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Preface

This series of original studies presented in this thesis were completed over a period
of seven years. As a pediatrician who is responsible for taking care of children with
malignancies, I am particularly interested in prevention of infectious diseases in
immunocompromised children. Children with malignancies who are on systemic
chemotherapy and/or stem cell transplantation are immunocompromised. Infection is
one of the potentially life-threatening complications. Parents of long term survivors
always seek opinions from their oncologists about recommendations on strategies of
prevention of infectious diseases since their children’s immunities had been severely
compromised by various treatment modalities and primary diseases as well. At the time
when [ started these series of studies, there were no formal recommendations or
guidelines in preventing vaccine-preventable infectious diseases especially the strategies
of revaccination in pediatric oncology patients. In order to address this particular
question in term of exploring different strategies in prevention of infections in pediatric
oncology patients and stem cell transplant recipients, various original studies described
in this thesis were therefore performed.

These studies included patients with hematological malignancies, solid tumors, and
transplant recipients. They were conducted in Lady Pao Children’s Cancer Centre,
Department of Pediatrics, Prince of Wales Hospital, The Chinese University of Hong
Kong. The availability of excellent clinical and research facilities in the Children’s
Cancer Centre and the Chinese University of Hong Kong provided an excellent
environment for performing clinical studies to investigate the various strategies for

prevention of infection in pediatric oncology patients and transplant recipients.
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The studies in the chapters 6, 7, 8§, 9, 10, 11 and 12 had been published in
peer-reviewed international journals and being accepted for presentations in scientific
meetings of worldwide-reputable organizations in pediatric oncology, stem cell
transplantation and pediatric infectious diseases.

In all the studies, I was responsible for the generation of research ideas, planning of
research logistics, organization of logistics, most of the data collections, data analysis and
writing up the results and submission of manuscripts to peer-reviewed international
journals for publication. Prof Patrick Man Pang Yuen, founder of the Bone Marrow
Transplant Unit and Lady Pao Children’s Cancer Center, and Dr Chi Kong Li, Chief of
Division of Hematology / Oncology / Bone Marrow Transplant Unit of Department of
Pcdiatrics had provided continuous and tremendous support and advice throughout my
study period. Prof Ting Fan Leung and his research team (Mr Raymond PO Wong, Ms
Brenda CY Li) of the Department of Pediatrics provided the technical support of various
immunological investigations. Drs Ming Kong Shing, Vincent Lee, Wing Kwan Leung,
Ms Hing Wah Lau, Ms Jeanny Cheung and her nursing team had contributed significantly
in clinical management of patients. Prof Paul Kay Sheung Chan and his research team of
Department of Microbiology, The Chinese University of Hong Kong is responsible for
providing valuable microbiological and virologic support and advice. Ms Stella Chan and
Ms Anita Lee had provided excellent secretarial support to my work. Prof Tai Fai Fok,
Dean of Faculty of Medicine and Professor in Pediatrics and Prof Pak Cheung Ng,
Chairman of Department of Pediatrics, The Chinese University of Hong Kong have given

endless support, guidance and encouragement to my work during the past years.
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Chapter 1 An  Overview of  Spectrum of  Diseases in
Pediatric Oncology in Hong Kong

1.1 Introduction

In Hong Kong, from year 2001-2005, the incidence of childhood malignancies was
134.2 cases per million children in population aged 0 to 19 years old (1). Unpublished
data from Hong Kong Pediatric Hematology and Oncology Study Group (HKPHOSG)
revealed that 1164 new cases of childhood cancer diagnosed from year 2001 to 2007.
Acute leukemia which include acute lymphoblastic leukemia (ALL) and acute myeloid
leukemia (AML); central nervous system (CNS) tumors and lymphomas which include
non-Hodgkin lymphoma (NHL) and Hodgkin lymphoma (HL) are the three commonest
childhood malignancies. The frequency and distribution are summarized in Figure 1 and
Table 1 (2).

Pediatric malignancies rank the second major causes of death in Hong Kong
children (5-14 years old) which account for 4.3 deaths per 100,000 population whereas
injury and poisoning rank the first (4.4 deaths per 100,000) (3). With the improvement in
chemotherapy protocols and various treatment modalities in childhood malignancies,
cancer mortality has declined substantially in the past two decades. There are statistically
significant declines in mortality for each of the five-year age groups (<5, 5-9, 10-14, and
15-19 years old) for cancers combined. The declines by age group range from 2.0 to 3.2%

per year. The overall decline in mortality is up to 40% between 1975 and 1995 (4).
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In a recent published population-based study to assess the all-cause and
cause-specific (recurrence / progression of primary disease, external cause, and
non-recurrence / non-external cause) late mortality during four consecutive time periods
from 1974 through 2000, among 26,643 5-year survivors of childhood cancer, Armstrong
et al showed that all-cause late mortality improved during more recent eras, dropping
from 7.1% (95% CI, 6.4% to 7.8%) among children diagnosed during 1974 to 1980 to
3.9% (95% Cl, 3.3% to 4.4%) among children diagnosed during 1995 to 2000 (p < 0.001).
The main reason was due to reduction in mortality from recurrence or progression of
primary diseases, while there was no significant reduction in mortality attributable to

other health-related conditions (including treatment-related health conditions) (5).

15
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Distribution of new cases of childhood cancer from 2001 — 2007 in Hong
Kong (Unpublished data, 2008 Annual workshop HKPHOSG)
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Abbreviations: ALL: acute lymphoblastic leukemia, AML: acute myeloid leukemia, HL:
Hodgkin lymphoma, NHL: non-Hodgkin lymphoma, CNS tumor: central nervous system
tumor, PNS tumor: peripheral nervous system tumor, LCH: Langerhans cell histiocytosis,
STS: soft tissue sarcoma, GCT: germ cell tumor
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Table . Frequency distribution of new cases of childhood cancer in Hong Kong from
2001 — 2007 (Unpublished Data, 2008 Annual workshop HKPHOSG)

2001 2002 2003 2004 2005 2006 2007 Total count

ALL 16 37 i6 41 29 40 3 270
AML I g 1a 10 11 17 16 84
Other {eukaema 2 7 6 4 6 & 11 42
HL 5 5 ¢ 4 3 2 22

NHL 13 11 13 6 8 10 15 6
CNS tumour 31 41 26 40 30 37 33 338
PNS ramour 8 H 12 7 ir 9 12 68
Kidney tumous 5 6 2 4 2 3 g 30
ICH 6 4 S 3 5 3 3 31
Rennoblastoma 8 7 L 3 4 3 2 £
Bone mmour 3 15 i7 9 3] 10 15 35
STS 9 12 6 11 113 6 2 62
GCT 8 7 G il 4 5 16 57
Lrver tiunour 5 4 7 & 4 3 & 37
Cacinoiia ki 1 1 3 3 3 4 19
Others 3 2 2 3 0 a 1 i1

Total count 170 176 152 164 159 164 179 1164

Abbreviations: ALL: acute lymphoblastic leukemia, AML: acute myeloid leukemia, HL:

Hodgkin lymphoma, NHL.: non-Hodgkin lymphoma, CNS tumor: central nervous system
tumor, PNS tumor: peripheral nervous system tumor, LCH: Langerhans cell histiocytosis,
STS: soft tissue sarcoma, GCT: germ cell tumor
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1.2 Overview of acute leukemia

Acute leukemia is the commonest form of pediatric malignancy. Acute
lymphoblastic lecukemia (ALL) is the commonest form of childhood leukemia and acute
myeloid leukemia {AML) ranks the second. In Hong Kong, about 40 and 12 new cases of
ALL and AML are diagnosed each year (2). Concerning ALL, the peak incidencc occurs
from 2-5 years old. Male has a slightly higher prevalence than female. Chemotherapy is
the mainstay treatment of which consists of: remission induction, consolidation, delayed
intensification and maintenance therapy together with CNS-directed therapies. The
duration of treatment lasts for about two years. The intensity of treatment depends on a
risk-stratification approach based on patients, disease characteristics, which include
cancer genetic characteristics and subsequent treatment response which include steroid
responsiveness and level of minimal residual disease (MRD) by flow cytometry and
clonal-specific polymerase chain reaction (PCR) study during different stages of
treatment.

Li et al conducted a population-based multi-centre study for childhood ALL in Hong
Kong from 1993 to 1997. One hundred and forty-five necwly diagnosed ALL patients
were treated by the HKALL 93 protocol. Patients were stratified into three risk groups
according to age, presenting white cell count (WBC), immunophenotyping and
cytogenetic study in standard risk (SR), intermediate risk (IR) and high risk (HR) groups.
The induction remission rate was 97.2% with 2% induction death. Two patients died
during first complete remission. The 5-year overall and cvent-free survival of the whole
group was 81.3 and 62.6% respectively. According to risk groups, the event-free survival
was 79, 61% and 49% for SR, IR and HR patients respectively, while the overall survival
was 96, 73 and 68% for SR, IR and HR patients respectively (6). From 2003 to 2008, we

adopted the IC-BFM-2002 protocol, the 4-year event-free survival rate for SR, IR and
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HR was increased to 79.3%, 83.6% and 63.2% whereas the overall survival was 86.3%,
93.4% and 66.6% respectively (unpublished data). Our results were comparable to major
published western series.

Schrappe et al and Pui ef al demonstrated that with the modification of treatment
protocols according to risk-stratification approach based on various parameters namely,
white cell counts, age, cytogenetics, and recently the clonal-specific PCR-based detection
of minimal residual disease (MRD), they achieved the success in getting more children in
remission after induction therapy with fewer long-term sequelae and more rational use of
allogeneic HSCT to those very high risk patients. The survival of childhood ALL has
increased significantly from a 6-month median survival to approaching 90% overall
S-year survival rate with only 1.5% non-relapse mortality rate (2, 7, 8).

Acute myeloid leukemia (AML) has traditionally considered as an oncological
emergency. Timely and promptly initiation of chemotherapy is the most important factor
to minimize disease-related morbidity and mortality. In an ideal setting with young
patients with favorable cytogenetic abnormalities, standard anthracycline- and
cytarabine-based induction chemotherapy can result in complete remission rate

approaches 85% with long-term disease free survival rate up to 60% or greater (9).
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1.3 Overview of central nervous system tumors

This is the second commonest cancer in children and the leading cause of death of
solid tumors in children less than 15 years old. It is also the third leading cause of death
from cancer in adolescents and adults aged 15-34 years old in United States (10).

In Hong Kong, 25 to 40 children aged less than 15 years are diagnosed to have
various types of brain tumors each year. Based on the data from Hong Kong Pediatric
Hematology & Oncology Study Group (HKPHOSG) and Hong Kong Cancer Registry
(HKCR), 131 children were diagnosed to have brain tumors in Hong Kong from January
1999 to December 2003 (11, 12). The annual incidence of brain tumors for Chinese
children in Hong Kong is 22.9 cases per million children. A much higher incidence of
intracranial germ cell tumors is observed in Hong Kong when compared with western
data (13, 14). The commonest histological subtype of brain tumors in children is
astrocytoma. Primitive neuroectodermal tumor (PNET) including medulloblastoma ranks
the second. The relative frequency of each subtype in our patients' cohort is shown in
Figure 2. Forty to fifty percents of the childhood brain tumors are originated from
infratentorial territory whereas medulloblastoma is the commonest form of tumor arising
from that region.

Poor prognostic factors of medulloblastoma include presence of metastatic site at
presentation, large cell/anaplastic phenotype, chromosome 17pl13.3 loss, and
high-frequency MYC amplification. Outcome of children with high risk features is
significantly poorer than low-risk group who has none of these tumor characteristics (15)

(p=0.0002).

20
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Other relatively common childhood infratentorial brain tumors include juvenile
pilocytic astrocytoma, ependymoma and brain stem glioma. More than 95% of brain stem
gliomas are high-grade astrocytoma and locate mainly in the pontine region. Germ cell
tumors mainly arise from the mid-line structures of the brain in particularly over the
pineal region. Whereas ependymoma characteristically arises from the para-ventricular
areas along the whole central nervous system (12). These characteristics are similar to

what have been described in the Western literatures (13, 14).

21
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Figure 2. (a) Comparing incidences of childhood brain tumors in Hong Kong
(HKPHOSG & HKCR, January 1999-December 2003, n=131), with (b)

Western series (13, 14)
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Abbreviations: Astro: astrocytoma (including all grades and brain stem), PNET: primitive
neuroectodermal tumors (including supratentorial and medulloblastoma), Epen:
ependymoma, Cranio: craniopharyngioma, GCT: germ cell tumors
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1.4 Overview of Lymphoma

Lymphoma is the third commonest childhood malignancies which accounts for
approximately 8-10% of paediatric oncology patients (16). World Health Organization
{(WHO) classified lymphoma according to cell type, phenotype, molecular and
cytogenetic characteristics. There are 5 main groups: (i} B cells; (1) T cells and (iii)
Natural  killer  cells lymphoma (iv) Hodgkin lymphoma and (v)
Immunodeficiency-associated lymphoproliferative disorders (17).

In pediatric population, the common types include: (i) diffuse large B cell lymphoma;
(i) Burkitt lymphoma; (iii) lymphoblastic lymphoma (primarily precursor T-cell
lymphoma and less frequently, precursor B-cell lymphoma); and (iv) anaplastic
lymphoma (T-cell or null cell lymphoma) (18, 19). These are fast-growing tumors and
may also disseminate widely, especially to bone marrow and central nervous system.
Abdomen is the most common primary site (30%-45%), and most of the cases are Burkitt
lymphoma. Mediastinal tumors (25%-35%) are typically T-cell lymphoblastic lymphoma.
The third most common site is at head and neck regions (10%-20%). A diagnosis can be
rapidly obtained by tissue biopsy or bone marrow for histology, immunchistochemistry,
cytogenetic and molecular studics. Until 1970s, childhood NHL had a poor prognosis and
the majority of children died within weeks of diagnosis because of progression of
primary disease, or dissemination to bone marrow or central nervous system {(CNS).
Significant improvements in survival have been achieved in the past 20 years mainly due
to advances in chemotherapy. In Hong Kong, from the year 1995 to 2007, 133 new cases
of NHL were diagnosed. The overall 5-year event-free survival of Burkitt lymphoma was
87.7%, lymphoblastic lymphoma was 79.7% and large cell lymphoma was 60.7% (20). In
our hospital, 44 cases were diagnosed from 1995 to 2007 (33 males; 11 females). The

median age of presentation was 9.2 years old. Twenty-six cases were B-cell NHL

23
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included Burkitt and Burkitt-like lymphoma and diffuse large B-cell lymphoma, 14 cases
were lymphoblastic lymphoma; and 4 cases were anaplastic large cell lymphoma.
Abdomen was the most common presenting site (14 cases in abdomen; 11 cases in
mediastinum; 4 cases in head and neck; 7 cases in cervical lymph nodes; 4 cases had
multiple sites involvement; 3 had involvement at other anatomical sites which included 1
skin, 1 bone and 1 pericardium). The cases are predominately stage III and stage IV
diseases {18 cases and 13 cases respectively). Chemotherapy regimen differs according to
the histological subtype. Burkitt and large B-cell NHL are treated with intensive, pulsed
chemotherapy whercas lymphoblastic lymphoma is treated with prolonged chemotherapy,
and currently most centers adopt treatment protocol for acute lymphoblastic leukemia.
CNS-directed therapy is essential and is based on intrathecal chemotherapy rather than
radiotherapy. There is little role for surgery in the management of NHL (21).

Sun et al studied the treatment outcome of Chinese children and adolescents with
lymphoblastic lymphoma from 1998 — 2006. This study was designed to evaluate the
efficacy and toxicity of a modified acute lymphoblastic leukemia
(ALL)-Berlin-Frankfurt-Miinster {BFM)-90-based protocol in Chinese children and
adolescents with lymphoblastic lymphoma. The study period was from March 1998 to
November 2006, 60 untreated patients with lymphoblastic lymphoma (age <18 years)
were enrolled. All patients were treated with the modified ALL-BFM-90 protocol. The
median age of the patients was 10 years (range 2.5-18 years old). Forty-eight (80%)
patients had T-cell lymphoblastic lymphoma, and 59 (98.3%) patients were in advanced
stage of disease. At the end of induction remission, 3 patients died of treatment-related
toxicity. In the remaining 57 patients, complete remission (CR) or CR undctermined
(CRu) had occurred in 47 patients (82.5%), who were designated as the moderate-risk

group and partial remission (PR) had occurred in 10 patients (17.5%), who were

24
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designated the high-risk group. All patients experienced grade 3-4 hematological toxicity.
At a median follow-up of 35 months, event-free survival was 78.8% for all patients.
Among the moderate-risk group, event frce survival was 88.3% (90.9% for stage III,
87.7% for stage 1V, 100% for thosc with B-cell LBL, 84.8% for those with T-cell LBL,
and 82.9% for stage I'V patients). The event-free survival in the high-risk group was 60%.
They showed that modified ALL-BFM-90 protocol was an effective regimen against
lymphoblastic lymphoma and greatly improved the survival rate of Chinese children and

adolescents with Jymphoblastic lymphoma compared with the ALL protocols that were

used previously (22).

1.5 Conclusion

In this chapter, an overview of various pediatric oncology conditions is presented,
chemotherapy plays an important role in treatment of the four commonest pediatric
cancers. The survival improves significantly from 10% to almost 90% over the last 50

years due to improvement in various treatment protocols.
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Chapter 2 An Overview of Different Treatment Modalities in Pediatric
Oncology and Impact on Destruction of Immune System

2.1 Introduction

Chemotherapy, radiation therapy (RT) and surgery are the main treatment modalities
in pediatric oncology. It is too straightforward to think that only chemotherapy +/~- RT
will induce immunosuppressive effect on the host. In fact, the interaction between cancer
and host’s immune system is far more complex. It is now clear that cancer patients,
particularly patients with acutc leukemia and lymphoma, display different degrces of
immunosuppression even at the time of presentation (23). As with the increase in
treatment dose intensity of various anti-cancer regimens, the immunosuppressive effects
of these regimens also increased. With the advance in treatment protocols, cooperative
multi-center and interdisciplinary approaches, the survival rate of childhood cancers is
now up to 75-80% (24). In this chapter, different treatment modalities in pediatric

oncology and the impact on destruction of immune system are described.

2.2 Primary diseases lead to immunodeficiency

Patients with acute leukemia are already shown to have signs of immunosuppression
at the time of presentation. Walker ef a/ studied the immunc function of 20 patients with
AML. In vitro phytohemagglutinin (PHA) transformation of washed lymphocytes
obtained from these subjects was assesscd by measuring the rate of DNA synthesis after
70 hours of incubation. The time point of assessment included pre-treatment,
post-induction and post-consolidation samples. They showed that 42% of pretreatment
sera already showed inhibitory response. Reduced in vifro immunological reactions were
also shown in patients of induction failure due to presence of blasts in samples. The
inhibitory activity could be overcome by high PHA concentration. Serum inhibitory

factors may also pose significant immunosuppressive effect in vive (25). Patients with

26
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untreated Hodgkin lymphoma frequently have impaired lymphocyte proliferation to a
variety of antigens (26). Patients with Burkitt lymphoma, have been reported to show
variable levels of lymphocyte depletion which is related to the stage of disease (27).
Therefore, <children with various hematological malignancies are already

immunocompromised before starting immunosuppressive therapies.

