social Resources
The home caregiver is the fulcrum of social 
resources. Ideally, the caregiver should be able to 
recognize and manage emergencies, to support 
the patient physically and emotionally, to medi-
ate conflicts among family members, and to act as 
spokesperson of the family with the health care 
provider.63 By assuring compliance with treat-
ment plans and positive interactions among 
health care professionals, family, and patients,  
the caregiver is an important resource for the 
practitioner managing older individuals. The 
practitioner should then assume responsibility 
for the selection, training, and support of the 
caregiver.

In the majority of cases, the only available 
caregiver is an older spouse with health problems 
of his or her own, or a married daughter who 
needs to balance her care-giving duties with 
family and work responsibilities.

Nutrition
The prevalence of protein/calorie malnutrition 
increases with age. Isolation, depression,  
economic restriction, and reduced appreciation 

Table 3 Taxonomy of Age 

Group Characteristics Treatment Implications

Primary No functional dependence  Standard treatment 
 Negligible comorbidity
Intermediate (Functional  Dependence in one or more IADLs Attempt to rehabilitation and 
 reserve substantially  Stable comorbidity (for example, stable   correction of reversible conditions 
 reduced; some degree   angina, chronic renal insufficiency, etc.) Special precautions such as provision  
 of reversibility)   of caregiver and reduction of  
   initial chemotherapy dose
Secondary or frailty One of the following criteria: Symptom management, that may
 (negligible functional  •	 Dependence in one or more ADLs  include chemotherapy at low 
 reserve, no reversibility;  •	 Three or more comorbid conditions   doses, is the main goal of 
 rehabilitation directed     or one poorly controlled comorbid  treatment 
 only to prevent further     conditions 
 deterioration) •	 One or more geriatric syndrome
   Alternative definition: at least three  
   of the following:
	 	 •	 Involuntary weight loss (g10% 
      original weight over one year)
	 	 •	 Steady fatigue
	 	 •	 Difficulty in initiating movements
	 	 •	 Slow movements
	 	 •	 Reduced grip strength 
Near death  Terminal care
 (irreversible decline  
 toward death)  

Adapted from Hamerman D.40

ADLs = activities of daily living; IADLs = instrumental activities of daily living;
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of hunger, may all contribute to insufficient food 
intake, while chronic diseases and inflammatory 
cytokines may impede the synthesis of new pro-
teins.22 The Mini Nutritional Assessment is a 
simple nutritional screening test of worldwide  
use that identifies patients who are malnourished 
and those at risk of becoming malnourished  
and allows the prevention and early reversal of 
malnutrition.64

Polypharmacy
The prevalence of polypharmacy increases with 
age, and, among cancer patients aged 70 and 
older, was found to be as high as 41%.33,34 Poly-
pharmacy includes redundant prescriptions as 
well as the consumption of drugs with dangerous 
interactions; it highlights a common problem of 
older individuals in developed countries: the 
absence of a primary care provider.65 According 
to one study, more than 50% of individuals aged 
70 and older in the United States, Canada, and 
Israel, while attending multiple specialty clinics, 
lacked a primary care physician.

Other Forms of geriatric  
Assessment

While the CGA represents the standard form of 
geriatric assessment, it may be complemented by 
laboratory data and by so-called tests of physical 
performances.

Laboratory Markers of Aging
The circulating levels of inflammatory markers 
increase with age and so does the prevalence of 
disability and geriatric syndromes. Not surpris-
ingly, functional dependence and geriatric  
syndromes are associateed with increased levels  
of inflammatory cytokines in the circulation.21 As 
chronic inflammation may activate coagulation, 
markers of intravascular coagulation, such as  
D-dimer, may also have prognostic value.20,21  
In home-dwelling indivi duals aged 70 and  
over, Cohen and colleagues demonstrated that 
increased concentrations of interleukin 6 (IL-6) 
or D-dimer were associated each with a 50% 
increased risk of functional dependence and 
death.20 When the concentration of both sub-
stances was elevated, however, the risk increased 
more than threefold. These encouraging results 
suggest that in a non-distant future, laboratory 
markers of aging may become available 

Tests of Physical Performance
The difficulty in performing some activities is 
considered a predictor of functional dependence 
and disability. Of particular interest, one study 
showed that the risk of mortality and functional 
dependence can be predicted by the “get up  
and go test.”66 This consists of asking an older 

individual to get up from an armchair and walk 
10 feet forward and back. Inability to get up with-
out using the chair arms, and requiring more than 
10 seconds to walk the distance are both highly 
predictive of functional decline.

The Geriatric Assessment in Clinical 
Practice
Very little doubt exists on the benefits of geriatric 
assessment, but practical application is not well 
defined, especially in a time of shrinking health 
care resources. Three practical questions concern 
the subjects, the executors, and the extent of the 
CGA.

Who should undergo a CGA? The National 
Cancer Center Network (NCCN) recommended 
that all patients aged 70 and over undergo some 
form of geriatric assessment.67 The basis of this 
recommendation is three prospective studies 
demonstrating that CGA discovered a number of 
relevant clinical conditions that otherwise would 
have been missed in patients of this age 
group.17,33,34

Who should perform the CGA? In our opin-
ion, the primary care physician is best positioned 
to perform the CGA in older patients at regular 
intervals, and to communicate the findings to the 
oncologist and other specialists. At the meantime, 
all specialists caring for older individuals should 
at least be able to interpret the CGA and, ideally, 
should be able to perform it when needed.

What extent of geriatric assessment should 
all older patients undergo? Though most of the 
CGA may be based on patients’ self-report,34 the 
CGA may still be time-consuming, especially for 
patients who are unable to fill out a questionnaire 
on their own. A cost-effective approach to the 
CGA is to screen all patients with a simple, user-
friendly test and to perform an in-depth assess-
ment only in those patients who screen positive. 
For this purpose, the “get-up and go” test is com-
monly used because of simplicity.66 The test we 
recommend is the one proposed by the Cardio-
vascular Health Study (CHS) and which involves 
five simple parameters (Table 4). The CHS  
investigators followed more than 8,500 individu-
als aged 65 and over for more than 8 years  
and found that, on the basis of these parameters, 
they could describe three groups of patients of 
different life expectancy and risk of functional 
dependence(Figure 4).68 These were “the fit,”  
who had no abnormalities, the “pre-frail,” who 
presented one or two abnormalities, and the 
“frail,” with three or more abnormalities. We 
propose that both the pre-frail and the frail 
undergo a more in-depth assessment. The advan-
tage of this classification is threefold: first, it  
has been well validated; second, it may become 
the standard classification of older individuals, 
according to one consensus conference; and third, 
it is very simple to execute.

Geriatric Assessment and Life  
Expectancy
Life-expectancy is crucial for determining the 
benefits and risks of cancer prevention and cancer 
treatment in older individuals. The CGA may be 
utilized to estimate life expectancy with the caveat 
that this determination is always associated with 
some degree of uncertainty. Walter and colleagues 
proposed two methods to estimate both short-
term ( Table 5)69 and long-term life expectancy 
(Figure 5).70 In patients who had been discharged 
from the hospital these investigators validated a 
scoring system for a number of conditions (see 
Table 5). The one-year mortality rate was less  
that 10% for scores 0 to 1 and more than 60% for 
scores g6. The main limitation of this system is 
that it was developed in a Veterans Administra-
tion Hospital, and metastatic cancer probably 
involved lung and colorectal cancer and andro-
gen refractory prostate cancer metastatic to the 
bones, all of which have a median survival longer 
than 1 year. If patients with breast cancer and 
hormone sensitive prostate cancer had been 
included, the score for metastatic cancer would 
probably have turned out much lower. Also, 
thanks to new forms of treatment, the median 
survival of even these more malignant cancers has 
improved: in the case of colorectal cancer, it is 
now close to 2 years; in the case of hormone 
refractory prostate cancer, it is close to 3 years. 
For long-term life expectancy, the authors pro-
posed the use of life tables: they proposed divid-
ing the life expectancy of each age cohort into 
quartiles and deciding (on the basis of the CGA) 
to which quartile each individual belonged (Figure 
6). Another method utilizes a program available 
free online (www.adjuvantonline.com).71 Origi-
nally designed to calculate the benefit of adjuvant 
chemotherapy for breast and colon cancer for 
patients of different age and comorbidity, it may 
be utilized to estimate individual life expectan-
cies, based on the results of the CGA.

Cancer Prevention in Older  
individuals

As the incidence of cancer increases with age, 
older individuals appear more likely than the 
younger ones to benefit from cancer prevention, 
but other conditions, such as reduced life expec-
tancy and decreased tolerance of treatment, may 
lessen these benefits. Given these opposite influ-
ences of age, it is legitimate to ask what is a mean-
ingful end point for cancer prevention in the 
elderly. Traditionally , reduction in cancer-related 
mortality has been considered a proof of the 
effectiveness of cancer prevention. Clinical trials 
in older individuals should consider alternative 
end points, such as preservation of function and 
of quality of life.72
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Preventative interventions of common use 
include chemoprevention and early detection of 
cancer.

Chemoprevention
At least three groups of substances (hormonal 
agents, retinoids, and the non-steroidal anti-
inflammatory drug [NSAID]) have demonstrated 
ability to prevent cancer in randomized clinical 
trials.51,73–75 The selective estrogen receptor modu-
lator (SERM) tamoxifen causes a number of com-
plications, including endometrial cancer, deep 
venous thrombosis, strokes, and vasomotor and 
genitourinary manifestations of menopause, 
whose incidence increases with age.73 In a deci-
sion analysis, Gail and colleagues calculated that 
tamoxifen may be beneficial for women aged 70 if 
their risk of developing breast cancer over five 
years is as high as 7% and if they don’t present 
other contraindications to the drug.76 The 5a- 
reductase inhibitor finasteride prevents prostate 
cancer, but those individuals who develop  
prostate cancer on treatment present a more 
aggressive form of disease.74

Retinoids delay occurrence of a second head 
and neck cancer in smokers, but their use is com-
plicated by substantial side effects.75 A number of 
cohort and retrospective studies have suggested 
that aspirin may prevent death from cancer of  
the large bowel,51,52 while the COX-2 inhibitor 
celecoxib has reduced the number and the size of 
colonic polyps in patients with familial polypo-
sis,50 which are predisposed to colon cancer. There 
is no agreement on the safest and most effective 
agent, on the doses and duration of treatment, 
and on the potential therapeutic complications. 
While chemoprevention of cancer appears prom-
ising, it is not yet ready for clinical use.

Screening and Early Detection
As the prevalence of common cancers increases 
with age, the positive predictive value of screen-
ing tests also increases.72 Improved accuracy is 
counterbalanced by the fact that older individuals 
might have undergone previous cancer screening, 
and that previous screening examination might 
have eliminated most prevalencet cases of 
cancer.

Breast Cancer
Serial mammograms reduce by 20 to 30% the 
cancer-related mortality among women aged 50 
to 70.77 The benefits of mammography after age 
70 have been suggested by three reports. A cohort, 
historically controlled study, the Nijmegen study, 
showed a reduction in cancer-related mortality 
up to age 7578; two retrospective studies of the 
Survey Epidemiology and End Results (SEER) 
data showed that there was a more than twofold 
decrement of breast cancer related mortality for 
women 70 to 79 who had undergone at least two 

Table 4  Cardiovascular Health Study Functional Assessment

Evaluation of Frailty

1. Weight loss. Unintentional weight loss of {140} 10 pounds on prior year, by direct measurement of 
weight.

2. Grip strength < 20% below standard for BMI measured with Jamar Hydraulic Dynamometer (see 
below).

3. Walk time below a cut-off point for sex and height (see below).
4. Exhaustion. Measured as two staments from the CES-D depression scale.
5. Physical activity, measured on the short version of the Minnesota Leisure Time activity (see below). 

Men, kilocalories per week < 383; women, < 270.

Grip Strength by Body Mass Index*

Man

Body Mass Index Cut-off Grip Strength (kg)

f24 f29
24.1–26 f30
26.1–28 f30
28 f32

Woman
f23 f17
23.1–26 f17.3
26.1–29 f18
> 29 f21

Walk time

Man 

Height (cm) Cut-off Point (sec)
f173 g7
> 173 g6

Woman
f159 g7
> 159 g6

Exhaustion: score 2 or 3 on two questions of the CES-D 
a. I felt everything I did was an effort
b. I could not get going
Sores: 0=never 1=1–2 days a week; 2=3–4 days a week; 3=most of the time

Physical Activity
Patients will be asked whether they engaged in any of the following activities in the past two weeks.
High-Intensity Activities
•	 Swimming
•	 Hiking
•	 Anaerobics
•	 Tennis
•	 Jogging
•	 Racquetball
•	 Walked for exercise for at least 1 hour {140} 4 miles per hour

Moderate or Light-Intensity Activities
•	 Gardening
•	 Mowing
•	 Raking
•	 Golfing
•	 Bowling
•	 Biking
•	 Dancing
•	 Calisthenics
•	 Exercise Cycle
•	 Walked for exercise for at least 1 hour at a strolling pace

Patients who did not engage in any of these activities over the past 2 weeks will be considered at low physical 
activity.

*Derived from height and body surface
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women aged 70 to 79 if only those with bone den-
sity underwent regular mammography. With this 
approach, both cost and inconvenience of screen-
ing would be reduced.83 The cost would be reduced 
by half. Clearly, new studies should focus on the 
most cost-effective screening strategy for older 
women.

Colorectal Cancer
Early detection of cancer of the large bowel 
reduces the cancer-related mortality for persons 
aged 50 to 80. Though the only screening strategy 
tested in randomized controlled studies involves 
serial examination of the stools for occult blood, 
a recent decision analysis suggests that the most 
cost-effective approach may involve full colonos-
copy every 10 years.84 In selected case, virtual 
colonoscopy may be utilized because it is less 
invasive.

Prostate Cancer
With exception for individuals at high risk  
(African Americans and those with a family his-
tory of prostate cancer) the value of screening 
asymptomatic men for prostate cancer with serial 
prostate-specific antigen (PSA) determinations  
is controversial. Also controversial is the level of 
PSA that should be considered abnormal85 and 
the time interval at which the test should be per-
formed.86 According to a recent study, approxi-
mately 30% of invasive prostate cancers occur in 
patients with PSA < 4.0 ng/mL and 15% in those 
with PSA levels < 2.6 ng/dL.85 If screening is insti-
tuted, it should be continued up to age 75, as a 
recent Swedish study demonstrated that radical 
prostatectomy reduces the prostate cancer-related 
mortality up to age 75.87

Other Cancers
No benefits of screening women over age 60 for 
cervical cancer have been recognized, if these 
women have undergone regular Papanicolau 
smear (Pap smear) examinations of the cervix 
earlier in life.72 

In recent years, there has been a lot of interest 
in early detection of lung cancer. This interest 
stems from different reasons. First, lung cancer 
occurs more frequently in ex-smokers, and, in 
these subjects, it is a more indolent disease, ame-
nable to cure with surgery.21,22 Second, a new 
imaging technique, helical CT, is more sensitive 
to small lesions than chest. The Prostate, Colon 
Lung and Ovary (PCLO) study examining the 
value of early detection of cancer in these sites 
may solve some of the controversial issues.

Cancer Treatment

Surgery
According to Medicare data, age 70 and over is 
associated with increased incidence of surgical 

FigurE 4  Survival of fit, pre-frail, and frail individuals in the CHS. Reproduced with permission from  
Fried et al.67

Table 5  Determination of One-Year Life Expectancy after Hospital Discharge

A: Scoring System

Risk Factors Odds Ratio p Value Score

Male  1.4 (1.1–1.8) .01 1
ADLs: 1–4 2.1 (1.6–1.6) < .0001 2
All 5.7 (4.2–7.7) < .0001 5
Comorbidity
Congestive heart failure 2.0 (1.5–2.5) < .001 2
Solitary cancer 2.6 (.17–3.9) < .001 3
Metastatic cancer 13.4 (6.2–39) < .001 8
Creatinine > 3.0 1.7 (1.2–2.5) .01 2
Albumin 3.0–3.4 < 3 1.7 (1.2–2.3) .001 1
 2.1 (1.4–3.0) < .001 2

B: Score and One-Year Mortality

Score 1 Year Mortality
0–1 < 10%
2–3 18%
4–6 32%
> 6 64%

Adapted from Walter LC, et al.69

ADLs = activities of daily living.

mammograms after age 7079 and that the benefit 
was largely independent from comorbidity.80 
Based on these reports, it is reasonable to recom-
mend that older women undergo some form of 
breast cancer screening, if their life expectancy is 
5 years or longer. A number of issues still need to 
be addressed.

The first issue is the role of new screening 
techniques, such as digital mammography or 
breast magnetic resonance imaging (MRI), that 
appear more sensitive than conventional mam-
mography. The second is the role of clinical 

examination of the breast (CBE), which is cheaper 
and more practical than mammography. In the 
Canadian study, CBE was as effective as screening 
mammography in women aged 50 to 60,81 and in 
the Breast Cancer Detection Demonstration Proj-
ect, it was as sensitive as mammography for inva-
sive cancer.82 The third issue is whether only 
women at high risk of cancer should undergo 
serial mammograms. As the risk of breast cancer 
increases with the degree of bone density, Ker-
likowske and colleagues calculated that 90% of 
early breast cancer would still be detected in 
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complications and of surgical mortality, and with 
more prolonged postoperative hospitalization.88 
The difference in outcome is mainly due to emer-
gency surgery for obstructing cancer of the large 
bowel and the resulting gram-negative sepsis. 
With the possible exception of pneumonectomy,89 
elective surgery is well tolerated by independent 
older individuals in the absence of comorbidity. 
Age should never be a reason to avoid life-saving 
surgery . More timely and consistent screening 
for cancer of the large bowel may prevent most  
of the emergency surgery and consequent  
mortality.

Recent advances in anesthesia have mini-
mized the risk of cardiovascular complications 
and respiratory suppression.90 Thanks to the evo-
lution of surgical techniques, surgery has become 
less radical and lengthy and allows the use of local 
anesthesia in a number of procecures, such as 
partial and total mastectomy, local resection of 
rectal tumors, and many forms of laparoscopic 
surgery.

Radiation Therapy
External beam irradiation is well tolerated, even 
in individuals over age 80, according to a number 
of studies.91 As the risk of mucositis increases with 
age, ensure adequate nutritional support for 
patients receiving radiation of the upper airways, 
the esophagus, and the pelvis. Conformational 
radiation therapy has greatly improved the  
therapeutic index of the treatment by minimizing 
toxicity. Another radiation technique of special 
interest in the elderly is brachytherapy, which  
has substantially reduced the duration and the 
toxicity of the treatment for prostate cancer and 
appears very promising in the postoperative  
management of breast cancer.

Hormonal Therapy
The main considerations related to the use of hor-
monal therapy in older individuals include the 
following.

•	 The risk of deep venous thrombosis and 
cerebrovascular ischemia from SERMs 
increases with age. Age also appears to be a 
risk factor for endometrial cancer from 
tamoxifen and toremifene citrate.73 It appears 
prudent to avoid such compounds in women 
at risk for the following complications: uterus 
present, previous venous or arterial throm-
bosis, or cerebrovascular disease (especially 
when long-term treatment is planned, as in 
the adjuvant or preventative setting).

•	 Aromatase inhibitors are now the preferred 
front-line hormonal treatment for metastatic 
breast cancer, and are preferred by many 
practitioners, even in the adjuvant setting. 
The main risk of aromatase inhibitors over 
the long term is osteoporosis and long bone 

FigurE 5  Median life expectancy for patients of different age cohort, according to the life-tables. Reproduced 
with permission from Walter LC, Covinsky KE.70

FigurE 6  Suggested approach to 
the treatment of older individuals 
with chemotherapy according to the 
aging state.
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fractures.92 It is customary to obtain a bone 
density measurement prior to institution of 
treatment and to manage with bisphospho-
nates women with osteoporosis or osteope-
nia. Though this strategy is reasonable, its 
effectiveness is unproven.

•	 Luteinizing hormone-releasing hormone 
(LH-RH) analogs are today the preferred 
form of androgen deprivation in prostate 
cancer. It has been a common trend during 
the last few years to treat patients with PSA 
relapse. These individuals have an expected 
survival in excess of 10 years and, conse-
quently, are at risk to experience long-term 
complications of androgen deprivation, 
including osteoporosis, sarcopenia, and 
anemia. Intermittent androgen deprivation 
may minimize these complications and is 
compared to continuous deprivation in a 
randomized controlled study.93 Prior to LH-
RH, estrogen in low dose was the preferred 
form of androgen deprivation. This treat-
ment, which prevented osteoporosis and sar-
copenia, has become obsolete owing to 
concerns for cardiovascular and thrombotic 
complications. Other advantages of estrogen 
therapy include low cost, low incidence of 
hot flashes and preservation of libido.

Cytotoxic Chemotherapy
Though the risk of chemotherapy complications 
increases with age, it should be emphasized that 
older individuals may benefit from chemotherapy 
to the same extent as younger individuals. 
Pfreundschuh and colleagues demonstrated that 
patients aged 60 to 75 with large cell lymphoma 
had better survival when they received dose-
intense rather than standard treatment.94 Sargent 
and colleagues showed that adjuvant chemother-
apy for cancer of the large bowel was as effective 
in individuals over 70 as it was in younger ones.95 
Langer demonstrated similar response rate and 
survival for patients aged 70 and older with  
metastatic non–small cell lung cancer as for those 
younger.96 Furthermore, chemotherapy may  
provide the best form of palliation in patients 
with most metastatic cancer. Proper patient selec-
tion and supportive care are the mainstay of safe 
and effective chemotherapy in the elderly.

Age is associated with a number of pharma-
cologic changes that may influence effectiveness 
and toxicity of chemotherapy (Table 6).97

Oral antineoplastic drugs appear very conve-
nient for older individuals, due to dose flexibility 
and home administration. There is concern,  
however, that the bioavailability of these agents 
may decrease with age, especially after age 80, due 
to decreased absorption. Phase II studies of these 
agents in older individuals are desirable.

The initial dose of antineoplastic agents 
should be adjusted to glomerular filtration rate 

Table 6  Pharmacological Changes of Age

Pharmacologic changes Changes and Consequences Considerations

Pharmacokinetics
Absorption Decreased for nutrient. No information Support phase II trial of oral 
  on bioavailability of drugs  anti-neoplastic agents in 
   individuals aged 70 and older
Distribution (Vd) Decreased for hydrosoluble drugs, with  Correct anemia; when possible 
  increased risk of toxicity. Vd is   prevent or reverse malnutrition 
  determined by body composition,  
  albumin and hemoglobin  
  concentration
Excretion Decreased renal excretion; biliary  Adjust doses of chemotherapy to 
  excretion probably maintained  GFR in individuals over 65
Metabolism Decreased liver metabolism due to  No clear clinical consequences.  
  decreased hepatocytic mass,   Issue needs to be studied 
  splanchnic circulation and activity  
  of Cy-P-450 related enzymes  

Pharmacodynamics
Normal Tissues Increased risk of toxicity No known direct prevention of
•	 Decreased ability of DNA    overturn
   repair
•	 Decreased intracellular  
   metabolism of drugs
Neoplastic tissue Multidrug resistance Drugs that over-turn multidrug
•	 Increased expression MDR1   resistance
•	 Decreased cell proliferation
•	 Tumor anoxia
•	 Increased stromal attachment 
Increased susceptibility of  Increased risk of neutropenia and Prophylactic treatment with 
 normal tissues  neutropenic infections, increased   myelopoietic growth factors
Hemopoietic tissue  risk of anemia and   after chemotherapy
  thrombocytopenia
Mucosas Increased risk of mucositis Substitute IV fluorinated  
   pyrimidines with capecitabine,  
   when feasible
   Timely hospital admission and  
   fluid resuscitation
  Consider AES-14 and keratinocyte  
   growth factor
Peripheral and central nervous  Increased risk of peripheral neuritis,  Avoid combination of two
 tissue  and increased risk of chemo-brain  neurotoxic agents; avoid
   combination of chemotherapy
   and radiation to the brain
Myocardium Increased risk of anthracycline-related Consider use of pegylated
 cardiomyopathy  liposomal doxorubicin “in lieu”  
   of doxorubicin

AES-14 = ; Cy-P-450 = ; DNA = deoxyribonucleic acid; GFR = glomerular filtration rate; IV = intravenously; MDR1 = ;  
Vd = distribution.

(GFR) in individuals over 65, as renal excretion 
declines with age. To avoid undertreatment,  
subsequent doses should be escalated as  
tolerated.67

The volume of distribution of hydrosoluble 
agents is determined by the body water content 
and by the concentration of albumin and  
hemoglobin in the circulation. Predictably, 
anemia is a risk factor for chemotherapy-induced  
myelotoxicity and should be reversed, when  
feasible.58

Myelosuppression, mucositis, peripheral 
neuropathy, and cardiomyopathy are the compli-
cations of chemotherapy that become more 

common with age. The risk of neutropenic infec-
tions, as well as the duration and complications of 
hospitalization from neutropenic infections 
increases after age 65.98,99 Myelopoietic growth 
factors filgrastim and PEG-filgrastim (filgrastim 
with polyethylene glycol [PEG] attached) are 
effective in older individuals and should be used 
prophylactically in individuals aged 65 and older 
with treatment regimens of moderate toxicity 
such as the combination of cyclophosphamide, 
hydroxydaunomycin (doxorubicin), Oncovin 
(vincristine), and prednisone (CHOP) for large 
cell lymphoma.100 PEG-filgrastim (pegylated  
filgrastim) requires a single administration per 
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cycle of chemotherapy and has become the agent 
of choice. Anemia is also a common manifesta-
tion of myelosuppression. In addition to enhanc-
ing the risk of chemotherapy-related toxicity, 
anemia causes fatigue and functional depen-
dence.58,100 Epoetin or darbepoetin ameliorate 
anemia in 60 to 70% of patients.

Mucositis may lead to volume depletion 
from lack of fluid intake and diarrhea.97 The man-
agement of mucositis may include substitution  
of intravenous fluorinated pyrimidines (fluoro-
uracil and floxuridine) with oral capecitabine. 
Capecitabine is a prodrug activated in the neo-
plastic tissue that minimizes the exposure of 
normal tissues to the active agent. Other provi-
sions include timely fluid resuscitation, and use  
of AES-14, a oral preparation of glutamine.101 A 
recombinant keratinocyte growth factor proved 
effective in preventing the mucositis from high-
dose chemotherapy and may be beneficial to older 
patients.

No antidotes to neurotoxicity are available. 
Precautions include avoidance of combination of 
neurotoxic drugs (eg, cisplatin and paclitaxel), 
and discontinuance of a neurotoxic drug in the 
presence of weakness.

Age is a risk factor for anthracycline-induced 
cardiomyopathy.102,103 The incidence of this com-
plication increases for total doses of doxorubicin 
higher than 300 mg/m2. Pegylated liposomal 
doxorubicin has a favorable toxicity profile with 
respect to doxorubicin and may be preferred in 
older individuals for the indications for which it 
was proven effective (myeloma, lymphoma, met-
astatic breast and ovarian cancer).104 Other ways 
to prevent cardiomyopathy include continuous 
intravenous infusion of doxorubicin, which is 
cumbersome, and concomitant administration of 
dexrazoxane, which may increase the risk of 
myelodepression and mucositis.97

The selection of patients who can tolerate 
treatment is essential to safe and effective man-
agement of older individuals. On the basis of the 
Hamerman classification of older individuals40 we 
recommend using the algorithm in Figure 6.

Targeted Therapy
Targeted therapies promise to minimize the tox-
icity and enhance the effectiveness of treatment 
and, for this reason, appear almost ideal for older 
individuals. Limited data suggest that these agents 
are indeed safer. Appropriate caveats for the 
elderly include:

•	 Myelosuppression from radioisotope-tagged 
(tositumomab [Bexaar] and ibritumomab 
tiuxetan, [Zevalin]) and cytotoxic-tagged 
(gemtuzumab ozogamicin, Mylotarg) anti-
bodies may increase with age . Mylotarg  
has also been associated with deep venous 
thrombosis.

•	 The CD-33 targeted monoclonal antibodies 
alemtuzumab (Campath) may cause pro-
longed and irreversible myelosuppression, 
especially if used at doses higher than recom-
mended. Campath may also cause severe 
suppression of T-cell immunity and lead to 
infection with intracellular organisms

•	 Angiogenesis inhibitors (thalidomide, beva-
cizumab) are associated with increased risk 
of deep venous thrombosis in older individu-
als. Bevacizumab has also been associated 
with bleeding and hypertension.

Supportive Care of the Older Cancer 
Patient
In addition to the management of treatment 
complications, supportive care of the older person 
involves management of symptoms and of  
conditions that may interfere with cancer  
treatment.

The NCCN has issued a series of guidelines 
to ameliorate treatment complications (Table 7). 
The basis of these guidelines has already been  
discussed.

The most common symptoms of cancer 
include fatigue and pain. Fatigue is common in 
older individuals, and may lead to prolonged 
functional dependence.105 Management of anemia 
is the first step in relieving fatigue. This includes 
evaluation and management of the causes of 
anemia. Even in the absence of chronic bleeding, 
iron deficiency becomes more common with  
age, and is due at least in part to hepcidin, a  

liver-synthesized protein that prevents the absorp-
tion of iron from the intestinal tract as well as 
from the red blood cell precursors.23 Oral iron has 
limited activity in this situation, and parenteral 
iron repletion may be the treatment of choice. 
Vitamin B12 deficiency, due to decreased diges-
tion of food, is present in at least 5% of individu-
als aged 60 and older. In addition to anemia, B12 
deficiency may be associated with cognitive 
decline. Probably the most common cause of 
anemia in the older cancer patient is anemia of 
chronic disease or of chronic inflammation. This 
form of anemia responds well to erythropoietin. 
One study showed that the addition of parenteral 
iron enhances the response to erythropoietin.106 
Other causes of fatigue include increased concen-
tration of catabolic cytokines in the circulation 
and sarcopenia.105 When fatigue persists, despite 
the correction of anemia, the use of neuroanalep-
tic drugs or antidepressants is recommended . In 
addition, anecdotal reports suggest that daily 
exercise may prevent or limit fatigue.

Though the threshold for perception of pain 
increases with age, pain is a common problem in 
older cancer patients.107 The majority of older 
patients, even when cognitively impaired, may 
report pain and its severity. In general, a vertical 
pain scale is preferred in older individuals owing 
to the possible loss of vision later. The so-called 
pain thermometer is probably the instrument of 
most common use to assess pain in the elderly . In 
the rare case where a patient cannot communi-
cate, the observation of the so-called pain  
behavior is useful to guide pain management. 
Pharmacologic treatment of pain should take into 
account some basic principles:

•	 Acetaminophen is the preferred non-opioid 
drug, but it does not have anti-inflammatory 
activity and, consequently, is not very helpful 
with bone metastases

•	 The COX-2 inhibitors should be used “in 
lieu” of the COX-1 inhibitors in patients at 
high risk of bleeding (anticoagulant therapy, 
bleeding disorders, peptic ulcer or Helico-
bacter pylori gastritis)

•	 Of the COX-1 inhibitors, one should avoid 
indomethacin and piroxicam, due to high 
risk of bleeding complications

•	 Mild opioids (codeine, tramadol) have little 
place in the management of older individu-
als, because they need to be activated by the 
Cy-P450 enzymatic complex. The activity of 
this system declines with age and might be 
altered by a large number of drugs

•	 Age is associated with increased sensitivity to 
the effects of morphine and hydromorphone. 
These drugs are metabolized into 3- and 6-
glucuronides, that are excreted from the kid-
neys. The 3-glucuronide is mainly responsible 
for the toxicity, and the 6-glucuronide for the 
activity, of the drugs. In older individuals, it 

Table 7 Guidelines for the Management of the 
Older Person with Cancer

1. All patients aged 70 and older should 
undergo some form of geriatric assessment 
prior to institution of treatment.

2. The dose of compounds that are excreted 
through the kidneys or that give origin to 
active and toxic metabolites excreted through 
the kidneys, should be adjusted to individual 
GFRs in persons aged 65 and older. The doses 
should be escalated if no toxicity is  
encountered.

3. Patients aged 70 and older treated with 
moderately toxic chemotherapy (of dose 
intensity comparable to CHOP, should 
receive prophylactic growth factors (G-CSF 
or pegylated G-CSF).

4. Hemoglobin levels should be maintained at 
g12 g/dL with epoetin.

Patients aged 65 and older experiencing grade 3 
to 4 mucositis should be admitted to the 
hospital and receive aggressive fluid  
resuscitation. 

Adapted from the National Cancer Center Network
GFR = glomerular filtration rate; CHOP = cyclophospha-

mide, hydroxydaunomycin (doxorubicin), Oncovin 
(vincristine), and prednisone; G-CSF = Granulocyte 
stimulating factor 
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is recommended that the therapy be started 
with short-acting agents at escalating doses 
and that sustained-release compounds be 
used only when the total dose need has been 
determined.

•	 Oxycodone, hydrocodone, and fentanyl may 
be easier to handle, but in the presence of 
liver insufficiency, the half-life of these drugs 
may be increased

•	 Intrathecal administration of opioid is  
probably the safest, and should be considered 
in all patients with severe chronic pain and a 
life expectancy of three months or longer.

Any practitioner dealing with older individu-
als should be familiar with delirium, an alteration 
of mental status, whose peculiar characteristic is 
continuous variation in attention. Delirium  
may be a common manifestation of multiple 
causes, including new drugs, infections, electro-
lyte abnormalities, neoplastic involvement of the 
central nervous system. Less common causes of 
delirium include new pain, angina, or myocardial 
infarction. The management includes the  
treatment of the primary cause and the use of 
phenothiazines or haloperidol.

The importance of nutrition, home safety, 
and the caregiver have already been described in 
the section related to the geriatric assessment.

Clinical Trials in the Older Patient
Individuals aged 65 and older have been under-
represented in clinical trials of cancer treatment, 
despite the increased incidence and prevalence of 
cancer with age.108,109 Most of the recommenda-
tions we presented are inferred from clinical trials 
in younger individuals. In this section we exam-
ine age-related questions that should be addressed 
in clinical trials, the barrier to the enrollment of 
older individuals in clinical trials, and strategies 
to overcome these barriers.

Age-Related Questions
These include the pharmacology of antineoplastic 
agents, patient selection, patient classification end 
points, and long-term outcome.

In view of the pharmacologic changes of 
aging, it appears necessary to conduct phase II 
trials of novel agents reserved to older individu-
als. The goals of these trials may include effective-
ness and toxicity, as well as pharmacologic 
parameters, such as Area Under the Curve, half-
life and disposal of the drug. These trials appear 
particularly necessary for oral agents because 
intestinal absorption declines with age. While 
somebody advocates phase I trials reserved to 
older individuals, we don’t concur with this  
recommendation since these trials may unneces-
sarily delay the development of life-saving drugs 
due to excess of complications in older indivi-
duals. Of course, age should not be a criterion of 
exclusion from phase I trials.

Patient selections should be based on the 
nature of the trial. In trials of adjuvant treatment, 
only patients with a significant risk of cancer 
recurrence and cancer death should be enrolled 
in the trial. This can be estimated from individual 
life expectancy and the tumor stage. The Web site 
Adjuvant! Online <www.adjuvantonline.com> 
and its accompanying computer program pro-
vide a standardized means to assess this risk for 
cancers of the breast and of the large bowel.71

In clinical trials, patients are generally strati-
fied according to performance status. In older 
individuals, performance status may not be suf-
ficient to explain the variations in outcome.33 
Hopefully, a common language to classify older 
individuals may be adopted. The CHS classifica-
tion of older individuals in fit, pre-frail, and frail 
appears as a reasonable complement of perfor-
mance status.68 At the very least, the patient’s 
dependence in IADLs should be accounted for 
since this appears to be an independent predictor 
of chemotherapy-related toxicity.

While overall survival should still be the main 
end point of clinical trials with life-prolonging 
treatment, functional preservation and quality of 
life appear more important in older individuals 
whose life expectancy is limited.

Barriers to Clinical Trial Enrollment
One study in patients with breast cancer and 
showed that women aged 65 and older were as 
willing as younger women to enter clinical trials, 
but physicians were less likely to offer the clinical 
trials to older women.110 Hopefully, better under-
standing of aging will make clinicians more com-
fortable in offering clinical trials to older 
individuals. In the meantime, it is important to 
recognize that simply designed clinical trials with 
minimal diagnostic investigations may catalyze 
the enrollment of older patients. The Geriatric 
Oncology Consortium (GOC), which involves 
approximately 150 practices around the United 
States, was organized for this purpose and com-
pleted a study of 750 older individuals with solid 
tumors in a record time of less than two years. 
Hopefully, this achievement heralds the abate-
ment of the last barriers to the participation of 
older individuals in clinical trials.

Conclusions

Cancer in the older patient is becoming  
increasingly common. Older individuals with 
adequate life expectancy and treatment tolerance 
benefit from cancer prevention and treatment  
to an extent comparable with that of younger 
individuals.

Early detection of breast and colorectal 
cancer is beneficial for individuals with a life 
expectancy of at least five years. Ongoing  
studies may establish the benefits of screening 

asymptomatic older persons for cancer of the 
lung, of the prostate, and of the ovaries.

Older individuals are more vulnerable to the 
complications of cancer chemotherapy, including 
myelosuppression, mucositis, peripheral and 
central neurotoxicity, and cardiotoxicity. Proper 
dose adjustments, prophylactic treatment of older 
individuals with filgrastim or PEG-filgrastim, 
management of anemia, and drug selection  
may ameliorate the risk of chemotherapy in the 
majority of older patients.

The primary care physician has a central role 
in the management of older individuals with 
cancer. It behooves this practitioner to estimate 
the patient’s life expectancy and functional 
research, and to manage concomitant conditions 
that may interfere with cancer treatment, includ-
ing the adequacy of social resources. The oncol-
ogy specialist and the primary care physician 
should work together to manage incoming prob-
lems and treatment complications and should 
present a common front to the patients and their 
families.
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Definition
Many practices previously termed unorthodox  
or unconventional are increasingly recognized  
for their therapeutic value, evolving over time to 
become complementary and alternative medicine 
(CAM). That language shift was exemplified by 
the creation over a decade ago of the National 
Institutes of Health Office of Alternative Medi-
cine, which in 1999 was renamed the “National 
Center for Complementary and Alternative  
Medicine” (NCCAM). NCCAM defines CAM  
as “a group of diverse medical and health care  
systems, practices, and products that are not  
presently considered to be part of conventional 
medicine.”

A necessary distinction between “comple-
mentary” and “alternative” therapies is required. 
Complementary therapies, used as adjuncts to 
mainstream care, are supportive measures that 
help control symptoms, enhance well-being,  
and contribute to overall patient care (Table 1).1,2 
Alternative therapies, conversely, are unproved 
or disproved, often promoted for use instead of 
mainstream treatment or offered as viable thera-
peutic options. This is especially problematic in 
oncology, when delayed treatment can diminish 
the possibility of remission and cure.3 Over time, 
some complementary therapies are proven safe 
and effective. These become integrated into  
mainstream care, producing integrative medi-
cine, a combination of the best of mainstream 
cancer care and rational, data-based, adjunctive 
complementary therapies.4

Current Status

The most comprehensive and reliable findings  
on Americans’ use of CAM in general come from  

the National Center for Health Statistics (NCHS) 
2002 National Health Interview Survey (NHIS). 
NCHS is an agency of the Centers for Disease 
Control and Prevention.5 Of 31,044 adults sur-
veyed, 75% used some form of CAM. When 
prayer specifically for health reasons are excluded, 
the number was still at 50%. The survey shows 
most common use among women, better- 
educated people, those hospitalized in the previ-
ous year, and former smokers, indicating a more 
health conscious segment of the population. 
Common reasons given for use of CAM are shown 
in Figure 1.

By various accounts, 10% to over 60% of 
cancer patients have used CAM, depending  
primarily on the definitions applied.2,6–9 The  
Datamonitor 2002 Survey indicated that 80% of 
cancer patients used an alternative or comple-
mentary modality.10 There is some indication of a 
growth in CAM use by cancer patients in recent 
years.11 In our clinical experience, cancer patients 
most commonly use CAM to help get through 
chemotherapy, radiation, or surgery; to confront 
a poor prognosis and explore all treatment 
options; and to prevent cancer recurrence.

In 1997, consumer expenditures related to 
CAM were estimated at $36 billion to $47 billion, 
including $12 billion to $20 billion paid out- 
of-pocket to CAM practitioners.8 Sale of vitamins 
and minerals in the United States approximated 
$2.1 billion in 1999, including $6.6 billion for 
vitamins and $4.2 billion for herbs.12

The advent of the Internet facilitates disse-
mination of information and misinformation.  
The keywords “alternative cancer medicine” on 
Google.com revealed close to 3 million results at 
the end of 2004 and about 28 million at the begin-
ning of 2007. It is difficult, if not impossible, for 

the public to distinguish between evidence-based 
information and scientific-sounding infomercials 
promoting services and products. (Reputable 
sources of information are listed in Table 2.)

Many mainstream medical professionals  
are reluctant to accept complementary therapies, 
often because supporting scientific evidence, until 
recently, was rarely available. That many CAM 
practices are based on ancient philosophical and 
health care paradigms also reduces their credibil-
ity, as does the language used to describe under-
lining theories and mechanisms that may appear 
strange or ridiculous to those trained in the  
contemporary biomedical sciences. Fortunately, 
recent rigorous research has produced data on the 
safety, efficacy, and biologic mechanisms of some 
complementary therapies, and presents data in 
scientific language.

The definition of complementary therapies is 
evolving. As more is learned, those shown to be 
safe and effective are adopted into mainstream 
health care. This is reflected in the establishment 
of integrative or complementary medicine pro-
grams in major academic medical centers, includ-
ing major National Cancer Institute-designated 
cancer centers such as Memorial Sloan-Kettering, 
M. D. Anderson, Dana-Faber, and others.13  
Similar programs have been initiated in Canada, 
Australia, and Europe.

In this chapter, we introduce first the  
principles of Eastern medical systems, on which 
many current CAM therapies are based. We then 
introduce and review research data on comple-
mentary modalities that have been studied in 
cancer patients. These modalities include mind-
body therapies, manual therapies and bodywork, 
dietary measures and supplements for cancer  
prevention, herbal medicine, and acupuncture. 
Those without a substantial body of research  
evidence are not discussed in detail here.

Eastern Therapeutic Models

Complete therapeutic systems of theory and  
practice were developed by ancient cultures. 

Table 1  Categories and Examples of Useful Complementary Therapies

Biologically based practices  Dietary supplements (vitamins, some herbal remedies)
Mind-body practices Meditation, guided imagery, hypnosis, relaxation techniques
Manipulative and body-based practices Massage, reflexology 
Practices from ancient medical systems Acupuncture, Yoga
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Ayurvedic Medicine
The term “ayurveda” is a combination of Sanskrit 
words “ayur” (life) and “veda” (knowledge). 
Ayurvedic (“knowledge of life”) medicine can be 
traced back to 1500 bce. It was originally described 
in the Hindu scriptures called the Vedas and the 
texts known as the Samhitas. Its root is deeply 
embedded in Indian civilization and Hindu  
philosophy. Ayurveda remains intertwined with 
India’s moral, spiritual, and cultural values to this 
day.18

There is much similarity between ayurveda 
medicine and TCM. Both view the balance of 
mind, body, and spirit, as well as balanced adap-
tation to external forces, as essential to optimal 
health. Three basic forces (doshas), believed to 
exist in all beings, include vata (motion), pitta 
(metabolism), and kapha (structure). “Prana” 
(similar to the Chinese “Qi”) flows through the 
body and concentrates in “Chakras” (body points 
alone the midline thought to be the focal points  
of interaction among the internal organs and 
external elements). Imbalance results in diseases.

Ayurvedic diagnostic techniques include 
observation, questioning the patient, and palpa-
tion, with special attention paid to pulse, tongue, 
eyes, and nails. Diagnoses are described as discor-
dance of doshas in relationship to specific organ 
systems. Therapies are directed to balance the 
doshas based on the individual’s body type. Main 
methods of treatment are cleansing and detoxify-
ing (shodan), palliation (shaman), rejuvenation 
(rasayana) and spiritual healing (satvajaya).18 
Ayurvedic medicine has a strong mind-body 
component. Spiritual healing is aimed at relieving 
stress and negative thoughts, and achieving 
enlightenment. Sound therapy, imagery, exercise, 
and meditation are common techniques to  
keep consciousness in balance. Therapies used in 
ayurvedic medicine that have relevance to cancer 
care, such as yoga and meditation, are discussed 
in the following sections.

Mind-Body Therapies

Current-day mind-body therapies are based on 
the reciprocal relationship between mind and 
body. Chronic stress and depression are associ-
ated with cardiovascular risk and impaired 
immune function.19,20 Physical problems are exac-
erbated by social and emotional stress. Cancer is 
not amenable to treatment only through atten-
tion to patients’ psychological needs, but relief 
from mood disturbance, anxiety and other mental 
distress greatly improves the patient’s quality of 
life. In addition to conventional psychiatric care, 
several mind-body techniques are helpful.21

Mind-body modalities, including medita-
tion, hypnosis, relaxation techniques, cognitive-
behavioral therapy, biofeedback, and guided 
imagery have become part of mainstream care 

Although the beliefs on which they are based may 
be outmoded, some of their practices, such as 
herbal remedies and acupuncture, have value 
today. The two most prominent Eastern systems 
are traditional Chinese medicine (TCM) and 
India’s ayurvedic medicine.14 These paradigms 
embody a holistic approach to health mainte-
nance, emphasizing interactions among internal 
“life forces” and harmony between individuals 
and their environments. These systems hold the 
belief that health requires a strong and balanced 
body and mind. If the balance is disturbed,  
disease occurs. Therapeutic interventions aim to 
restore the balance.

Traditional Chinese Medicine
The earliest TCM text, Huang Di Nei Jing (Yellow 
Emperor’s Canon of Internal Medicine) dates 
from 500 to 300 bce. Its theory centers on the bal-
ance between Yin and Yang. Anything with cold, 
dark, weak, and hollow qualities are Yin; those 
that are hot, bright, strong, and solid are Yang. 
“Qi” (pronounced chee), the vital energy  
or life force, and “Xue,” the blood, circulate 
around the body to regulate the balance of Yin 
and Yang in the major organ systems (heart, lung, 
spleen, liver, kidney) of the body. These organ 

systems are functional entities, responsible for 
modern medicine’s cardiovascular, respiratory, 
digestive, emotional and genitourinary activities, 
respectively.15

Traditional TCM diagnostic techniques 
include observation, listening, inquiry and palpa-
tion, which includes pulse taking. Findings that fit 
specific patterns lead to a diagnosis. TCM practi-
tioners then prescribe herbal and/or acupuncture 
treatment. Herbal remedies are usually a formu-
lation of multiple ingredients (mainly botanicals) 
but also, occasionally, minerals and animal prod-
ucts. The herbal remedies are most commonly 
prepared by brewing the ingredients in hot water. 
The ingredients are said to work in combination 
to achieve a synergistic effect and to balance out 
side effects.15 

Acupuncture remains an important TCM 
practice. Inserting and manipulating needles  
at specific body points, originally to regulate the 
flow of Qi and restore harmony, is a viable treat-
ment for many symptoms, and modern research 
shed light on its mechanisms. Many acupuncture 
points are rich in nerves, and contemporary 
investigation suggests that acupuncture may reg-
ulate nervous system activities.16,17 Acupuncture 
is discussed in greater detail later in this chapter.

FigurE 1  Common reasons people use CAM. Adapted from Barnes PM et al.5

Table 2  Reputable Sources of Online Information on Complementary and Alternative Medicine

National Center for Complementary and Alternative Medicine (NCCAM): http://nccam.nih.gov
National Cancer Institute: http://www.cancer.gov/cam/index.html
American Cancer Society: http://www.cancer.org/docroot/ETO/ETO_5.asp?sitearea=ETO
USDA Food and Nutrition Information Center: http://www.nal.usda.gov/fnic
NIH Office of Dietary Supplements: http://dietary-supplements.info.nih.gov
U.S. Pharmacopeia: http://www.usp.org/dietarySupplements
Memorial Sloan-Kettering Cancer Center: http://www.mskcc.org/aboutherbs
M. D. Anderson Cancer Center: http://www.mdanderson.org/departments/CIMER
Institute of Medicine: http://www.iom.edu/board.asp?id=3788
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over the years. A survey found that 19% of  
American adults used at least one mind-body 
therapy in a one-year period.22 A meta-analysis of 
116 studies found that mind-body therapies could 
reduce anxiety, depression, and mood distur-
bance in cancer patients, and assist their coping 
skills.23 Mind-body techniques can also help 
reduce chronic low-back pain, joint pain,  
headache, and procedural pain.24

Meditation
Meditation can be grouped into two categories. 
Concentrative mediation focuses attention on 
increasing mental awareness and clarity of mind. 
Here, attention is focused on an image, a sound, 
or on one’s breathing. Mindfulness meditation, 
instead, opens attention to whatever goes through 
the mind and to the flow of sensations experi-
enced from moment to moment, without attempts 
to discover their meaning. The emphasis on the 
present helps release the mind from negative  
past memories and from worries about the future. 
A common goal of many mind-body therapies is 
to achieve “inner peace.”