2.3 Chemotherapy

The use of chemotherapy can be dated back in the early 20" century in World War II
that a group of military personals incidentally exposed to mustard gas and were later
found to have leucopenta. In 1940s, Goodman er al reported the use of this agents in
terminal stage lymphoma patients, it showed temporary but significant improvement (28).
Thereafter, many other agents with anti-neoplastic properties were developed.

In general, most chemotherapeutic agents target at dividing cells by impairing
mitosis or DNA synthesis at various stages of cell cycle. In general, fast-growing tumors
are more susceptible to these agents than slow-growing tumors. However, normal human
fast-dividing cells namely hematopoietic cells, hair cells and mucosal epithelial cells can
also be affected by these agents and cause debilitating side effects namely bone marrow

aplasia, alepecia and mucositis.
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2.3.1 Cell cycle

Cell cycle is a series of events that takes place and leads to division and replication
of cells. The cell cycle consists of five major phases: (i) resting phase (Gy); (i) G, phase;
(iii) S phase; (iv) G, phase and (v) mitosis (M phase).

Resting (Goy phase refers to cells in quiescent state, that is, non-proliferating cells.
(3| phase is the first phase of interphase. It represents the stage of growth and is marked
by the synthesis of vartous enzymes that are required for DNA replication. S phase is the
phase which DNA synthesis occurs. By the end of S phase, all the chromosomes have
been replicated. G, phase is the phase before mitosis occurs. Significant protein synthesis
occurs which mainly involves microtubules which are required during the process of
mitosis. In the M (mitosis) phase, it is further subdivided into prophase, prometaphase,
metaphase, anaphase, telophase and then to cytokinesis in which the cells are actually

dividing.
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2.3.2 Major groups of chemotherapy

The major groups of chemotherapeutic agents with examples are as follow:

(1) Alkylating agents
They are the oldest and most commonly used agents. They form
interstrand and intrastrand DNA crosslinkages and lead to cell death. They
are cell-cycle non-specific. The alkylation of DNA has been linked fo the
mutagenic properties of these agents and may bc associated with
secondary malignancies (29). Cyclophosphamide, thiotepa, busulphan and
melphalan are examples.

(ii)  Antimetabolites:
They inhibit DNA and RNA synthesis by competitively mnhibit key
enzymes that are crucial to the synthesis of purine or pyrimidine
nucleotides and they are cell-cycle specific at S-phase. Mercaptopurine
and methotrexate are examples.

(ii1)  Antitumor antibiotics:
They work through DNA intercalation and inhibit the progression of
topoizomerase II. They are cell-cycle non-specific. Examples include
actinomycin D, dactinomycin and bleomycin

(iv)  Tubulin binding agents
They are derived from natural occurring plants. They are mitotic inhibitors
and act by prevention of formation or stabilization of microtubules. They
are cell-cycle non-specific agents. Plant alkaloids include paclitaxel and

vinca alkaloids include vincristine and vinblastine
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(vi)

(vii)

30

Topoisomerase inhibitors:

Topoisomerase facilitates the relaxation and unwinding of DNA by
permitting the formation of a controlled break In double-stranded DNA
and permits another double strand to pass through the break. Normally the
topoisomerase-mediated double-strand break is resealed but these agents
act by stabilizing the topoisomerase II/DNA cleavable complex and
prevent resealing of double-strand break. The persistence of strand breaks
can result in apoptosis and block DNA replication. They are cell-cycle
specific agents at S or early Gz-phase (29). Examples include topotecan,

irinotecan and etoposide.

Enzymes

L-asparaginase is an example of this class. Malignant cells are unable to
synthesize asparagine from aspartic acid since they lack L-asparagine
synthetase. Therefore, cancer cells are dependent on extracellular source
of asparagine. L-asparaginase depletes this source by converting
L-asparagine to aspartic acid and ammonia and deprives the malignant
cells from this essential nutrient.
Glucocorticolds

Glucocorticoids bind to glucocorticeid receptor and induce apopotosis by
inhibition of IL-2 production, down-regulation of c-myc and repression of
transcription factors such as APl. Prednisolone and dexamethasone are

standard agents used in the treatment of leukemia and lymphoma (29).
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There are newer agents that do not directly act by interfering DNA synthesis
and mitosis. They target at specific tumor surface antigens and induce clearance of
tumor cells via host’s immune response or act at specific molecular abnormalities of
cancer cells and block subsequent signaling pathway. Examples of monoclonal
antibodies include (i) Rituximab (Rituxan, Genentech, Inc.) is a chimeric anti-CD 20
monoclonal antibody which directs against human B-lymphocyte; (ii) Gemtuzumab
ozogamicin (Mylotarg, Wyeth) is a humanized anti~-CD33 antibody conjugated with
a cytotoxic antitumor antibiotic, calicheamicin which acts on surface of myeloid
leukemia cells; (iii) Imatinib mesylate (Glivec, Novartis Pharma) is a tyrosine kinase
inhibitor which targets at the molecular abnormality in chronic myeloid leukemia.
The advantage of these targeted agents is to minimize the effects of non-tumor cells
and aim at reducing the impact on these healthy cells and reduce the systemic side

effects of these agents.
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2.4 Radiation therapy

Radiation therapy has been used in cancer therapy for more than a century. The
concept was invented by Wilhelm Conrad Rontgen in 1895. This ficld began to grow
rapidly since 1900s after the great achievement grounded by Marie Sklodowska Curie
who discovered radicactive elements radium and polonium. Medical linear accelerators
have been used as source of radiation since late 1940s.

Photon, electron, or ion beams directly ionizes the atoms which make up the DNA
chain of tumor cells and thus cause damage in DNA. Indirect ionization induces
ionization of water by photons and electrons presented in radiation source, forming free
hydroxyl radicals and causes damage in DNA chain. In general, normal human cells have
excellent repair mechanisms but cancer cells have diminished ability to repair these
damages and hence continue to produce cells with these damages. These cells with the
damaged DNA will either die or reproduce slowly.

There are three main forms of radiation therapy which include (1) external beam
radiotherapy (conventional and stereostatic); (i) systemic radioisotopes (unsealed source
radiotherapy) and (iii} brachytherapy (sealed source radiotherapy). In pediatric
malignancies, the first two forms are the mainstay of radiation therapy.

Conventional external beam radiotherapy is delivered via two-dimensional beams
using linear accelerator to target tissue. The technique is well-established and reliable.
The main limitation is the radiation tolerance in surrounding healthy tissues. Stereotactic
radiotherapy focuses high doses radiation at target tissue and thus minimizes damage to

adjacent healthy tissues.
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Systemic radicisotope is a form of targeted therapy. Targeting can be achieved by
attaching the radioisotope to another molecule or antibody to guide it to target tissue.
Infusion of metaiodobenzylguanidine (MIBG) for neurcblastoma is one of the examples.

The side effect profile depends on the dose and field of irradiation. It causes damage
to skin, oral, pharyngeal and bowel mucosas and causes breakdown of skin or mucositis.
[rradiation of spine causes bone marrow suppression due to presence of plenty of bone
marrow lissue within the medullary cavity of vertebral bones. Irradiation to thymic region,
namely in total body irradiation (TBI) or in Hodgkin lymphoma, induces tissue damage
to epithelial cells of the thymus and impairs its function in T-cell maturation.
Fractionation of radiation dosage helps to diminish these dose-rclated side effects. In long
term, secondary malignancy, mainly sarcoma, at radiation field i1s always a rare but
serious long term complication of radiation therapy.

In our unpublished series, 1425 new cases with median age 5.9 years (range 0.1-21.1
years old) treated in our oncology umit in 24-year study period were reviewed. The
incidence of secondary malignancies was about 1%. The median time to develop
secondary malignancies was 6.5 years after diagnosis of primary tumors. Cranial
irradiation was a major risk factor. Patients developed secondary central nervous system

tumor and osteosarcoma had the poorest prognosis.
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2.5 Impact of chemotherapy and radiation therapy on immune system

Pediatric oncology patients are high-risk group of acquiring opportunistic and
serious infections. The reasons are as follow: (i} breaking down of natural defective
barriers, namely mucositis after chemotherapy and / or radiation therapy; (ii) presence of
forcign bodies, namely indwelling central venous catheters or ventriculoperitoneal shunts
(i) prolonged period of neurtropenia due to sequence of primary disease and marrow
aplasia after receiving chemotherapy and (iv) impaired cellular and humeral immunities

after chemotherapy and/or radiation therapy (30).

2.6 Immunosuppressive effects of chemotherapy

Virtually all chemotherapeutic agents can cause different degree of suppression of
immune system. Since they act on rapid-dividing cells and therefore, bone marrow is one
of the most severcly affected sites. Pancytopenia develops at 5-7 days, and reaches nadir
at about 10-14 days after commencement of chemotherapy. Neutropenia is one of the
most significant predisposing factors in causing various opportunistic infections.
Kosmidis ef af prospectively studied the immune functions of 72 children with ALL from
diagnosis to 12 months after termination of treatment. They showed that
CDI19-expressing B-lymphocyte number was very depressed (median absolute count 24 x
10%/L) with low immunoglobulin levels at the end of intensive chemotherapy. CD4 / CD8
ratio was persistently less than 1 at the end of intensive chemotherapy. CD4
T-lymphocyte dropped significantly after starting treatment and continued to be at low
level uptil 12 months after stopping all treatment. The above data showed that both the
humoral and cellular immunities were significantly suppressed during and afier

commencement of intensive chemotherapy (31).
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Therapy regimens which include chemotherapy such as cyclophosphamide, purine
nucleoside analogs or corticosteroids particular have scvere suppressive effects on
lymphocyte function. For example, treatment regimens for acute lymphoblastic leukemia
(ALL) are targeted against lymphoid cells and can have significant adverse influence on
lymphocyte function, while chemotherapy for the treatment for low risk Wilm’s tumor
namely actinomycin D and vincristine arc not particular immunosuppressive.

Alkylating agents, especially high dose cyclophosphamide, are profoundly
immunosuppressive (32). Purine nucleoside analog, namely fludarabine monophosphate,
is another class of agents with a predilection for lymphocyte depletion (33). These agents
have a remarkable capacity of depletion of both dividing and resting lymphocytes and
result in severe opportunistic infections.

Moreover, studies have shown that despite immune recovery can be demonstrated
after completion of chemotherapy, the “acquired” immunity through active vaccinations
which require immune “memory” may not be fully recovered especially in young
children, leaving them vulnerable to vaccine-preventable infectious diseascs which are

potentially life-threatening (34},
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2.7 Effect of radiotherapy on immune system

The data on the effects of radiotherapy on immune system is relatively scarce when
compared with chemotherapy. Irradiation to spleen may cause functional hyposplenia and
asplenia and increases probability to infection by polysaccharide encapsulated bacteria.
Irradiation to thymic region in children with Hodgkin disease, which is immunologically
important for children, may have negative impact on subsequent immune recovery (35).
Irradiation to spine, such as in patients with medulloblastoma can develop prolonged

neutropenia due to extensive irradiation to normal marrow tissues in the spinal vertebrae.

2.8 Effect of chemotherapy and radiation therapy on mucosa

Mucositis induced by chemotherapeutic agents is an important, dosc-dependent side
effect of anti-cancer therapy. The breakdown of mucosa not only causes pain and
restriction of oral intake, it also acts as port of entry of endogenous oral and/or gut flora
causing secondary blood-stream infections. About 40% of patients develop mucositis at
various stages of their trecatment. Up to 50% of them require treatment modification and
support by parenteral analgesia (36, 37). Mucositis is a complex process which occurs
in four phases (i} vascular phase; (1i) epithelial phase; (iii) bactericlogical phase and (iv)
healing phase. Not all anti-cancer agents are equally active in this process,
antimetabolites, namely mecthotrexate, cytarabine and S-fluorouracil which affect DNA
synthesis (S-phase cell cycle), are the commonest agent. The period of ulcerative phase
usually coincides with the period of neutropenia after chemotherapy. Bacterial
colonization of mucosal ulceration commonly leads to local infection and systemic
translocation of bacteria into bloodstream. Therefore, Gram negative organisms and
alpha-hemolytic streptococci are the main infective agents causing bacteremia in this

group of patients (37, 38).
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2.9 Immunosuppressive effect of viral infection

Even in immune-competent individuals, cytomegalovirus (CMV) infection is
associated with impairment of T-cell function. Giebel S ef al evaluated the influence of
CMYV infection in allogeneic hematopoietic stem cell transplantation recipients, treated
pre-emptively with ganciclovir, in T-cell function. Mitogen-stimulated T-cell
proliferative activity, together with cell surface markers, was tested in 49 patients on days
30, 45, 60, and 90 after allogeneic hematopoietic stem cell transplanation and,
additionally, in cases of positive CMV pp65-antigenemia. T-cell proliferative activity
was significantly decreased on days when CMV antigenemia was positive as compared to
days without antigenemia. The number of pp65-positive cells negatively correlated with
proliferative response. They demonstrated that even clinically asymptomatic, CMV
infection posed negative impact on T-cell proliferation capacity in allogeneic
hematopoietic stem cell transplant recipients. Pre-emptive therapy with ganciclovir might

modify this immunosuppressive effect (39).
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2.10 Central venous assess devices and infection

Central venous assess devices (CVAD) have been used for at least 20 years in
treatment of childhood cancers. On one hand, they provide a straightforward, safe and
reliable route for administering cytotoxic agents, antimicrobial agents, analgesics, blood
products, hyper-osmolar parental nutrition and allow painless blood collection. On the
other hand, long term implementation of foreign materials into vascular system increases
risk of catheter-rclated blood-stream infections. Microbiological colonization of CVAD
usually occurs within the first 24 hours of catheter implantation. The colonization may
involve the catheter lumen and extra-luminal surface. Bacteria are capable of binding to
foreign materials and cross-link with extracellular glycopolysaccharides, fibrin,
fibronectin and form extracelluar biofilm matrix and prevent adequate immune rcsponse
against adhering bacteria and hinder the eradication of microorganisms despite treatment
with appropriate antimicrobial agents (39, 40). Most common pathogens are
Gram-positive bacteria, particularly coagulase-negative staphylococel. In order to deliver
antimicrobials to bacteria effectively, disruption of biofilm by urokinase or ethanol may
have a role (41, 42).

With the better understanding of the pathophysioclogy of sepsis, aggressive use of
appropriate broad spectrum empirical antibiotics and improvement in intensive carg
support, the mortality of scptic shock decreased from more than 50% in 1980s to about
16% in a recent study. However, it still causes significant morbidities and mortalities in

pediatric oncology patients (43, 44).
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2,11 Infections associated with monoclonal antibodies

Treatment with rituximab (Rituxan, Genentech, Inc.), a chimeric anti-CD} 20
monoclonal antibody directed against human B-lymphocyte, can cause profound and
prolonged complement-mediated B-lymphocyte depletion and hypogammaglobulinemia.
In the background of immunosuppression, reactivation of various viruses (CMYV,
enterovirus, HBV, HCV, Parvovirus B19, Polyomavirus, VZV) have been reported after
receiving rituximab. This causes additional morbidity or even mortality in pediatric
oncology patients (45-47). Tumor necrosis factor — a (TNF-a) blocking agents, namely
infliximab (Rcmicade, Schering-Plough) and clarnercept (Enbrel, Wyeth), are now one of
the effective agents in treatment of acute or chronic graft-versus-host disease which is
one of the serious complications of pediatric allogencic hematopoietic stem cell
transplantation. With the importance of TNF-a in host response in formation of
granuloma and maintenance, anti-TNF-o. therapy is linked with increased susceptibility to
various infections, which include Mycobacterium tuberculosis. Reactivation of latent

tuberculosis is increased in patients treated with TNF-o blockers (48, 49).

2.12 Conclusion

In this chapter, the impact of primary discases and various treatment modalities on
the host’s immune system are discussed. This makes the host vulnerable to various
potential life-threatening infectious diseases. These impacts may not be fully reversed
after completion of treatment of primary diseases. This makes the formulation of various
preventive strategies for preventing of infection after completion of treatment a justifiable

and reasonable act.
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Chapter 3 Current Understanding of Immune Reconstitution in
Pediatric Oncology Patients Received Chemotherapy and
Hematopoietic Stem Cell Transplant Recipients

3.1 Introduction

In this chapter, the current understanding of immune reconstitution in children who
have reccived immunosuppressive therapy is discussed. We know that after receiving
chemotherapy, the nadir of bone marrow suppression is about 10-14 days. After the nadir,
neutrophils are the first one to return to normal (3-4 weeks) and then follow by natural
killer cells (NK cell), while B and T lymphocytes take longer time to recover. This
process of recovery varies with children’s age. However, residual deficits may persist
until 12 months after completion of treatment protocol or even longer. Moreover, the
recovery of “immune memory” may not be fully completed especially in young children

(34). This will be further elaborated.

3.2 Immune reconstitution of cell-mediated immunity

Alanko S et al studied the recovery of cell-mediated immunity after cessation of
chemotherapy in children with acute lymphoblastic leukemia (ALLL) in 1990s. The total T
lymphocyte count normalized at 1 to 3 months after stopping chemotherapy. Whereas for
T-cell subset, the regeneration of naive T lymphocytes (CD4, CD45RA+) secmed to be
faster in children aged 3 to 6 years old. However in older children (7 to 18 years old),
they were normalized only after 6 months of stopping chemotherapy (50). Regencration
of memory lymphocytes (CD4, CD45R0O+)} were more effective in adults than children.
Therefore, despite the recovery of “number” of lymphocytes, the effective response to
previous vaccinated antigens which require immune “memory” may not be fully
recovered in young children. The recovery time of children with different primary

diseases is different and this is partly due to the difference in immunosuppressive effect
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of primary disease and treatment protocol. Alanko S et @/ showed that children with
Hodgkin lymphoma or Burkitt lymphoma had a slower recovery of total tymphocyte
counts and T-lymphocyte counts (50, 51).

With the increase in treatment intensity of pediatric cancer, the degree of
immunosuppression increased. Kosmidis ef af studied the immune recovery of 72
children with ALL longitudinally up to 12 months after stopping all chemotherapy
(including maintenance therapy) in 2000s. They showed that CD4+ T-lymphocyte
number dropped significantly at 6 months after stopping intensive chemotherapy and
persisted up to 12 meonths. CD45R0O+ T-lymphocyte subsel continued to decline up to 18
months after stopping intensive chemothcrapy but the numbers were significantly higher
in children older than 7 years old than young children. CD 16/56+ NK cell count was
persistently low until 12 months after cessation of all therapy. Again, NK cell count was
higher in older children (>7 years) when compared with young children. The CD4/CD8
ratio was less than 1 at end of intensive chemotherapy but persistently > 1 at later
evaluation points (31).