Changes in brain electrical activity and 
immune functions have been reported in indi-
viduals who underwent a training program  
in mindfulness meditation. In a randomized,  
wait-list controlled study, significant increases in 
left-sided anterior activation, a pattern previously 
associated with positive affect, were found in the 
meditators. When the subjects were immunized 
with influenza vaccine, significant increases in 
specific antibody titers were observed. There was 
no correlation between the magnitude of increase 
in left-sided activation and that of the rise in  
antibody titer.25

In a randomized wait-list control study of 
109 cancer patients, participation in a seven-week 
mindfulness-based stress reduction program was 
associated with significant improvement in mood 
disturbance and symptoms of stress.26 A single 
arm study of breast and prostate cancer patients 
showed significant improvement in overall qual-
ity of life, stress, and sleep quality, but symptom 
improvement was not significantly correlated 
with program attendance or minutes of home 
practice.27 

Yoga, which combines physical movement, 
breath control, and meditation, improved sleep 
quality in a trial of 39 lymphoma patients. Prac-
ticing a form of yoga that incorporates controlled 
breathing and visualization significantly decreased 
sleep disturbance when compared to wait-list 
controls.28 Mindfulness-based stress reduction 
techniques must be practiced to produce  
beneficial effects.29

Hypnosis
Hypnosis is an artificially induced state of con-
sciousness in which a person is highly receptive  

to suggestion. A hypnotherapist or one’s own self 
(self-hypnosis) can induce the trancelike state 
(similar to deep daydreaming) by first inducing 
relaxation and then directing attention to specific 
thoughts or objects. The World Health Organiza-
tion (WHO) estimates that 90% of the general 
population can be hypnotized, with 20 to 30% 
able to enter the deeper somnambulistic state. For 
best results, the patient and the therapist must 
have a good rapport with a certain level of trust; 
the environment must be comfortable and free 
from distractions; the patient must be willing  
to undergo the process and must desire to be hyp-
notized. Hypnosis was endorsed by the British 
Medical Society in 1955 and the American  
Medical Association in 1958. Research shows that 
hypnosis is beneficial in reducing pain, anxiety, 
phobias, nausea, and vomiting.

In one study, 20 excisional breast biopsy 
patients were randomly assigned to a hypnosis or 
control group (standard care). Post-surgery pain 
and distress were reduced in the hypnosis group.30 
In another study, children undergoing multiple 
painful procedures such as bone marrow aspira-
tion or lumbar puncture were randomized to 
receive hypnosis, a package of cognitive beha-
vioral coping skills, or no intervention. Those 
who received either hypnosis or cognitive beha-
vioral therapy experienced more pain relief than 
control patients. The effects were similar between 
hypnosis and cognitive behavioral therapy. Both 
therapies also reduce anxiety and distress, with 
hypnosis showing greater effectiveness.31 Hypno-
sis was studied in a randomized controlled trial of 
60 patients undergoing elective plastic surgery. 
Peri- and postoperative anxiety and pain were 
significantly reduced in the hypnosis group when 
compared to the control group, who received 
only stress reduction training. Reduction in anxi-
ety and pain was achieved along with significant 
reduction in intraoperative requirements for  
sedatives and analgesics.32

In a study of 67 bone marrow transplant 
patients, subjects were randomized to one of the 
four intervention groups: hypnosis training, cog-
nitive behavioral coping skills training, therapist 
contact control, or usual care. Oral pain from 
mucositis was reduced in the hypnosis group.33 A 
National Institutes of Health (NIH) Technology 
Assessment Panel found strong evidence for  
hypnosis in alleviating cancer-related pain.34 
Hypnosis effectively treats anticipatory nausea in 
pediatric35 and adult cancer patients36 and reduces 
postoperative nausea and vomiting.32

Selection of proper patients and the qualifi-
cations of the hypnotherapist contribute to safe 
hypnotherapy. The WHO cautions that hypnosis 
should not be performed on those with psychosis 
or certain personality disorders. A small percent-
age of patients may experience dizziness, nausea, 
or headache. These symptoms usually result from 

patients brought out of trance by inexperienced 
hypnotherapists.

Relaxation Techniques
Randomized, controlled trials demonstrate that 
relaxation training and guided imagery signifi-
cantly ameliorate anxiety and distress. A random-
ized study of relaxation therapy versus alprazolam 
showed that both approaches significantly 
decreased anxiety and depression, although the 
effect of alprazolam was slightly quicker for anxi-
ety and stronger for depressive symptoms.37 
Relaxation achieves the effect without side effects 
and at a lower cost. A randomized trial of 82  
radiation therapy patients found significant 
reductions in tension, depression, anger, and 
fatigue for those who received relaxation training 
or imagery.38

A meta-analysis of 59 studies showed 
improved sleep induction and maintenance with 
psychological interventions.39 Although pharma-
ceuticals may produce a rapid response, some 
studies suggest that behavioral therapies help  
to maintain longer-term improvement in sleep 
quality. The NIH consensus panel concluded that 
behavioral techniques, particularly relaxation  
and biofeedback, produce improvements in some 
aspects of sleep, but the magnitude of improve-
ment in sleep onset and time may not achieve 
clinical significance.34

Manual Therapies and Bodywork

The many types of bodywork have in common 
the manipulation or movement of parts of the 
body to achieve health benefits. Osteopathy and 
chiropractic teach complete systems of diagnosis 
and treatment. Massage therapy has variations, 
such as Swedish massage and shiatsu. Other body-
work techniques, such as the Alexander Tech-
nique and Pilates, address posture and movement, 
while yoga, tai chi, Reiki, and polarity therapy 
incorporate strong mind-body components.14

Osteopathic and Chiropractic  
Manipulation
Osteopathy was developed in late 19th century by 
Andrew Taylor Still, a trained engineer and physi-
cian who believed that “structure governs func-
tion.” Osteopathy is taught as a complete system 
of medical care. In the United States, training 
blends conventional medical, surgical, and obs-
tetrical practices with osteopathic manipulative 
treatments (OMT), involving manipulation of 
the bones, muscles, and tendons to promote 
blood flow and enhance the body’s healing 
powers. Doctors of Osteopathy (DOs) are licensed 
to perform surgery and prescribe medicine in  
the United States after completion of licensure 
examinations and graduate medical education. 
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Some DOs focus on the conventional medical 
approach and provide general medical care, while 
others focus more on manipulative treatment. In 
Europe, osteopaths rely more on the latter.40

Chiropractic was also originated in the late 
19th century in the United States. The founder, 
Daniel David Palmer, believed that the proper 
alignment of the spinal column is essential to 
optimal health. Palmer believed that subluxations 
impede normal function of the nervous system 
and lead to illness, and that spinal manipulation 
(adjustment) was required to correct the prob-
lem. Chiropractic is widely accepted by the regu-
latory authority and third-party payers, if not by 
mainstream medicine. In 1987, the US Supreme 
Court upheld a lower-court finding charging the 
American Medical Association of antitrust viola-
tions in its attempt to eliminate the chiropractic 
profession. Chiropractic services are included in 
Medicare, in over half of health maintenance 
organizations, and in 75% of private health  
insurance plans.41,42 

Although manipulative techniques in osteo-
pathic and chiropractic care are offered to treat 
many medical conditions, most controlled clini-
cal trials of these techniques were conducted in 
patients with lower back pain.43 Systematic reviews 
and meta-analysis supported its benefits in acute44 
and chronic45 back pain. A randomized controlled 
trial compared standard medical therapies to 
osteopathic manipulation in the treatment of 
chronic lower back pain. No statistically signifi-
cant difference was found for pain and range  
of motion, although those receiving osteopathy 
required significantly less medication and used 
less physical therapy.46 A recent systemic review 
of spinal manipulation concluded that there is 
moderate evidence of its short-term efficacy in 
treating acute and chronic lower back pain, but 
insufficient data to draw conclusions regarding its 
efficacy for lumbar radiculopathy.47 

Massage Therapy
Massage therapists apply pressure to muscle and 
connective tissue to reduce tension and pain, 
improve circulation, and encourage relaxation. 
Swedish massage, the most common type in the 
US, is gentle and comprises five basic strokes 
(stroking, kneading, friction, percussion, and 
vibration). The movement is rhythmic and free-
flowing. The practice of massage therapy requires 
state certification or licensure.

Massage therapy helps relieve symptoms 
commonly experienced by cancer patients. It 
reduces anxiety and pain48–51 as well as fatigue, 
distress, nausea, and anxiety.48 Anxiety and pain 
were evaluated in a crossover study of 23  
inpatients with breast or lung cancer receiving 
reflexology (foot massage) or usual care. Patients 
experienced significant decreases in anxiety,  

and in one of three pain measures, breast cancer 
patients experienced significant decreases in pain 
as well.49 In another study, 87 hospitalized cancer 
patients were randomized to receive foot massage 
or control. Pain and anxiety scores fell with  
massage, with differences between groups achiev-
ing statistical and clinical significance.50 The use 
of aromatic oil seemed to enhance the effect  
of massage in early studies,51,52 but significant 
enhancement was not seen in more recent ran-
domized controlled trials.53–55 For non-cancer 
subacute and chronic back pain, massage therapy 
was found effective in a systematic review of  
randomized controlled trials, and preliminary 
data suggest it may help reduce the costs of 
care.56 

Manual lymphatic drainage (MLD), which 
provides a gentle pumping action through spe-
cific hand movements, helps breast–cancer-
related lymphedema. A randomized, controlled, 
crossover study compared the effects of MLD 
with those of simple lymphatic drainage (a  
less-robust massage regimen), in 31 women with 
breast–cancer-related lymphedema. MLD signifi-
cantly reduced excess limb volume and dermal 
thickness and significantly improved quality- 
of-life end points.57,58

Safety
Osteopaths and chiropractors are educated and 
should be well aware of contraindications for 
manipulation, such as acute fractions, underlying 
aneurysm, bone metastasis, etc. There are no data 
on the frequency of adverse effects from OMT,  
as the total number of OMT performed per year 
is unknown. A review of 128 articles published 
between 1925 and 1993 revealed 185 cases of 
major complications. The majority was cerebro-
vascular accidents (66%), the rest, disk hernia-
tions, pathologic fractures or dislocations, and an 
increase in pain.59 There have been reports of rare, 
serious complications from chiropractic spinal 
manipulation. A Danish retrospective cohort 
study examined the incidence of cerebrovascular 
accidents after manipulation. The frequency is 
between 1 in every 120,000 to 900,000 cervical 
manipulations.60,61 Complications from lumbar 
manipulations are rarer.42 Many oncologists warn 
cancer patients against the use of chiropractic 
manipulation.

Massage therapy is safe when practiced by 
credentialed practitioners. Serious adverse events 
are rare and associated with exotic types of mas-
sage or untrained practitioners.62 In work with 
cancer patients, the application of deep or intense 
pressure should be avoided, especially near lesions 
or anatomic distortions such as postoperative 
changes. Patients with bleeding tendencies should 
receive only gentle, light-touch massage.

Dietary Measures and Supplements 
for Cancer Prevention

Epidemiologic studies show that some cancers are 
more or less prevalent in specific populations. 
This phenomenon cannot be explained entirely 
by genetics since, for example, Asian-American 
women born in the West are at greater risk for 
breast cancer than Asian-American women born 
in the East. Attempts have been made to identify 
“active ingredients” in diets and to see whether 
oral supplementation with such ingredients may 
reduce cancer risk.

Diet
In general, diets high in saturated fat and caloric 
intake are associated with higher cancer risk. 
Conversely, epidemiologic as well as animal stud-
ies show that fruit and vegetable intake assists 
cancer prevention. Large, prospective studies are 
under way to determine whether dietary supple-
mentation can reduce cancer risk. Given other 
health benefits, such as reduced risk of cardiovas-
cular disease, a diet high in fruits and vegetables 
and low in saturated fat is advisable.

Diet plays an important role in the preven-
tion of gastrointestinal (GI) cancers. Obesity 
increases the risk of esophageal and colon  
cancers, and high alcohol intake elevates the risk 
of esophageal and liver cancers. Ingestion of afla-
toxin-contaminated peanuts or grains increases 
the risk of liver cancer. Salt-preserved foods and 
high salt intake are linked to stomach cancer. 
Dietary fiber significantly lowers the risk of colon 
cancer.63

Although most animal studies show that 
dietary fat increases the development of breast 
tumors, data from case-control or cohort human 
studies are less strong.64 Type of fat is important 
because there is an inverse relationship between 
consumption of olive oil (monounsaturated fat) 
or fish oil (polyunsaturated fat) and breast cancer 
risk. Excess body weight is a significant risk factor 
for recurrence and for shorter survival in breast 
cancer patients, especially in Stage I and II 
patients.65 Several clinical trials (the Women’s 
Health Initiative, the Women’s Intervention 
Nutrition Study, and the Women’s Healthy Eating 
and Lifestyle Study) are ongoing to address the 
relationship between dietary fat, other compo-
nents of diet, and the risk of breast cancer and 
other diseases.

Epidemiologic studies suggest a role for  
low-fat diets in prostate cancer prevention. Data 
from case-control and prospective studies are 
mixed. In animal studies, low-fat diets decrease 
tumor growth.66 Some demonstrate a direct asso-
ciation between increased saturated and mono-
unsaturated fat and increased risk of prostate 
cancer,67,68 while others find no relationship.69,70 
In a cohort study of more than 58,000 men,  
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prostate cancer risk was not associated with the 
intake of total fat, total saturated fatty acids, or 
total trans-unsaturated fatty acids, in general, 
although lower risk was weakly associated with 
increased intake of linolenic acid.71

Dietary Supplements
Antioxidants are the best studied supplements  
for cancer prevention, based on their assumed 
protective effect against oxidative stress to the 
genome, proteins, and lipids. Compounds that 
can induce differentiation of immature cells con-
stitute another major class of chemopreventive 
agents.

The largest chemoprevention study to date is 
the a-Tocopherol, b-Carotene Cancer Preven-
tion Study, a randomized controlled trial of 
29,000 male smokers in Finland. Dietary supple-
mentation with a-tocopherol, a form of Vitamin 
E, or b-carotene, a precursor of Vitamin A, did 
not reduce the incidence of lung cancer among 
male smokers. On the contrary, b-carotene was 
associated with increased risk of lung cancer in 
current smokers and recent quitters.72 Although 
supplementation of a-tocopherol did not reduce 
overall incidence of lung cancer, higher serum a-
tocopherol status was associated with lower lung 
cancer risk, particularly among younger persons 
and those with less cumulative smoke exposure. 
This suggests that high levels of a-tocopherol, if 
present during the early critical stages of tumori-
genesis, may inhibit lung cancer development. 
Both the beneficial and the adverse effects of  
supplemental a-tocopherol and b-carotene dis-
appeared during post-intervention follow-up.73

In the b-Carotene and Retinol Efficacy  
Trial, another large chemoprevention trial of 
18,000 smokers, former smokers, and workers 
exposed to asbestos, b-carotene and vitamin A 
supplementation again was associated with a 
higher risk of lung cancer.74 Interestingly, sub-
analyses revealed that fruit and vegetable con-
sumption reduced lung cancer risk only in the 
placebo arm. The association was strongest with 
Rosaceae fruit or Cruciferae vegetables.75 This 
illustrates that plant foods have a role in prevent-
ing lung cancer in high-risk populations, and that 
purified b-carotene supplements do not provide 
the protective effects associated with foods.

Selenium is a trace element required for the 
activity of the antioxidant enzyme glutathione 
peroxidase, which protects cell membranes from 
damage caused by the peroxidation of lipids.76 
Dietary selenium and serum selenium levels  
correlate inversely with the risk of several types  
of cancer.77 Plants that grow in selenium-rich soil 
or animals that eat such plants are good sources  
of dietary selenium, and Brazil nuts are a  
particularly rich source of selenium.

In a multi-center, randomized, placebo- 
controlled study of 1,312 patients with history  

of non-melanoma skin cancer (the Nutritional 
Prevention of Skin Cancer Trial), daily intake of 
200  µg of selenium lowered the incidence of pros-
tate cancer by two-thirds.78 The incidence of lung 
and colorectal cancers also was reduced. There 
was no significant effect on other cancers. In  
the Health Professionals Follow-Up Study, higher 
selenium levels were associated with reduced risk 
of advanced prostate cancer.79 The association 
became stronger with additional controls for 
family history of prostate cancer, body mass 
index, calcium intake, lycopene, and saturated fat 
intake, vasectomy, and geographical region.

A randomized, placebo-controlled, double-
blind, phase III prostate cancer prevention trial of 
32,400 men (the Selenium and Vitamin E Cancer 
Prevention Trial) is under way to test the pre-
ventive efficacy of selenium and vitamin E.80,81 
Final results are anticipated in 2013. This study 
will also generate strong data regarding the safety 
of vitamin E; one meta-analysis of mostly car-
diovascular chemopreventive trials found slightly 
higher mortality associated with high-dose  
(> 400  IU/d) vitamin E supplementation.82

Lycopene is a natural pigment found in 
tomato, watermelon, guava, rose hips, and pink 
grapefruit. It is classified as a non-provitamin  
A carotenoid. Epidemiologic studies suggest an 
inverse relationship between lycopene consump-
tion and lung, prostate, and stomach cancers.83 A 
prospective study of male health professionals, 
the Health Professionals Follow-up Study, found 
an association between frequent tomato or lyco-
pene intake and reduced risk of prostate cancer. 
Intake of tomato sauce, in which lycopene is more 
bioavailable, was associated with an even greater 
reduction in prostate cancer risk, especially  
for extraprostatic cancers. The associations  
persisted even when fruit, vegetable, and olive oil 
consumption were controlled.84

Calcium may lower the risk of colorectal  
adenomas by suppressing cell proliferation. 
Increasing the daily intake of calcium via low-fat 
dairy food reduces the proliferative activity of 
colonic epithelial cells and restores markers of 
normal cell differentiation in patients with a  
history of polypectomy for colonic adenomatous 
polyps. Recurrence of adenoma and the average 
number of adenomas were both significantly 
reduced by calcium intake in a large placebo- 
controlled, double-blind trial. In another large 
randomized study, calcium supplementation was 
associated with a modest, but not significant, 
reduction in risk of adenoma recurrence.

Anti-inflammatory drugs such as nonsteroi-
dals or COX-2 inhibitors also show promise  
in colon cancer prevention, and good evidence 
indicates that sulindac, aspirin, and celecoxib 
help prevent colonic adenomas. Unfortunately, 
increased risk of heart attack and stoke is found  
in patients taking COX-2 inhibitors.85 How this 

finding affects the future of this class of drugs 
remains to be seen.86

Soy contains isoflavones, including phytoes-
trogens, genistein, and daidzein. Genistein and 
daidzein are selective estrogen-receptor modula-
tors (SERMs). Dietary intake of soy and high 
serum phytoestrogen levels are associated with 
lower risk of prostate cancer. In vitro studies indi-
cate that genistein inhibits the growth of prostate 
cancer cells, apparently independent of genistein’s 
estrogenic effects.87,88 Prospective intervention 
trials have not yet been conducted to evaluate  
the role of soy in preventing prostate cancer.  
Most prospective trials included men following a 
diagnosis of prostate cancer.89,90

Some research suggests that soy products 
may decrease breast cancer risk, but the effect 
appears dependent on when in the woman’s  
lifetime soy products were consumed. In animal 
studies, rats fed soy-enriched diets through 
puberty had a decreased incidence of mammary 
tumors later in life, but this effect was not seen 
when the soy-enriched diet started after puberty. 
Epidemiologic studies in general fail to show  
a protective effect for soy products, except in 
women who consume them during adolescence 
or in large amounts.91 The phytoestrogen activity 
in soy products raises concerns about their use by 
breast cancer patients or survivors with estrogen–
receptor-positive cancer. In theory, these prod-
ucts may increase the risk of breast cancer 
recurrence or progression. It is possible these 
phytoestrogens produce paradoxical effects, as 
both estrogenic and antiestrogenic effects are 
observed in vitro. The effect may depend on the 
concentration or other co-factors in the cells,  
not unlike other selective estrogen receptor  
modulators.

Based on existing data, the consumption of 
soy products in moderation is neither encouraged 
nor discouraged for the prevention of breast 
cancer. Women with estrogen–receptor-positive 
breast cancer should not consume large amounts 
of phytoestrogen-rich foods such as concentrated 
soy products.

Herbal Medicine

Botanicals have been the major source of medici-
nal materials for millennia prior to the 20th  
century. Even today, a large percentage of people 
in developing countries rely on herbal medicines 
for their health care. About one-quarter of pre-
scription drugs contain active ingredients derived 
from plants, including several chemotherapeutic 
agents (paclitaxel, docetaxel), camptothecins  
(irinotecan hydrochloride, topotecan hydrochlo-
ride), and vinca alkaloids (vincristine, vinorelbine 
tartrate).

Botanicals are a valuable source for the  
development of therapeutic agents, where they 
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are carefully studied for safety and efficacy. Sold 
as dietary supplements, however, they are rarely 
produced to the same high standards. Many  
therapeutic claims remain unproven, and some 
herbs cause significant side effects. Detrimental 
herb-drug interactions may occur. Finally, prod-
uct inconsistency and contamination have been 
reported.92

Problems and Potential of Herbal 
Supplements
Most claims made by producers of herbal  
supplements are based on historical experience, 
unconfirmed by clinical trials. Many herbs show 
direct antitumor activity from in vitro or animal 
experiments,93,94 but translating preclinical to 
clinical use often fails because the active constitu-
ents, often unknown, are insufficiently potent  
or metabolized before reaching their target. The 
composition of herbs is complex, typically con-
taining hundreds of constituents. Moreover, 
some herbal remedies function through the  
synergistic effects of their multiple constituents, 
hindering identification of active components.

Herbs and other botanical products that 
enhance immune function are especially popular 
among cancer patients and may prove useful  
in cancer treatment or prevention. Some show 
immunomodulatory effects in preclinical studies, 
assisting tumor rejection or resistance to patho-
gens.95–97 However, the most popular immune-
boosting herb in the United States used commonly 
to treat colds—Echinacea—shows disappointing 
results in randomized controlled trials.98–100

The popular use of herbal supplements has 
important public health implications (see “Herb-
Drug Interactions” and “Quality Control Issues”). 
In order to evaluate the effectiveness and safety  
of herbal supplements and guide their use by the 
consumers, rigorous clinical trials are under way. 
The United States Food and Drug Administration 
(FDA) issued “Guidance for Industry—Botanical 
Drug Products” in 2004 to aid the drug  
development process.101

Side Effects
Because botanicals contain biologically active 
constituents, they carry health risks if not used 
properly. The botanical kava kava, for example, 
proved more effective than placebo in treating 
anxiety, stress, and insomnia,102,103 and it was con-
sidered a viable alternative to benzodiazepines 
because of its benefits and absence of dependency 
and addiction. However, later reports associate 
this herbal remedy with severe hepatotoxicity 
resulting in death.104

Red clover and black cohosh are promoted 
and used as “natural hormone replacement  
therapy” to treat postmenopausal symptoms.  
Red clover preparations, however, failed to  

significantly reduce the numbers of hot flashes, 
although one preparation reduced hot flashes 
more rapidly than another. This may be an exam-
ple of the inconsistent standardization that char-
acterizes supplement development.105 Products 
containing red clover should not be used by 
patients with estrogen–receptor-positive breast 
cancer as they contain phytoestrogens. Black 
cohosh reduced menopausal symptoms without 
systemic estrogenic effect in an open-label 
study,106 but another trial of women with breast 
cancer showed no overall benefit.107 Whether 
black cohosh has estrogenic activity remains 
under debate. Recent laboratory research showed 
no direct interaction of black cohosh extract with 
estrogen receptors.108

Herbal medicine was practiced historically 
by those with at least some knowledge of side 
effects of the herbs. Today, however, many herbal 
and other botanical products are readily available 
to US consumers under the Dietary Supplement 
Health and Education Act of 1994, which regu-
lates them only as food supplements and requires 
no prior studies of safety and efficacy. A few 
herbal products have been removed from the 
market by the FDA due to adverse events. A recent 
example is agents that contain ephedrine, as its 
sympathomimetic activity has been associated 
with cardiovascular complication, including 
death.