Immunosuppression  persist despite children are receiving maintenance
chemotherapy. El-Chennawi FA et al evaluated the immune reconstitution in children
with ALL during the maintenance chemotherapy. Thirty-six children with ALL (24
females and 12 males) in the maintcnance phase of therapy and 12 healthy age and
sex-matched control were recruited in this study. Laboratory investigations included
complete blood count, serum creatinine, liver function tests and evaluation of the immune
system by measuring CD3+, CD4+, CD8+, and CD16/56+ (cellular immunity) by flow
cytometry at the first and the third month of maintenance therapy were performed. The
results of the study documented presence and persistence of lcucopenia and lymphopenia

during maintenance therapy with decreased medians of CD3+, CD4+ and CD8+ from the
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first to the third month of therapy. CD16/56+ and CD4/CD8 ratio showed increasing
median from the first to the third month of therapy. In summary, T-cell reconstitution
showed delayed in recovery of both T helper and T suppressor cells even in the phase of

maintenance chemotherapy in children with ALL (52).

3.2 Immune reconstitution of humoral immunity

Kosmidis et al showed that CD19+ B lymphocyte was suppressed at the end of
intensive chemotherapy (median absolute count 0.24 x 10°/L) and returned to normal
value by 6 months after stopping chemotherapy. Immunoglobulin levels were dropped
significantly by the end of intensive chemotherapy. IgG and IgA were increased back to
normal by 6-12 months after cessation of chemotherapy. IgM remained low and
unchanged throughout the study period (31).

El-Chennawi FA et al also evaluated humoral immune reconstitution in children
with ALL during the maintenance phase of therapy and to correlate between the presence
of severe infections and the abnormalities in immune system during reconstitution.
Thirty-six children with ALL (24 females and 12 males) in the maintenance phase of
therapy with 12 healthy age and sex-matched control were recruited in this study. The
results of the study documented presence and persistence of leucopenia and lymphopenia
during maintenance therapy with decreased medians of CD3+, CD4+ and CD8+ from the
first to the third month of therapy. The other markers CD19+, IgA, IgM, 1gG and CD4 /
CDS8 ratio showed increasing median from the first to the third month of therapy. They
also demonstrated a significant correlation between infection and CDD19+ and serum IgM
at the first month and between infection and CD19+, IgM and CD4/CDS ratio at the third
month of therapy. They concluded that persistent immunosuppression was presented in

children with ALL during maintenance therapy. Reconstitution of B lymphocytes
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occurred earlier than T cell reconstitution (52).

Summarizing the results of various studics, both B and T lymphocytes are
suppressed during treatment period. B-lymphocytes start to restore to normal numbers
about 1 month after stopping therapy. For T-lymphocyte series, CD4+ lymphocytes
recover more slowly than CD8+. Total B and T-lymphocytes usually recover fully in term
of quantity by 6 months after stopping chemotherapy, although in some extrcme cases,
can be up to 12 months (50, 51, 53). The recovery of immunoglobulin level can take up
to 12 months after completion of treatment, especially IgG; (54). Morcover, young
patients are shown to be more likely to suffer immune suppression after receiving

chemotherapy (55, 56).

3.3 Immune reconstitution after hematopoietic stem cell transplantation

Hematopoietic stem cell transplantation was conceived more than 50 years ago as
treatment for fatal irradiation injury. It is now mainly used for treatment of high risk
hematological malignancies and many other disorders including immunodeficiency
syndromes, hemoglobinopathies, autoimmune disorders, myelodysplastic syndrome, bone
marrow failure syndromes and inborn errors of metabolism (57).

After conditioning, due to the immune suppressive effects of intensive
chemotherapy and tissue injury associated with conditioning regimen, and with the
administration of immunosuppresents to prevent graft rejection and graft-versus-host
disease, recipients become severely immunocompromised and are prone to various

bacterial, viral and invasive fungal infections.
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Afier donor stem cells infusion, monocytes are the first cells to engraft, follow by
granulocytes, platelets and natural killer cells. These cells restore the innate immunity of
host. The recovery of lymphocytes comes by two pathways. The first batch of
T-lymphocyte recovery 1s progeny of donor T cells co-transfused with the donor graft that
expands after entering the host (58). This occurs in the first year of transplantation. The
clonal expansion of a limited number of donor T lymphocytes may only contain a few
antigen specificities. They are mainly memory and effector (CD45RA+RO+) T cells
(59-61).

The second pathway is the thymic emigrants. This depends on a functioning thymus.
This produces mainly naive T cells which are CD45+RO-. This appears approximately 6
months after transplantation. Patients with low thymic output, namely adult patients or
received irradiation to thymus after total body irradiation, will have a major delay of
T-cell output by this pathway. Therefore, in adults or thymectomized patients, the naive T
lymphocytes reconstitute late in transplant period (usually more than 6 months) and the
partial restoration of this pool may require up to 12 to 24 months and may only appear in
individuals younger than 40-50 years (62, 63).

B lymphocyte is low in number during the first 2 months after transplantation. The
number of B lymphocyte increases gradually in the first 1-2 years and memory B cells
remain scarce in number. Serum immunoglobulin isotypes recover in the sequence of
IgM, IgGy/lgGs, 1gGy/IgGs and IgA. Hence, B cell reconstitution after transplant
resembles a recapitulation of ontogeny that is likely to occur more slowly in young
children because follicular dendritic cells and CD4+ T cells in germinal centers needed

for isotype switching are scarce (64-66).

44



45

The degree and extent of immune reconstitution depends on a number of factors,
namely (i) the degree of immunosuppression in conditioning regimen; (ii) use of
anti-thymocyte immunoglobulin; (iii) irradiation to thymus; (iv) graft manipulation by ex
vivo or in vivo T cells depletion and (v) presence of acute and / or chronic
graft-versus-host disease (GVHD). Therefore, post-transplant infections remain a major

cause of morbidity and mortality in this group of patients.

3.4 Conclusion

Over the last 50 years, with the improvement in treatment protocols and increases in
dose intensity of various chemotherapy regimens, the survival rates of various childhood
cancers have risen drastically from 10% to almost 80% (67). Children treated with
intensive chemotherapy suffer from more severe and prolonged depression in both
humoral and cellular immunities. The immune recovery continues but there is still
persistent partial immune deficiency in term of low IgGs, 1gM, NK cell count and
CD45R0O+ T-lymphocyte subsets up to 12 months after stopping all chemotherapy. Older
children perform better than young children. This may have significant implication in
term of formulating various preventive strategies in protecting children, especially young

children from various infectious diseases during and after stopping chemotherapy.
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Chapter 4 Literature Review

4.1 Introduction

Opportunistic infection is an important cause of morbidity and mortality in pediatric
oncology patients. It is not only life-threatening, but also causes prolonged
hospitalization, compromises subsequent chemotherapy delivery, affects quality of life,
and increases healthcare utilization. The presentations can be either: (i) unusually severe
chinical course due to common pathogens; (ii) atypical presentations of relatively benign
pathogens or (iil) occurrence of opportunistic infections. Prolonged exposure to
antimicrobial, antifungal and antiviral agents may induce drug-resistant strains that pose
difficulties in treatment of subsequent infective episodes.

In this chapter, the important aspects of infection in immunocompromised host are
highlighted and the present strategies for prevention of infection in pediatric oncology

patients are summarized.

4.2 Impact of infectious diseases in pediatric oncology patients

Sung et al showed that 30% - 60% of children experienced at least one episode of
microbiologically-proven infection throughout the treatment period of malignancies (68,
69). Although the overall survival rate of children with cancer is now up to 70% - 80% in
recent years due to significant advances in treatment protocols and supportive care,
infection remains a major cause of therapy-associated morbidity and death (70).
Moreover, the prevalence of infections varies depending on the type of chemotherapy,
with the highest risk of infections associated with intensive induction and consolidation

courses of chemotherapy (68, 69).
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With the increase in severity of immunsuppression resulting from (i) underlying
discases, namely leukemia, and (ii) intensive chemotherapy, pediatric oncology patients
often suffer from prolonged period of severe neutropenia secondary to marrow
hypoplasia and are unable to mount adequate cellular and humoral immune response to
protect them from various infectious agents. This can result in severe clinical courses
even relatively benign pathogens are encountered. Prolonged symptomatic and
asymptomatic shedding of virus are commonly observed in immunocompromised
patients. This can last for weeks or months and contributes significant risk of nosocomial
transmission of disease in oncology units. Cheng et af reported a case of 15-month-old
boy with stage 3 neurcblastoma who had prolonged shedding of respiratory syncytial
virus (R8V) for 7 months during his course of intensive chemotherapy treatment, which
was the longest period being reported in literatures (71). This poses significant
implication in hospital infection control and planning of in-patient isolation care facilities
for pediatric oncology patients since at least 30% of all rooms need to be allocated for
isolation of patients infected or colonized with communicable pathogens (72, 73).

In Hong Kong, the incidence rates of invasive pneumococcal discase (IPD)
caused by Streptococcus pneumoniae were 18.8 and 15.6 per 100,000 in children <2 and
< 5 years old respectively (74). Miesel ef al conducted a 6.5-year national-wide
surveillance for IPD in Germany. They showed that children with acute lymphoblastic
leukemia (ALL) carried 10-fold higher risk for IPD when compared with gencral
pediatric population and the risk was actually similar to recipients of hematopoietic stem
cell transplantation (HSCT). Over 90% of IPD cases presented as bacteremia. The
mortality rate was about 10%. The highest risk of IPD occurred during the first 2 years
after initial diagnosis and 50% of cases occurred in ALL children on maintenance

chemotherapy. The highest risk was observed in children aged 5-9 years old who had
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50-fold increase in IPD risk when compared with general pediatric population (75).

Protective strategies of IPD include chemoprophylaxis and active immunization.
Admimstration of trimethoprim-sulphamethoxazole at prophylactic dose for
Pneumocystis jirovecii prophylaxis during treatment period does not provide protection
from IPD (75). With the emergence of penicillin-resistant Strepfococcus preumoniae in
Hong Kong, up to 65% and 37% of isolated strains of Streptococcus pneumoniae from
nasopharyngeal aspirate are not susceptible to penicillin and second generation
cephalosporin respectively (76). Moreover, in our patient population with extensive
exposure to  various broad spectrum  antibiotics, the  percentage of
penicillin-non-susceptible species is expected to be much higher than the general
population although the data in this area is lacking. Thus chemoprophylaxis is unlikely to
be an effective protective method for IPD in pediatric oncology patients. Alternative
strategies for prevention of infectious diseases need to be explored.

Apart from a complicated clinical course, they can also encounter atypical
presentations of common infectious agents. Epstein-Barr virus (EBV) was first
discovered in 1964 by Epstein, Achong and Barr (77). It is a very “successful’ virus that
causes infection in over 90% of humans and persists for the lifetime as latent state in
humans. The manifestation of infection range from asymptomatic or have non-specific
symptoms on the benign side to fatal EBV-related lymphoproliferative disorder and it is
also implicated in a number of malignancies, namely Burkitt lymphoma and
nasopharyngeal carcinoma. Management of EBV-related lymphoproliferative disorder is
sometimes problematic due to difficultics and controversies with laboratory surveillance,
diagnosis, prevention and treatment. Allen et al led a group of infectious diseases experts
in American and Canada to formulate consensus and recommendations in these aspects

(78). Our group 1illustrates the case presentations and clinical courses of post-transplant

50



51

patients complicated with EBV-related post-transplant lymphoproliferative disorder
(PTLD) in Chapter 10. Human herpesvirus 6 (HHV-6) was first isolated in peripheral
blood of patients with AIDS and other lymphoproliferative disorders in 1986 (79).
Primary HHV-6B is now established as the cause of exanthema subitum (roseola
infantum) which is a common infectious diseases in infancy and has a life-long latency
period (80). The clinical course is a self-limiting disease with benign clinical outcome.
However, in immunocompromised host, particular hematopoictic stem cell transplant
recipients, reactivation of latent HHV-6 infection can result in encephalitis in which the
outcome is very grave (81). Our group performed an extensive review in this aspect and
cvaluated the role of antiviral prophylaxis in HHV-6 infection. The detail is discussed in
Chapter 11.

Concerning opportunistic infection in immunocompromised patients, Pneumocystis
pneumonia (PCP) is caused by Prneumocystis jiravecii, a yeast-like fungus. This pathogen
is specific to humans. Pneumocystis pneumonia in humans was initially recognized in
Central Europe after the World War Il in premature and malnourished infants. In the
1960-1970s, additional cases with significant mortality were described in adults and
children with hematological malignancies. Before the initiation of routine prophylaxts for
PCP with trimethoprim/sulfamethoxazole (TMP/SMX), the attack rate was up to 43%. In
1977, Hughes et al published results of the first study to document successful prophylaxis
with daily TMP/SMX in pediatric oncology patients (82). The success of daily and
intermittent prophylactic dosing of TMP/SMX has subsequently been recognized by other
authors (82, 83). Current recommendations for PCP prophylaxis in immunocompromised

patients are based on either daily dosing or dosing three consecutive days per week (83).
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4.3 Preventive strategies in pediatric oncology patients

There are a number of well-established guidelines for preventing opportunistic
infections in oncology patients and patients received hematopoietic stem cell
transplantation (82). Our group also formulated various recommendations and guidelines
in term of i1solation of children with respiratory and enteric infections (71, 83).

Vaccination is now a well-established method to protect children from a number of
infectious diseases. The term vaccine derives from Edward Jenner in 1796. Edward
Jenner was an English scientist who discovered the fact that vaccination with cowpox
would prevent smallpox after his observation of milkmaids who had contact with cowpox
did not get smallpox. His works was continued by Louis Pasteur and others in 19"
century and Louis Pasteur discovered the first vaccine for rabies. There were major
breakthroughs in vaccine technology in twentieth centurics with a number of successful
vaccines developed over this period and caused a dramatic decrease in the incidences of
various infectious diseases.

However in immunocompromised children, they may not have completed their
primary vaccination series before starting treatment or the recovery of immune system,
particularly the “immune memory”, can be incomplete, as discussed in previous chapters,
they are vulnerable to various infectious diseases despite months after completion of
chemotherapy. Zignol et al studied serum antibody levels for poliovirus, tetanus, hepatitis
B, rubella, mumps, and measles in 192 children who were in remission after completion
of chemotherapy. Absence of protective serum antibody titer for hepatitis B, measles,
mumps, rubella, tetanus, and poliovirus were detected in 46%, 25%, 26%, 24%, 14%, and
7% of patients, respectively. The loss of antibodies against rubella, mumps, and tetanus
was associated significantly with young age (p=0.001, p=0.02, and p=0.001, respectively),

and loss of antibodies against measles was significantly associated with young age and
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the female gender (p=0.0003 and p=0.008, respectively). These data showed that young
children, even though after completion of chemotherapy, were vulnerable to various
vaccine-preventable infectious diseases (56).

Patel et al evaluated the immunity to vaccines at a median of 7 months after
completion of chemotherapy in ALL children. They demonstrated protective antibody
concentration for all patients to tetanus, 86% to Haemophilus influenzae type B, 71% to
measles, 12% to Neisseria meningitidis group C, and 11% to all poliomyelitis serotypes.
In these studies, in general they showed a need to re-immunize patients after completion
of chemotherapy (84).

However, as a pediatrician who is responsible for taking care children with
malignancies, I always have a question whether post-chemotherapy immunization is one
of the effective strategies to protect these children from vaccine-preventable infectious
diseases. At the time of writing up this thesis, there were very little data from controlled
trials to study the effectiveness of vaccination in this group of vulnerable patients (85).

Basically, there are two reasons to postulate booster or revaccination being
necessary in children completed chemotherapy. Firstly, there may be interruption of
vaccination program due to onset of cancer and need to start chemotherapy urgently.
Secondly, the protective antibodies from previous vaccination may be lost after the
treatment with chemotherapy. The latter has been well-proven from published literature

(56).
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Based on the various published evidences, there is a fairly satisfactory recovery of
immune system at 6 months after stopping chemotherapy. Our group designed and
performed a series of original studies to evaluate the effectiveness of various vaccines in
pediatric oncology patients and stem cell transplant recipients. Moreover, our group also

explored different strategies so as to prevent infections in this vulnerable group.

4.4 Conclusion

Although recommendations in term of treatment of infections in this vulnerable
group are well established, opportunistic infections continue to pose significant impact in
pediatric oncology patients and stem cell transplant recipients. A series of studies that will
describe in the following chpaters is to forumate different strategies to protect our

patients from various infectious diseases.
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Chapter 5 Objectives and Planning of the Original Studies

5.1 Introduction

The objectives of this series of original studies are to explore different strategies in
protecting pediatric oncology patients from infections (both vaccine-preventable and
non-vaccine preventable infectious diseases) which are the major treatment-related
morbidities and mortalities in modern era.

The immune system of pediatric oncology patients and stem cell transplant
recipients is severely depressed and the depression can persist after the completion of
intensive chemotherapy, various immune studies have shown that a significant percentage
of children will lose protective antibodies to various vaccine-preventable infectious
diseases. Post-chemotherapy booster vaccination is one of the possible
immunomodulatory strategies that can be further explored to reconstitute the defective
“memory”.

Currently, there are clear guidelines for revaccination in pediatric stem cell
transplant recipients (86). However, uptil now, data from vaccination study in pediatric
oncology is scarce (85). There are still large numbers of questions remain unanswered: (1)
Who are the potential candidates? (ii) Is there any difference in vaccination strategy
between children with hematological malignancies and children with solid tumors? (iii)
When is the optimal timing for revaccination? (iv) What is the strategy for booster
vaccination?

The potential strategies include complete revaccination of primary series or only
vaccinate unprotected patients after performing serology screening. Practically, there are
a few laboratories that are able to perform all assays in one goal. Moreover, the
“protective” levels are derived from studies in healthy children and may not be totally
applicable in this selected population. Therefore, published literature did not support
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routine screening of antibodies to vaccine preventable antigens or measuring immune
response before booster vaccinations (87).

The vaccination strategy in this aspect is still a matter of debate due to paucity of
clinical data and specific recommendations are still lacking with respect to the use of
protein-conjugated vaccines during the maintenance phase of therapy and whether or not
there is need for revaccination for patients with malignancies who are in remission,
during therapy and/or afier completion of treatment and whether the vaccines are
immunogenic in immunocompromised state. However, there is little debate in avoiding
live-attenuated vaccines during intensive phascs of therapy, for example, induction,
re-induction and consolidation therapies.

Concerning those non-vaccine preventable infectious diseases, alternative strategies
namely routine monitoring of viral load and timely use of antiviral agents as prophylaxis
may have a role. Finally, in transplant recipients, with the introduction of various
myeloablative conditioning regimens, total body irradiation and the use of new
immunosuppressents in controlling acute and / or chronic graft-versus-host diseases, the
timing of recovery of immunity to various viral antigens may be different from decades
ago. Moreover, the role of transferring donors’ immunity to recipients so as to fasten the
recovery of hosts’ immunity can be further explored.