Herb-Drug Interactions
Herbs may attenuate or lessen the effect of a drug 
either by direct action on its target or by altering 
its pharmacokinetics.109,110 Herbs such as fever-
few, garlic, ginger, and ginkgo have anticoagulant 
effects and should be avoided by patients on  
warfarin, heparin, aspirin, and related agents.  
Red clover, Dong quai, and licorice, because of 
their phytoestrogen components, should not be 
used by patients on tamoxifen or aromatase 
inhibitors. St. John’s wort was a popular product 
for depression, at least equivalent in efficacy to 
tricyclics and selective serotonin reuptake inhibi-
tors (SSRIs) in mild to moderate depression and 
with a side-effect profile superior to both.111,112 It 
was found, however, that St. John’s wort induces 
cytochrome P450 CYP3A4. Reduced plasma 
levels of SN38, an active metabolite of irinotecan, 
have been reported following simultaneous use.113 
Such metabolic interactions preclude St. John’s 
wort for patients on medications metabolized by 
CYP3A4.114

Although not an herb, grapefruit juice was 
found to significantly change the plasma level of 
many prescription drugs. Further study found 
that furanocoumarin derivatives inhibit intestinal 
CYP3A4, which consequently increases the bio-
availability of drugs that are substrate to first pass 
metabolism by this enzyme.115,116 Interestingly, 
the interaction was initially discovered by  

accident in an ethanol-calcium channel blocker 
interaction study in which grapefruit juice was 
used as the vehicle for the alcohol.117 Details of 
herb-drug interaction can be found at several 
sources.92,118 

Quality Control Issues
The story of PC-SPES illustrates the quality  
control problems in herbal medicine. This 8-herb 
formulation was in popular use to treat prostate 
cancer. Although its exact mechanism of action  
is unclear, the constituents had been shown in 
preclinical studies to stimulate natural killer cells, 
inhibit growth of cancer cell lines, and bind  
to estrogen receptors where they inhibit 5a- 
reductase. Four small clinical studies demon-
strated that patients with androgen-dependent or 
-independent prostate cancer had lower prostate-
specific antigen (PSA) levels following use of  
PC-SPES.119,120 Patients whose disease progressed 
after chemotherapy or ketoconazole treatment  
(a difficult-to-treat population) still responded to 
PC-SPES.119,120 Toxicities in those trials were sim-
ilar to those expected from estrogen treatment, 
including gynecomastia (common), loss of libido, 
and venous thrombosis (uncommon).119,120 

Unfortunately, despite promising clinical 
activity against prostate cancer, PC-SP was found 
to be contaminated with undeclared synthetic 
drugs, including indomethacin, warfarin, alpra-
zolam and diethylstilbestrol (DES).121 In 2002,  
the FDA warned consumers to stop using PC-
SPES, and the manufacturer (BotanicLab, Brea, 
CA) recalled the product and went out of busi-
ness. One report compared PC-SPES with DES 
head-to-head in 90 androgen-insensitive prostate 
cancer patients. In this prospective, multicenter, 
randomized phase II trial, decline of PSA, median 
response duration, and median time to progres-
sion were all superior in the PC-SPES group. DES 
was detected in several lots of PC-SPES, the 
amount ranging from 0.01% to 3.1% of the dose 
in the DES arm.122 Apparently PC-SPES clinical 
activity is not attributable entirely to DES con-
tamination. The studies of PC-SPES serve as a 
good illustration of the promise, the problems, 
the complexity, and the importance of rigorous 
scientific research of herbal products.

Acupuncture

Acupuncture is the stimulation of certain points 
on the body with needles. Recent scientific 
research suggests that the effects of acupuncture 
are likely mediated by the nervous system.  
Release of neurotransmitters and change of brain- 
functional magnetic resonance imaging (MRI) 
signals are observed during acupuncture.16,123 
Traditionally, it is used for almost every ailment, 
but most indications are not confirmed by rigor-
ous clinical study. However, evidence supports 
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the use of acupuncture in treating some common 
symptoms experienced by cancer patients and 
others.

Pain
Pain is the most common and the best studied 
indication for acupuncture. Acupuncture relieves 
both acute (eg, postoperative dental pain) and 
chronic (eg, headache) pain.124,125 Whether it helps 
musculoskeletal pain remains controversial.126,127 
An NIH consensus statement in 1997 supported 
acupuncture for adult postoperative pain,  
chemotherapy-related nausea and vomiting, and 
postoperative dental pain.124 Insufficient evidence 
was available to support other claims of efficacy at 
that time, but in the ensuing years, many publica-
tions have documented the utility of acupuncture 
as an adjunct treatment for pain, emesis, and 
other symptoms.

A randomized controlled trial of 570 patients 
with osteoarthritis of the knee found that a  
26-week course of acupuncture significantly 
improved pain and dysfunction when compared 
to sham-acupuncture control. In this study, all 
patients received other usual care for osteoarthri-
tis. At week 8, improvement in function (but not 
in pain) was observed, indicating that long-term 
treatment may be required to achieve full effect.128 
A companion paper reported the results of a  
randomized controlled trial of acupuncture for 
chronic neck pain.

Acupuncture appears effective against 
cancer-related pain. A randomized placebo- 
controlled trial tested auricular acupuncture  
for patients with pain despite stable medication. 
A total of 90 patients were randomized to have 
needles placed at correct acupuncture points 
(treatment group), versus acupuncture or pres-
sure at non-acupuncture points. Pain intensity 
decreased by 36% at 2 months from baseline in 
the treatment group, a statistically significant dif-
ference compared with the two control groups, 
for whom little pain reduction was seen.129 Skin 
penetration per se showed no significant analge-
sic effect. The authors selected acupuncture points 
by measuring electrodermal signals. These results 
are especially important because most of the 
patients had neuropathic pain, which is often 
refractory to conventional treatment.

Brain imaging technology is now being used 
to examine the specific nervous pathways involved 
in acupuncture. In functional MRI studies,  
true acupuncture induces brain activation in the 
hypothalamus and nucleus accumbens, and  
deactivates areas of the anterior cingulate cortex, 
amygdala, and hippocampus. Such changes are 
not observed in control stimulations, which affect 
only sensory cortex change. Deactivation of  
the amygdala and hippocampus has also been 
observed with electroacupuncture. These data 

suggest that acupuncture modulates the affective-
cognitive aspect of pain perception.123 Correla-
tions between signal intensities and analgesic 
effects have also been reported.130 

Nausea and Vomiting
Acupuncture helps lessen chemotherapy-induced 
nausea and vomiting.131 In one study, 104 breast 
cancer patients receiving highly emetic chemo-
therapy were randomized to receive electroacu-
puncture at the PC6 acupuncture point, minimal 
needling at non-acupuncture points, or pharma-
cotherapy alone. Electroacupuncture significantly 
reduced the number of episodes of total emesis 
(from a median of 15, down to 5) when compared 
with pharmacotherapy only. Most patients did 
not know the group to which they had been 
assigned.132 The effects of acupuncture do not 
appear entirely due to attention, clinician-patient 
interaction, or placebo.

Acupressure wrist bands that render con-
tinuous stimulation of the PC6 point have also 
been tested for chemotherapy-related nausea and  
vomiting. In a randomized, controlled trial of 739 
patients, nausea on the day of chemotherapy was 
reduced significantly in patients wearing wrist 
bands compared with no-band controls. No sig-
nificant differences were found for delayed nausea 
or vomiting.133 Acupuncture also suppresses 
nausea and vomiting caused by pregnancy,134  
surgery,135 and motion sickness.136,137 

The combination of acupuncture and sero-
tonin receptor antagonists, the newest generation 
of antiemetics, showed mixed results. In a trial of 
patients with rheumatic disease, the combination 
decreased the severity of nausea and the number 
of vomiting episodes more than ondansetron 
alone in patients receiving methotrexate (an agent 
also used in chemotherapy).138 However, a study 
of cancer patients receiving high-dose chemo-
therapy and autologous stem cell transplantation 
reported no significant benefit for ondansetron 
plus acupuncture versus ondansetron plus  
placebo acupuncture.139 

Other Symptoms
Acupuncture has been reported to reduce  
xerostomia (severe dry mouth). Radiotherapy for 
head and neck cancer causes acute and chronic 
xerostomia, which may persist despite the use  
of pilocarpine (Salagen) and amifostine (Ethyol). 
Acupuncture improved xerostomia inventory 
scores in 18 patients with head and neck cancer 
and pilocarpine-resistant xerostomia. However, a 
controlled trial of acupuncture versus superficial 
needling found increased salivary flow in patients 
with both conditions (68% and 50%, respec-
tively). Although real acupuncture produced 
greater improvement and a longer latency phase, 
the difference was not significant.140 Randomized 

trials with proper controls and adequate power 
are needed before conclusions can be drawn.

Patients with breast or prostate cancer may 
experience vasomotor symptoms (hot flashes) 
during estrogen or androgen ablation therapy.  
A few uncontrolled studies investigated acupunc-
ture to treat these symptoms. Self-stimulation of 
implanted miniature acupuncture needles atten-
uated tamoxifen-related hot flashes in 8 of 12 
patients with breast cancer,141 and similar results 
were found in a case series of patients with breast 
142,143 and prostate cancer.144 Controlled trials are 
under way at several centers.

Fatigue following chemotherapy or irradia-
tion, another major and common problem, has 
few reliable treatments in patients without a cor-
rectable cause such as anemia.145 In an uncon-
trolled trial of fatigue after chemotherapy, 
acupuncture reduced fatigue 31% after 6 weeks of 
treatment. Among those with severe fatigue at 
baseline, 79% had non-severe fatigue scores at 
follow-up,146 whereas fatigue was reduced only in 
24% of patients receiving usual care in another 
center.147 

Adverse Effects
Acupuncture needles are regulated as a medical 
device in the United States. They are filiform, 
sterile, single-use, and very thin (28 to 40 gauge) 
(Figure 2). Insertion of acupuncture needles 
causes minimal or no pain and less tissue injury 
than phlebotomy or parenteral injection. Acu-
puncture performed by experienced, well-trained 
practitioners is safe. Only 6 cases of potentially 
serious adverse events were reported in a recent 
study of 97,733 patients receiving acupuncture in 

FigurE 2  Acupuncture needle.
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Germany. They included exacerbation of depres-
sion, hypertensive crisis, vasovagal reaction, 
asthma attack, and pneumothorax. The most 
common minor adverse events included local 
bleeding and needling pain, both in fewer than 
.05% of patients.148 It is prudent to avoid acu-
puncture at the site of tumor or metastasis, limbs 
with lymphedema, areas with considerable ana-
tomic distortion due to surgery, and in patients 
with thrombocytopenia, coagulopathy or neutro-
penia. Cancer patients require certified practitio-
ners who are experienced in treating patients with 
malignant diseases.

Summary

The use of complementary and alternative  
therapies is prevalent among cancer patients and 
survivors. They seek these therapies because some 
of their health care needs are not adequately 
addressed by mainstream medicine. Whereas 
alternative therapies can be harmful to patients, 
complementary therapies play an important role 
in the overall care of cancer patients. Increased 
research on the safety and efficacy of complemen-
tary therapies enables evidence-based guidance 
for physicians and patients. Health care pro-
fessionals should ask patients about their use of 
CAM, recognize and explore the underlying 
needs, discuss the pros and cons in a receptive, 
evidence-based manner, advise the patient after 
considering the balance of benefits and risks,  
and know where to find reliable additional  
information. 
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Survivorship—A Reversal of Fortune
S. Jim Yeung, MD, PhD
Carmen Escalante, MD

Robert F. Gagel, MD

A fundamental characteristic of the human con-
dition is the desire to survive. Parents will often 
sacrifice their own lives to ensure the survival of 
their offspring, and individuals confronted with 
overwhelming danger will struggle heroically. 
This tenacious behavior in a cancer patient, com-
bined with the oncologic advances of the past  
several decades, has created a dramatic reversal of 
fortune for patients with cancer. For the average 
cancer patient, there is now a greater than 50% 
probability of survival; even for those with cancer 
who will ultimately die, survival periods have 
steadily lengthened in recent years.

A challenge faced by those of us who have not 
experienced cancer is the question of what nor-
mality is for a cancer patient who has survived a 
near-death experience. One answer could be that 
normality probably does not exist for this group. 
In the same way that prisoners of military con-
flicts, battle-hardened veterans of bloody wars, or 
concentration camp survivors move on with their 
lives, but never completely rid themselves of  
the terrible memories, cancer survivors move  
forward but are left with permanent reminders  
of their journey. Like the war veteran, these scars 
not only affect the psyche, but also other organ 
systems. As we cross a threshold, one where  
more patients survive than die, it is important  
to ask whether the experience during—and  
the unhealthful sequelae of—therapy can be 
improved. Although there is the sincere hope  
that targeted therapies currently being developed 
will substantially lower toxicity, a more realistic 
expectation is that these newer therapies will  
also target normal tissues where these signal 
transduction pathways are important.

Several trends in cancer survivorship are 
emerging. Perhaps the most significant is that the 
number of cancer survivors is growing, and they 
are now recognizing shared experiences with 
other survivors. This has led to the development 
of embryonic survivorship groups who are in  
the initial stages of organization to demand  
solutions to the variety of residual ailments that 
have resulted from their journey through cancer 
treatment. The initial stages had the feeling of 

other nascent movements: calls for action without 
a clear idea of what would make things better. In 
recent years, this has been replaced by more 
clearly focused efforts that, in turn, have forced 
the oncology community to broaden its defini-
tion of the cancer experience to include survivor-
ship. Not only do these survivors want to live, 
they not unexpectedly want to live with some 
semblance of the quality of life they experienced 
before the illness.

The major dilemma faced by this field is the 
difficulty of delivering a lethal blow to a cancer 
without causing toxicity to other organ or tissue 
sites. In this text, we have provided an up-to-date 
compilation of current knowledge and approaches, 
but implicit in these discussions is the recognition 
that we are only at the beginning of understanding 
mechanisms of long-term effects. Furthermore, 
and with good reason, there has been little effort 
expended to study basic mechanisms of disease in 
survivors beyond descriptive studies. The focus 
has been on creating survivorship; now that we 
have moved past the midpoint, it is time to reex-
amine priorities and include these issues as an 
important component of the research agenda.

In truth, the landscape is uneven. Great 
strides have been made in reducing death in breast 
cancer, Hodgkin’s disease, and testicular cancer, 
whereas there has been little or no improvement 
in overall survival in lung cancer, malignant brain 
tumors, or pancreatic cancer. In these latter areas, 
the focus (by necessity) will remain on control of 
the malignancy.

At least two strategies can be envisioned for 
addressing long-term sequelae in patients with 
malignancies. The first is to develop therapies that 
are effective but less toxic. For malignancies where 
substantial progress has been made on improving 
outcomes, there are active efforts to maintain or 
improve efficacy while reducing long-term effects. 
Specific examples include the use of aromatase 
inhibitors in breast cancer,1 the use of monoclonal 
antibodies for treatment of a variety of malignan-
cies,2–4 and small organic molecules that target 
specific molecular targets in certain cancers.5  

As outcomes improve for other malignancies, it 
seems likely the pace of this process will increase.

A second strategy is to study the molecular 
mechanisms of toxicity and use this information 
to develop preventive therapies. This approach 
has proven challenging in the past because thera-
pies effective in the treatment of cancer have a 
broad spectrum of activities, making it difficult to 
dissect the mechanisms causing a particular effect. 
Nonetheless there has been some success. Recog-
nizing that anthracycline effects on cardiac muscle 
(free radical formation in cardiac cells)6 differed 
from its effects in the transformed cell (inhibition 
of ribonucleic acid [RNA] and deoxyribonucleic 
acid [DNA] synthesis), investigators in this field 
have developed several pharmacologic agents 
(dexrazoxane and its analogues) that inhibit  
free radical formation in cardiac muscle, thereby 
blunting the damaging effects of anthracyclines 
on cardiac muscle.7 Although the protection is 
imperfect and used predominantly in patients 
treated with high-dose anthracycline therapy, it 
highlights an example where elucidation of a dif-
ference between a mechanism of cancer therapy 
and organ toxicity has proven useful.

A question that will be asked is whether it 
makes sense, in this fast moving field of molecular 
targeting of cancer, to initiate studies of mecha-
nisms of toxicity for first- and second-generation 
therapies with higher toxicity, those most likely  
to be replaced as cancer therapy moves forward. 
A more robust and forward-looking strategy is  
to focus energy on the large number of new thera-
peutic agents under development. This seems a 
more practical approach for several reasons. First, 
it is already clear that molecular targeting of spe-
cific biochemical pathways, singly or in combina-
tion, will be an effective therapeutic approach for 
treatment of cancer. As many of the same path-
ways have broad importance in normal tissues,  
it will be important to develop strategies for  
preventing unwanted effects in normal tissue. 
One example that comes immediately to mind is 
the effect of a broad spectrum of tyrosine kinase 
inhibitors that target the vascular endothelial 
growth factor and epidermal growth factor  
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receptors to cause hypertension and a broad spec-
trum of dermatologic disorders.8,9 These findings 
have already spawned some research into mecha-
nisms,10,11 although there is at present no clear 
understanding of why inhibition of these receptor 
tyrosine kinases cause these effects. Although 
there is the temptation to treat the hypertension 
and dermatologic manifestations with currently 
available therapies as best as can be done, omit-
ting any research into the underlying mecha-
nisms, it is important to study the mechanisms 
because it is likely these agents (or others that 
target the same pathways) will become the main-
stays of cancer therapy for the foreseeable future. 
Indeed, such investigation may yield insight that 
will not only be helpful in the treatment of these 
manifestations in the cancer patient, but also in 
the greater population, because these same signal 
transduction pathways are likely to be of impor-
tance in the genesis of the same medical problems 
during normal aging. None of this will occur 
quickly, but it will be important to move forward 
on this agenda, linked arm in arm, with the  
development of new treatments for cancer.

It will also be important to develop social and 
psychological support systems for cancer survi-
vors. Just as survivors of war-time experiences 
struggle throughout their lives, cancer survivors 
are misunderstood by the general medical com-
munity. There is incomplete understanding  
outside of major cancer centers of the profound 
physical and psychological effects that cancer and 
its treatments cause. One of the areas highlighted 
by one Institute of Medicine report on cancer  
survivorship was the importance of developing a 
care plan for survivorship.12 This report specifi-
cally suggested that patients being discharged 
from active cancer treatment/surveillance be pro-
vided with a “comprehensive care summary and 
follow-up plan that is clearly and effectively 
explained.” The suggested components of this 
care plan are shown in Table 1.

We believe that at least one additional step is 
needed: the development of a body of expertise to 
address the unique needs of cancer survivors. The 

fast pace of cancer therapy today has left the gen-
eral physician woefully unprepared to participate 
actively in the care of the cancer survivor. New 
therapies sprout up on a regular basis; the only 
exposure the general physician has is with the one 
or two patients undergoing a newly developed 
therapy. He/she generally has no experience with 
anticipated long-term problems. Indeed, even the 
oncologic community may not understand the 
long-term sequelae of a treatment approved in 
the last year or two, an inevitable outgrowth of 
the fast-track approval of oncologic therapies 
today. Thus the growing number of these patients 
and the explosion of new therapeutic approaches 
argue persuasively for the development of a sub-
specialty of medicine dedicated to these issues. 
This issue was also highlighted in the Institute of 
Medicine’s report, although there was no men-
tion in the report of the development of a group 
of physicians who see their role as different and 
separable from the role played by the oncologist. 
Although it is conceivable that oncologists could 
fulfill this need, they have been more appropri-
ately focused on cancer treatment; and general 
physicians, uniquely suited for this role by their 
situation in the community, do not have enough 
exposure to a the myriad therapeutic agents  
used to treat cancer, nor a large enough patient 
population to gain this experience.

As the discipline of geriatrics was spawned  
by the increasing longevity of the population,  
so to will the growth in numbers of long-term 
survivors lead to development of a unique and 
separable subspecialty of internal medicine. There 

has been a proliferation of medical and scientific 
groups focused on supportive care for cancer 
patients and internal medicine in the cancer 
patient that will, over time, consolidate and define 
this discipline of medical practice. As is the case 
with the geriatrician, the total number of these 
individuals will be small, but as they move through 
the medical community to educate, inform, and 
perform research on these topics, their presence 
will be noted. We anticipate that the next 50 years 
will be exciting years as survivorship becomes 
commonplace.
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Antineuronal nuclear antibody 

type 1 (ANNA-1), 282, 404
Antioxidants, 295-96
Antiretroviral therapy (ART), 181
Antiseptics or antibiotics, 145
Antithymocyte globulin (ATG), 280
Anti-tuberculosis agents, 183
Anxiety disorders, 423-26

classes of medications used for, 424
Aortic aneurysm, 526

clinical manifestations, 526, 526t
diagnostic approaches and optimal 

treatment, 526-27
pathophysiologic mechanisms, 526, 526t
risk factors for, 526t
ruptured mycotic, 527f

APACHE III (Acute Physiology and Chronic Health
Evaluation III), 357

APC. See Argon plasma coagulation
Apnea, 87
Ara-C syndrome, 23
ARDS. See Acute respiratory distress syndrome
ARF. See Acute renal failure
ARF. See Acute respiratory failure
Argon plasma coagulation (APC), 250, 366
Aromatase inhibitors, 2
Arrhythmia, 484, 715-16
Arsenal of biologic agents, 40
Arsenic trioxide, 473
ART. See Antiretroviral therapy
Arterial thromboembolism

clinical manifestations, 528, 528t

diagnostic approaches and optimal treatment, 528
pathophysiologic mechanisms, 528, 528t

Arterial thrombotic events, 542
Arteriography, 348
Arthralgia, 392
Ascending reticular activating system 

(ARAS), 421
Ascites, in cancer patients

diagnosis of, 263
treatment, 263

Aseptic meningitis, 397
Aspergillosis, 171-73
Aspergillus

infections, 172-73
species, 334

Aspirin, 478
Assist control ventilation, 356
Asthma, 88
Asymptomatic bacteriuria, 454-55
ATG. See Antithymocyte globulin
Atherothrombosis, 475

pathophysiology of, 474
Atrial fibrillation, 513

anti-coagulation in, 511
causes, 508
clinical history and physical examination, 509
clinical manifestations, 509
combination therapy, 510
conditions associated with, 509
drugs for heart rate control during, 510-11
electrocardiogram, 509
electrophysiologic study, 510
Holter and Event recorder, 509
imaging, 509
investigations, 509
mechanism of, 508
nonpharmacologic correction of, 510
risk factors, 508
treatment, 510

Atrial flutter
causes, 511
elective cardioversion of, 512
nonpharmacologic therapy, 512
treatment, 511

Atrial natriuretic peptide (ANP), 446
Atrial tachycardia, with aberrant 

conduction, 512-13
Atrioventricular heart block, 515
Augmentation, 89
Aural tuberculosis, 184
Autoantibodies, 282

for neurologic parneoplastic syndromes, 282
paraneoplastic, 406

Autofluorescence bronchoscopy, 363
Autoimmune diseases, 557
Autoimmune hemolytic anemia (AIHA), 537-38

classification of, 538t
warm, 538

Autoimmunity, 30
Autonomic dysreflexia, 567
Autosomal dominant hypophosphatemic rickets

(ADHR), 201, 201t
Axonal degeneration, 387
Azathioprine, 560
Azole antifungals, 167
Azole drug interactions, 168
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Bacille Calmette-Guérin (BCG), 338-39
Bacterial arthritis, 558-59
Bacterial contamination, 544
Bacterial endophthalmitis, 630
BAL. See Bronchoalveolar lavage
Basiliximab, 281
Bazex’s syndrome, 613
BCG. See Bacille Calmette-Guérin
BCR-ABL gene, 210
BDI. See Beck Depression Inventory
Beck Depression Inventory (BDI), 73
Benign primary cardiac tumors, 486
Benzamides, 97-98
Benzodiazepines, 87, 98-99, 424
Beta-blockers, 511
Bilateral periorbital edema, 633f
Bilateral vocal cord, 4
Bile reflux gastritis, 12-13, 12t
Biliary drainage, 115f
Biliary obstruction, 5

diagnosis and management of, algorithm, 259f
Bioimmunotherapy, 33

agents, 33
radioimmunotherapy, 35

Biologic agents, arsenal of, 40
Biopsy

endobronchial, 361-62
transbronchial, 362-64

Bipolar disorder and secondary mania, 428
Bird’s Nest filter
Birt-Hogg Dubé syndrome, 612

histologic spectrum of renal tumors in, 573
skin manifestations of, 573

Bisphosphonates, 190, 540
nitrogen-substituted, 191

BK virus (BKV) infections, 459-60
Bleeding, 540
Bleomycin, 22, 27, 398
β-blockers, 479
Blood pressure control, 479
Blood transfusion, 543

infectious risks of, 543-44, 543t
noninfectious complications of, 544t
treatment, 544

Blood vessel obstruction, 4-5
Bloodstream infections (BSIs), 139
BMI. See Body mass index
BMT. See Bone marrow transplantation
Body mass index (BMI), 293
Boerhaave’s syndrome, 92
Bone marrow transplantation (BMT), 261,

441-42, 664
BOOP. See Bronchiolitis obliterans organizing

pneumonia
Bortezomib, 392
Bowel diversion, 15
Brachial plexus, 370
Brain herniation, 723-24
Brain metastases, 4, 684
Brain tumors, 74

complications, 566t
type and possible deficits, 566t

Brainstem encephalitis, 113, 404
Breakthrough emesis, 94

Breast cancer, 735-36
and rehabilitation, 569
hypercalcemia associated with, 189
paraneoplastic, 406
role of IGF-1 in, 218
skin neoplasms related to, 573-74
treatment, 569t

Breast radiation, long-term effects of, 8
Bright-light therapy, 86
Broad complex tachycardias, 512

clinical features, 513
of supraventricular origin, 512-13

Bromodeoxyuridine, 632
Bronchiolitis obliterans organizing 

pneumonia (BOOP), 21
Bronchoalveolar lavage (BAL), 361
Bronchopleural fistula, 345, 710
Bronchoscopy

autofluorescence, 363
diagnostic, 360-64
history of, 361
therapeutic, 364-68

Bronchospasm, chemotherapy agents, 88
BSIs. See Bloodstream infections
Bupropion, 424
Butyrophenones, 97
Bystander effects, 7-8

C

Cachexia, 210
four-step pharmacologic management for, 297t
mechanism, 243

catabolic factors, role, 243
changes in fuel metabolism, 243
cytokines, role, 243

treatment of, 244
CAD. See Coronary artery disease
Calcimimetics, 205
Calcineurin inhibitors, 437
Calcitonin, 206
Calcitonin syndrome, 206
Calcitonin-secreting neuroendocrine tumors, 206
Calcitriol, 200, 607-8
Calcium infusions, 206
Calcium pyrophosphate dihydratc (CPPD) 

deposition disease, 559
metabolic causes of, 559t

Cambridge Examination for Mental Disorders of the
Elderly (CAMCOG), 245

CAMCOG. See Cambridge Examination for Mental
Disorders of the Elderly

cAMP. See Cyclic adenosine monophosphate
Cancer

and aging, 729-30
biologic interactions of

aging and tumor growth, 731
age and carcinogenesis, 730-31

cardiac manifestations of, 484-90
causes of

viral infections as, 151
clinical evaluation, older patients

comorbidity, 732-33
nutrition, 733-34
polypharmacy, 734
social resources, 733

coagulation disorders associated with, 5
control of, 1
depression in, 6
diabetes, 210-14
imaging-guided percutaneous endovascular

techniques, 114
obesity as risk factor for, 216-19, 217t
diabetes, 210-14
direct neurologic complications of,

370-76
etiologic factors, 663-64
evolving paradigm of, 1
fundamental characteristics of, 4
genetic predisposition, 664
idiopathic or clinical syndromes, 6

categories, 6
imaging-guided percutaneous endovascular

techniques, 114
immunologic complications of, 6, 278-82
late effects, 659
long-term health problems, 659-60
mechanisms of organ dysfunction, 4
medical complications of

direct, 113-18
indirect, 118-19

nutritional effects, 6
obesity as risk factor for, 216-19, 217t
patients with, 3

mechanisms of disease, 3
preoperative evaluation, 681
prevention in older individuals

breast cancer, 735-36
chemoprevention, 735
colorectal and prostate cancer, 736

prolongation of therapy for
systemic effects, 5
treatment, 6

cytotoxic chemotherapy, 6, 738-39
geriatric assessment, 734
hormonal therapy, 737-38
radiation therapy, 8, 737
surgery, 736-37
targeted therapies, 739
supportive care, 739-40

survivors
ethnic and racial influences, 661
Internet Message Board, 662
National Health Interview Survey, 660
thyroid and breast cancer, 660-61
work-related issues, 661

systemic complications
malignancy and therapy, 119

Cancer anorexia, 298
four-step pharmacologic management 

for, 297t
pathophysiology of, 298-99

Cancer anorexia-cachexia syndrome, 298
Cancer center laboratory, 128
Cancer pain

at end of life, 69
acute pain syndromes, 62, 62t
assessment and management of, 60
chronic pain syndromes, 62, 62t, 63t
definition, 60
identification of etiology, 61
management, 64-69
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obstacles treatment, 63
education and attitudes, 63
biomedical barriers, 63
physician barriers, 63
family members and caregivers, 63

psychogenic pain, 62
Cancer patients

acute pain syndromes, 62, 62t
acute pancreatitis in, causes of, 264t
advance care planning, 45
ascites in, 263
assessing decisional capacity, 44
causes of hypoglycemia, 197t
chronic pain syndromes, 62, 62t
clinical assessment, 45
confidant and coordinator of overall care, 47
CRF, 53-57
depression in, 245
depression, 72-80
diarrhea in, classification and condition, 275
evaluation of patient, 61

descriptors of quality, 61
intensity measurement, 61
pain characteristics, 61
temporal features, 61
topographic features, 61

fatigue in, 53
fever, 104
genetic testing, 48
hepatic toxic reactions in, causes of, 260t
HIV-negative, 181
maintaining secret, 48
pain, 60-69
parasitic diseases, 177
pituitary and adrenal complications in, 237-41
pleural effusions in, 342-44
pneumothorax in, 344-45
process and transparency, 43
psychosocial issues, 713t
relationships with consultants, 50
risks to general public, 49
sleep disturbances of, 56, 83
surgically induced conditions, 125
thyroid disorders in, 226-34
undergoing mechanical ventilation, 357

Cancer rehabilitation
benefits of, 563t
functional assessment tools, 564
general concepts, 563
remediable problems and barriers, 563t
settings for, 563-64
team, 564
types of, 563

Cancer surgery, 714
Cancer survivors

ethnic and racial influences, 661
Internet Message Board, 662
National Health Interview Survey, 660
screening recommendations, 665-67
thyroid and breast cancer, 660-61
work-related issues, 661

Cancer therapy, 6
coronary complications of, 472-74
obesity after, 219
use of dietary supplements during, 302

Cancer-associated retinopathy (CAR), 405, 637

Cancer-related fatigue (CRF), 53
assessment tool, 54, 55t
associations with treatment, 54
clinical manifestations, 53
complementary alternative therapy, 57
contributing factors, 55t
decreases in, 55
definitions of, 53
diagnostic criteria, 55
intervention in, 55
nonpharmacologic treatments, 55

energy conservation, 56
exercise, 55-56
psychosocial interventions, 56
restorative therapy, 56
sleep therapy, 56

pathophysiology of, 54
patients with, 54
pharmacologic treatments, 56

antidepressants, 56
methylphenidate, 56, 57t
steroids, 56
stimulants, 56

prevalence of, 53-54
Cancer-related neuropathic pain syndromes, 62
Cancer-related thrombocytopenia, 539
Candida esophagitis, 169-70
Candida meningitis, 170-71
Candida pneumonia, 170
Candida species, 108, 147-48, 457-59
Candidiasis, 169

chronic disseminated, 170
disseminated, 170
management of, 171f
renal, 444
treatment and supportive care, 171
urinary, 170

Candiduria, 459
Cannabinoids, 98
CAP. See Community-acquired pneumonia
Capecitabine, 23
Capillary leak syndrome, 37
CAR. See Cancer-associated retinopathy
Carboplatin, 25
Carcinoembryonic antigen (CEA), 286, 502
Carcinogenesis risk, chemotherapy agents, 27
Carcinoid heart disease

echocardiographic feature of, 524f
effects of radiation therapy, 524
evaluation, 523
pathophysiology, 523
treatment, 523

Carcinoid syndrome, 206, 612
Carcinoid tumors, 206
Carcinoma polyarthritis, 551

clinical manifestations, 551
investigations, 551
pathophysiology of, 551
treatment, 551

Carcinoma, papillary (follicular), 233
Cardiac amyloidosis, 487

classification of, 487
clinical manifestations, 488
diagnosis, 490
echocardiogram, 488-89
electrocardiogram, 488

investigations, 488
nuclear scintigraphy, 489
prognosis, 490
serology, 489
treatment, 490

Cardiac herniation, 710
Cardiac marker tests, 130
Cardiac tamponade, 485, 503-4
Cardiac toxicity, 7

anthracycline-induced, 472
Cardiac tumors

cardioembolic symptoms, 485
clinical presentation of, 484
diagnostic work-up, 485-86
obstructive symptoms, 484
treatment of, 487

Cardiomyopathy, treatment-related, 518
Cardiopulmonary emergencies

acute airway obstruction, 718
arrhythmia, 715-16
pericardial tamponade, 716-17
pneumothorax, 718
sudden cardiopulmonary arrest, 715

Cardiopulmonary resuscitation (CPR), 43, 47
Cardiotoxicity, 472
Cardiovascular complications, 474
Cardiovascular disease, 130
Caries. See Dental caries
Carmustine, 24, 394, 398
Carney’s syndrome, 574
β-Carotene, 295
Carotenoids, 295
Carotid artery rupture, 721
Catabolic factors, 243
Catheter ablation, 512
Catheter colonization, 140
Catheter hub, 140
Catheter-related bloodstream infection (CRBSI), 139

algorithm for diagnosis, 147f
incidence of, 139

Catheter-related infections, 140-41, 186
Catheter-related thrombosis (CRT), 542
Catheter-related UTI, 457-58
Catheter-related venous thrombosis, 530
Catheters, 140

antimicrobial coating of, 145
biofilm formation on, 141f
blood drawn percutaneously, 143
management, 145
nontunneled percutaneously inserted, 142
preventive strategies, 144, 145t
removal, 143

diagnostic techniques requiring, 144
triple-lumen, 141
tunneled, 142

CCD cameras. See Charge-coupled device cameras
CDAD. See Clostridium difficile diarrhea
CDC. See Centers for Disease Control and Prevention
CEA. See Carcinoembryonic antigen
Center for Epidemiologic Studies Depression Scale

(CESD), 73
Centers for Disease Control and Prevention 

(CDC), 139
Central hypothyroidism, 672
Central nervous system (CNS), 21, 78, 104, 111, 130

chemotherapy-induced toxicities of, 392-94
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dopamine, 78
emergency care

altered mental status, 722-23
brain herniation, 723-24
spinal cord compression, 723
status epilepticus, 724
tumor lysis syndrome, 724-25

infections, 106
febrile neutropenia, 725
sepsis, 725-26

radiation to, 8
tumors, 565-66

Central precocious puberty (CPP), 671
Central retinal artery occlusion (CRAO), 635
Central retinal vein occlusion (CRVO), 635
Central sleep apnea (CSA), 88

diagnosis, 88
treatment of, 88

Central venous catheters (CVCs), 139, 542, 689-90
associated infections, 139
biofilm formation, 140, 141f
colonizing, 140
diagnosis, 143
endoluminal brush technique, 144
epidemiology and impact, 139
femoral or subclavian, 142
infectious complications associated with, 139
microorganisms, 140
pathophysiology and risk factors, 140
risk of, 141, 141t

Cephalosporins, 444
Cerebellar syndromes, 396
Cerebellar toxicity, 21
Cerebral metastases, 374

chemotherapy in, 376
proportion of, 374t
radiation therapy, 374
surgery in, 375
treatment, 374

Cerebrospinal fluid (CSF), 121, 130
Cerebrovascular complications, of chemotherapy, 397
CESD. See Center for Epidemiologic Studies

Depression Scale
Charge-coupled device (CCD) cameras, 360
Chemoprevention, 735
Chemoprophylaxis, 332
Chemoreceptor trigger zone (CTZ), 92

neurotransmitter receptors, 92
Chemotherapeutic agents, 18, 19f, 19t, 93, 260, 261t,

264t, 392, 398
bronchospasm, 88
causing neurotoxicity, 388-89t
circadian timing of, 90t

Chemotherapy
cerebrovascular complications of, 397
DLTs, 18
fetal effects, 28

alkylating agents, 28
anthracycline, 29
antimetabolites, 29
platinum agents, 29
taxanes, 29
vinca alkaloids, 29

high doses of, 18
immune system effects, 30
neurologic complications of, 387-98

toxic effects
cardiotoxicity, 20-21
gastrointestinal, 19
genitourinary, 22
hepatotoxic, 22
myelosuppression, 18-19
neurotoxic, 21
pulmonary, 21-22
rheumatologic, 22
skin changes, 20

Chemotherapy-induced alopecia (CIA)
hair loss prevention, 606
psychological impact of, 608

Chemotherapy-induced hepatic toxic 
reactions, 260-61

Chemotherapy-induced nausea and vomiting
(CINV), 19, 270

Chemotherapy-induced peripheral neuropathy, 416
Chemotherapy-induced toxicities of central 

nervous system, 392-94
Chemotherapy-induced toxicity, 121-23
Chemotherapy-related lung disease, 350-52

clinical manifestations, 351
management, 351
pathogenesis and risk factors, 350-51

Chest roentenograms, 489
Cheyne-Stokes respiration, 88
Childhood cancer survivors, 666

body composition
osteoporosis, 677
overweight, 676-77

central precocious puberty (CPP), 671
central hypothyroidism, 672
endocrine factors

chemotherapy effects, 670
management, 671-72

non-endocrine factors
chemotherapy, 669
radiotherapy, 669-70

primary gonadal dysfunction
females, 675-76
males, 674-75

pubertal development disorders
hyperprolactinemia, 674
hypogonadotropic hypogonadism, 673

thyroid disorders
hyperthyroidism, 673
hypothyroidism, 672
thyroid neoplasms, 673

Chlorpromazine, 97
Cholangitis, 262-63
Cholestasis, 258, 279
Cholesterol treatment, 479
Chorea, paraneoplastic, 404-5
Choreoathetosis, 405
Chronic back pain, 121
Chronic cancer pain, 61

at end of life, 69
drugs for

analgesic, 64
nonsteroidal anti-inflammator, 64

management of, 64
cognitive behavioral approaches, 69
dosing, 66
interventional approaches, 69
opioid analgesics, 65-69, 67t

opioid selection, 65-66
pharmacotherapy of, 64
primary treatments, 64
radiation therapy, 64
role of methadone in, 66
therapeutic exercise, 69

Chronic disease, 1
Chronic disseminated candidiasis, 170
Chronic graft-versus-host disease, 580
Chronic hypophosphatemia, causes, 200
Chronic lymphocytic leukemia (CLL), 442
Chronic methotrexate-induced 

leukoencephalopathy, 394
Chronic obstructive pulmonary disease (COPD),

88, 329
Chronic pain syndromes, 62, 62t

related to cancer therapy, 63t
Chronic radiation dermatitis

fibrosis and poikiloderma, 592f
hyperbaric oxygen, 598
radiation-induced fibrosis, 592f, 593f

Chronotherapy, 90
Chylothorax, 710
Cidofovir, 460
Cinacalcet, 205
CINV. See Chemotherapy-induced nausea and

vomiting
Ciprofloxacin, 330
Circadian rhythm disorders, 86
Circadian timing, chemotherapeutic agents, 90t
Cisplatin, 18, 22, 25, 29, 394, 396, 398, 439, 473
CK. See Creatine kinase
Cladribine, 23
CLL. See Chronic lymphocytic leukemia
Clonazepam, 89
Clostridium difficile, 20, 108, 130, 179
Clostridium difficile diarrhea (CDAD), 274
Clotting factors, disordered production of, 5-6
Clubbing, 550f
CMV. See Cytomegalovirus
CNS. See Central nervous system
Coagulation disorders, 5, 464
Coccidioides immitis, 106
Coccidioidomycosis, 174
Cognition syndrome, 77
Cognitive dysfunction, 245-46, 395
Cognitive impairment disorders, 421
Colchicine, 273
Cold agglutinin disease (CAD), treatment of, 538
Colonic stents, 290
Colony-stimulating factor (CSFs), 19
Colorectal cancer, 736
Colorectal cancer survivors, 667
Community-acquired pneumonia (CAP), 329
Community-acquired respiratory viruses (CRV),

156, 157t
clinical manifestations, 157
diagnosis of, 158
pathophysiologic mechanisms, 158
therapy, 158-59

Complementary and alternative medicine (CAM)
acupuncture, 748-50
current status, 743
definition, 743
dietary measures and supplements, 746-47
Eastern therapeutic models
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ayurvedic medicine, 744
traditional Chinese medicine (TCM), 744

herbal medicine, 747-48
manual therapies and bodywork

massage therapy and safety, 746
osteopathic and chiropractic manipulation,

745-46
mind-body therapies

hypnosis, 745
meditation, 745
relaxation techniques, 745

therapies, 50
advising patients on, 50
practitioners, 50
treatment, 50

Complex decongestive therapy (CDT), 10
Compression

gastrointestinal, 5
of airway, 4

Compressive optic neuropathy, 637
Computed tomography (CT), 111

for cervical or thoracic vertebrae, 121
for gastrointestinal tract, 114
for IVC obstruction, 114
pulmonary angiography, 118
pulmonary embolus by, 118f
septic pulmonary emboli by, 120f

Congenital anomalies, 656
Congestive heart failure, 485, 518-24
Conjugated antibodies, 35
Constipation, 271-73, 272f

management of, 272, 272t
medication-induced, 271

Contemporary CT scanners, 118
Contemporary imaging, 111
Continuous positive airway pressure (CPAP), 88
Continuous renal replacement therapy (CRRT), 447
Conventional mechanical ventilation, 356
Conventional radiography, 111
Coordinator of overall care, 49
COPD. See Chronic obstructive pulmonary disease
Coronary artery disease (CAD), 471, 510

risk stratification in suspected, 471-72
Coronary complications of cancer therapy, 472-74
Corticosteroids, 64, 96, 244
Corticotropin-releasing hormone (CRH), 75, 78
Cowden syndrome, 573-74

hyperactivity, 78
hypersensitivity, 78
in major depression, 78
simulation test, 195
prophylactic screening for, 574

Cowden’s disease, 610-11
COX-2. See Cylcooxygenase-2
CPAP. See Continuous positive airway pressure
CPR. See Cardiopulmonary resuscitation
Cranial nerves, radiation therapy, 383-84
CRBSI. See Catheter-related bloodstream infection
C-reactive protein (CRP), 76, 105, 508
Creatine kinase (CK), 227, 477
Creatine kinase myocardial band (CK-MB), 477
CRF. See Cancer-related fatigue
CRH. See Corticotropin-releasing hormone
CRP. See C-reactive protein
Cryoglobulinemia, 129
Cryotherapy, 366

Cryptococcosis, 174
Cryptococcus neoformans∏106
Cryptotethya crypta, 23
Crystalluria, 464
CSA. See Central sleep apnea
CSF. See Cerebrospinal fluid
CSFs. Colony-stimulating factor
CT pulmonary angiogram (CTPA), 478
CTZ. See Chemoreceptor trigger zone
Cushing’s syndrome, 194, 196
Cutaneous drug reactions

non-specific chemotherapy reactions
maculopapular eruptions, 622-24
Stevens-Johnson syndrome (SJS), 624-26
toxic epidermal necrolysis (TEN), 624-26
urticaria and anaphylaxis, 624

phototoxic reactions, 626
specific chemotherapy reactions

acneiform eruptions, 620
actinic keratosis, 619-20
hand foot syndrome (HFS), 618
hyperpigmentation, 622
nail plate infections, 619
onycholysis, 618-19
radiation enhancement, 621
radiation recall, 621-22

Cutaneous graft-versus-host disease (cGVHD)
definition of, 583
pathology of, 586
sclerodermoid and papulosquamous, 585f
skin changes description, 584t
treatment of, 586-87

Cutaneous T-cell lymphoma (CTCL), 37
Cutaneous tuberculosis, 184
CVCs. See Central venous catheters
Cyclic adenosine monophosphate (cAMP), 189
Cyclooxygenase (COX)-2 inhibitors, 64
Cyclophosphamide, 22, 24, 28, 397, 560
Cyclosporine A (CSA), 437
Cyclosporine, potent inhibitor, 608
Cylcooxygenase-2 (COX-2), 474
Cystic lesions, 286
Cystic tumors, 286
Cystitis

acute uncomplicated, 456
drug-induced hemorrhagic, 465-66
hemorrhagic, 459-60, 465, 467
radiation, 466
viral hemorrhagic, 466
women, 455-56

Cytarabine, 21-23, 29, 394, 397-98
Cytokines, 473

antagonists, 39
receptors, 78
role of, 243

Cytologic brushing, 361
Cytomegalovirus (CMV), 154, 154f, 156t, 331-32

clinical manifestations, 154
diagnosis, 154-55
infection, 331
pathophysiologic mechanisms, 154
pneumonia, 331
therapy, 155

Cytoplasmic antigens, 406-7
Cytosine arabinoside (Ara-C), 396, 632
Cytosine arabinoside keratopathy, 632f

Cytotoxic chemotherapy, 738-39
Cytotoxic nephropathy, 442
Cytotoxic therapy

in men, 653
in women, 653-54

Cytotoxin-mediated diarrhea, 130

D

Dacarbazine, 24
Dacron cuff, 142
DAD. See Diffuse alveolar damage
DAH. See Diffuse alveolar hemorrhage
“Dancing eyes, dancing feet” syndrome, 404
Daunomycin, 24
Daytime naps, 86
Decisional capacity, cancer patient, 45
Deep venous thrombosis (DVT), 346
Delayed emesis, 98
Delayed sleep phase syndrome, 86

prevalence, 96
Delayed-onset emesis, 94
Delayed-type hypersensitivity reaction, 181
Delirium, 421, 684

causes of, 422
Denileukin diftitox, 37
Dental caries

clinical features, 316
definition, 316
etiology and pathophysiology, 316
incidence and risks, 316
management, 316-17

Deoxyribonucleic acid (DNA), 22, 519
Depressed mood, components of adjustment 

disorder with, 74
Depression, in cancer patients

associated with
brain tumors, 74
delirium and seizures, 74

clinical manifestations, 72
corticotropin-releasing hormone 

(CRH) in, 78
diagnosis, 72-73

inclusive versus exclusive approach,
72-73

rating scales, 73t
dopamine, 78
in cancer patients, 245
mechanisms, 75

cytokine-mediated models, 76
differential pathophysiological, 77f

oxidative stress, 79-80
prevalence, 73-74, 73t
psychiatric criteria, 72t
rates in both male and female, 75
risk factors, 74, 74t
sleep disturbance, 74
sickness behavior and, 75-79

comparison symptoms, 76t
cytokine pathways to, 76t

symptoms, 72
TRP depletion, 77-78
type of treatment, 74-75, 75t

chemotherapeutic agents, 74
hormonal, 75
IFN-α therapy, 77
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Dermatologic infections, 108
Dermatomyositis and polymyositis, 557-58

clinical features, 551
investigations, 552
lilac discoloration around eyes, 551f
pathogenesis of, 552
treatment, 552
“V” sign in, 551f

Dermatosis, and malignant internal disease, 571
Desmoid tumors, 572
Dexamethasone (DXM) suppression test, 195
Diabetes education, 211
Diabetes mellitus

and cancer outcomes, 209-10
effects of cancer treatment on, 210
in cancer, pathophysiology, 210-11
lifestyle changes and, 210
management, 211-14

in patients with cancer, 211
oral antidiabetics, 213-14
oral glucose-lowering medications, types, 212
outpatients, 213-14

perioperative management, 695-96
preoperative assessment, 695
wound healing, 210

Diacylglycerol (DAG), 222
Diagnostic blocks, 69
Diagnostic bronchoscopy, 360-64

airway examination, 361
airway washes and BAL, 361
cytologic brushing, 361

Dialysis
intensity of, 447
mode of, 447

Diaphragmatic irritation, 62
Diarrhea, 273-74

classification and condition, 275
cytotoxin-mediated, 130
hospital-acquired, 130

Dietary factors and cancer, 292-97
Dietary fiber, 294
Diethylenetriaminepentaacetic acid (DTPA), 121
Diffuse alveolar damage (DAD), 21
Diffuse alveolar hemorrhage (DAH), 347
Diffusing capacity for carbon monoxide 

(DLCO), 349
Digestive tract, disorders of, 267-75
Digital ischemia, 554
Digoxin, 511
1, 25-Dihydroxyvitamin D, 189-90, 296
Dihydropyrimidine dehydrogenase (DPD), 23, 395
Direct percutaneous endoscopic jejunostomy 

(DPEJ), 303
Disordered production, of clotting factors, 5-6
Disseminated candidiasis, 170
Disseminated intravascular coagulation (DIC), 540
Disseminated necrotizing leukoencephalopathy

(DNL), 393
Diuresis, post-obstructive, 469
Diuretics, 445-46
DLCO. See Diffusing capacity for carbon monoxide
DLT. See Doselimiting toxicity
DMV. See Dorsal motor nucleus of vagus
DNL. See Disseminated necrotizing leukoen-

cephalopathy
Docetaxel, 26, 391

Dopamine, 445-46
CNS, 78
receptor antagonists, 97

Dopaminergic agents, 89
Dorsal motor nucleus of the vagus (DMV), 221
Doselimiting toxicity (DLT), 18
Double-J plastic stents, 116
Doxorubicin, 24, 29, 519
Dronabinol, 301
Drowsiness, 395
Drug-induced hemorrhagic cystitis, 465-66
Drug-Induced TIN, 443
Drugs, 64

analgesic, 64
fever caused by, 109
nonsteroidal anti-inflammatory, 64

Dry gangrene, 554f
DTPA. See Diethylenetriaminepentaacetic acid
Duloxetine, 424
Dumping syndrome, 12, 12t, 14
DVT. See Deep venous thrombosis
Dysphagia, 13, 249, 289

E

Early spinal cord toxicity, 382
Eastern Cooperative Oncology Group (ECOG) 

scale, 564, 564t
EBUS. See Endobronchial ultrasonography
EBV. See Epstein-Barr virus
ECAM. See Energy conservation and 

activity management
ECG. See Electrocardiography
Echinocandins, 168-69
Economic impact of cancer and heart disease, 471
Ectopic adrenocorticotropic hormone syndrome