With these lines of thinking in mind, various original studies were planned and

performed.
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3.2 Planning of original studies
In the first place, we performed a 18-month longitudinal study to evaluate the
natural course of immune recovery to major vaccine-preventable diseases include
diphtheria, pertussis, tetanus, hepatitis B, measles, mumps and rubella in pediatric
oncology patients which included both hematological malignancies and solid tumor
patients from 6 months after stopping chemotherapy to 18 months after stopping
chemotherapy. This study was one of the longest cohort studies that ever reported in
English litcratures to address this question. It can tell us the duration of vulnerable period
that these children may be infected with these vaccine-preventable pathogens if no
revaccination is given especially in the era of “intensive™ treatment of childhood
malignancies and provides us the information about the status of immune rccovery at 18
months after stopping chemotherapy. The study detail is illustrated in Chapter 6
In Chapter 7, we describe our first randomized controlled frial to investigate the
effect of booster diphtheria-tetanus-pertussis (DTP) vaccine in children who have
completed treatment for hematological malignancies for six months. This study can answer
whether DTP booster vaccine is immunogenic in this group of children and whether the
immune response can be sustained throughout the vulnerable period, i.¢. at least 18 months

after stopping chemotherapy (88).
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Immunosuppressive effects of different chemotherapy regimens are different and
children suffered from solid tumors in general do not suffer from immunosuppressive
effects of primary diseases. Therefore, the degree of immune recovery may be different in
solid tumors when compared with children with hematological malignancies. We evaluated
the effect of DTP booster vaccine separately in children with solid tumors who have
stopped treatment for six months. The study can give us recommendation on whether
booster DTP booster vaccine is necessary in children with solid tumors. The detail is
illustrated in Chapter 8 (88).

In the spring of 2009, the emergence of a novel influenza virus (HIN1) strain caused a
global pandemic outbreak. Immunocompromised patient is a well-known high risk group
of severe influenza infection. The clinical presentation and outcome of this novel infection
remained unknown at the time of writing up this thesis. We performed a territory-wide
evaluation of the clinical characteristics of pandemic HINI infection in the pediatric
oncology and hematopoietic stem cell transplant recipients in Hong Kong. This study
involved all the five hospitals that are responsible for taking care of pediatric oncology
patients and stem cell transplant recipients in Hong Kong. We found that the early start of
antiviral therapy and prolonged course of antiviral treatment in patients with recurrent or
persistent symptoms may relate to the benign clinical course of this novel infection in our

cohort. The study detail is illustrated in Chapter 9.
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Children who have undergone hematopoietic stem cell transplantation belong to the
highest risk group among immunocompromised children to suffer from life-threatening
infections. With the improvement in various measures in preventing infections in this
highly vulnerable group mentioned in the previous chapter, a number of non-vaccine
preventable diseases still cause significant morbidity and mortality in these children.

Human herpesvirus 6 (HHV-6} was firstly isolated in peripheral blood of patients with
AIDS and other lymphoproliferative disorders in 1986. Primary infection occurs in early
childhood and has a life-long latency period. Reactivation of HHV-6 commonly occurs
within the first thirty days post-transplant and may cause significant transplant-related
morbidity and mortality.

Epstein Barr Virus (EBV)-associated post-transplant lymphoproliferative disorder
(PTLD) is a well-recognized complication following solid organ transplantation and
HSCT using bone marrow or peripheral blood stem cell sources, but rarely reported in
umbilical cord blood transplant setting. The impact of Epstein-Barr virus (EBV) and
human herpesvirus 6 (HHV-6) infections in children who have undergone allogeneic
hematopoietic stem cell transplantation were evaluated. The role of routine monitoring of
viral load in plasma and the early use of antiviral agents as prophylaxis in preventing

lethal complications are discussed in Chapter 10 and 11.
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Although there are well-validated guidelines for revaccination strategies in children
who have undergone hematopoietic stem cell transplantation. Non-vaccine preventable
infectious diseases still have significant impacts in these children’s morbidity and even
mortality as illustrated in Chapters 10 and 11. Moreover, with the introduction of various
mycloablative conditioning regimens, technique of total body irradiation and the use of
new immunosuppressents in controlling acute and/or chronic graft-versus-host diseases,
the timing of recovery of immunities to various viral antigens may be different from
decades ago. Moreover, the role of transferring donors’ immunities to recipients so as to
fasten the recovery of hosts’ immunities remains unknown. Our group studied the profile
of immune reconstitution of various herpes viruses (HSV-1, CMV, EBV, VZV, HHV-6,
HHV-7, HHV-8) by lymphoproliferative response (LPR) which is a reflection of recovery
of cell-mediated immunity (CMI) in transplant setting and the potential role of adoptive
transfer of cell-mediated immunity from donor to receipt in prevention of these
non-vaccine preventable infectious disease in children who underwent hematopoietic
stem cell transplantation. The result is illustrated in Chapter 12.

In the final part of the thesis, the results of my series of studies are summarized. The
new knowledge that was generated from our series of original studies and actual

measures that were and are going to apply in clinical settings are listed.
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3.3 Conclusion

The results of this series of original studies can provide clinical data on (i) whether
post-chemotherapy vaccination is necessary in pediatric oncology patients; (i1) whether
post-chemotherapy vaccination is effective in regenerating protective antibodies to
various vaccine-preventable infectious diseases; (iii) whether there is a difference in
recommendation in children with hematological malignancies and solid tumors as there is
fundamental difference in the degree of immunosuppression due to different primary
diseases and chemotherapy regimens; (iv) the role of routine plasma viral load
monitoring and the early use of antiviral prophylaxis in prevention of non-vaccine
preventable infectious diseases; (v) the timing of completion of immune reconstitution to
various non-vaccine preventable infectious agent in children with hematopoietic stem cell
transplantation and whether adoptive transfer of cell-mediated immunity is an effective

mode of prevention of these infectious diseases.
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Chapter 6 Recovery of Humoral and Cellular Immunities to
Vaccine-Preventable Infectious Diseases in Pediatric Oncology
Patients

6.1 Introduction

With the improvement of various treatment protocols of pediatric malignancies, the
overall and event-free survival rates in this vulnerable group improve significantly.(7, 89)
However, both primary diseases and their treatments will inevitably cause
immunosuppression. In this modern era, various studies have been performed to evaluate
the immune recovery after intensive chemotherapy (31, 90). A number of them showed
persistent immune deficit at the end of study period and left the period of complete or
satisfactory recovery of immune system unanswered.

In view of the exact duration of immune suppression after chemotherapy remains
unanswered, our group performed this longitudinal study to study the recovery of
immune system in children with hematological malignancies and solid tumors up to 18
months after stopping chemotherapy which is one of the longest ever reported in English
literatures. Our group also studied the recovery of antibodies to various vaccine antigens
at that period and thus estimated the percentage and duration of subjects that were still

vulnerable to these vaccine-preventable infections.
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6.2 Subjects and Methods

Study subjects were diagnosed and received treatment in a tertiary referral center for
pediatric cancers in Hong Kong. The Clinical Research Ethics Commitiee of our
University approved this clinical trital. Pattents and / or their parents gave informed
written consent prior to study according to the principles of the Declaration of Helsinki.

Paticnts aged 1-18 years who had been completed trcatment for pediatric
hematological malignancies and solid tumors for 6 months were recruited consecutively
for evaluation of recovery of humoral and cellular immunities against seven major
vaccine-preventable infectious diseases (hepatitis B, diphtheria, tetanus, pertussis,
measles, mumps and rubella). Hematological malignancies included children with acute
lymphoblastic leukemia (ALL), acute myeloid leukemia (AML) and other leukemias.
They were all treated according to their disease-specific treatment protocols.

Exclusion criteria included (1) patients with past history of those listed
vaccine-preventable diseases; (2} evidence of immunodeficiency before diagnosis of
malignancies; (3) patients developed relapse of primary disease or secondary
malignancies during study period; (4) patients were still receiving systemic steroid for
their primary diseases or other conditions with dosage greater or equivalent to
prednisolone 2 mg/kg/day for more than 14 days; (5) hematopoietic stem cell transplant

recipients.
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Immunization status of patients was obtained from the history and vaccination
records. Past medical history was reviewed to exclude those with history of diphtheria,
tetanus, pertussis, hepatitis B, measles, mumps and rubella infections before evaluation.,
They were monitored for development of these vaccine-preventable infectious discases
and other severe infections during the study period. Criteria of severe infections were
defined as (i) culture-proven bacteremia; (i1) culture or histological confirmed or
probable invasive fungal infections; (iii) severe infective episodes which required critical

care and / or respiratory support.

6.2.1 Serological studies

Serum concentrations of antibodies to diphtheria, tetanus, pertussis, measles, mumps,
rubella, hepatitis B were monitored serially started from 6 months (visit 1), 8 months
(visit 2), 12 months (visit 3} and 18 months (visit 4) after completion of all
chemotherapies including maintenance chemotherapy.

Serum samples from the above four visits were stored at -30°C until analysis in one
batch. Commercially avatlable kits were used for the determination of antibody titers.
Serum levels of specific antibodies to diphtheria, tetanus and pertussis were measured by
enzyme-linked immunosorbent assay (ELISA) (IBL, Hamburg, Germany). The protective
antibody levels were defined as 4 IU/mL for diphtheria, 2 IU/mL for tetanus and 24
[U/mL for pertussis respectively.(88) Titer to Hepatitis B surface antibody (anti-HBs) was
measured by using an enzyme-linked immunosorbent assay. (BioSupply, United
Kingdom)} Antibody level =2 10 mIU/ml was considered as protective. Measles and
mumps [gG antibodies were tested by a modification of the NOVUM measles/mumps
virus IgG ELISA test kits (Novum Diagnostica, Germany) and rubella by Imx Rubella
16G2.0 antibody assay (Abbott Laboratories, Chicago, IL, USA). Antibody levels

exceeding a cutoff value of 10 IU/ml were interpreted as seropositive (91).
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6.2.2  Assessment of lymphocyte subsels and measurement of serum immunoglobulin
levels

Lymphocyte subset and serum immunoglobulin level were checked at six months
(visit 1) and eighteen months (visit 4) after stopping chemotherapy. Subsets of circulating
lymphocytes were quantified by flow cytometry (FACSCalibur, Becton Dickinson, San
Jose, CA, USA) using fluorescence-labeled monoclonal antibodies CD3+, CD4+ (helper
T lymphocyte) and CD8+ (cytotoxic T lymphocyte), CD19+ (mature B lymphocyte) and
CD16/56+ (natural killer cells). Serum IgG, IgA and IgM concentrations were measured

by nephelometry (Binding Site, Birmingham, UK).

6.2.3 Statistical Analysis

Data were expressed as median and standard deviation unless otherwise stated.
Demographic data between different subgroups were analyzed using Student ¢ test for
indcpendent parametric variables and xz for categorical variables between different
disease or patient groups. Wilcoxon signed ranks test was used to analyze between
values at visit 1 (6 months after stopping chemotherapy) and visit 4 (18 months after
stopping chemotherapy). Statistical significance was defined as p-value <0.05. Data
analysis was performed by SPSS for Windows (version 14.0; SPSS Inc., Chicago, IL,

USA).
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6.3 Results

Twenty-eight patients with hematological and solid tumors were recruited (18 males
and 10 females); median age was 7.0 + 3.8 years old (range 2.6 - 16.2 years old). All
patients had completed primary series of childhood immunization schedules before
malignancy developed. Primary diagnosis included fourteen cases of hematological
malignancies and fourteen cases of solid tumors. Hematological malignancies included
acute lymphoblastic leukemia (ALL), n=12; acute myeloid leukemia (AML), n=2. Solid
tumors group included central nervous system (CNS) tumor, n=3; Hodgkin lymphoma,
n=3; osteosarcoma, n=2; and 1 case of germ cell tumor, rhabdomyosarcoma,
neuroblastoma, nasopharyngeal carcinoma, clear cell sarcoma, and Ewing’s sarcoma
respectively. The median duration of chemotherapy was 22.4 + 7.7 months in
hematological groups which included cumulative dose of prednisolone 1680 mg/m” and
dexamethasone 210 mg — 740 mg/m’ during intensive phase of treatment of ALL and
10.0 £ 4.0 months in solid tumors groups respectively. No radiation was given to the

mediastinal or thymic regions as part of their primary therapies.
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6.3.1 Recovery of humoral and cellular immunities

At six months after stopping chemotherapy (visit 1), the median absolute neutrophils,
CD3+ cells (1.43 + 0.52 x 10°/L), CD4/CD8 ratio, CD16/56+ cells and immunoglobulin
levels were within normal limit, but CD4+ cells (0.39 x 10°/L), CD8+ cells (0.39 x 10°/L)
and CD19+ cells (0.37 x 10%L) were low when compared with age-specific normal
lymphocyte subset values.(92) Throughout the eighteen-month study period, there was an
overall statistical significant increase in various lymphocyte subsets and immunoglobulin
levels. The median CD3+ lymphocyte raised from 1.43 x 10%/L + 0.52 at visit 1 to 1.76 x
10%/L + 0.68 (p=0.01) at visit 4; CD4+ raised from 0.39 x 10°/L + 0.17 to 0.54 x 10°/L +
0.28 (p=0.01); CD8+ raised from 0.39 x 10°/L + 0.20 to 0.47x10°/L £ 0.20 (p=0.04);
CD19+ increased from 0.37 x 10°/L + 0.17 to 0.45 x 10°/L + 0.20 (p=0.03). CD4/CD¥
ratio was > 1.0 throughout the study period (visit 1: 1.09 + 0.44; visit 4: 1.14 + 0.33). IgG
increased from 9.52 £ 2.43 g/L to 10.28 £ 2.73 g/L (p=0.02); IgA raised from 1.27 £ 0.59
g/L to 1.57 £ 0.6 g/L (p=0.01) and IgM changes from 0.92 £ 0.41 g/L to 1.22 £ 0.66 g/L
(p=0.01). Overall, all immune parameters were nearly normal at the end of study period
(18 months after stopping all chemotherapy) except median CD4+ and CD8+ cell counts
still lower than age-specific normal values.(92)

No subjects developed infections due to these vaccine-preventable pathogens during
the study period. Neither of them fulfilled the criteria of severe infection. The detail is

shown in Table 2.
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6.3.2 Antibodies to vaccine preventable infectious diseases

Concerning the recovery of protective antibody levels to seven major
vaccine-preventable infectious diseases, only 82% of subjects had protective
anti-diphtheria antibody levels, the percentages to hepatitis B, measles, mumps and
rubella were 29.6%, 70.4%, 55.6% and 70.4% respectively at six months (visit 1) after
stopping chemotherapy. The seropositive rate of pertussts and tetanus were 96.5% at that
time point.

Throughout the study period, there was no significant increase in various antibody
levels. Up till eighteen months (visit 4) after stopping chemotherapy, there were still 11%,
15%, 60%, 30%, 49% and 30% of subjects remained susceptible to diphtheria, tetanus,
hepatitis B, measles, mumps and rubella infections respectively. The detail is shown in

Table 3.
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Table 2. Recovery of humoral and cellular immunities in pediatric oncology patients {(n=28)

6 months after stopping 18 months after stopping p*
chemotherapy chemotherapy
{visit 1) (visit 4)
Absohute neutrophil 4.13+1.81 447+ 1.99 0.38
count (10°/L)
CD3+ (10°/L) 1.43+0.527 1.76 + 0.68 0.01%#
2.39(1.40 - 3.70)
CD3+/CD4+ (10°/L) 0.39+£0.17 0.54+0.28 0.01**
1.38 (0.70 - 2.20)
CD3+/CD8+ (10°/L) 0.39+0.20 0.47 +0.20 0.04*+
0.84 (0.49 - 1.30)
CD4+ ; CD8+ ratio 1.09 + 0.44 1.14+£0.33 0.43
CD19+ (10°/1) X 0.37+£0.17 0.45=0.20 0.03*#
0.75(0.39 - 1.40)
CD16/56+ (10°/L) 0.15 +0.08 0.14 + 0.06 0.43
0.30 (0.13 -0.72)
IgG (g/L) 9.52+2.43 10.28 +£2.73 0.02%*
(5.49-15.84)
IgA (g/1) 1.27 + 0.59 1.57 £ 0.60 0.01**
(0.61 - 3.48)
IgM (g/L) 092041 1.22 + 0.66 0.01**
(0.23-2.59)

*Analyzed by Wilcoxon signed ranks test between values at visit 1 (6 months afier
stopping chemotherapy) and visit 4 (18 months after stopping all chemotherapy); ”

Statistical significance: p<0.05; ~ normal median value (10 percentile -90 percentile);

expressed as median + standard deviation
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Table 3. Seropositive rate of diphtheria, tetanus, pertussis, hepatitis B, measles, mumps

and rubella in pediatric oncology patients

Vaccine-preventable Visit 1 Visit 2 Visit 3 Visit 4
infectious diseases

Diphtheria (Total) 82.1% 78.6% 75.0% 89.3%
Diphtheria (Hematology) 78.6% 71.4% 71.4% 78.6%
Diphtheria (Sclid Tumor) 85.7% 85.7% 78.6% 100%

Tetanus (Total) 96.4% 96.4% 92.9% 85.2%

Tetanus (Hematology) 92.3% 96.4% 92.9% 78.6%
Tetanus (Solid Tumor) 100% 96.4% 92.9% 92.3%
Pertussis (Total) 96.5% 96.2% 100% 100%
Pertussis (Iematology) 92.9% 100% 100% 100%
Pertussis (Solid Tumor) 100% 92.3% 100% 100%

Hepatitis B (Total) 29.6% 25.9% 32.1% 404.7%
Hepatitis B (Hematology) 15.4% 14.3% 35.7% 42.9%
Hepatitis B (Solid Tumor) 42.9% 38.5% 28.6% 38.5%

Measles (Total) 70.4% - 71.4% 70.4%

Measles (Hematology) 76.9% - 71.4% 71.4%
Measles (Solid Tumor) 54.3% - 71.4% 69.2%
556 % - 60.7% 51.9%
Mumps (Total)
Mumps (Hematology) 53.9% - 57.1% 42.9%
Mumps (Solid Tumor) 57.1% - 64.3% 61.5%
Rubella (Total) 70.4% - 64.3% 70.4%
Rubella (Hematology) 69.2% - 64.3% 69.2%
Rubella (Solid Tumor) 71.4% - 64.3% 71.4%
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6.4 Discussion

Various studies have shown that immune impairment can persist up to twelve
months after stopping intensive chemotherapy. The degree of immune reconstitution
depends on the treatment intensity. The most heavily treated patients, namely survivors of
high-risk ALL and AML are anticipated to have persistent abnormalities in cellular and
humoral immunities for at least six months after stopping treatment. Despite
normalization of T- and B-cell functions in vitro, they respond poorly to immunization
with T-cell dependent antigens indicating residual in vivo immune deficit.(93, 94) Our
study prospectively evaluate the natural recovery of humoral and cellular immunities and
the recovery of antibodies to various vaccine antigens in pediatric oncology patients
longitudinally from 6 months to 18 months after stopping chemotherapy which is one of

the longest periods of evaluation in reported English literatures.

In our cohort, although the T-helper (CD4+), cytotoxic T (CD8+) cells and B
lymphocytes (CD19+) remained at low level at six months after stopping chemotherapy,
the median absolute neutrophil, lymphocyte counts and CD4 / CD8 ratio remained at a
relative normal range. This might be the reason for the absence of severe infections,
namely bacteremia, invasive fungal infections or septic episodes which required critical
care and / or respiratory support, despite the extent of the depression of cellular and

humoral immunities.
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We demonstrate there was satisfactory recovery of humoral and cellular immunity
throughout the study period and the immune parameters of both groups were nearly
normal at the end of study. However, the CD4+ and CD8+ cells remained low at the end
of study period indicating residual immune deficit that could be persisted up to 18 months
after stopping chemotherapy.

T-lymphocytes are composed of a heterogenous group of short- and long-lived cells.
Under normal circumstances, the “long-lived” cells typically contain the “naive” subset
which are quiescent and remain in a noncycling state for months or even years while
awaiting antigen exposure. “Short-lived” cells, generally contain the effectors and
memory subsets, undergo variable levels of cell cycling in response 1o antigen and result
in ongoing modulation of their contribution to overall T-cell repertoire. When the T-cells
are acutely depleted after chemotherapy, restoration of heterogenous populations of
T-cells and re-establishment of T-cell immunocompetence is a slow, continuous and
frequently incomplete process (95, 96). Therefore, despite the persistence of memory
T-cells, loss of immune “memory” is still noted (34, 97). In our study, loss of immune
“memory” is demonstrated by persistent loss of previous antibodies to various vaccine
antigens up to eighteen months after stopping chemotherapy although other parameters

indicating a good recovery to humoral and cellular immunities in vivo.
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Although vaccine-preventable infectious diseases become uncommon or almost
being erradicated in developed worlds with the advancement in vaccine technology, they
are always one of the major threats in immunocompromised patients. Kaplan er al
showed that severe complications occurred in about 80% of immunocompromised
patients who acquired measles infection. The case fatality rate of measles infection was
about 70% for oncology patients and about 40% for HIV-infected patients. More
importantly, classical maculopapular rash could be absent in 30% of cases which posed
significant implications in patient management and infection control policy in oncology
centers (98).

Our study measured serially the recovery of antibodies and estimated the duration of
vulnerable periods to seven major vaccine-preventable infectious diseases that children
would be exposed to. Our results clearly showed that there was no significant increase in
percentage of seropositivity to various vaccine antigens although immune studies
demonstrated a good recovery of humoral and cellular immunities in vivo. A significant
number of subjects (range 15% to 60%) still had excessive risk of acquiring potentially
life-threatening vaccine-preventable infectious diseases up to eighteen months after
stopping chemotherapy. Our data is compatible with other published series (56, 99).

In 2009, there were 26, 163 and 45 cases of measles, mumps and rubella infections
were diagnosed respectively and reported to Centre for Health Protection (100).
Therefore, this will certainly become a significant public health problem if no further
intervention is implemented as the survival rate of pediatric oncology patients improves
significantly with the improvement in various cancer treatment protocols as stated in

previous chapters.
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Herd effect is defined as the reduction of infection or disease in the unimmunized
segment as a result of immunizing a proportion of the population (101). The estimated
herd immunity thresholds for vaccine preventable infectious diseases are as follow:
diphtheria: 85%, pertussis: 92-94%, poliomyelitis: 80-86%, measles: 83-94%, mumps:
75-86%, rubella: 80-85% (96, 102). Therefore, our cohort was below the herd immunity
thresholds for diphtheria, measles, mumps and rubella during the whole 18-month study
period. This can evolve to a significant public health problem if no interventions are
implemented as we anticipate an increase in number of long-term survivors of pediatric
oncology patients in the future.

Booster vaccinations started after stopping chemotherapy may have a role to
decrease the proportion of unprotected subjects in the community. Patel ef a/ showed that
children who had completed treatment of acute lymphoblastic leukemia (ALL) and acute
myeloid leukemia developed satisfactory responses to diphtheria, tetanus, acellular
pertussis, Haemophilus influenza type b, meningococcus C, poliomyelitis, measles,
rmumps and rubella vaccines which were given at median six months after stopping
chemotherapy. The response sustained up to 12 months after vaccinations (84). Ek et al
also showed that children who were intensively treated with chemotherapy, namely
children with high risk ALL, showed insufficiency immune response to revaccination and
the suboptimal response was correlated with the numbers of memory B cells and

antibody secreting cells (55).
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Therefore, although according to our study results and other published data, six
months after stopping chemotherapy, including maintenance therapy, seems to be a
reasonable time to restart booster vaccinations (88). Currently, our unit adopts the
following policies in our pediatric oncology patients: (i) revaccinate with three doses of
diphtheria-tetanus-acellular pertussis vaccines started at six months after stopping all
chemotherapy, each dose is two-month apart. We do not routinely perform antibody
testing of diphtheria, tetanus and pertussis because this is not part of the routine service of
our virology laboratory; (ii) evaluate the serostatus of measles, mumps, rubella and
hepatitis B at 6 months after stopping all chemotherapy and revaccinate with 1 dose of
measles-mump-rubella and 3 doses of hepatitis B vaccines for those seronegative patients.

(iii) patients can return to school three to six months after stopping chemotherapy.

We should admit that there is still not enough data to suggest the detailed strategy of
revaccination, namely (i) what is the optimal number of doses of revaccination? (ii)
Should we adopt a universal approach or only revaccinate those unprotected subjects
after immune check-up? (iii) Whether we need to have a different revaccination

schedules for standard and high risk patients?

One limitation of our study is lacking of complete set of pretreatment serology data
to strongly support the low seropositivity rate to various vaccine antigens was solely due
to immunosuppressive effect of chemotherapy. We did have pre-treatment data for
hepatitis B and measles to support our argument. For hepatitis B, overall 68% were
seropositive before starting chemotherapy (53.9% in hematology malignancies group and
84.4% in solid tumors group respectively) and after completion of treatment, the overall
seropositivity dropped to about 30% and stayed at 40% up to 18 months after stopping

chemotherapeutic agents. For measles, 85.7% of subjects were protective but the level
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was 70% after treatment completed. Despite of this, our study results are comparable
with other published literatures which evaluate antibody levels from the time of diagnosis
of malignancies (99). Immunosuppressive effect of chemotherapeutic agents plays an
important role in this aspect. Moreover, due to the limitation of the design of the study
and relative small sample size in different age group, it is difficult to evaluate the age
effect on immune reconstituation. A prospective multi-centers study which involves a
larger study population can answer this question. Finally, in order to have a more
comprehensive evaluation of the recovery of the immune system, functional assessment
of cell-mediated immunity should be performed. These can be further elaborated and

answered in future studies.
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6.5 Conclusion

Our study shows that although there was near complete immune recovery in our
subjects, a significant proportion of subjects remained susceptible to various
vaccine-preventable infectious diseases up to 18 months after stopping chemotherapy
which can evolve to significant public health problem if no interventions are
implemented as we anticipate an increase in number of long-term survivors of pediatric

oncology patients in the future.
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Chapter 7 Humoral Immune Response After Post-Chemotherapy Booster
Diphtheria-Tetanus-Pertussis Vaccine in Pediatric Patients with
Hematological Malignancies.

7.1 Introduction

In the last chapter, we have discussed that although there was near complete immune
recovery in pediatric oncology patients, a significant proportion of subjects remained
susceptible to various vaccine-preventable infectious diseases up to eighteen months after
stopping chemotherapy.

As vaccination plays a key role in preventing infectious diseases, effective vaccines
have curtailed dramatically or almost eliminated diphtheria, measles, mumps,
poliomyelitis, rubella and tetanus in developed countries. Consistent high level of vaccine
coverage accompanies with intensive surveillance and effective public health disease
control measures provide basis for effective prevention of various vaccine-preventable
infectious diseases and possibly eradication of these infectious diseases (103). From the
year 2004 — 2008, the vaccine coverage rates of diphtheria, tetanus, measles, mumps,
rubella and hepatitis B vaccines in Hong Kong were persistently higher than 98% (104).
The results were encouraging.

In children with hematological malignancy, chemotherapy is the mainstay of
treatment modality. Vaccination of these children presents challenges due to efficacy and
safety concerns (85). There arc well-established and validated recommendations for
revaccination in hematopoietic stem cell transplant recipients (86). However, to date,
there are very few guidelines in recommending routine booster vaccination in children
who have received intensive chemotherapies. Most of them are established based on data

from limited published studies and expert opinions (105-107).
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With the advance in treatment protocols and increase in dose intensity of
chemotherapies which result in marked improvement in overall and event-free survivals
of pediatric oncology patients in the past decades, these strategies also induce marked
impairment in humoral and cellular immunities which can persist up to 18 months after
stopping chemotherapy. This has been discussed in details in the last chapter (108).
Various cohort studies which include ours also demonstrate persistent and significant loss
of protective serum antibodies against poliomyelitis, tetanus, hepatitis B, measles, mumps
and rubella in pediatric oncology patients who had received intensive chemotherapy up to
eightecn months (31, 56, 108).

Restoration of normal number of B-lymphocytes and achievement of normal serum
immunoglobulin levels by six months after stopping chemothcrapy in most children that
have completed treatment of cancers provide a rational basis of starting revaccination
program in these patients since a prolonged period of susceptibility to various
vaccine-preventable infectious diseases is not of the best interest of our patients (50, 51,
53).

In this chapter, we describe our first randomized control trial to evaluate the
antibody response of diphtheria, pertussis and tetanus after complction of treatment in
children with hematological malignancies after three doses of booster diphtheria, tetanus

and pertussis (IDTP) vaccines so as to answer some of the unanswered questions.
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I Subjects and Methods

7.2.1 Patients and Samples

From June 1, 2003 to October 31, 2004, twenty nine consecutive patients aged 1-18
years who had been treated successfully for pediatric hematological malignancies were
recruited for evaluation of humoral immunity against seven major vaccine-preventable
diseases (hepatitis B, diphtheria, tetanus, pertussis, measles, mumps and rubella) and their
responses to three doses of booster DTP vaccine. They were all diagnosed and received
treatment in our oncology unit which was a tertiary pediatric oncology referral centre in
Hong Kong. All patients were in clinical, morphological, cytogenetic and molecular
remissions. The Clinical Research Ethics Committee of our University approved this
clinical trial, and patients and / or their parents gave informed written consent prior to
study.

Exclusion criteria included (1) patients with past history of those listed
vaccine-preventable diseases; (2) evidence of immunodeficiency before diagnosis of
malignancy; (3) history of allergic or severe reactions to DTP vaccine or its components
and (4) relapse of primary disease or development of secondary malignancies during the
study period. Eight patients did not consent for the study, two patients were excluded
because of history of severe febrile reaction to previous DTP vaccines and the other two

were due to relapse of primary disease during study period.

The subjects included patients with acute lymphoblastic leukemia (ALL) and acute
myeloid leukemia (AML). Patients in each group were randomized into vaccine or
control group. Immunization status of patients was obtained from the history and
vaccination records. Past medical history was reviewed to exclude those with history of
diphtheria, tetanus, pertussis, hepatitis B, measles, mumps and rubella infections before

enrollment.
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7.2.2 Randomization
Eligible patients were randomly assigned at 1:1 ratic into treatment and control
groups in this randomized clinical trial. An independent research staff was responsible for

generation of the randomization sequence by a computer program.

7.2.3 Surveillance of post-vaccination humoral and cellular immunities

Serum concentrations of antibodies to diphtheria, tetanus, pertussis, measles, mumps,
rubcella, hepatitis B were monitored scrially started from six months after completion of
intensive chemotherapy (visit 1). In the vaccination group, three doses of booster DTP
vaccine were given at eight months (visit 2}, ten months (visit 3) and twelve months (visit
4) after completion of chemotherapy. Each 0.5 ml dose of DTP vaccine (Aventis Pasteur,
Lyon, France) contained = 30 IU purified diphtheria toxoid, = 60 IU purified tetanus
toxoid and > 4 IU heat-inactivated Bordetella perutssis. These vaccines were stored at
4°C until use. No intervention was performed for the control group. Blood for diphtheria,
tetanus, pertussis, hepatitis B, measles, mumps and rubella antibodies were checked at

visit 1, visit 2, visit 4 and visit 5. Table 4 illustrates the study timeline.
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7.2.4 Serological studies

Serum samples obtained fiom the akows four visits were stored at -30°C
until analysis in one batch. Commercially available kits were used for the
determination of antibody titers. Serum levels of specific antibodies to diphtheria,
tetanus and pertussis were measured by enzyme-linked immunosorbent assay (ELISA)
(IBL, Hamburg, Germany). The protective antibody levels were defined as 4 1U/mL
for diphtheria, 2 IU/mL for tetanus and 24 [U/mL for pertussis respectively.(88) Titer
to Hepatitis B surface antibody (anti-HBs) was measured by using an enzyme-linked
immunosorbent assay. (BioSupply, United Kingdom) Antibody level = 10 mIU/ml
was considered as protective. Measles and mumps IgG antibodies were tested by a
modification of the NOVUM measles/mumps virus IgG ELISA test kits (Novum
Diagnostica, Germany) and rubella by Imx Rubella IgG2.0 antibody assay (Abbott
Laboratories, Chicago, 1L, USA). Antibody levels exceeding a cutoff value of 10

[U/ml were interpreted as seropositive (91).

7.2.5 Assessment of cellular and humoral immunities

Subsets of circulating lymphocytes were quantified by flow cytometry
(FACSCalibur, Becton Dickinson, San Jose, CA, USA) using fluorescence-labeled
monoclonal antibodies CD3+ (total T-lymphocyte), CD4+ (helper T-lymphocyte) and
CD8+ (suppressor T-lymphocytes), CD19+(mature B-lymphocytes) and CD16+/56+
(natural killer cells). Serum IgG, IgA and IgM concentrations were measured by

nephelometry (Binding Site, Birmingham, UK).
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7.2.6 Statistical Analysis

The primary outcomes were the differences in serum concentrations of specific
antibodies to diphtheria, tetanus and pertussis between vaccine and control groups at
the end of the twelve months study period. Secondary outcomes included the
differences in serum concentrations of total IgG and anti-HBs, measles, mumps and
rubella antibodies, as well as circulating lymphocyte sub-populations, between the
two groups, and longitudinal changes in serum diphtheria, tetanus and pertussis
antibody levels in the patients and controls at baseline (visit 1) and 12 months (visit 5)
following vaccination.

Data were expressed as mean and standard deviation unless otherwise stated.
Serum concentrations of specific antibodies were logjo-transformed to achieve normal
distribution of data before analysis. Demographic data between different subgroups
were analyzed using Student ¢ test for independent parametric variables and ¥° for
categorical variables between different disease or patient groups. Statistical analysis
was performed only for subjects who had received at least two doses of DTP vaccines.
Patients who relapsed during follow-up were excluded from analysis. Following DTP
vaccination, the longitudinal changes in serum antibody levels between study visits
were analyzed using paired ¢ test. Data analysis was performed by SPSS for Windows
(version 14.0; SPSS Inc., Chicago, IL, USA), and p < 0.05 was considered to be

statistically significant.
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7.3 Results

7.3.1 Study populations

During the study period, twenty nine patients with acute leukemia (24 ALL; 5
AMLY} were recruited. Fourteen were randomized to the vaccination group and 15 to
the control group. All patients were followed up until the end of study. Forty-two
booster vaccines were given. No significant vaccine-related adverse reactions were
noted. The baseline characteristics of subjects in vaccination and control groups were

comparable (Table 5).
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Table 5. Baseline characteristics of hematological malignancies patients

86

Parameters Vaccine group Control group p-value
(n=15) (n=14)

Mean age 8.39 + 3.67 8.41+3.82 0.99

Male, n (%) 9 (60.0%) 10 (71%) 0.76

ALL 12 12

AML 3 2

Mean duration of 20.5+8.79 22.4+7.74 0.53

chemotherapy, months

Total lymphocyte count, 2.35+0.84 2.64+ 0.98 0.39

10°/L

Total T—lymg)hocyte counts 1.35+0.51 1.54 £ 0.59 0.37

(CD3+), 10°/L

Mature B-lymphocyte 0.72+ 033 0.42 + 0.21 0.01*

(CD19+), 10°/L

Natural killer cells 0.13+0.05 0.18 +0.09 0.07

(CD16+/ CD56+), 10°/L

Helper T-lymphocyte 0.37+0.17 0.39+0.17 0.78

(CD3+/CD4+), 10°L

Suppressor T-lymphocyte 0.36+0.16 0.44+0.23 0.25

(CD3+/ CD8+), 10°/L

CD4 : CD8 ratio 1.12 + 0.95 0.95 £0.31 0.22

Baseline IgG, g/L. 8.59+2.05 940+ 1.62 0.25

Baseline IgA, g/L 1.23 £ 0.54 1.21 + 0.63 0.93

Baseline IgM, g/L 0.88 + 0.38 0.88 = 0.45 0.77

Results expressed as mean + standard deviation unless otherwise stated.

* Statistical significance (p<0.05)
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7.3.2 Baseline antibody titers

At six months after stopping chemotherapy (baseline), 29.5% patients had
diphtheria antibody titer below protective level, 10.5% and 6.9% of patients were
seronegative for tetanus and pertussis respectively. For measles, mumps and rubella,
34.9%, 46.4% and 38.8% of patients did not have protective levels of these specific
antibodies respectively after completion of chemotherapy. Concerning hepatitis B, our
unpublished data showed that overall 68% were seropositive before starting
chemotherapy, and the overall seropositivity dropped to about 30% and stayed at 40%
up to 18 months after stopping chemotherapeutic agents. In hematology group, 53.9 %
of patients were seroncgative against hepatitis B surface antigen before starting
chemotherapy and the percentage raised up to about 85% after completion of

treatment (Table 3).
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il Humoral immunity to booster DTP vaccinations

After three doses of booster DTP vaccine, 100% of patients demonstrated
seropositivity against diphtheria, tetanus and pertussis. The responses were sustained
till twelve months after first dose of DTP vaccine, i.e. eighteen months after stopping
chemotherapy (Table 6). The geometric mean of antibody titers against diphtheria,
tetanus and pertussis were significantly higher than baseline and the response were
sustained till twelve months after vaccinations (Table 7). Booster DTP vaccinations
were efficacious in increasing the respective specific antibodies. During the twelve
months follow up, the seropositivity rates were similar among unvaccinated patients.
The seropositive rate of mumps, measles, rubella and hepatitis B in both groups
remained unchanged throughout the study period. A significant proportion of subjects
remained susceptible to these vaccine-preventable infectious diseases throughout the

siudy period.
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7.4 Discussion

The safe and effective use of vaccines has always been a major challenge and
concern in immunocompromised patients. The key concerns are (i) the safety and (ii)
the ability of patients to mount and sustain protective immune response to various
vaccine antigens. There are well-established and validated recommendations for
revaccination of patients who have undergone hematopoietic stem cell transplantation
but such information is still missing for post-chemotherapy patients at the time of
writing up this thesis (82, 86). Although a number of cohort studies were published to
address the change of antibody titers and response to booster vaccine after
chemotherapy, there are no validated recommendations for booster vaccination
program for post-chemotherapy patients with hematological malignancies.