(EAS), 194-96
clinical manifestations, 194-95, 195t
diagnosis, 195-96
pathophysiology, 194
treatment, 196
tumors, 194, 194t

Ectopic calcitonin production, 203
Ectopic GH-RH syndrome, 202

clinical manifestations, 202, 202t
diagnosis, 202
treatment, 202
tumors, 202

Ectopic paraneoplastic syndromes, 203
Ectopic pregnancy, 643
Ectopic renin production, 203
ED. See Erectile dysfunction
Education on sleep hygiene, 86
Eesophageal cancer

EUS in, 285
system for staging, 285

EIAs. See Enzyme immunoassays
EITCL. See Enteropathy-type intestinal T-cell

lymphoma
Electrocardiography (ECG), 477
Electrocautery, 366
Electroejaculation, 655
Electroencephalograms (EEG), 421
Electrolytes, 129
Electromagnetic navigation, 364
Embolic agent, 117

Embryo cryopreservation, 655
Emetic center, 92
EMR. See Endoscopic mucosal resection
Encephalomyelitis with rigidity, 405
Encephalopathy, 394
End stage renal disease (ESRD), 434, 443
Endobronchial biopsy, 361-62
Endobronchial prostheses, 366-68
Endobronchial ultrasonography (EBUS), 363-64
Endocrine dysfunction, radiation therapy, 384-85
Endocrine neoplastic syndromes, 205-8
Endocrine paraneoplastic syndromes, 194-203
Endocrine system, 574
Endogenous endophthalmitis

infectious causes, 630-31
risk factors and presentation, 630

Endoluminal stenting, 288-90
Endometrial and ovarian cancer, 664
Endoscopic ampullectomy, 288
Endoscopic mucosal resection (EMR), 287-88
Endoscopic/percutaneous insertion, 115
Endoscopic retrograde cholangiopancreatography

(ERCP), 259-60, 264, 287
Endoscopic ultrasonography (EUS), 260
Endothelial dysfunction, 475

in cystic tumors of pancreas, 286
in esophageal cancer, 285
in rectal cancer, 286-87
in solid tumors of pancreas, 285-86
in T4 lung cancer, 287

Endotracheal tube (ET tube), 355
Endovascular techniques, 117
Energy conservation and activity management

(ECAM), 56
Enteral stents, 289-90
Enterochromaffin tumors, 206
Enteropathy-type intestinal T-cell lymphoma

(EITCL), 281
Enzyme immunoassays (EIAs), 274
Epidermal growth factor receptor (EGFR), 620
Epidermal inclusion cysts, 572
Epidural spinal cord compression (ESCC), 372

diagnosis, 373
treatment, 373-74

Epistaxis, 722
Epstein-Barr virus (EBV), 151, 445
Epworth Sleepiness Scale, 84
ERCP. See Endoscopic retrograde

cholangiopancreatography
Erectile dysfunction (ED)

incidence, 14
primary etiology of, 14
treatment of, 14

Erectile dysfunction, 649
Erythema gyratum repens, 615
Erythema nodosum, 553-54, 553f
Erythromelalgia

clinical manifestations, 554
investigations, 554
pathophysiology of, 554
treatment, 554

Erythropoiesis-stimulating agents (ESAs), 536
Erythropoietic agents, 38
Escherichia coli, 36, 106, 133
Esophageal leak, 710
Esophageal obstruction, 249
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absolute ethanol injection, 250
argon plasma coagulation, 250
chemo-radiation, 249
dilatation, 249-50
laser, 250
photodynamic therapy, 250
self-expandable metal stents, 250-51
thermal and other ablative techniques, 250

Esophageal stents, 288-89
Esophageal surgery, functional complications, 13-14

delayed conduit emptying, 14
dysphagia, 13
regurgitation, 13-14
vocal cord paralysis, 13

Esophagectomy
gastroesophageal reflux after, 253
transhiatal, 253

ESRD. See End stage renal disease
Estrogen

metabolism, 218f
synthesis, 218

Etanercept, 40
Etoposide, 473
European Organisation for Research and Treatment

of Cancer (EORTC), 134
EUS. See Endoscopic ultrasonography
EUS-FNA, 286-87
Exogenous corticosteroids, 699-700
External biliary drainage, 115
Extrahepatic biliary obstruction, 258
Extrahepatic obstruction, 5
Extramammary Paget’s disease, 574, 615
Extrapulmonary tuberculosis, 183
Extra-renal disease, 464-65
Extra-renal neoplasms, 463-64

F

Familial adenomatous polyposis (FAP), 288
Familial cancer syndromes, 611t
Fanconi’s anemia, 321
Fatigue

associated with
cancer, 53
physical and psychological disorders, 53
with symptoms, 54

and depression, 54
assessment tool, 54, 55t
steroids and, 56

Febrile neutropenia, 19, 725
Febrile neutropenic patients, 133, 134f, 136t, 137t

ambulatory management, 136
antibiotic therapy in, 135
bacterial pathogens, 135t
early discharge on oral or parenteral antibiotics, 135
empiric antibiotic therapy, 138
epidemiology of infection, 134
future considerations, 137
identification of low-risk, 134t
outpatient antibiotic therapy, 137t
risk-based therapy, 134-35

advantages and disadvantages, 137
general issues, 136-37

risk group among, 134t
therapeutic regimens, 135t
treatment options for, 135t

Febrile nonhemolytic reaction, 109
Febrile nonhemolytic transfusion reactions

(FNHTRs), 545
Federal law, 47
Female fertility, 29-30
Female genital tract tuberculosis, 184
Female sexual function, 648t
Femoral catheterization, 142
Fenoldopam mesylate, 445
Fertility and mutagenicity, 28
Fertility preservation

in men, 654-55
in women, 655-56

Fetal malformations, 28
Fever, 110

acute, 106
clinical manifestations, 105
causes of, 106-10, 107f, 107t

drugs, 109
hemolytic transfusion reactions, 109
infection, 106-9
nonhemolytic reaction, 109
pseudohemolytic transfusion reactions, 109

components, 105
definitions, 104
etiology, 106
pathophysiologic mechanism, 105
physiologic variables, 105
risk factors for, 108t
temperature variations, 105t
thermometric variability, 104-5
tumor, 108

Fibrinolysis, 5
Fibroblast growth factor 23 gene (FGF23), 200
FIM™ instrument, 565
FLAIR. See Fluid attenuated inversion recovery
Flexure contractures, of fingers, 553f
Fluconazole, 167
5-Flucytosine, 167
Fludarabine, 394
Fluid attenuated inversion recovery 

(FLAIR), 122
Fluoroquinolones, 443
5-Fluorouracil, 394, 396-97, 473, 598
5-Fluorouracil-induced neurotoxicity, 396
Food and Drug Administration (FDA), 33, 86
Fractional excretion of sodium (FENa), 435
Frizzled-related protein type 4, 200
Frontal lobe syndromes, 422-23
Functional assessment tools, 564-65
Functional independence measure (FIM),

564, 565f
Fungal cellulites, 629
Fungal endophthalmitis, 630
Fungal infections

empiric antifungal treatment, 174-75
pathogenesis of, 169

Fungal UTI, 458-59
Fusariosis, 173-74
Fusarium species, 173-74, 334-35

G

Gabapentin, 411-12, 424
Gardner’s syndrome, 611

diagnostic criteria for, 572t

Gastric atony, 12t, 13
Gastric carcinoma, 5
Gastric outlet obstruction, 251-53, 289

laparotomy/laparoscopic surgery, 252
self-expandable metal stents, 252-53
venting gastrostomy, 253

Gastrinoma, 206
Gastroenterology, interventional, 285-90
Gastroesophageal issues, 249-55
Gastroesophageal reflux

after esophagectomy, 253
treatment of, 253

Gastrointestinal compression, 5
Gastrointestinal disorders, 93
Gastrointestinal dysfunction, 299-300
Gastrointestinal GVHD, 278-79
Gastrointestinal hemorrhage, 721
Gastrointestinal malignancies, 285
Gastrointestinal symptoms, 19
Gastrointestinal system malignancy

skin neoplasms related to, 571-73
Gastrointestinal tract, 108, 130
Gastrointestinal tuberculosis, 184
G-CSF. See Granulocyte colony-stimulating factor
Gemcitabine, 23
Gemtuzumab ozogamicin, 35
General severe asthenia, 568
Genetic counseling and testing, 656
Genetic counselors, 48
Genetic testing, 48
Genistein, 297
Genitourinary paraneoplastic syndromes, 113
Genitourinary system, 574
Genitourinary tuberculosis, 184
GFR. See Glomerular filtration rate
GI carcinoma, 572
Giant cell arteritis (GCA), 558
Glomerular filtration rate (GFR), 434-35
GLP-1. See Glucagon-like peptide-1
Glucagon stimulation test, 198
Glucagon-like peptide-1 (GLP-1), 222
Glucagonoma syndrome, 612-13

treatment, 207-8
Glucocorticoid receptors, 76
Glucocorticoid-induced diabetes,

management of, 214
Glucocorticoids, 198
Glucose metabolism, 11-12
Glutathione (GSH)

deficiency, 79
depletion, 79
functions in detoxification, 79
losses, 79
redox, 79-80

Glutathione disulfide (GSSG), 80
Glycoprotein IIb/IIIa Inhibitors, 478
GM-CSF. See Granulocyte-macrophage 

colony-stimulating factor
GnRH. See Gonadotropin-releasing hormone
Gonadal dysfunction, 243
Gonadal shielding, 654
Gonadotoxic chemotherapeutic drugs, 242
Gonadotropin-releasing hormone (GnRH), 242
Gorlin’s syndrome, 575
Gottron’s papules, 552f
Gouty arthritis, 559
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Graft versus host disease (GVHD), 260-61, 270
acute, 278

grading system of, 279t
chronic, 278
clinical manifestations

acute cutaneous, 580-81
differential diagnosis, 582
histopathologic changes, 581-82
topical treatment, 582-83

cutaneous
definition of, 583
pathology of, 586
sclerodermoid and papulosquamous, 585f
skin changes description, 584t
treatment, 586-87

gastrointestinal
clinical manifestations, 279
diagnosis, 278-79

hepatic, 279-80
diagnosis of, 280

oral, 279
pathophysiology

acute and chronic forms, 578-79
Langerhans’ cells, 580
major histocompatibility complex (MHC), 579

risk factors, 578
skin tumors, 586
treatment of, 280-81
vaginal type, 587

Gram-negative bacteria, 140, 147, 330-31, 452
Gram-negative organisms, 134
Granulocyte colony-stimulating factor (G-CSF), 38
Granulocyte-macrophage colony-stimulating factor

(GM-CSF), 38
Granuloma annulare, 615
Granuloma formation, 181
Graves’ disease, 231
Greenfield filter, 119
Growth hormone deficiency (GHD), 670
Growth hormone releasing hormone (GHRH), 670
GSH. See Glutathione
GSSG. See Glutathione disulfide
GVHD. See Graft-versus-host disease

H

HAI chemotherapy. See Hepatic artery infusional
chemotherapy

Hair loss, 20
HAMAs. See Human antimouse antibodies
Hand foot syndrome (HFS), 618
HBO therapy. See Hyperbaric oxygen therapy
HBV infection, 151, 152t

clinical manifestations, 151
diagnosis, 152
pathophysiologic mechanisms, 152
reactivation of, 152
treatment, 152-53

HCC. See Hepatocellular carcinoma
hCG. See Human chorionic gonadotropin
HCV infection

clinical manifestations, 153
diagnosis, 153
treatment, 153-54

Head and neck cancers, 87-88, 569
Head and neck examination, 84

Head and neck hemorrhage, 117
Health Insurance Portability and Accountability

Act (HIPAA), 47
Hearing loss, 397
Heart failure, 510

and cancer mortality, 518t
death rates from cancer and, 518f

Helicobacter pylori infection, 281
Hematogenous metastasis, 238
Hematologic issues

anemia, 686
thrombocytopenia, 687
thrombocytosis, 686-87

Hematologic malignancies, 569
Hematology, 130
Hematopoietic stem cell transplantation (HSCT),

151, 177, 278-79, 329, 331, 578
Hematuria, 463

associated with extra-renal disease, 464-65
causes of, 463t, 464, 464t, 465t
clinical approach to, 465
evaluation of, 464-65

Hemolytic transfusion reactions, 109, 544-45
symptoms, 109
therapy for, 109

Hemolytic-uremic syndrome (HUS), 22, 437, 441-42
Hemophagocytic syndrome (HPS), 442
Hemoptysis, 347-48

etiology of, 347, 347t
management, 348

Hemorrhage
categories of, 467
complications, 540

Hemorrhagic cystitis (HC), 459-60, 465
adenovirus-associated, 459
clinical approach, 467

Hemostatic disorders, 720-21
Heparin-induced thrombocytopenia (HIT), 542-43
Hepatic and biliary tract tuberculosis, 184
Hepatic artery infusional chemotherapy, 261
Hepatic GVHD, 279-80
Hepatic metastasis, 5
Hepatic toxic reactions

chemotherapy-induced, 260-61
due to anticancer therapies, 260-62
in cancer patients, causes, 260t
to bone marrow transplantation, 261
to hepatic artery infusional chemotherapy, 261

Hepatic tumor burden, 198
Hepatitis, 261
Hepatitis B (HBV) viruses, 151
Hepatitis C (HCV) viruses, 151
Hepatobiliary disorders, 258-63
Hepatocellular carcinoma (HCC), 151
Hepatocellular diseases, 258
Hepatorenal syndrome (HRS), 437
Hepatotoxic agents, 22
Herbal medicine, 747-48
Herb-drug interactions, 748
Herceptin, 521
Hereditary cancer syndromes, 657t
Hereditary hypophosphatemic rickets with

hypercalciuria (HHRH), 201t
Hereditary leiomyomatosis, 573
Hereditary nonpolyposis colorectal cancer (HNPCC)
Hereditary retinoblastoma, 665

HGD. See High-grade dysplasia
HHM. See Humoral hypercalcemia of malignancy
HHRH. See Hereditary hypophosphatemic rickets

with hypercalciuria
High-dose dexamethasone suppression test

(HDDST), 195
High-dose multidrug chemotherapy, 397
High-grade dysplasia (HGD), 288
Highly active antiretroviral therapy (HAART),

155, 322
High-resolution computed tomography (HRCT), 333
HIPAA. See Health Insurance Portability and

Accountability Act
Histoplasma capsulatum, 106
Histoplasmosis, 174

disseminated, 445
HIV. See Human immunodeficiency virus
HIV/AIDS-related cancers, 155
hMPV. See Human metapneumovirus
HNPCC. See hereditary nonpolyposis 

colorectal cancer
Hodgkin’s disease, 108, 156, 226
Hodgkin’s disease survivors, 665
Hodgkin’s lymphoma, 233
Homoharringtonine, 473
Hormonal syndromes associated with

neuroendocrine tumors, 206
Hormonal therapy, 737-38
Hormone production, 5
Hormone-replacement therapy, 676
Hormone-secreting tumors

carcinoid syndrome, 612
ectopic ACTH syndrome, 612
glucagonoma syndrome, 612-13

Horner’s syndrome, 370
Hospice program, 60
Hospital-acquired diarrhea, 130
Howel-Evans’ syndrome, 611-12
HPA. See Hypothalamic-pituitary-adrenal axis
HPS. See Hemophagocytic syndrome
HRCT. See High-resolution computed tomography
HRS. See Hepatorenal syndrome
HRVs. See Human rhinoviruses
HSCT. See Hematopoietic stem cell transplantation
5-HT3 receptor antagonists, 96
Human antimouse antibodies (HAMAs), 33, 128
Human chorionic gonadotropin (hCG) 

syndrome, 128, 202-3
clinical manifestations, 203
diagnosis, 203
pathophysiology, 202
treatment, 203
tumors, 202

Human hematopoietic growth factors, 37, 38t
Human immunodeficiency virus (HIV), 109, 181
Human immunodeficiency virus/Acquired immune

deficiency syndrome (HIV/AIDS), 48
Human metapneumovirus (hMPV), 333
Human papilloma virus (HPV), 151, 217-18
Human rhinoviruses (HRVs), 333
Human T-cell leukemia, 151
Humoral hypercalcemia of malignancy (HHM), 188
Humoral mediators, 188
HUS. See Hemolytic-uremic syndrome
Hydrocephalus, 566
5-Hydroxytryptamine (HT), 54, 270
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Hyperbaric oxygen (HBO) therapy, 313-14
Hyperbilirubinemia, 258
Hypercalcemia, 130, 700-701

associated with
breast cancer, 189
hematologic malignancies, 189
multiple myeloma, 440

causes of, 188
clinical features of, 188t
of malignancy, 188-91

humoral mediators, 188
treatment, 190-91

symptoms of, 188, 188t
Hypercalciuria, 464
Hypercarbia, permissive, 357
Hypercortisolism, screening for, 195
Hypereosinophilic syndrome, 486
Hyperexcitability, peripheral nerve, 392
Hyperinsulinemia, 218
Hyperoxia, 350
Hyperparathyroidism, 205
Hyperphosphatemia, 441
Hyperpigmentation, 622
Hyperprolactinemia, 227
Hyperpyrexia, 104
Hypersomnolence, 89
Hypertensive heart disease, 510
Hyperthermia, 104
Hyperthyroidism, 203, 673, 698-99

TSH receptor-mediated, 231-32
Hypertrichosis lanuginose, 613
Hypertrophic osteoarthropathy (HOA),

111, 112f, 550
clinical manifestations, 550
investigations, 550-51
pathophysiology of, 550
treatment, 551

Hyperuricemia, 441
Hyperuricosuria, 464
Hyperviscosity syndrome, 129t
Hypnosis, 745
Hypodense lesion, 260
Hypogammaglobulinemia, 129
Hypoglycemia

causes of, 197t
insulinoma-induced, 206-7
tumor-induced, 197, 207t

Hypogonadal men, 245
with cancer, treatment options, 246-47

Hypogonadism, in cancer patients
consequences and clinical manifestations of,

243-46
diagnosis of, 242-43
primary, 242-43, 242t
secondary, 242t, 243
tertiary, 242t, 243

Hypogonadism, male, diagnosis of, 246
Hypomagnesemia, 25
Hyponatremia, 198-99, 701-2
Hypophosphatemia, 200
Hypothalamic obesity

clinical presentation and manifestations, 219-23
diagnosis, 222
pathophysiologic mechanisms, 220-22
treatment, 222-23

Hypothalamic-pituitary axis (HPA), 54

Hypothalamic-pituitary dysfunction, 237-38
development of, 237
diagnosis of, 237

Hypothalamic-pituitary function, dynamic 
testing of, 239t

Hypothalamic-pituitary-adrenal (HPA) axis, 75
Hypothalamic-pituitary-gonadal axis, normal

physiology of, 242
Hypothalamic-pituitary-thyroid axis,

physiology of, 226
Hypothyroidism, 672

clinical manifestations, 226-28
description, 696
diagnosis, 228-30
etiology and pathophysiology, 228-29
perioperative management, 697-98
preoperative assessment, 697
treatment, 230

Hypotonic-hyponatremia, causes of, 199t
Hypoventilation, 88

I

Iatrogenic pneumothorax, 344-45
ICU. See Intensive care unit
IDO. See Indolamine 2,3-dioxygenase
IDSA. See Infectious Diseases Society of America
IELs. See Intraepithelial lymphocytes
IFN. See Interferon
Ifosfamide, 22, 24, 392
IL-1, 2 antagonists, 40
Imaging-guided percutaneous endovascular

techniques, 114
Immune defects, 182
Immune system, 6
Immunoglobulins (Igs), 39

adverse effects associated with, 39
symptoms, 39

Immunologic complications, of cancer, 278-82
Immunosuppressive agents, 351
Implantable cardioverter defibrillators 

(ICD), 516
complications, 516
indications for, 516
therapy, 516

Implantable ports, 142
Impotence, 649
IMRT. See Intensity-modulated radiation therapy
Imuvert, immunomodulator, 607
Indolamine 2,3-dioxygenase (IDO), 76
Indomethacin, 190
Indwelling intravenous catheters, 106
Infections, 106

catheter-related, 186
dermatologic, 108
fever caused by, 106-9
fungal, 169, 169t
health-related, 186
in gastrointestinal tract, 108
in skin, 108
indwelling catheters, 106
intestinal protozoan, 179
local catheter-related, 142
miscellaneous parasitic, 179
of CNS, 106
Pneumocystis jiroveci infections, 177-78

skin and soft tissue, 185-86
Toxoplasma gondii, 177-79

Infectious Diseases Society of America (IDSA)
Inferior petrosal sinus sampling (IPSS), 195
Inferior vena cava (IVC)

filter, 691
obstruction, 114
syndrome, 531

Infiltrative optic neuropathy, 637
Inflammation

atherothrombosis, 475
sickness behavior, 75

Inflammatory cytokines, 76
Infliximab, 39
Influenza virus, 332-33

prevention, 332
treatment, 332-33

Inhibitors
ACE, 437
angiotensin converting enzyme (ACE), 478-79
ARBs, 436
Calcineurin, 437
COX-2, 474
glycoprotein IIb/IIIa, 478

Insomnia
common causes of, 85
epidemiologic surveys, 84
prevalence of, 85
risk factors for, 85
treatments of

biochemotherapy agents, 85t
cognitive-behavioral, 86
flow chart for, 87f
nonpharmacologic, 85-86
pharmacologic, 86

Insulin, 209, 213
Insulin hypersecretion, vagal augmentation of, 221f
Insulin tolerance test, 239t
Insulin-like growth factor (IGF), 197
Insulin-like growth factor 1 (IGF-1), 209,

218, 445-46
Insulin-like growth factor-binding protein-1 

(IGFBP-1), 218
Insulin-like growth factor binding protein-3 

(IGFBP-3), 197
Insulinoma, 198
Insulinoma-induced hypoglycemia, 206-7

diagnosis, 206
treatment, 207

Intensity-modulated radiation therapy 
(IMRT), 8, 312

Intensive care unit (ICU), 139
Interferon (IFN), 35-37, 395, 473

adverse effects, 36
types and treatment indications, 36t

Interferon-α (IFN- α), 35
Interferon-β (IFN- β), 36
Interferon-γ (IFN-γ), 36
Interleukins (ILs), 33, 37, 395, 473
Intermittent hemodialysis (IHD), 447
Internal biliary drainage, 115
Internal malignancy, skin neoplasms related to,

571-76
International Classification of Diseases, tenth 

revision (ICD-10), 55
Internists, 49-50
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Interventional gastroenterology, 285-90
Interventional pulmonology, 365
Intestinal protozoan infections, 179
Intraductal mucinous papillary neoplasm 

(IPMN), 286
Intraepithelial lymphocytes (IELs), 281
Intrahepatic biliary obstruction, 258
Intrahepatic obstruction, 5
Intrapleural catheter aspiration, 718-19
Intrathecal methotrexate, 23
Intrauterine fetal death (IUFD), 29
Intrauterine growth retardation (IUGR), 28
Intravascular devices

nontunneled percutaneously inserted 
catheters, 142

types of, 142
Intravenous pyelography (IVP), 465
Intrinsic ARF, 438-40

causes of, 438, 438t
Invasive pulmonary aspergillosis (IPA), 334
IPA. See Invasive pulmonary aspergillosis
Iron deficiency, 536
Iron supplementation, 18
Ischemic cardiomyopathy, 522

clinical manifestation, 522
evaluation, 523
pathophysiology, 522-23
treatment, 523

Ischemic heart disease, in cancer patients, 471-72
Islet cell tumors, 207
Itraconazole, 167-68
IUFD. See Intrauterine fetal death
IVC filter placement, 119
IVIG. See Preparations of intravenous

immunoglobulin
IVP. See Intravenous pyelography

J

Jaundice/icterus, 258-60
causes of, 258, 259f
diagnosis of, 258-60
treatment of, 258-60

JC virus infections (JCV), 459-60
JCAHO. See Joint Commission on Accreditation of

Healthcare Organizations
Jejunal extension tube (JET-PEG), 303
Jejunostomies, surgical, 303
Joint Commission on Accreditation of Healthcare

Organizations (JCAHO), 139

K

Kaposi’s sarcoma (KS), 151, 155, 321
Karnofsky Performance Status (KPS) Scale,

564, 564t, 681
Keratinocyte growth factor (KGF), 310
Ketoconazole, 196
KGF. See Keratinocyte growth factor
Kidney injury molecule-1 (KIM-1), 434
Klebsiella, 133