Thirty years ago, de Vaan GA et al conducted a study to investigate the serial
changes in antibody titers to diphtheria, pertussis, tetanus and poliomyelitis (types I, I1
and III) after stopping chemotherapy in forty-nine children with acute lymphoblastic
leukemia (ALL) and their response to revaccination with DT-Polio vaccine one year
after cessation of anti-cancer treatment.(109) The antibody titers were lower than in
healthy controls but still remained at protective levels in most patients. No
spontaneous rise in antibody titer was shown before revaccination in the first year
post-treatment, but a rise in antibody titers was demonstrated which was similar to

healthy controls after revaccination.
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With the increase in dose intensity of treatment of ALL and other hematological
malignancies, the disease-free survival has improved significantly (7). In the 1990s,
the five-year event-free survival rates for childhood ALL generally ranged from 70 to
83% in developed countries with an overall cure rate of approximately 80%.
Emerging results suggest that a cure rate of nearly or more than 90 percent will be
attained in the near future, particularly in standard risk ALL patients (7). However,
immune reconstitution after treatment may be severely prolonged. In our study,
chemotherapy induced a loss of protective serum antibody titers for diphtheria,
tetanus, pertussis, measles, mumps, rubella and hepatitis B at six months after
stoppitie  chemotherapy respectively. Hepatitis B, measles, mumps and rubella
antibody titers were mostly affected by the immunosuppressive effect of cytotoxic
therapy when compared with diphtheria, tetanus and pertussis. These findings were
consistent with other published data (93, 110-112).

The administration of booster DTP vaccines started at 6 months after stopping
chemotherapy enabled 100% of patients in treatment group to recover protective
antibody at a persistently high titers. The antibody titers were also sustained above the
protective level throughout the one-year follow up period. This finding suggested that
chemotherapy did not entirely abolish the specific humoral immune memory in
patients with undetectable serum antibody titers after chemotherapy. The impaired
capacity to mount an immune response was temporary and it tended to return to near
normal level at six months after the end of chemotherapy. In the control group,
although the process of immune reconstruction continued, there was no significant
increase in percentage of patients that became seropositive and there was no
significant change in the absolute antibodies titers throughout one year, indicating the

recovery of immune “memory” as stated in previous chapter was not complete and
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they were still susceptible to these vaccine-preventable diseases. There was a role for
post-chemotherapy booster vaccination. A total of forty-two booster vaccinations were
given. There were no significant or serious adverse events noted during the entire
study period.

Since routine antibody testing for diphtheria, tetanus and pertussis is usually not
part of the routine service of most of the virology laboratories. This is reasonable and
logical to propose children with age less than two years old who have interrupted the
primary vaccine schedule at the time of starting chemotherapy should restart the
primary vaccine series six months after stopping chemotherapy and revaccinate
according to vaccination schedule (113). For children who have completed the
primary series before the diagnosis of malignancies, three doses of booster DTP
vaccines can produce significant and sustained antibody responses in recipients.
Antibody titers to hepatitis B, measles, mumps and rubella antibodies can be retested
at 6 months after stopping chemotherapy and booster revaccination should be given to
those seronegative patients.

One limitation of our study is lacking of actual functional assessment of cellular
immunity in our study and control populations which is an important aspect of
comprehensive assessment of recovery of cellular immunity. This can be addressed in

future studies.
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7.5 Conclusion

In conclusion, our study demonstrate that intensive chemotherapy led to loss of
protective serum antibody titers for different types of vaccine-preventable infectious
diseases which could be persistent till eighteen months after stopping chemotherapy.
Booster vaccinations started at six-month after stopping chemotherapy in children
with hematological malignancies that could be safely administered, and effectively
restored a sustained effect in humoral immunity against various types of

vaccine-preventable infectious diseases.
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Chapter 8 Humoral Immune Response After Post-Chemotherapy
Booster Diphtheria-Tetanus-Pertussis Vaccine in Pediatric
Patients with Solid Tumors.

8.1 Introduction

As there are fundamental differences in primary diseases and treatment protocols
between hematological and solid tumor malignancies, children with solid tumors may
behave differently in immune recovery and subsequent immune response to booster
vaccination. Therefore, in this chapter, we study the response of children with solid
tumors who have completed their treatment protocols for six months to three doses of
DTP booster vaccine.

In children with solid tumors, apart from surgery and/or radiotherapy for local
disease control, systemic chemotherapy is the other mainstay of treatment modality
aiming at clearance of minimal residual diseases or distant micrometastasis. As with
patients with hematological malignancies, vaccination of these children presents
challenges due to efficacy and safety concerns (85). With the limitation of data in this
aspect, we conducted this study to evaluate the antibody levels of diphtheria, pertussis,
tetanus, hepatitis B, measles, mumps and rubella after completion of treatment in
children with solid tumors and to investigate their humoral immune responses to
booster diphtheria, tetanus and pertussis (DTP) vaccinations in pediatric patients with

solid tumors.
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82 Subjects and Methods

&2 Patients and Samples

From the period June 1, 2003 to October 31, 2004, 27 consecutive patients aged
1-18 years who had been treated successfully with different solid tumors were
recruited for evaluation of humoral immunity against seven major
vaccine-preventable diseases (hepatitis B, diphtheria, tetanus, pertussis, measles,
mumps and rubella) and their responses to booster DTP vaccine. They were all
diagnosed and received treatment in an our oncology centre of a university teaching
hospital in Hong Kong, which is also a tertiary referral center for pediatric cancers in
Hong Kong. All patients were in clinical and radiological remissions. The Clinical
Research Ethics Committee of our University approved this clinical trial, and patients
and / or their parents gave informed written consent prior to study.

Exclusion criteria included (1) patients with past history of those listed
vaccine-preventable diseases; (2) evidence of immunodeficiency before diagnosis of
malignancy; (3) history of allergic or severe reactions to DTP vaccine or its
components and (4) relapse of primary disease or secondary malignancies during the
study period. Three patients did not consent for the study, two patients were excluded
because of history of severe febrile reaction to previous DTP vaccines and the other

two were due to relapse of primary disease during study period.

The subjects included patients with different solid tumors. Patients in each group
were randomized in blocks of 4 into the vaccine and control groups. Immunization
status of patients was obtained from the history and vaccination records. Past medical
history was reviewed to exclude those with history of diphtheria, tetanus, pertussis,

hepatitis B, measles, mumps and rubella infections before enrollment.
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822 Randomization
Eligible patients were randomly assigned at 1:1 ratio into treatment and control
groups in this randomized clinical trial. An independent rescarch staff was responsible

for generation of randomization sequence by a computer program.

823 Surveillance of post-vaccination humoral and immunities

Serum concentrations of antibodies to diphtheria, tetanus, pertussis, measles,
mumps, rubella, hepatitis B were monitored serially started from six months after
completion of intensive chemotherapy (visit 1). In the vaccination group, three doses
of booster DTP vaccines were given at eight months (visit 2), ten months (visit 3) and
tweleve months (visit 4) after completion of chemotherapy. Each 0.5 ml dose of DTP
vaccine (Aventis Pasteur, Lyon, France) contained = 30 U purified diphtheria toxoid,
> 60 IU purified tetanus toxoid and > 4 IU heat-inactivated Bordetella perutssis.
These vaccines were stored at 4°C until use. No intervention was performed for the
control group. Blood for diphtheria, tetanus, pertussis, hepatitis B, measles, mumps
and rubella antibodies were checked at visit 1, visit 2, visit 4 and visit 5. Table 8

illustrates the study timeline.
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824 Serological studies

Serum samples obtained from the above 4 visits were stored at -30°C until
analysis in one batch. Commercially available kits were used for the determination of
antibody titers. Serum levels of specific antibodies to diphtheria, tetanus and pertussis
were measured by enzyme-linked immunosorbent assay (ELISA) (IBL, Hamburg,
Germany). The protective antibody levels were defined as 4 1U/mL for diphtheria, 2
[U/mL for tetanus and 24 IU/mL for pertussis respectively.(88) Titer to Hepatitis B
surface antibody (anti-HHBs) was measured by using an enzyme-linked immunosorbent
assay. (BioSupply, United Kingdom) Antibody level > 10 mIU/ml was considered as
protective. Measles and mumps IgG antibodies were tested by a modification of the
NOVUM measles/mumps virus IgG ELISA test kits (Novum Diagnostica, Germany)
and rubella by Imx Rubella [gG 2.0 antibody assay (Abbott Laboratories, Chicago, IL,
USA). Antibedy levels exceeding a cutoff value of 10 IU/m! were interpreted as

seropositive (91).

825 Assessment of cellular and humoral immunities

Subsets of circulating lymphocytes were quantified by flow cytometry
(FACSCalibur, Becton Dickinson, San Jose, CA, USA) using fluorescence-labeled
monoclonal antibodies CD3", CD4" and CD8" (T lymphocytes), CD19" (mature B
lymphocytes) and CD16/56” (natural killer cells). Serum IgG concentration was

measured by nephelometry (Binding Site, Birmingham, UK).
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8.26 Statistical Analysis

The primary outcomes were the differences in serum concentrations of specific
antibodies to diphtheria, tetanus and pertussis between vaccine and control groups at
the end of the 12-month study period. Secondary outcomes included the differences in
serum concentrations of total IgG and anti-HBs, measles, mumps and rubella
antibodies, as well as circulating lymphocyte subpopulations, between the two groups,
and longitudinal changes in serum diphtheria, tetanus and pertussis antibody levels in
the patients and controls at baseline (Visit 1) and 12 months (Visit 5) following
vaccination.

Data were expressed as mean and standard deviation unless otherwise stated.
Serum concentrations of specific antibodies were logjg-transformed to achieve normal
distribution of data before analysis. Demographic data between diflerent subgroups
were analyzed using Student 7 test for independent parametric variables and ¥* for
categorical variables between different disease or patient groups. Statistical analysis
was performed only for subjects who had recetved at least two doses of DTP vaccines.
Patients who relapsed during follow-up were excluded from analysis. Following DTP
vaccination, the longitudinal changes in serum antibody levels between study visits
were analyzed using paired f test. Data analysis was performed by SPSS for Windows
(version 14.0; SPSS Inc., Chicago, IL, USA), and p < 0.05 was considered to be

statistically significant.
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8.3 Results

8.3.1 Study populations

During the study period, twenty seven patients with solid tumors were recruited.
They included patients with different solid tumors (osteosarcoma, n=8; brain tumors,
n=5; lymphoma, n=5; soft tissue sarcoma, n=2; others included Wilm’s tumors,
extracranial germ cell tumors, neurcblastoma, and nasopharygneal carcinoma, n=7).
Thirteen were randomized to the vaccination group and fourteen to the control group.
All patients were followed up until the end of study. Thirty-nine booster vaccines
were given. No significant vaccine-related adverse reactions were noted. The baseline
characteristics of subjects in vaccination and control groups were comparable (Table

9.
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Table 9. Baseline characteristics of children with solid tumors

102

Parameters Vaccine group Control group p-value
(n=13) (n=14)

Mean age 9.25+3.89 7.62+3.79 0.28

Male, n (%) 11 (84.6%) 8 (57.1%) 0.12

Mean duration of 9.69 +3.12 9.71 £ 4.05 0.99

chemotherapy,

months

Total lymphocyte 2.47£1.30 2.17+06:52 0.46

counts, 10°/L

Mature B cells 0.57+£0.39 0.59+0.14 0.92

(CD19), 10°/L

Total T-lymphocyte 1.43 +£0.82 1.31 £ 0.41 0.60

(CD3), 10°/L

Natural killer cells 0.12+0.08 0.12+0.07 0.93

(CD16/CD56), 10°/L

T-helper cells 0.46 + 0.34 0.40+0.18 0.58

(CD3/CD#4), 10°/L

T-suppressor cells 0.39+0.26 .33 £0.15 0.44

(CD3/CDS8), 10°/L

CD4 : CD8+ ratio 1.18 £ 0.40 1.27 £ 0.48 0.62

Baseline IgG, g/L 11.67 +1.70 9.66 = 3.03 0.05*

Baseline IgA, g/L 2.14 £ 0.93 1.46 £ 0.50 0.38

Baseline IgM, g/L 1.12+0.39 0.99+0.37 0.03*

Results expressed as mean + standard deviation unless otherwise stated.

* Statistical significant (p<0.05)
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832 Baseline antibody titers

At baseline, 12.1% patients had diphtheria antibody titer below protective level,
and 7.4% and 3.5% of patients were seronegative for tetanus and pertussis
respectively. For measles, mumps and rubella, 30.5%, 29.2% and 33.5% of patients
did not have protective levels of these specific antibodies respectively. Concerning
hepatits B, our unpublished data showed that overall 68% were seropositive before
starting chemotherapy (53.9% in hematology malignancies group and 84.4% in solid
tumors group respectively) and after completion of treatment, the overall
seropositivity dropped to about 30% and stayed at 40% up to eighteen months after
stopping chemotherapeutic agents. Concerning the data in solid tumors group, only
15.6% of patients were seronegative against hepatitis B surface antigen before starting
chemotherapy and the percentage raised up to about 57.0% after completion of

treatment (Table 3).
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833 Humoral immunity to booster DTP vaccination

After three doses of DTP vaccine, 100% of patients demonstrated seropositivity
against diphtheria, tetanus and pertussis. The responses were sustained till twelve
months after first dose of DTP vaccine (Table 10). The geometric mean of antibody
titers against diphtheria, tetanus and pertussis were significantly higher than baseline
and the response were sustained till 12 months after vaccinations (Table 11). Booster
DTP vaccinations were efficacious in increasing the respective specific antibodies.
During the twelve months follow up, the seropositivity rates were similar among
unvaccinated patients. There was no spontaneous rise in protective antibodies against
mumps, measles, rubella and hepatitis B in both groups during the study period. A
significant proportion of subjects remained susceptible to these vaccine-preventable

infectious diseases throughout the study period.
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8.4 Discussion

In this study, chemotherapy for children with solid tumors were also shown to be
able to induce a loss of protective serum antibody titers for diphtheria, tetanus,
pertussis, measles, mumps, rubclla and hepatitis B at six months after stopping
chemotherapy. Hepatitis B, measles, mumps and rubella antibody titers were mostly
affected by the immunosuppressive effect of cytotoxic therapy when compared with
diphtheria, tetanus and pertussis antibody titers. These findings are consistent with
other published data (31, 56).

The administration of booster DTP vaccines started at 6 months after stopping
chemotherapy enabled 100% of patients in treatment group to recover protective
antibody at a persistently high titers. The antibody titers could also be sustained above
the protective level throughout the twelve-month follow up period. This finding
suggested that chemotherapy did not entirely abolish the specific humoral immune
memory in patients with undetectable serum antibody titers after chemotherapy. The
impaired capacity to mount an immune response was temporary, and probably in a
lesser extent than children with hematological malignancies, and it tended to return to
normal at six months after the completion of chemotherapy. In the control group,
although the process of immune reconstruction continued, there was no significant
increase in percentage of patients became seropositive and there was no significant
change in the absolute antibodies titers throughout one year indicating they were still
vulnerable to these vaccine-preventable diseases, indicating there was a role for
post-chemotherapy booster vaccination in this group of patients. A total of thirty-nine
booster vaccinations were given. No significant or serious adverse events were noted

during the entire study peried.
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Our studies described in Chapter 7 and 8 are the first series of randomized
controlled studies published in English literatures evaluating immune responses of
post-chemothearpy vaccination in pediatric oncology patients, Qur results clearly
illustrate that there are no spontaneous rise in antibodies level among various
vaccine-preventable infectious diseases antigens if no post-chemotherapy booster
vaccines are given. The rise in antibodies in diphtheria, tetanus and pertussis are
solely due to the effect of vaccination.

Currently, with the available data including the data from our group, indicating
there are no major differences in protection among patients with solid tumors and
hematological malignancies, we can probably treat them as one group of patients in
term of evaluating the strategies of booster immunization.

There are two main strategies that can be used for re-immunizing children who
had completed chemotherapy. They are: (i) universal approach: re-immunization of all
patients six months after completion of chemotherapy, regardless of their antibodies
level; (1) selected approach: immunization of those unprotected patients after
assessment of antibodies to various vaccine antigens at six months after stopping
chemotherapy. The adoption of each strategy needs a fine balance among (1)
epidemiology and clinical consequences of acquiring these vaccine-preventable
infectious diseases in local population; (ii) risk of vaccination; (iii) dectailed cost and
effectiveness analysis of the vaccine cost, cost of extra laboratory tests and cost of
extra clinic visits for vaccination. However, before the detail logistics being worked
out, as mentioned in my previous chapter (Chapter 7), young children, probably under
2 years old, especially who have not completed their primary schedule at the time of
initiation of intensive chemotherapy, are even less protective against vaccine antigens

than older counterparts should restart the revaccation program six months after
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stopping all chemotherapies including maintenance chemotherapies.

Since routine antibody testing for diphtheria, tetanus and pertussis is usually not
part of the routine service in most of the virology laboratories. This is reasonable and
logical to propose children with age less than two years old who have interrupted the
primary vaccine schedule at the time of starting chemotherapy should restart the
primary vaccine series six months after stopping chemotherapy and revaccinate
according to vaccination schedule (113). For children who have completed the
primary series before the diagnosis of malignancies, three doses of booster DTP
vaccines can produce significant and sustained antibody responses in recipients.
Antibody titers to hepatitis B, measles, mumps and rubella antibodies can be retested
at six months after stopping chemotherapy and booster revaccination should be given
to those seronegative patients.

One limitation of our study is lacking of actual functional assessment of cellular
immunity in our study and control populations which is an important aspect of
comprehensive assessment of recovery of cellular immunity. This can be addressed in

future studies.
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8.5 Conclusion

In conclusion, our study demonstrates that chemotherapy for solid tumors leads
to loss of protective serum antibody titers for different types of vaccine-preventable
infectious diseases. Booster vaccinations started at six-month after stopping
chemotherapy in children with clifferent solid tumors can be safely administered and
effectively restore a sustained effect in humoral immunity against various types of

vaccine-preventable infectious diseases.
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Chapter 9: Clinical Presentations and OQutcome of Hospitalized
Pediatric Oncology Patients with Laboratory-confirmed
Pandemic HIN1 Influenza Infection in Hong Kong — Impact
of Novel Virus and the Role of Novel Monovalent HIN1
Vaccine

9.1 Introduction

In April, 2009, a novel influenza virus (HIN1) strain which was characterized by

a unique combination of gene segments that derived from two swine species from
North American and Eurasian lineages, one avian and one human origin influenza
viruses was identificd (114). In June, 2009, World Health Organization {(WHO)
declared the status of influenza A (HIN1) pandemic had reached phase six indicating
widespread community transmissions in at least two continents (17). The basic
reproductive ratio (Rp), which is defined as the expecied number of secondary
infections arising from a single individual during his or her entire infectious period in
a population of susceptible, of this novel influenza (HIN1) strain is similar to the
spread of Asian pandemic influenza (H2N2) in 1957-1958 which is about 1.4-1.6 (17).
Although the reported case fatality rate of this influenza remains comparable

to seasonal influenza in general population, the epidemiology is quite different from
seasonal influenza infection, namely (i) the median age of reported confirmed cases is
much younger than cases of seasonal influenza; and (ii) the attack rate is highest
among children and adolescents (115). Prolonged viral excretion, lower respiratory
tract infection and frequent development of anti-viral resistance during antiviral
therapy are major additional concerns in immunocompromised pediatric population

(116),
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The overall clinical picture of pandemic HIN1 infection in one of the most
vulnerable patient groups — pediatric oncology and hematopoietic stem cell transplant
recipients (HSCT) is not fully understood. Traditionally, immunocompromised
patients are well-known to suffer from serious complications of influenza infection.
By knowing this fact, appropriate and timely treatment and preventive strategies can
then be timely tailored made to this patient group. We, therefore, performed this
territory-wide study to evaluate the symptomatology and clinical course of this
infection in hospitalized pediatric oncology patients with laboratory-confirmed

pandemic HIN1 infection in Hong Kong.

112



113

9.2 Subjects and Methods

9.2.1 Recruitment criteria

All local hospitals (2 university centres and 3 regional hospitals) which involve
in managing pediatric oncology patients and hematopoietic stem cell transplant
(HSCT) recipients in Hong Kong participate in this study.

The review period was started from the date which WHO declared the global
pandemic of HINI infection, i.e. from 1*® June, 2009 to 30™ November, 2009. The

following case definitions were used to select patients for review: (i) children aged =

18 years old with oncologic conditions or hematopoietic stem cell transplant
recipients who are receiving active treatment presenting with influenza-like illness
(IL) and laboratory-confirmed pandemic HINI1 influenza infection or (ii) children

aged = 18 years old with oncologic conditions or hematopoietic stem cell transplant

recipients who have completed chemotherapy or discontinued immunosuppressants
for less than twelve months, presenting with ILI and laboratory-confirmed pandemic
HIN1 infection. The definition of ILI is fever (temperature = 38°C) with either
cough, sore throat or both for at least 24 hours. Laboratory-confirmed pandemic
HINI infection was defined as the detection of HINI-H! gene by real-time
reverse-transcriptase polymerase chain reaction (RT-PCR) in nasopharyngeal aspirate

(NPA) or nascpharyngeal swab or combined oropharyngeal and nasal swab samples.
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922 Data collection
Medical chart review was performed by the physician-in-charge of each
participating site. They used the same standardized form that included (i} baseline
demographic data; (ii) presenting symptoms / signs and laboratory results at diagnosis;
(iii) clinical course; (iv) treatment offered; (v) complications and (vi) outcome. All
diagnostic tests and management were clinically driven and based on the
recommendations of Hospital Authority of Hong Kong.

For time calculations, the first day of onset of fever was considered to be day 0.

9.3 Results

During the study period, sixteen patients (12 male: 4 female) fulfilled the case
definition were recruited. The median age was 12.4 years (range 3.4 years — 14.6
years). The primary diseases included: (i) acute lymphoblastic leukemia (n=7); (i1}
CNS tumors (n=4); (iil) acute myeloid leukemia (n=2); (iv) lymphoma, (n=1); (v)
others (n=2). Nine of them were receiving chemotherapy according to their
disease-specific protocols. Seven of them have received hematopoietic stem cell
transplantation (HSCT) of whom six had chronic graft-versus-host disease (GVHD).
Two patients (patient 10 and 15) developed moderate to severe chronic
graft-versus-disease of the lung and one of them (patient 15) complicated with
bronchiolitis obliterans and was on intensive immunosuppressive therapies.

The most common presenting symptoms of pandemic HINT infection were fever
(100%), cough (75.0%), runny nose (56.3%) and sore throat (50.0%). One patient
(patient 13) with history of epilepsy presented with generalized convulsion and fever.
One patient (patient 8) presented with vomiting but none of them presented with

diarrhea.
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The median duration of fever was 4 days (range from 1 to 9 days). The median
duration of hospitalization was 5 days (range from 3 to 12 days).

Concerning  antiviral therapy, oseltamivir phosphate (Tamiflu®, Roche
Laboratories Inc.) was started at median 1 day after fever onset (range from 1 to 6
days). Eight patients (50.0%) received one course of 5 to 7-day of oseltamvir
phosphate (Tamiflu®, Roche Laboratories Inc.). Patient 3, 10 and 15 had recurrence of
fever and worsening of respiratory symptoms after a 5-day course of oseltamivir
phosphate (Tamiflu®, Roche Laboratories Inc.) and required an extra 5-day of high
dose antiviral therapy.

The mean time of defervescence after stating antiviral therapy was 1.3 days
(range 1-3 days) and 3.3 days (range 1-8 days) in oncology patients and HSCT
recipients respectively.

Seven patients had repeated virologic studies, 4 turned negative by day 14 from
diagnosis but 3 showed persistent positive PCR results up to day 24 of illness. No
laboratory-confirmed secondary nosocomial spread of infection in health-care setting

was recorded during the S-month study period. The details are shown in tables 1 and 2.

Two of them (patient 3 and 15) developed tachypnea and required oxygen
supplement via nasal cannula. They did not require intensive care or requirement of
mechanical ventilation. All of our patients recovered fully and none of them

complicated with residual morbidity.
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9.4 Discussion

Influenza viruses are enveloped segmented RNA viruses. Influenza viruses are
members of the family Orthomyxoviridae. They are divided into three types: A, B,
and C. The majority of the human cases of influenza are caused by types A and B in
annual winter epidemics. Influenza A viruses are further divided into subtypes based
on the hemagglutinin (H) and neuraminidase genes (N). World Health Organization
(WHO) nomenclature for classification of influenza strains is as follows: type (A, B,
or C)/ geographic origin / year of isolation/subtype (hemagglutinin and
neuraminidase), for example A / Sydney / 5 / 97 (H3N2). There are sixteen
hemagglutinin subtypes and nine neuraminidase subtypes. Hemagglutinin 1, 2, and 3
and neuraminidase 1 and 2 typically circulate in humans. Variations in yearly
influenza strains cause epidemics, and these are due to point mutations and
progressive variation in protein sequence, called antigenic drift. The reassortment of
gene segments that leads to complete change of the hemagglutinin or neuraminidase
proteins is called antigenic shift and is a major source of pandemic strains of
influenza.

Laboratory-confirmed cases of human infections with the novel influenza A
(HIN1) virus were mostly occurred in children and young adults. A spectrum of
disease presentation ranging from non-febrile, mild upper respiratory tract illness to
severe or fatal pneumonia has been described (115). In our cohort of
immunocompromised cancer children, the most commonly reported symptoms
included fever, cough and runny nose. Gastrointestinal symptoms (nausea, vomiting
and/or diarrhea) previously reported with pandemic HINI influenza were not

common in our series (115).
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To date, although the clinical presentation of patients who are hospitalized with
2009 HINI1 influenza are generally similar to those reported during peak periods of
seasonal influenza, the epidemiology of mostly affected population is quite different.
Jain S et al studied two hundreds and seventy two hospitalized patients with pandemic
HINI1 infection in United States. During peak periods of seasonal influenza,
hospitalizations are more common among persons sixty five years of age or older and
those under the age of five years, For pandemic HINI infection, up to 45% of the
hospitalizations involved persons under the age of eighteen years; more than one third
of the patients were between the ages of eighteen and forty nine years, and only 5%
were sixty five years of age or older. Seventy-three percent of the patients had at least
one underlying medical condition which included asthma, diabetes, heart, lung, and
neurologic diseases and pregnancy (117).

Launes ef al recently reviewed ten consecutive patients with acute lymphoblastic
leukemia (ALL) and pandemic HINI influenza infections treated in a single
institution in Spain. The median age of the cohort was seven years (range 3—12 years).
All patients were treated with standard first-line antiviral agents. There were no deaths
reported in the series. Two patients treated under intensive chemotherapy developed
lower respiratory tract infections and one required intensive care and ventilatory
support. ALL patients treated with maintenance therapy had mild disease and none of
them developed severe complications. They concluded that patients who were treated
under intensive treatment protocols developed moderate to severe HINI disease.
Based on their study results, patients are needed to ascertain risk factors for severe
disease in pediatric ALL. Patients who are in good clinical condition and are not
neutropenic and receive maintenance treatment can be safely managed as outpatients.

Patients who are still receiving intensive chemotherapy should begin antiviral
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treatment as soon as influenza is suspected and do not require to wait for the result of
the RT-PCR (118).

Cao ef al described the clinical features of four hundreds and twenty six cases of
pandemic HIN1 infection in China. Although they showed that majority of cases ran a
benign course, independent risk factors for prolonged real-time RT-PCR positivity
included patients’ age of less than fourteen years, male sex, and a delay from the onset
of symptoms to treatment with oseltamivir of more than forty eight hours (119).
Among the patients who required intensive care, 93% were patients younger than
sixty five years old and 10% were pregnant women (120). All these data suggested
that young patient is one of the highest risk groups of pandemic HINI infection. To ef
al also showed that younger age was associated with prolonged shedding in the
respiratory tract and higher viral load in the stool (121).

In contrast to the findings of Launes ef al, our patient series who were
traditionally believed to be one of the highest risk groups of severe influenza infection,
ran a relative uncomplicated clinical course and all of them recovered uneventfully
from this novel infection. This was probably due to the early start of antiviral therapy
(median 1 day after onset of fever) which halted the propagation of virus and
decreased the viral load in the immunocompromised hosts. However, three patients
(patient 3, 10 and 15) required additional course of high dose antiviral therapy due to
recurrence of fever and respiratory symptoms. We also observed that the duration to
achieve defervescence was longer in HSCT recipients and prolonged duration or
recurrence of respiratory symptoms were more commonly observed in HSCT patients,
therefore, we routinely prescribed a ten-day course of antiviral therapy in these
patients in the latter half of the study period. Jain S ef al/ also demonstrated that the

early use of antiviral drugs was beneficial in hospitalized patients (117). To et al
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recently demonstrated that patients who died from acute respiratory distress syndrome
(ARDS) had a slower decline in nasopharyngeal viral load and higher plasma levels of
proinflammatory cytokines and chemokines than in patients who survived without
(ARDS) or mild disease groups (122).

Despite the benign clinical course, the phenomenon of persistent symptoms and
laboratory evidence of prolonged viral excretion after a standard course of antiviral
poses a continuous threat in term of infection control policy in pediatric oncology and
hematopoietic stem cell transplant unit (116). Cheng ef al reported a fifteen-month old
patient with stage 3 neuroblastoma with persistent respiratory syncytial virus (RSV)
shedding for seven months after primary infection. Regular surveillance of the
shedding of virus should be performed and confirmation of viral clearance should be
obtained before discontinuing infection control measures in order to prevent
nosocomial outbreaks among high-risk patients (71). As the pandemic HINI infection
has become the major strain of influenza virus (90%) circulating in the local
community, the same policy was adopted in that period (123).

Case definition of influenza-like illness (ILI) for influenza surveillance schemes
vary widely worldwide. Different ILI definitions will definitely affect the case
identification and indeed have implication in implementation of infection control
measures. In our unit, we adopt the definition from Centers for Disease Control and
Prevention (CDC) which is a simple and highly sensitive (98.4% - 100%) definition.
It is also the recommended influenza case definition of the World Health Organization
(Department of Communicable Disease Surveillance and Control,1999b). However,
the relatively low specificity (7.1% - 12.9%) implies there is low accuracy in
identifying influenza activity without laboratory confirmation (124). Thursky et al

propose a case definition of cough, history of fever and fatigue which has a higher
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positive predictive value (PPV) than the CDC definition (124).

Vaccination remains one of the most effective preventive measures to confine
infection in the community and especially among the high risk groups. Preliminary
immunogenicity data of injectable inactivated monovalent HIN1 vaccine in pediatric
population shows that children aged six months to younger than nine years should
receive two monthly doses whereas children’s age older than nine years can receive
one dose (125). To date, there is another intranasal preparation of monovalent HIN1
vaccine which is approved by Food and Drug Administration, USA (126). However, it
is a live-attenuated vaccine and is contraindicated in immunocompromised patients.

Wiesik-Szewczyk E et af evaluated the response of influenza vaccine in patients
with systemic lupus erythamatosus (SLE) who were on immunosuppressive therapies
{systemic steroid, chloroquine, cyclophosphamide, azathioprine, methotrexate and
cyclosporine A). At one month after immunization, anti-hemagglutinin antibody titres
rose in the patient group at least 6.23-fold, compared to 11.90-fold among healthy
controls (p<0.05). The seroconversion rate range was 53-56% among patients and
72-85% among controls (p<0.05 for strains HIN1 and H3N2). The seroprotection rate
ranged between 62% and 73% and between 90% and 98% in the patient and control
group, respectively (p<0.05). At three months after vaccination. the antibody ftitres
were higher at least 3.86-fold in the patient group and 7.65-fold among healthy
controls. The seroconversion rate range was 32-40% among patienis and 64-70%
among controls, while the seroprotection rate ranged between 43% and 50% and
between 79% and 94%, respectively (p< 0.005 for three strains). The post-vaccination
responses were weaker in SLE patients compared to healthy subjects (127). Therefore,
there is evidence to suggest the immunogenicity of influenza vaccine is decreased in

immunocompromised patients. The data in efficacy of influenza vaccine, especially
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the novel HINI1 vaccine, in pediatric oncology and hematopoietic stem cell transplant

recipisnts is still lacking up at this moment.
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9.5 Conclusion

Fever, cough and runny nose are the most common presenting symptoms of
pandemic HINI influenza infection in pediatric oncology patients. The
uncomplicated course of pandemic HINI1 infection may be rclated to the early
initiation of antiviral therapy. Persistent symptoms and evidence of prolonged viral
excretion which require repeated course of prolonged antiviral therapy are more
common, especially among HSCT recipients. The efficacy of HINI1 vaccine in

immunocompromised patients still needs further evaluation.
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Chapter 10 Impact of Non-vaccine Preventable Viral Infection in HSCT
Setting: Epstein-Barr Virus (EBV) in Post-transplant
Lymphoproliferative Disorder Complicating Umbilical Cord
Blood Transplantation.

10.1 Introduction

Epstein-Barr Virus (EBV) is one of the most successful viruses, infecting more
than ninety percent of humans and persisting for the lifetime of the people. EBV was
discovered thirty six years ago by electron microscopy of cells cultured from Burkitt
lymphoma tissue by Epstein, Achong, and Barr. Four years later, in 1968, EBV was
shown to be the etiologic agent of heterophile-positive infectious mononucleosis.
EBV DNA was detected in tissues from patients with nasopharyngeal carcinoma in
1970. In the 1980s, EBV was found to be associated with non-Hodgkin lymphoma
and oral hairy leukoplakia in patients with the acquired immunodeficiency syndrome
(AIDS). Since then, EBV DNA has been found in tissues from other cancers,
including T-cell lymphomas and Hodgkin lymphoma (128).

EBYV is associated with lymphoproliferative disease in patients with congenital or
acquired immunodeficiency syndrome. These include patients with severe combined
immunodeficiency, recipients of organ or hematopoietic stem cell transplantation, and
patients with AIDS. T-cell mediated immunity is impaired in these patients and they
are unable to control the proliferation of EBV-infected B cells. They present with
symptoms of infectious mononucleosis or with fever and localized or disseminated
lymphoproliferation involving the lymph nodes, liver, lung, kidney, bone marrow,
central nervous system, or small intestine (128). Epstein-Barr virus-associated
post-transplant lymphoproliferative disorder (EBV-PTLD) has been well studied in

solid organ transplantation and allogeneic bone marrow and peripheral blood stem cell
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transplantation  settings. Patients who have received T-cell-depleted or
HLA-mismatched bone marrow, received antilymphocyte antibodies, history of
cytomegalovirus diseases, or acquired primary EBV infection after received HSCT
are at higher risk for lymphoproliferative disease. However, it is only recently
reported after umbilical cord blood transplantation (UCBT) (129, 130). As we know,
nearly all neonatal donors are EBV negative and, theoretically, can reduce the risk of
the transferral of EBV-infected B lymphocytes from donors to recipients.

X-linked adrenoleukodystrophy (ALD) is a peroxisomal disorder characterized
with the accumulation of very long chain fatty acids (VLCFA) in plasma and in tissue.
X-linked ALD is due to defect in gene ABCD1 on chromosome Xq28. Childhood
cerebral X-linked ALD is the most common phenotype, causing rapid
neurodegeneration affecting central nervous system myelin and adrenal cortex. Most
patients have evidence of adrenal insufficiency since 2 years of age. Neurological
symptoms typically manifest at about 7 years of age and range from frequent falls,
personality changes to deterioration of academic performance. It can rapidly progress
to vegetative state if no treatment is given (131). Magnetic resonance imaging (MRI)
changes usually precede the presentation of neurological symptoms. Timely
hematopoietic stem cell transplantation can arrest the progression of childhood

cerebral X-linked ALD (132-134).
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In this chapter, two patients who developed post-transplant lymphoproliferative
disorder associated with EBV infection or reactivation after recetved unrelated UCBT
is described as an illustration of the impact of non-vaccine preventable infectious

diseases in hematopoietic stem cell transplant setting.

10.2 Case Hlustration

Patient 1

This patient presented at the age of eight years with hyperpigmentation,
increased clumsiness and frequent falling. Synacthen test confirmed the presence of
adrenal insufficiency. Magnetic resonance imaging (MRI) of the brain showed
demyelinating changes consistent with ALD. Diagnosis of adrenoleukodystrophy
(ALD) was confirmed by elevation of plasma levels of VLCFA.

Two-antigen mismatched unrelated UCBT was performed in June 1999
Conditioning regimen consisted of busulphan (16 mg/kg), cyclophosphamide (200
mg/kg) and antithymocyte globulin (90 mg/kg). Cyclosporine and prednisolone were
used as graft-versus-host disease (GVHD) prophylaxis. Engraftment was achieved on
day 13 post-transplant with complete donor chimerism. He developed grade Il GVHD
on day 43, which progressed to extensive chronic GVHD involved skin and gut which

required treatment with systemic steroid and cyclosporine.
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A left tonsillar ulcer was first noted on day 74 post-transplant. Bacterial and
virologic investigations were all negative. Computer tomography scan (CT scan)
showed a mass measuring 1.7 cm in the left tonsillar region, compatible with an
enlarged lymph node and other areas were unremarkable. Tonsillectomy was
subsequently performed on day 108 post-transplant. Histology showed diffuse
monomorphic proliferation of lymphoid cells. Immunohistochemical staining
demonstrated positive B cells markers, and EBER was positive by in-situ
hybridization. He was diagnosed to have localized early-onset EBV associated
monomorphic PTLD.