L

Laboratory issues
cardiac marker tests, 130

in oncology patient population, 128
test result validity, 128

Lambert-Eaton syndrome (LES), 406
Langerhans’ cells, 580
Laparoscopic gastroenterostomy, 115
Laryngeal tumors, classifications of, 322t
Laser therapy, 365-66
L-Asparaginase, 210, 398
Late radiation toxicity, 380-82
Late spinal cord toxicity, 382-83
Left ventricular ejection fraction (LVEF), 520
Left ventricular hypertrophy (LVH), 510
Legionella pneumonia, diagnosis of, 330
Legionella pneumophila, 330
Legionella species, 330
Leptomeningeal disease, 567
Leptomeningeal metastases (LMM), 371

diagnosis, 371-72
frequency by cancer type, 371t
signs and symptoms of, 371t
treatment, 372

Leukemia, 442, 486
Leukoencephalopathy

chronic methotrexate-induced, 394
methotrexate-induced mild, 393

Leukopenia, 539
Levamisole, 394
Lhermitte’s sign, 398
Libido

chemotherapy, 648
hormonal therapy, 648
medications, 649
pelvic surgery, 647
radiation therapy, 647-48
side effects of therapy, 648-49

Life after cancer care (LACC) program, 659
Lifestyle changes and diabetes, 210
Lipidmobilizing factor (LMF), 243
Lipogenesis, 221
Lipolysis, 243
Liver dysfunction, 66, 120
LMF. See Lipidmobilizing factor
LMM. See Leptomeningeal metastases
LMWHs. See Low molecular weight heparins
Lobar lung collapse, 709
Local catheter infection, 142
Local catheter-related infection, 142
Lone atrial fibrillation, 509
Long-term parenteral dosing, 66
Low molecular weight heparins (LMWHs),

346, 478
Lower respiratory tract (LRT) disease, 333
Lower respiratory tract infections (LRIs), 151
Lumbosacral (LS) plexus, 370
Lung cancer, 4, 705-6
Lung disease, chemotherapy-related,

350-52
Lung scintigraphy, 708
Lupus-like syndrome, 554-55
Lycopene, 295
Lymphedema

diagnosis of postoperative, 10
management of, 10-11, 569t
symptoms of, 10
treatment of, 10t

Lymphoma, 442

M

MAC. See Mycobacterium avium complex
Macrocytic anemia, 227
Macronutrients, 294-95
Maffucci’s syndrome, 575-76
Magnetic resonance imaging (MRI), 111, 708

acute infarction, 122
Bird’s Nest filter
for IVC obstruction, 114
greenfield filter, 119
in radiation necrosis, 123f
kidneys, 116
PRES, 122

Malabsorption, 269-70
Male fertility, 29
Male hypogonadism, diagnosis of, 246
Male sexual function, 647t
Malignancies

broad spectrum of, 1
hypercalcemia of, 188-91
secondary, 27

Malignancy-Related Pericardial disease, 497
Malignant effusions, 342
Malignant pleural effusion (MPE), 116, 117f
Malignant primary cardiac tumors, 487
Malignant tumors, hormone production by, 5
Malnutrition

and anemia, 13
postoperative nutritional support, 682-83
preoperative nutritional assessment, 682
surgical causes and outcomes, 682

MALT lymphoma. See Mucosa-associated 
lymphoid tissue

Marie-Bamberger syndrome. See Hypertrophic
osteoarthropathy (HO)

Masquerade syndromes, 629
Massage therapy, 746
Massive hemoptysis, 721
Matrix extracellular phosphoglycoprotein, 200
MBI. See Mycobacterial infection
Mechanical prophylaxis, 688-89
Mechanical ventilatory support (MVS), 354,

356-57
incidence of and indications for, 354-55
noninvasive, 357-58

Mechlorethamine, Oncovin (vincristine),
procarbazine, and prednisone (MOPP), 28

Medical outcomes study (MOS) sleep scale, 84
Medroxyprogesterone acetate, 301
Medullary thyroid carcinoma, 206
Megakaryocyte growth and development factor

(MGDP), 39
Megestrol acetate, 301
Melanoma-associated retinopathy, 637-38
Melanoma-pancreatic cancer syndrome, 612
Melatonin, suppression of, 89
Melphalan, 28
MEN. See Multiple endocrine neoplasia
Menopausal genitourinary symptoms, 644-45
Menopause

genitourinary symptoms, 644-45
long-term effects of, 645
vaginal bleeding, 642
vasomotor symptoms, 644

Mercaptopurine, 29
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Mesenchymal tumors, 200
Mesothelioma, 495
Metal stents, 367-68
Metastatic bony disease, 568
Metastatic cardiac tumors, 486
Metastatic disease, 120
Metastatic lesions, 639-40
Metformin, 213
Methadone, 66, 412-13
Methicillin-resistant Staphylococcus aureus

(MRSA), 331
Methotrexate (MTX), 393, 397-98, 560

induced ARF, 439
induced disseminated necrotizing 

leukoencephalopathy, 393-94
induced mild leukoencephalopathy, 393
toxicity, 121

Mexiletine hydrochloride, 413-14
MGDP. See Megakaryocyte growth and 

development factor
Microbial virulence factors, 451-52
Microembolization, 475
Microsurgical epididymal sperm 

aspiration, 655
Microvascular obstruction, 475
Mild anemia, 227
Miliary tuberculosis, 183
Mirtazepine, 424
Miscellaneous agents, 27
Miscellaneous parasitic infections, 179
Mitomycin-C, 22, 30
Mitotane, 196
Modafinil, 56
Monoclonal antibodies (MoAbs), 473

gemtuzumab ozogamicin, 35
groups, 33
palivizumab, 35
treatment indications, 34t
unconjugated, 35

Monosodium urate (MSU) crystals, 559
Mood disorders, 426-28
Mood stabilizers, guidelines for use of, 429t
Morphin, 66
Morphine-3-glucuronide (M3G), 66
Morphine-6-glucuronide (M6G), 66
Movement disorders, 88-89, 396
MPE. See Malignant pleural effusion
M-protein, 130
MRI findings of acute infarction
MRSA. See Methicillin-resistant Staphylococcus

aureus
Mucosa-associated lymphoid tissue (MALT)

lymphoma, 281
Mucosal injury, 20
Mucosal protectors, 309-10
Mucositis

anesthetics, 310-11
anti-inflammatory agents, 310
clinical features, 309
complications of, 309
decontamination, 310
definition, 308
etiology and pathophysiology, 308-9
incidence and risks, 308
management, 309
mucosal protectors, 309-10

Muir-Torre syndrome, 571-72, 611
colorectal carcinoma in, 571
skin lesions in, 571

Multicentric reticulohistiocytosis (MRH)
clinical manifestations, 555
investigations, 555
pathophysiology of, 555
treatment, 555

Multicentric reticulohistiocytosis, 576
Multifocal inflammatory leukoencephalopathy,

394-95
Multinational Association of Supportive Care in

Cancer (MASCC), 98, 134
Multiple endocrine neoplasia (MEN),

206, 233, 574
Multiple internal tumor types, 576
Multiple lentigines, 572
Multiple metastases, 375
Multiple myeloma (MM), 440
Multiple sleep latency test, 84
Muscle weakness and arthralgia, 392
MVS. See Mechanical ventilatory support
Myasthenia gravis (MG), 406
Mycobacterial infection (MBI), 337
Mycobacterium avium complex (MAC),

120, 337-38
Mycobacterium avium-intracellulare, 185
Mycobacterium bovis, 338
Mycobacterium kansasii, 185, 338
Mycobacterium tuberculosis, 181, 337
Mycoses

and cryptococcosis, 174
and treatment, 165t

Myelogenous leukemia, 27
Myeloid growth factors, 38

prophylactic administration of, 540
Myelopathy, 398, 566-67

radiation-related, 567
rehabilitation, 567
symptoms, 566t

Myelosuppression, 18, 25, 27, 37
Myocardial infarction, 477
Myocardial necrosis, biochemical markers of, 477
Myopericarditis, 499

N

N-acetylcysteine (NAC), 445
Narcolepsy, 89
Narcotics, 649
National Cancer Institute (NCI), 18, 134
National Comprehensive Cancer Network (NCCN)

Practice Guidelines, 53, 98, 99f, 134
multiple-day chemotherapy, 100

National Nosocomial Infection Surveillance 
(NNIS), 139

Natural killer (NK) cells, 33
Nausea and vomiting, 92, 270-71

behavioral and psychological interventions, 99
chemotherapy, 270

acute-onset emesis, 94
anticipatory emesis, 94
breakthrough emesis, 94
delayed-onset emesis, 94
refractory emesis, 94

clinical manifestations, 92

diagnosis, 95-96
etiology, 93
high-dose chemotherapy, 100
medications, 93
metabolic causes, 93
pathophysiology, 92-93
patients with advanced cancer, 101
patients with postprandial, 68
predictive factors, 94
radiation-induced, 100-101, 270
radiotherapy, 93-94
refractory nausea, 68
treatment

corticosteriods, 96
serotonin antagonists, 96

tumors effects of, 93
NCCN. See National Comprehensive Cancer 

Network
NCI. See National Cancer Institute
Nd:YAG laser. See Neodymium:yttrium-aluminum-

garnet laser
Necrosis, tubular, 445-46
Negative feedback energy balance pathway, 220f
Neisseria meningitides, 106
Neodymium:yttriumaluminum-garnet (Nd:YAG)

laser, 250, 365
Neoplasms, 4-5
Neoplastic cells, 5
Neoplastic fevers, 108, 108t
Nephritis, radiation, 442-43
Nephrolithiasis, 464
Nephropathy

acute radiation, 443
cytotoxic, 442

Nephrotoxicity, 439
Neural system, skin neoplasms related to, 575
Neuraxial infusion, 66, 69
Neurocognitive dysfunction, 53
Neuroendocrine tumors

clcitonin-secreting, 206
hormonal syndromes associated with, 206

Neurofibromatosis type 1, 575
Neurokinin-1(NK-1) receptor, 19
Neurologic complications

of cancer, 370-76
of chemotherapy, 387-98

Neurologic parneoplastic syndromes,
autoantibodies for, 282

Neurolytic blockade, 69
Neuromuscular disorders, 684-85
Neuronal paraneoplastic autoantibodies, 404
Neuron-specific insulin receptor knockout 

(NIRKO), 221
Neuropathic pain syndromes, 60

treatment-related, 414
Neuropathic pain, 410-17
Neuropathy

oxaliplatin-induced peripheral, 391
paraneoplastic sensory, 405-6
peripheral, 387-92
sensorimotor peripheral, 405
taxane-induced, 417

Neurotoxicity, 387
5-fluorouracil-induced, 396
chemotherapeutic agents causing, 388-89t

Neurovegetative or somatic syndrome, 77
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Neutral Protamine Hagedorn (NPH), 211
Neutropenia, 19, 133, 357, 539

empiric regimens, 133
fever and, 136
historical perspective, 133
risk assessment strategies, 133-34

Neutropenic fever, 119
Nevoid basal cell carcinoma syndrome, 575
NHL. See Non-Hodgkin’s lymphoma
NICTH. See Non-islet cell tumor hypoglycemia
NIPPV. See Noninvasive positive pressure 

ventilation
Nitrogen-substituted bisphosphonates, 191
Nitrosureas, 396
NK1 receptor antagonists, 97
NMDA receptor antagonists, 412
NNIS. See National Nosocomial Infection

Surveillance
Nocardia species, 331
Nociception, 60
Nociceptive pain, 61
Nocturnal polysomnography (NPSG), 84
Non ST elevation acute coronary syndrome 

(NSTE-ACS), 472
Nonchemotherapy medication-induced 

alopecia, 605
Non-dihydropyridine calcium antagonists, 511
Non-Hodgkin’s Lymphoma (NHL), 155, 281, 665
Non-infectious transfusion complications, 544
Noninvasive MVS, 357-58
Noninvasive positive pressure ventilation 

(NIPPV), 326, 357, 358t
Non-islet cell tumor hypoglycemia (NICTH),

197-98
clinical manifestations, 198, 198t
diagnosis, 198
pathophysiology, 197-98

mechanism, 198f
treatment, 198
tumors, 197, 197t

Non-Q wave myocardial infarction, 471t
Nonspecific interstitial pneumonia (NSIP), 21
Non-steroidal anti-inflammatory drugs (NSAIDs),

64, 435
Non-ST-Segment Elevation Acute Coronary

Syndrome (NSTE-ACS), 478
Non-ST-segment elevation myocardial infarction

(NSTEMI), 474
Nonthyroidal malignancies, 233
Nontuberculous mycobacteria (NTM),

184-86, 337-38
NPSG. See Nocturnal polysomnography
NSAIDs. See Non-steroidal antiinflammatory drugs
NSIP. See Nonspecific interstitial pneumonia
NSTE-ACS. See Non ST elevation acute coronary

syndrome
NTM. See Nontuberculous mycobacteria
Nutrition, disorders of, 267-75
Nutritional effects, in cancer, 6
Nutritional issues, cancer patients, 292-305, 293t

antioxidants, 295-96
dietary factors, 292-97
energy balance, 293-94
enteral nutrition, 302-3
epidemiologic evidence, 292-93
fruits, vegetables, and dietary fiber, 294-95

gastrointestinal dysfunction, 299-300
genetics and nutrition, 297-98
home nutrition support, 304-5
macronutrients, 294-95
malnutrition

etiology, 298
diagnosis, 300-301
treatment of, 301-5

metabolic disturbances, 300
nutritional therapies, 302
oral dietary therapy, 302
subjective global assessment (SGA), 298, 301
total parenteral nutrition, 303-4
vitamins, minerals, and trace elements, 295-96

O

Obesity
after cancer therapy

epidemiology, 219
risk factors, 219

as risk factor for cancer, 216-19, 217t
epidemiology, 216

hypothalamic, 219-23
Obstruction

biliary, 5
blood vessel, 4-5
extrahepatic, 5
intrahepatic, 5
of airway, 4

Obstructive (postrenal) nephropathy, 437-38,
468-69

Obstructive sleep apnea (OSA) syndrome, 84, 87
OCT. See Optical coherence tomography
Octreotide, 210, 267
Ocular metastasis, 639
Ogilvie’s syndrome, 273
OGTT. See Oral glucose tolerance testing
Olsalazine, 274
Oncogenic osteomalacia, 111, 112f
Oncology patient

ARF in, causes of, 354t
laboratory support for

baseline values and serial changes, 129t
cardiac, 130
central nervous system, 130
performed using immunoassays, 128t
skin, 130

mechanical ventilatory support for adult, 358f
MVS in, incidence of and indications for, 354-55
psychiatric issues in, 421-31

Oocyte cryopreservation, 655
Oocyte donors, 655
Oocytes, 29
Opioid analgesics, 65-69, 67t

constipation, 67
dosing, 66-67
long-term administration of, 66
nausea and vomiting, 68
selection, 65
side-effect management, 67, 68t

Opioid-refractory malignant bone pain, 65
Opsoclonus-myoclonus, 404
Optic neuropathy, 632-33, 635-36
Optical coherence tomography (OCT), 364
Optimal neurological function, 188

Oral antidiabetics, 213-14
Oral candidiasis, 169
Oral complications, 308-14
Oral glucose tolerance testing (OGTT), 222
Oral glucose-lowering medications,

types of, 212
Oral GVHD, 279
Oral infections

clinical features, 314-15
definition, 314
etiology and pathophysiology, 314
incidence and risks, 314
management, 315-16

Oral lesions, 279
Oral lichenoid cutaneous graft-versus-host 

disease, 587
Oral lomustine (CCNU), 396
Oral mucosal toxicity, 308
Oral mucositis. See Mucositis
Oral naloxone, 68
Oral opioid antagonist therapy, 68
Oral rehydration solutions (ORSs), 267
Orbital cellulites

empiric intravenous therapy, 628-29
in cancer, 629
presentation and examination, 628

Orbital metastasis, 640
Organ dysfunction, mechanisms of, 4
Organ systems, 130-31

cardiac, 130
CNS, 130
gastrointestinal tract, 130
skin, 130

Organogenesis, 641
ORN. See Osteoradionecrosis
ORSs. See Oral rehydration solutions
OSA. See Obstructive sleep apnea syndrome
Osteoarticular tuberculosis, 183-84
Osteomalacia, causes of, 201t
Osteomas, 572
Osteopathy, 745-46
Osteoporosis, 120-21, 245
Osteoprotegerin (OPG), 191
Osteoradionecrosis (ORN)

clinical features, 313
definition, 313
etiology and pathophysiology, 313
incidence and risks, 313
management, 313-14
staging classification of, 313

Outpatient rehabilitation, 564
Ovarian tissue cryopreservation and transplantation,

655-56
Ovarian transposition, 654
Oxaliplatin, 25
Oxaliplatin-induced peripheral neuropathy, 391
Oxidative stress, 79-80, 217-18

and GSH, 79
cytokine activation, 80

P

Pacemakers, 514
complications of, 515-16
indications, 515
pacing modes, 514
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Paclitaxel, 391, 473
Pain management, 685
Painful mononeuropathies, 62
Painful polyneuropathy, 62
Palifermin, 37, 309
Palivizumab, 35
Palliative care, 60
Palliative sedation, 69
Palmar fasciitis

clinical features, 552
investigations, 553
treatment, 553

Palonosetron, 96
Pancreatectomy

exocrine insufficiency, 11
glucose metabolism, 11-12

Pancreatic adenocarcinoma, system for 
staging of, 286

Pancreatic cancer, 113
Pancreatic disorders, 263-65
Pancreatic endocrine insufficiency, 265
Pancreatic endocrine tumors (PENs), 286
Pancreatic exocrine insufficiency, 264-65

diagnosis of, 264
treatment of, 265

Pancreatic insufficiency, 11
clinical determinations of, 11
clinical manifestations, 11
management of, 11

Pancreatic malignancy, 11
Pancreatic paraneoplastic syndromes, 113
Pancreaticoduodenectomy, 11
Pancreatoscopy, 287
Panniculitis, 553
Panton-Valentine leukocidin (PVL), 331
Papillary (follicular) carcinoma, 233
Papilledema, optic disc edema, 636
Paraneoplastic autoantibodies, 406
Paraneoplastic autonomic neuropathy, 406
Paraneoplastic cerebellar degeneration (PCD),

113, 403
Paraneoplastic chorea, 404-5
Paraneoplastic dermatoses, 610
Paraneoplastic limbic encephalitis (PLE), 403
Paraneoplastic myelitis, 113
Paraneoplastic neurologic disease (PND), 112, 402-3

autoantibodies, 113
diagnosis of, 112
evaluation and treatment, 407-8
general principles, 402-3
incidence of, 112

Paraneoplastic optic neuropathy (PON), 638
Paraneoplastic retinopathies, 637-38
Paraneoplastic sensory neuronopathy, 405-6
Paraneoplastic syndrome, 7, 111, 271, 571

endocrine, 194-203
of intestinal pseudo-obstruction, 270

Paraneoplastic vision loss, 405
Parasitic diseases, 177
Parathyroid carcinoma, 205
Parathyroid hormone (PTH), 188, 190, 205
Parathyroid hormone-related protein (PTHrP),

188-89, 608
in hypercalcemia associated with

breast cancer, 189
in hematologic malignancies, 189

role, 189

Parathyroidectomy, 205
Partial brain toxicity, 379-80
Partnership model, of physician-patient, 44
Paterson-Brown Kelly syndrome, 321
Pathogen factors, 452
Patient-centered process, 45
Patients

electrolyte abnormalities, 700-703
exogenous corticosteroids, 699-700
with cancer, 3
with diabetes mellitus, 695-96
with hyperthyroidism, 698-99
with hypothyroidism, 696-98

PCD. See Paraneoplastic cerebellar degeneration
PCD. See Percutaneous catheter drainage
PCN. See Percutaneous nephrostomy
PCP. See Pneumocystiscarinii pneumonia
PCQL-32. See Pediatric Cancer Quality of Life-32
PDGF. See Platelet-derived growth factor
PDT. See Photodynamic therapy
PE. See Pulmonary embolism
Pediatric Cancer Quality of Life-32 (PCQL-32), 223
PEEP. See Positive end expiratory pressure
PEG tubes. See Percutaneous endoscopic gastrostomy
Pelvic bleeding, 117
Pelvic operations, 14

anorectal function after, 14
sexual function after, 14
urologic dysfunction, 14-15

Penicillins, 444
PENs. See Pancreatic endocrine tumors
Pentagastrin, 206
Pentostatin, 473
Pentoxifylline, 301
Percutaneous catheter drainage (PCD), 125
Percutaneous coronary intervention (PCI), 478
Percutaneous endoscopic gastrostomy, 254-55, 303
Percutaneous nephrostomy (PCN), 116

mortality rate for, 116
urinary obstruction, 116

Percutaneous transjugular biopsy, 261
Pericardial constriction, 504-6
Pericardial cysts, 494-95
Pericardial disease, 493

chemotherapy-related, 498
in cancer patient, 499-500
infectious, 498-99
malignancy-related, 497
radiation-induced, 497-98
symptoms, 493

Pericardial effusion, 227, 500-503, 709
Pericardial lipomas, 495
Pericardial tamponade, 716-17
Pericardial toxicity, antineoplastic agents 

associated with, 498t
Pericardium, 493

innervation of, 494
metastatic disease of, 495-97, 496t
primary tumors of, 494, 494t
structure and function, 493-94

Periodic limb movement disorder (PLMD)
medications for treatment of, 89t
rhythmic jerking movements, 88

Perioperative neurologic issues
neuromuscular disorders, 684-85
pain management, 685
stroke and seizures, 684

Perioperative pulmonary embolism, 707-8
Periorbital cellulites, 628f
Periostial thickening, 551f
Peripheral nerve hyperexcitability, 392
Peripheral nerves, radiation therapy, 384
Peripheral nervous system (PNS), 21

neuropathic pain in, 21
toxic effects, 21

Peripheral neuropathy, 387-92, 567
chemotherapy-induced, 416

Peripheral temperature measurements, 104
Peripherally inserted central venous catheters

(PICCs), 142
Peritoneal tuberculosis, 184
Peritoneo-venous shunting, 263
Permissive hypercarbia, 357
Peroxisome Proliferator-Activated Receptors-gamma

(PPAR-γ), 213
Personality disorders, 429
Pessure support ventilation (PSV), 356
Peutz-Jeghers syndrome, 572-73, 611

prophylactic screening in, 572
Phantom limb pain (PLP), 415
Pharmacologic cardioversion, drugs for, 510
Pharmacologic prophylaxis, 689-90
Phenothiazines, 97
Phosphaturic mesenchymal tumor (PMT), 200
Photodynamic therapy (PDT), 250, 288, 366
Physician-patient, 46

partnership model of, 44
terminating relationship, 50-51

PICCs. See Peripherally inserted central venous
catheters

PIF. See Proteolysis-inducing factor
Pigmented nephropathy, 439
Pittsburgh Sleep Quality Index (PSQI), 84
Pituitary apoplexy, 238
Plasma proteins, 105

alternatives, 539
indications for, 539
triggers, 540t

Platelet-derived growth factor (PDGF), 597
Platelet transfusions
Platelets, role of, 475-76
Platinum agents, 25-26, 29
Platinum compounds, 387
PLE. See Paraneoplastic limbic encephalitis
Pleura, 706
Pleural effusions, in cancer patients, 342-44

causes of, 342
diagnosis, 342-43
treatment, 342-44

Pleural fluid accumulation, 706-7
Pleurectomy, 344
Pleurodesis, 344
Pleurx catheter, 344
Plexopathy, 370

diagnosis, 370-71
neurologic deficits associated with, 370t
treatment, 371

PLMD. See Periodic limb movement disorder
Plummer-Vinson syndrome, 321
PND. See Paraneoplastic neurologic disorders
Pneumocystis carinii pneumonia (PCP), 177, 336-37

characteristic radiographic findings, 177
clinical outcome, 177
clinical presentation, 177
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description of, 177
diagnosis of, 177
epidemiology, 177
in children, 177
incidence of, 177
prevention, 178
treatment of, 177, 178t

Pneumocystis jiroveci infections, 35, 177
clinical outcome, 178-79
clinical presentation, 178
diagnosis, 178
epidemiology, 178
prevention, 179
prophylactic regimen, 179t
treatment of, 178-79, 179t

Pneumonia, 185
CMV, 331
in cancer patients, 329-39
Pneumocystis Carinii, 336-37
RSV, 333

Pneumonitis, radiation-induced, 348-50
Pneumothoraces, 125
Pneumothorax in cancer patients, 344-45, 718
PNS. See Peripheral nervous system
Pocket infection, 143
POEMS syndrome. See Polyneuropathy,

organomegaly, endocrinopathy, M protein, and
skin changes syndrome

Polyarthritis syndrome, clinical features, 552
Polymyalgia rheumatica (PMR), 558
Polyneuropathy, organomegaly, endocrinopathy,

M protein, and skin changes (POEMS) 
syndrome, 405

Polyomavirus (BK Type) infection, 444
Posaconazde, 168
Positive end expiratory pressure (PEEP), 356
Positron emission tomography (PET), 111
Post radical neck dissection, 416
Posterior reversible encephalopathy syndrome

(PRES), 122
Postgastrectomy syndromes, 12, 12t

bile reflux gastritis, 12
clinical manifestations of, 12
dumping syndrome, 12
gastric atony, 12t, 13
management, 12
postvagotomy diarrhea, 12
roux stasis syndrome, 12t, 13

Postherpetic neuralgia (PHN), 417
Postmastectomy pain, 415
Post-obstructive diuresis, 469
Post-pneumonectomy syndrome, 25, 709-10
Post-primary pulmonary tuberculosis, 182-83
Postradiation pain syndromes, 416
Post-thoracotomy chest pain, 414
Post-transfusion purpura (PTP), 545
Post-traumatic stress disorder (PTSD), 75, 423
Postvagotomy diarrhea, 12, 12t

highest incidence of, 12
pathophysiology, 12

PPIs. See Proton pump inhibitors
Pregabalin, 65
Pregnant cancer patient

chemotherapy and pregnancy, 641
radiation therapy, 641-42

Preparations of intravenous immunoglobulin 
(IVIG), 39

Prerenal azotemia, 435-38
causes of, 435, 436t

PRES. See Posterior reversible encephalopathy
syndrome

Primary cardiac tumors, 486
Primary care physician, 714
Primary central nervous system lymphoma 

(PCNSL), 156
Primary gonadal dysfunction

females, 675-76
males, 674-75

Primary hypothyroidism, 672
Primary pulmonary tuberculosis, 182
Prognostic blocks, 69
Progressive muscle relaxation training 

(PMRT), 99
Proinflamatory cytokines, 76
Prolonged immobility, effects of, 568t
Promethazine, 98
Propylthiouracil (PTU), 232
Prostaglandins, 310, 467

of E series, 190
Prostate cancer, 736
Prostate cancer survivors, 667
Protein kinase A (PKA), 222
Protein kinase C (PKC), 222
Protein toxins, 35
Proteolysis-inducing factor (PIF), 243
Prothrombotic state, 474
Proton pump inhibitors (PPIs), 11
Pseudocyst, 286
Pseudohemolytic transfusion reactions, 109
Pseudomonas aeruginosa, 133, 330
Pseudomonas sp, 108
PSV. See Pessure support ventilation
Psychiatric disorder, 84
Psychiatric issues in Oncology, 421-31
Psychogenic pains, 60, 62
PTH. See Parathyroid hormone
PTHrP. See Parathyroid hormone-related protein
PTSD. See Post-traumatic stress disorder
PTU. See Propylthiouracil
Pubertal development disorders

hyperprolactinemia, 674
hypogonadotropic hypogonadism, 673

“Pull” percutaneous gastrostomy technique, 254
Pulmonary artery wedge aspiration cytology, 710
Pulmonary edema, 120
Pulmonary embolism (PE), 118, 478
Pulmonary embolus, 118f
Pulmonary infections, 182, 185
Pulmonary radiation fibrosis, 124f
Pulmonary toxicity, 123f
Pulmonary tuberculosis, 182
Pulmonary venography, 708
Pulmonary zygomycosis, 335
Purine analogues, 23
Purkinje cell antibody-type I (PCA-1), 403
Putative mechanisms, 217-19
PVL. See Panton-Valentine leukocidin
Pyelonephritis, acute uncomplicated, 456
Pyoderma gangrenosum, 614

Q

Quality of life, 565
questionnaires, 566t

R

Radiation cystitis, 466
Radiation dermatitis

acute form, 591-92
chronic, 592-93
clinical manifestations, 591
differential diagnosis, 595-96
high-energy photons, 590
pathophysiology, 593
risk factors

dose/fractionation, 593-94
physical and genetic factors, 594
radiosensitizers, 595

secondary cutaneous malignancy, 598-99
targeted biologic therapy, 597

topical therapy and wound care
chronic fibrosis treatment, 597-98
for erosions and ulcers, 596-97
future directions, 599

treatment of, 597t
Radiation fibrosis, severity categorization of, 349t
Radiation hepatitis, 261
Radiation necrosis, 123f, 593
Radiation nephritis, 442-43
Radiation optic neuropathy (RON), 636-37
Radiation recall dermatitis, 621-22
Radiation therapy oncology group (RTOG), 308
Radiation therapy, 8, 121, 237, 473-74

acute effects of, 379
cranial nerves, 383-84
endocrine dysfunction, 384-85
neurologic toxicity of, 379-85
pulmonary radiation fibrosis, 124f
reripheral nerves, 384
second malignancies, 384
spinal cord, 382

Radiation-induced alopecia, 608
Radiation-induced endothelial cell damage, 593
Radiation-induced fibrosis, 63, 592f, 593f
Radiation-induced liver disease, 261
Radiation-induced nausea, 100
Radiation-induced nausea and vomiting 

(RINV), 270
Radiation-induced neurotoxicity, 123-25
Radiation-induced pneumonitis, 348-50

clinical manifestations, 349-50
management, 350
pathogenesis, 348-49
severity categorization of, 349t

Radiation-induced xerostomia, 311
Radiocontrast nephropathy (RCN), 438
Radiologic imaging services, 111
Radionuclide scintigraphy, 112
Radiosensitizers, 595
Radiotherapy. See Radiation therapy
Randomized controlled trials (RCTs), 10
Range of motion (ROM), 566, 569
Rapid eye movement (REM), 86
Rapidly growing mycobacteria (RGM), 185, 338
Raynaud’s phenomenon

clinical manifestations, 554
pathogenesis, 554
prognosis and treatment, 554

RBC
bacterial contamination of, 544

destruction, 537
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substitutes, 536
transfusions, 536

RCC. See Renal cell carcinoma
RCN. See Radiocontrast nephropathy
Reactive oxygen species (ROS), 217
recombinant Human keratinocyte growth factor

(rHuKGF), 309
Recombinant thrombopoietin, 539
Rectovaginal fistula, 643-44
Recurrent cystitis in women, 455
Recursive partitioning analysis (RPA), 374t
Red blood cell scan, 117f
Refractory emesis, 94, 100
Rehabilitation care, 563t
Relationships with consultants, 50
REM. See Rapid eye movement
Renal candidiasis, 444
Renal cell cancer, 573
Renal cell carcinoma (RCC), 108, 464
Renal disease, 434

associated with malignancy, 440-42
Renal failure. See Acute renal failure
Renal infection and inflammation, 119
Renal malignancy, skin neoplasms, 573
Renal replacement therapy, 446-47
Renal tuberculosis, 184
Renal tubular acidosis (RTA), 439
Renal tubular defects, 434-47
Renal tumors, 573
Respiratory syncytial virus (RSV), 35, 333

infection, 333
pneumonia, 333

Restless legs syndrome (RLS), 88
medications for treatment of, 89t

Resuscitation, 47
Retroperitoneal hemorrhage, 721-22
Reverse transcriptase polymerase chain reaction 

(RT-PCR), 332-33
Reversible posterior leukoencephalopathy syndrome

(RPLS), 395
RGM. See Rapidly growing mycobacteria
Rheumatic diseases

and autoimmune diseases, 557
associations with cancer treatments, 559-60, 560t
associations with malignancies, 557t
implications for, 558-60

Rheumatoid arthritis, 557
Rheumatologic paraneoplastic syndromes, 550-56
Rhinocerebral zygomycosis, 335
Rhinovirus, 334-35
rHuKGF. See recombinant human keratinocyte

growth factor
Ribonucleic acid (RNA), 22
Rifampin, 444
RINV. See Radiation-induced nausea and vomiting
Risk factors and cancer, role of, 475
RLS. See Restless legs syndrome
ROS. See Reactive oxygen species
Roux stasis syndrome, 12t, 13
RPLS. See Reversible posterior leukoencephalopathy

syndrome
RSV. See Respiratory syncytial virus
RTOG. See Radiation therapy oncology group
RT-PCR. See Reverse transcriptase polymerase 

chain reaction
Rüsch Y stent, 367

S

Safe discharge, concept of, 564
Salivary gland dysfunction, 311
SBS. See Short bowel syndrome
Scarring (cicatricial) alopecia, 606
Scedosporium species, 335
SCFAs. See Short-chain fatty acids
Schistosoma species, 179
Schizophrenia, 430
Schwann cells, 387
SDS. See Self-rating depression scale
Second malignancies, radiation therapy, 384
Secondary malignancies, 27
Secondary mania, 428
Seizures, 395-96, 684
Selective estrogen receptor modulators (SERMs), 645
Selective serotonin reuptake inhibitors (SSRIs), 644
Self-expanding metallic stent 

(SEMS), 250-53, 288-89
Self-RatingDepression Scale (SDS), 73
SEMS. See Self-expandable metal stents
Sensorimotor peripheral neuropathy, 405
Sensory nerve action potentials (SNAPs), 387
Sepsis, 725-26
Septic pulmonary emboli, 120f
Serotonin antagonists, 96
Serotonin dysregulation, 54
Serotonin reuptake inhibitor (SRI), 77
Sertoli cell, 29
Serum proteins, 129
Sex hormone binding globulin (SHBG), 218
Sexual dysfunction, 14, 246

assessment, 650-51
psychosocial issues, 650

SGA. See Subjective global assessment
SGM. See Slowgrowing mycobacteria
Shift from paternalism to partnership, 43
Short bowel syndrome (SBS), 267-69

diet and supplement therapy for, 268t
pharmacotherapy of, 269t
vitamin therapy for, 268t

Short-chain fatty acids (SCFAs), 267
Shy-Drager syndrome, 88
SIADH. See Syndrome of inappropriate 

antidiuretic hormone
Silastic stents, 367
Silver cuff, 145
SIMV. See Synchronized intermittent mandatory

ventilation
Single photon emission computed tomography

(SPECT), 111
Sinusoidal obstruction syndrome (SOS), 260

incidence of, 261
pathogenesis of, 261

SIPS, 356
SIRS. See Systemic inflammatory response 

syndrome
Sjögren’s syndrome, 557
Skeletal tuberculosis, 183
Skin and hub cultures, 144
Skin and soft tissue infection, 185-86
Skin cancer, 664
Skin neoplasms

associated with multiple internal tumor types, 576
breast cancer, 573-74

cancer of bone and cartilage, 575-76
cancer of endocrine system, 574
cancer of genitourinary system, 574
gastrointestinal system malignancy, 571-73
internal malignancy, 571-76
neural system, 575
renal malignancy, 573

Sleep diary, 84
Sleep disturbance in cancer patients, 56, 83

diagnosing, 83
actigraphy, 84
physical examination, 84
polysomnography, 84, 85t
sleep diary, 84
sleep history, 83-84, 83t
sleep questionnaires, 84
tools, 84

disorders
circadian rhythm, 86
insomnia, 84-86
movement , 88

Sleep history, 83-84, 83t
Sleep hygiene education, 86
Sleep-disordered breathing, 86-87
Slowgrowing mycobacteria (SGM), 185
Small bowel perforation, 115f
Small-cell lung carcinoma (SCLC), 403
Smoking cessation, 479
Smooth muscle cells (SMCs), 475
SNAPs. See Sensory nerve action potentials
Solid tumors, 28
Solitary metastases, 375
Somatostatinoma syndrome, 208
Somnolence syndrome, 89
SOS. See Sinusoidal obstruction syndrome
Spasticity, 567
Sperm cryopreservation, 654
Spinal cord

compression, 567t, 723
radiation therapy, 382
syndromes, 398

Splenectomy, 663-64
Splenic rupture, 721
Spondyloarthropathies, 558
ST elevation myocardial infarction, 471t
Staphylococcus aureus, 108, 331, 558
Staphylococcus maltophilia, 330
Staphylococcus pneumoniae, 329-30
Status epilepticus, 724
Stem cell transplantation, treatable diseases, 578t
Stents

metal, 367-68
silastic, 367

Stereotactic radiosurgery (SRS), 375
Stevens-Johnson syndrome (SJS), 624-26
Stiff-person syndrome, 405
Stones, 262
Streptococcus bovis, 106
Streptococcus faecalis, 106
Streptococcus pneumoniae, 106
Streptomyces verticillus, 27
Stroke, 397, 684
Strongyloides, 179
ST-segment elevation myocardial infarction 

(STEMI), 474
Subacute toxicity, 380
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Subclavian vein thrombophlebitis, 114f
Subjective global assessment (SGA), 298, 301
Sucralfate, 310
Suicide, 427
Sulfonylurea drugs, 213
Superior vena cava (SVC), 113, 324-25
Superior vena cava syndrome (SVCS), 4, 113-14
Suramin, 392
Surgical jejunostomies, 303
Surveillance, Epidemiology, and End Results 

(SEER), 8, 27
SVC. See Superior vena cava
SVCS. See Superior vena cava syndrome
Sweet’s syndrome, 614
Synchronized intermittent mandatory ventilation

(SIMV), 356
Syncope, 515
Syndrome of inappropriate antidiuretic hormone

(SIADH), 198-200, 565
clinical manifestations, 199, 199t
diagnosis, 199
pathophysiology, 199
treatment, 199-200
tumors, 198-99

Systemic amyloidosis, 488t
Systemic factors, 210
Systemic inflammatory response 

syndrome (SIRS), 356
Systemic lidocaine, 413
Systemic lupus erythematosus, 558
Systemic sclerosis (SSc), 558

T

T cell-mediated cellular, 40
Tacrolimus (Prograf) toxicity, 121
TA-GVHD. See Transfusion-associated graft-

versus-host disease
Tamm-Horsfall protein, 22
Tamoxifen, 397
Taxane-induced neuropathy, 417
Taxanes, 26, 29, 416-17
TBG. See Thyroxine-binding globulin
TBNA. See Transbronchial needle aspiration
TCA. See Tricyclic antidepressant
Teratomas, 495
Testicular cancer, 664
Testicular sperm extraction (TESE), 654-55
Testicular stem cell banking, 655
Testosterone replacement therapy, 246, 247t
Tetrahydrocannabinol (THC), 97
Thalidomide, 302, 391, 473

clinical side effects, 40
THC. See Tetrahydrocannabinol
Therapeutic agents, 1
Therapeutic bronchoscopy, 364-68
Therapeutic thoracentesis, 343
Thermal necrosis, 365
6-Thiopurine, 23
Thoracentesis, therapeutic, 343
Three-dimensional conformal radiation therapy, 261
Thrombocytopenia, 18, 635, 687

cancer-related, 539
causes, 538t
diagnostic approach, 538

Thrombocytopenic purpura (TTP), 441

Thrombocytosis, 686-87
Thromboembolic diseases

carotid artery rupture, 721
epistaxis, 722
gastrointestinal hemorrhage, 721
hemostatic disorders, 720-21
massive hemoptysis, 721
retroperitoneal hemorrhage, 721-22
urinary tract hemorrhage, 722
venous thromboembolism, 719-20

Thrombolytics, 478
Thrombopoietin (TPO), 39, 539
Thrombosis, role of, 478
Thrombotic complications, 541
Thrombotic microangiopathy (TMA), 441
Thrombotic thrombocytopenic 

purpura (TTP), 22, 543
Thymidine phosphorylase, 23
Thyroid acropachy, 231
Thyroid carcinoma, medullary, 206
Thyroid disoeders

hyperthyroidism, 673
hypothyroidism, 672
in cancer patients, 226-34

Thyroid dysfunction, 36
Thyroid neoplasia

clinical manifestations, 233-34
diagnosis, 233-34
etiology, 233
treatment, 234

Thyroid neoplasms, 673
Thyroid nodules, 233
Thyroid stimulating hormone (TSH), 76, 226
Thyroiditis

autoimmune, 231
subacute, 232
transient, 232

Thyrotoxicosis, 698t
clinical manifestations, 230-31
diagnosis, 232
etiology and pathophysiology, 231-32
treatment, 232-33

Thyrotropinreleasing hormone (TRH), 226
Thyroxine, 446
Thyroxine-binding globulin (TBG), 226
TIN. See Tubulointerstitial nephritis
TIO. See Tumor-induced osteomalacia
Tissue factor (TF), 475
Tissue engineered small intestine (TESI), 269
T-lymphocytes, components of, 181
TMA. See Thrombotic microangiopathy
TMP-SMX. See Trimethoprim-sulfamethoxazole
TNF-α antagonists, 39
α-Tocopherol, 607
Topical agents, 413
Topical capsaicin, 413
Topical steroids, 587
Topoisomerase I and II inhibitors, 26, 29, 537
Topotecan, 26
Total parenteral nutrition (TPN), 267-68, 682
Toxic epidermal necrolysis (TEN), 624-26
Toxic leukoencephalopathy, 393
Toxic nodular disease, 232
Toxoplasma gondii infection, 177
TPN. See Total parenteral nutrition
Tracheal tumors, classifications of, 322t

Tracheostomy, 356
Traditional Chinese medicine (TCM), 744
Transbronchial biopsy, 362-64
Transbronchial needle aspiration (TBNA), 362-63
Transesophageal echocardiography, 708
Transfusion-associated graft-versus-host disease 

(TA-GVHD), 109
Transfusion medicine issues, in cancer patients, 543
Transfusion-related acute lung injury 

(TRALI), 544
Transhiatal esophagectomy, 253
Translaryngeal intubation, 355-56
Transparency model, of informed consent, 43
Transparency standard, 43
Trastuzumab

clinical manifestation, 521
evaluation, 521
pathophysiology, 521
treatment, 521

Treatment-related neuropathic pain syndromes, 414
TRH. See Thyrotropinreleasing hormone
Trichosporon asahii, 174
Trichosporonosis, 174
Trichotillomania, self-induced primary psychiatric

disorder, 605
Tricyclic antidepressant (TCA), 410-11
Tricyclics, 424
Triggers, 475
Trimethoprim-sulfamethoxazole (TMP-SMX), 133,

177, 329, 456
Triple-lumen catheters, 141
Tryptophan (TRP), 76

depletion and serotonin, 77-78
IDO-induced, 78
metabolism, 78
ratio of kynurenine to, 78

TSH. See Thyroid stimulating hormone
TSH receptor-mediated hyperthyroidism, 231-32
TTP. See Thrombotic thrombocytopenic purpura
Tube gastrostomy, 253-55
Tuberculosis (TB), 37, 181-82

acute infection and risk of disease, 182
aural, 184
cutaneous, 184
diagnosis, 183
extrapulmonary, 183
female genital tract, 184
gastrointestinal, 184
genitourinary, 184
gepatic and biliary tract, 184
lymphadenitis, 183
miliary, 183
mimicking tumor, 184
osteoarticular, 183-84
peritoneal, 184
pulmonary, 182

primary, 182
post-primary, 182-83

skeletal, 183
Tuberous sclerosis, 573
Tubular necrosis

clinical trials in the treatment of, 446
prevention of, 445-46

Tubulointerstitial nephritis (TIN), 435, 443
causes of, 443t
clinical features of, 444t
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drug-Induced, 443
infective, 444-45

Tumor-associated factors, 190
Tumor-associated immunologic 

complications, 281-82
Tumor embolization, 710
Tumor fever, 108
Tumor invasion of upper airways, 320-22
Tumor-induced hypoglycemia, 197, 207t
Tumor-induced osteomalacia (TIO), 200-202

biochemical test in, 201t
clinical manifestations, 200-201
diagnosis, 201
pathophysiology, 200
treatment, 201-202

Tumor lysis syndrome (TLS), 7, 440-41, 724-25
Tunnel infection, 143
Tunneled catheters, 142
Tympanic membrane, 104
Type 1 neurofibromatosis, 612

U

UFC test. See Urine collection for free cortisol test
UFH. See Unfractionated heparin
Ultraflex stent, 368
Ultrasonography, 468

abdominal, 258, 260, 262
endobronchial, 363-64
renal infection and inflammation, 119

Unconjugated antibodies, 33
Unfractionated heparin (UFH), 346
Unstable angina (UA), 471t, 474
Upper aerodigestive (UAD) cancers, 321
Upper airway obstruction, 322-24, 355

cause of, 323, 323t, 355t
diagnosis and evaluation of, 324-25
management of, 325-27

Upper airway pathology, 327
Upper airway problems, 320-27

anatomy of, 320
clinical manifestations of, 320-24
clinical signs and symptoms of, 321t
tumor invasion of, 320-22

Ureteral obstruction, 115
Urinary candidiasis, 170
Urinary diversion, 15
Urinary tract hemorrhage, 722
Urinary tract infection (UTI), 451-60, 464

acute uncomplicated, 455-56
antimicrobial treatment of, 456-57
catheter-related, 457-58
causes of complicated, 456t
classification of, 451
clinical syndromes and diagnosis, 454-56, 458t
complicated, 455-56
epidemiology of, 451
fungal, 458-59
hemorrhagic cystitis, 459-60
host risk factors predisposing to, 453-54
in young healthy men, 455-56
pathogenesis of, 451-54
risk factors for candida, 458t
types, 457-60
urologic evaluation of women with, 455

Urinary tract obstruction, 468

Urine collection for free cortisol (UFC) test, 195
Urologic complications in cancer, 463
Urologic disorders, 463-69
Urologic dysfunction, 14-15
Uropathogenic E. coli (UPEC), 452
UTI. See Urinary tract infection
Uveal metastasis, 639

V

Vagal augmentation of insulin hypersecretion, 221f
Vagal stimulation, 514
Vagally-mediated insulin hypersecretion, 221-22
Vaginal graft-versus-host disease, 587
Vaginal hemorrhage

in cancer patients of reproductive age, 642
vaginal bleeding, 642-43

Vagotomy, 253
Valganciclovir, 332
Valvular heart disease, 523
Vancomycin, 443-44
Vancomycin-resistant enterococci (VRE), 145
Various cytokines that stimulate angiogenesis

(VEGF), 40
Vascular cell adhesion molecule-1 (VCAM-1), 475
Vascular complications, 397-98
Vascular disease, 526-32
Vascular endothelial growth factor (VEGF), 35
Vasculitis, 552

clinical manifestations, 552
pathogenesis, 552
treatment, 552

Vasoactive intestinal peptide (VIP), 206
Vaso-occlusive retinopathy, 633
VATS. See Video-assisted thoracoscopy
VCP. See Vocal cord paralysis
VEGF. See Vascular endothelial growth factor
Vena cava filters, 119, 119f
Venlafaxine, 424
Veno-occlusive disease (VOD), 261, 279, 442
Venous stenosis, 114
Venous thromboembolism (VTE), 345-47, 528, 719-20

antithrombotic therapy for, 532
cancer patients, 690-91
central venous catheters (CVCs), 689-90
clinical manifestations, 529, 529t
diagnostic approaches and optimal 

treatment, 531-32
failure of anticoagulation, 347
increased risk of, 530
mechanical effects, 530-31
mechanical prophylaxis, 688-89
pathogenesis and risk factors, 345-46, 346t
pathophysiology of, 529-30
pharmacologic prophylaxis, 689-90
prophylaxis, 347

in medical oncology patients, 542
in surgical patients, 541-42

prothrombotic medications, 530
treatment, 346-47, 542

Venous thrombosis, 119
Ventilation-perfusion scanning, 118
Ventricular mass, 486
Ventricular tachycardia (VT), 512

mechanism of, 512
physical examination, 513-14

QRS complex in, 513
treatment, 514

Ventromedial hypothalamus (VMH), 219
defective peripheral hormonal signal 

transduction in, 221
lesions, 221

Vesicoureteral reflux (VUR), 451
Video-assisted thoracoscopy (VATS), 343
Vinca alkaloids, 26, 29, 417, 473
Vincristine, 26, 391, 397
Vinorelbine, 26-27
VIPomas, 206
Viral hemorrhagic cystitis, 466
Virulence factors, 452
Virus and prion transmission, 543-44
Visceral adiposity, 293
Visual symptoms, 396
Vitamin D and K, deficiency of, 270
VMH. See Ventromedial hypothalamus
Vocal cord paralysis (VCP), 13, 322

bilateral, 323, 325
VOD. See Veno-occlusive disease
Volume control ventilation, 356
Voriconazole, 168, 334
VTE. See Venous thromboembolism
VUR. See Vesicoureteral reflux

W

Warfarin, 691-92
Warm autoimmune hemolytic anemia (AIHA),

treatment of, 538
Watery diarrhea, hypokalemia, achlorhydria (WDHA)

syndrome, 206, 208
WBRT. See Whole brain radiation therapy
WDHA syndrome. See Watery diarrhea, hypokalemia,

achlorhydria syndrome
Whole brain radiation therapy (WBRT), 375, 380
Whole brain toxicity, 380
Wilms’ Tumor, 665
Wolff-Parkinson-White syndrome, 513
World Health Organization (WHO), 64
Wound healing, and diabetes, 210

X

Xanthomonas maltophilia, 330
Xerostomia

clinical features, 311
definition, 311
etiology and pathophysiology, 311
incidence and risks, 311
management, 311-13

XLH. See X-linked hypophosphatemic rickets
X-linked hypophosphatemia, 201
X-linked hypophosphatemic rickets (XLH), 201, 201t

Z

Zollinger-Ellison syndrome, 206, 208
Zygomycosis, 173, 335-36, 444

clinical manifestations of, 335
diagnosis of, 335
mortality rate of, 173
optimal management of, 173
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