In order to control PTLD, one of the strategies was reduction of
immunosuppressants. Therefore, cyclosporine was withdrawn rapidly, whilst the dose
of prednisolone was optimised in order to control chronic GVHD. The dose was
slowly reduced over one year, guided by the activity of chronic GVHD. He was also
given monthly immunoglobulin infusions as an immunomodulator. The patient is now

in remission at nine years follow up without evidence of recurrence of PTLD.
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Patient 2

This patient was asymptomatic and screened for ALD, as two elder brothers
(deceased) were diagnosed with the condition. His VLCFA was found to be elevated
at the age of two years. At the age of five years, he was found to have adrenal
insufficiency, and commenced on hydrocortisone. Magnetic Resonance imaging (MRI
brain) showed progressive white matter changes between the ages of seven and eignht
years old. He also showed some early features of deterioration of psychological test
results that prompted early hemoatopoietic stem cell transplantation (HSCT) at the
age of eight years old.

He underwent a two-antigen mismatched unrelated UCBT in February 2005. He
received conditioning with busulphan (16 mg/kg), cyclophosphamide (200 mg/kg)
and antithymocyte globulin (90 mg/kg). Cyclosporine was used as GVHD
prophylaxis. Engraftment was achieved on day 20 with complete donor chimerism.
He developed grade II GVHD on day 17. Systemic steroid was added to
cyclosporine treatment. This progressed to chronic skin GVHD which required steroid

and cyclosporine treatment.
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The patient developed recurrent episodes of fever, bilateral cervical
lymphadenopathies, and hypotension and required fluid resuscitation and on two
occasions, inotropes since fourteen months post-transplant. He was treated as sepsis
with repeated courses of broad-spectrum antibiotics, and the doses of hydrocortisone
were stepped up to stress dose level during these febrile episodes. Cervical
lymphadenopathies and fever subsided after treatment. Microbiological investigations
were all normal. PTLD was suspected following three similar episodes within two
months. He was EBV seropositive before transplantation. His initial EBV DNA was
22000 copies/ml. Computerized tomography (CT) scanning of whole body showed
generalized lymphadenopathies in the submandibular, submental, cervical, axillary,
mediastinal, abdominal, pelvic and inguinal regions. There was also splenomegaly
and bilateral pleural effusions. Cervical lymph node biopsy was performed and
showed di{fuse, polymorphic proliferation of lymphoid cells, positive for B-cell
markers. EBER was positive on in-situ hybridization in 20% — 25% of lymphoid cells.
This patient was diagnosed to have late onset EBV-associated polymorphic PTLD.

Cyclosporine was rapidly withdrawn. Rituximab (Rituxan, Genentech, Inc) 375
mg/m’ was given weekly for 6 weeks. High dose acyclovir (500 mg/m? every 8 hours)
was given for fourteen days, then reduced to prophylactic dose (250 mg/m? every 8
hours). The patient responded well, with resolution of fever, neck swelling, and a
rapid reduction of EBV DNA. Ten months following diagnosis, EBV DNA level was
undetectable in plasma. He was also given monthly immunoglobulin infusions as an
immunomodulator. This patient remains well at three-year follow up without flare up

of PTLD.
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10.3 Discussion

EBV-associated PTLD is a well-recognised complication following solid organ
transplantation and hematopoietic stem cell transplantation (HSCT) using bone
marrow or peripheral blood stem cell sources, but rarely reported in umbilical cord
blood transplant (UCBT) setting. It represents a heterogeneous group of abnormal
lymphoid proliferation. Most cases are B-cell derived, and associated with
Epstein-Barr virus (EBV) infection or reactivation. PTLD after allogeneic HSCT
which is almost always of donor origin whilst PTLD developed after solid organ
transplantation is generally originated from recipient B cells. In UCBT, it is believed
that the donors are nearly all EBV-negative and, hence, the risk of EBV-related PTLD
is low when compare with other forms of HSCT (135). At that time, our unit did not
routinely monitor EBV DNA viral load in plasma due to the rarity of this disease in
UCBT recipients.

Barker ef al and Brunstein et al showed that the incidence of EBV-related PTLD
in three hundreds and thirty five patients undergoing UCBT with myeloablative or
nonmyeloablative conditioning regimens was 4.5% and was actually comparable with
other HSCT settings. Unexpectedly, the risk in non-myeloablative regimen was higher
than myeloablative regimen (3.3% in myeloablative group and 7.0% in
non-myeloablative group). This finding was attributed to the use of antithymocyte
globulin in conditioning regimen (136). In our centre, forty five UCBT were
performed so far and only two patients with adrenoleukodystrophy developed PTLD.
None of the other two hundreds and forty seven bone marrow or peripheral blood
stem cell transplants developed this complication. PTLD usually presents in the first
three months following transplantation, such a late presentation in patient 2 is

unexpected and unprecedented. Delayed in T-cell immune reconstitution and
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establishment of EBV-specific cytotoxic T-cell response in UCBT setting may play a
role.

Haut ef ol demonstrate the presence of EBV genome in cord blood and make this
a likely source of entry into host, or there is possibility of primary EBV infection after
UCBT, reactivation of EBV in residual infected host cells or less likely via transfusion
of blood products (137).

One of the most important treatment strategies in PTLD is reduction of
immunosuppressants as clinical tolerated. A combination of surgical resection and
reduction of immunosuppression was successful in inducing complete remission in
patient 1 with localized disease.

Rituximab (Rituxan, Genentech, Inc.), a monoclonal antibody therapy (anti-CD
20) can induce complete remission in patients with early onset PTLD. However, early
treatment algorithm for PTLD also includes antiviral therapy in an attempt to control
EBV infection. It may be successful for treating EBV-associated PTLD with a
significant lytic replication of EBV (138, 139). Holmes et @/ showed that the
combination of intravenous immunoglobulin (IVIG) with antiviral agent with
reduction of immunosuppressants resulted in termination of the process and induced a
significant and persistent response, possibly by enabling EBV-specific T cell
immunity. The exact mechanism of immunomodulation by IVIG in PTLD still
remains to be determined. Holmes er al also reported that IVIG might be effective
even in patients that did not respond to upfront antiviral therapy in solid organ
transplant setting (140). Both of our patients received monthly IVIG as
immunomodulatory agent. Patient 2 was treated with rituximab (Rituxan, Genentech,
Inc.) and acyclovir. The EBV DNA concentration reduced rapidly once rituximab

(Rituxan, Genentech, Inc.) was commenced. Beware that Rituximab (Rituxan,
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Genentech, Inc.) was not yet licensed for use in B-cell non-Hodgkin lymphoma at the
time when Patient 1 was first diagnosed with PTLD.

Pre-emptive therapy with rituximab (Rituxan, Genentech, Inc.) and regular
monitoring of EBV reactivation in allogeneic HSCT results in improvement of
outcome for high-risk patients of developing PTLD, with marked decrease in
incidence of PTLD and also reduce the incidence of extensive disease and
subsequently morbidity and mortality (141-143).

Due to relative small number of subjects described in our case illustration, it is
difficult to draw any valid conclusion. But at least, our cases illustrate that: (i)
EBV-related PTLD can be presented late in unrelated UCBT setting. Early clinical
suspicion can lead to timely and prompt diagnosis; (ii) in contrast to reported
literatures that PTLD is a serious post-transplant complication with unfavourable
outcome, the clinical course can be relatively benign if treatment is started promptly.
Routine EBV surveillance with pre-emptive treatment of anti-CD20 antibody can be
used in high risk transplant setting to decrease the incidence of symptomatic EBV

diseases.

10.4 Conclusion
EBV-related PTLD can present in recipients of unrelated umbilical cord blood
transplantation. Routine EBV monitoring for early diagnosis with pre-emptive

treatment may alter and improve patients’ outcome.
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Chapter 11 Use of Antiviral Agent as Prophylaxis: HHV-6 Encephalitis
in Hematopoietic Stem Cell Transplant Recipients as an
Illustration

1.1 Introduction

As we know, not all infectious diseases are vaccine-preventable and not all hosts
are suitable for receiving vaccination. These infectious diseases can still have
significant impact in term of morbidity and mortality. In the previous chapter, I have
illustrated the impact of EBV reactivation in transplant setting. In this chapter, I will
present the efficacy of using antiviral prophylaxis in preventing non-vaccine
preventable infectious diseases in hematopoietic stem cell transplant setting. .

Human herpesvirus 6 (HHV-6) was first being isolated in peripheral blood of
patients with acquired immune deficiency syndrome (AIDS) and other
lymphoproliferative disorders in 1986 (79). Primary infection occurs in early
childhood and has a life-long latency period (80). Reactivation of HHV-6 commonly
occurs within the first thirty days of post-transplant period and may cause significant
transplant-related morbidity and mortality (144).

Ganciclovir is a nucleoside analogue of guanosine. Through conversion to
ganciclovir triphosphate, it competitively inhibits the incorporation of
deoxyguanosine triphosphate by viral DNA polymerase and result in termination of
elongation of viral DNA. This is the first antiviral agent that is shown to be effective
in treatment of cytomegalovirus (CMV) disease in humans. In tissue culture,
ganciclovir has excellent antiviral activity against different herpes group of viruses
including herpes simplex virus type 1, herpes simplex virus type 2, varicella-zoster
virus, Epstein-Barr virus and HHV-6 (145). Most patients diagnosed HHV-6
encephalitis are treated with ganciclovir and/or foscarnet. The treatment outcome

remains grave despite there is evidence of clearance of HHV-6 DNA in CSF and
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plasma samples after antiviral therapy (81).

There are evidences to suggest antiviral prophylaxis may prevent HHV-6
reactivation in bone marrow transplant recipients (146). Our unit adopted the policy to
use ganciclovir as HHV-6 prophylaxis during conditioning for all unrelated
hematopoietic stem cell transplant (HSCT) since January, 2002,

In this study, we evaluate the effect of early administration of ganciclovir on

HHV-6 encephalitis in pediatric unrelated HSCT with comparison to historic controls.

11.2 Subjects and Methods
Patients

The study was performed in our university teaching hospital in Hong Kong,
which is also a tertiary referral center for pediatric cancers and hematopoietic stem
cell transplantation in the local region. Clinical and laboratory data of patients who
underwent unrelated allogeneic HSCT from January, 2000 to September, 2008 was
reviewed. From the year 2000 onwards, our virology laboratory routinely performed
HHV-6 PCR in cerebrospinal fluid (CSF) samples in all immunocompromised

patients with suspected central nervous system infection.
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HHV-6 DNA detection

The presence of HHV-6 DNA was detected by a nested PCR (screening PCR)
based on primer sets H6-6/H6-7 and NH-6/NH-7 targeting the major capsid protein
gene. The primer sets used in the screening PCR werc shown to be consensus and
carry the same analytic sensitivity in revealing variants A and B. All HHV-6
screening PCR-positive samples were confirmed by another nested PCR (typing PCR)
targeted at the large tegument protein gene. The typing PCR allowed the
characterization of HHV-6 into variants A and B by restriction fragment length
analysis using Hind III. The PCR product of variant A did not contain any Hind III
restriction site whereas the 163-bp PCR product of varant B would be digested into
fragments of 97 and 66 base pairs. This Hind III restriction site was presented at
position 2945 of the large tegument protein gene of HHV-6B, but not in HHV-6A,
had been used to discriminate between the two variants. The detail methodology was

described by Chan er gl (147).

Conditioning regimen and graft-versus-host disease (GVHD) prophylaxis
Conditioning protocols on pretreatment conditioning regimens and
graft-versus-host disease (GVHD) prophylaxis following HSCT used for our patients
were accorded to previous publicatons. In brief, patients with relapsed ALL would
receive TBI-based regimen, relapsed AML and non-malignant condtions would
receive busulfan and cyclophosphamide-based regimen. Graft-versus-host disease
(GVHD) was diagnosed and scored according to standardized criteria.(148) All
patients would receive cyclosporine as prophylaxis from day -1 for malignant
conditions, whereas for non-malignant conditions, patients would receive

methotrexate and cyclosporine as GVHD prophylaxis.
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Criteria of neutrophil engraftment
Day of neutrophil engraftment was defined as the first day of absolute neutrophil

count (ANC) of = 0.5 x 10°/L for three consecutive days.

Case Definition of HHV-6 encephalitis

Case definition of HHV-6 encephalitis was defined as the presence of
neurological manifestation namely (i) change of conscious level, including
unexplained lethargy and irritability; (ii) change of personality or behavior that
persisted for more than 24 hours in conjunction with detection of HHV-6 DNA in
cerebrospinal fluid (CSF) samples by polymerase chain reaction (PCR) as previously
described and in the absence of any other identifiable etiologies. All cerebrospinal
fluid (CSF) specimens had also undergone standard microbiological and virologic
examinations to rule out Herpes simplex virus (HSV) 1 and 2, Cytomegalovirus
(CMYV), Epstein-Barr virus (EBV), Human herpesvirus 7 (HHV-7) and Varicella
zoster virus (VZV) infections. Other non-infective causes of acute encephalopathy in
transplant setting were excluded by electroencephalogram, cranial imaging,

measurement of serum glucose, electrolytes and cyclosporine levels.
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Vivaw monitoring and antiviral prophylaxis

D32 to a relatively high prevalence of HHV-6 encephalitis in the first 2 years of
study period (2 cases out of 16 unrelated HSCT), from January 2002 onward, our unit
adopted the policy of using ganciclovir 5 mg/kg twice daily intravenously from day -7
to day -1 during conditioning as prophylaxis against reactivation of HHV-6 for all
unrelated HSCT. Acyclovir prophylaxis (250 mgfm2 every eight hours intravenously)
would be given to recipients from day 1 till day 21 who were or whose donors were
seropositive for HSV or there were past evidences of HSV infection. Reactivation of
CMV was monitored by weekly CMV pp6S antigen assay. Weekly HHV-6 PCR
quantitative monitoring was not our unit policy during the study period. Preemptive
treatment with ganciclovir (Smg/kg twice daily intravenously for two weeks) would
be started if there were evidences of CMV reactivation. There was no change in
policies about conditioning regimens and GVHD prophylaxis during the study period.
The prevalence of HHV-6 encephalitis was compared before and after the adoption of

this policy.

Antiviral treatment for HHV-6 encephalitis

Patients fulfilled the criteria of HHV-6 cncephalitis would be treated with
ganciclovir (5 mg/kg twice daily intravenously). Patients developed intolerable side
cffects, namely severe bone marrow suppression or showed no clinical improvement
after 72 hours of commencement of neurological states, would switch to foscarnet (60
mg/kg three times daily intravenously). Renal function and electrolytes were
monttored seriaily during the course of foscarnet. Lumber puncture was repeated to
monitor the progress of disease and document clearance of virus in CSF. Antiviral

therapy would continue for at least 14 days and the treatment endpoint was defined as
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clearance of HHV-6 DNA in CSF.

11.3 Resulits

One hundred and sixteen allogeneic HSCT, which included fifty four unrelated
HSCT were performed from January 2000 to September 2008. Unrelated UCB was
used as the stem cell source in thirty one cases and the other twenty three cases were
from bone marrow (n=19)} or peripheral blood stem cells (n=4). Primary diseases for
unrelated transplant were acute lymphoblastic leukemia (n=19); acute myeloid
leukemia (n=12); other leukemia and myelodysplastic syndrome (n=8); miscellaneons
{(n=13). The details of the transplant were summarized in Table 14.

Four cases (7.4%) met the diagnostic criteria of HHV-6 encephalitis during the
study period. All of them were due to variant B. They were diagnosed to have
hematological malignancies and received unrelated umbilical cord blood (UCB)
transplantation. The recipients were all seropositive to HHV-6 before transplantation.
When compared with historic controls, before the adoption of HHV-6 prophylaxis
policy, 12.5% (2 out of 16) unrelated HSCT recipients developed HHV-6 encephalitis
and 5.3% (2 out of 38) developed HHV-6 encephalitis after introduction of
pre-transplant ganciclovir prophylaxis. If limited to unrelated UCB transplantation,
the incidences of HHV-6 encephalitis were 40% and 7.7% before and after ganciclovir
prophylaxis respectively. During the same period, no patient who received unrelated
bone marrow or peripheral blood stem cell transplantation developed HHV-6

encephalitis.
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In our 4 cases, the age ranged from 1.3 years to 9.4 years old (median 7.2 years
old). They all received cyclosporine A as GVHD prophylaxis. The most common
presentations of HHV-6 encephalitis were depressed conscious state, abnormal
behavior, sleep disturbance and setzure. Unexplained hypertension and hyponatremia
were also commonly observed in our series. They presented at median 19 days after
transplantation (range 18-21 days). All of them showed evidence of bone marrow
suppression with marked lymphopneia at presentation. Nearly all paticnts had normal
CSF microbiological and biochemical findings despite being HHV-6 PCR positive.
Other non-infective causes of acute encephalopathy in transplant setting were
excluded by electroencephalogram, cranial imaging, measurement of serum glucose,
electrolytes and cyclosporine levels. They were trcated with antiviral agents as
described. Lumber puncture was repeated in patient 1, 3 and 4. (Patient 2 was
critically 11l and was unable to have a repeat lumber puncture done)

HHV-6 was cleared at median of 17 days after starting of antiviral therapy.
Despite treatment and demonstration of clearance of HHV-6 PCR after treatment, the
outcome remained grave with 50% of cases complicated with significant and
persistent ncurological deficit after the infection was in control. The others were died
from other transplant-related mortalities. The clinical features and outcome of the 4

cases are summarized in Tables 15 and 16.

143



i

vl

S1OUOp Joquiatu AJIWE) PaYdIBWSIW PUe SSUI[qIS [EINUIPI-VTH

911 S 79 &),
6 8¢ ¥S [eioiqng
1< 9Z S (LgDON) wrejdsueny poolq piod [edi[iquif)
w % 8¢ (DSAd) 1190 wais poojq feroydiag
61 8 Il (INg) mouely auog

800T ‘Tequadag — 7oog “Atenuer
vT 91 8 ewoqng
S S 0 (1900 wefdsuen poolq pIod [edI[Iqui
L 0 L (OSHd) 1199 wais poojq [esayduag
zi 11 I (e) molrepy auog
[00T “12qud(] — 00 ‘Arenuef

[e1o], paie[aIup) +PA1E[Y LOSH Jo ad41

2007 Iequaidag 0y 007 “Arenuef wolj uoneiwejdsuen [|2o was snstodojeway 1 JqeL



194

v aunodsopaLy  tuoissiwal ;ajdwod

el s | UOISSTLUL aadwos ab , BTN JLI0UOWORAW AIUIANT 4, BIWNIY INseiqoydws] Anoy,

sAep 7 x S
09 apiweydsoydojdoi)
+ 8y/3u gt sp1sodmig wrejdsuer]
+ sAep g0on  paw[au)
It €1 2AnIsod SaA VSO p/33/8w 9f ueydinsng  ydreWSIN-UABNUYT TADTIV /W t
SARp 7 X 3y/Sw epdsuer]
09 sptweydsoydojoL) 40N parpaun
I £e aauIsod SR VSD + ADO0tb1 191 YNeWSIN-UIEHUYZ dD,.TTV 8/d 13
/8w oy uereydispy
+ sAep g x 38w
09 aptureydsoydejoin juedsuel |
(uoawyeisSus-uou) + SABp gD{1 Ppete[aIun)
- - AnIsod ON VSO p/34/3w 9f ueydiusng  YNeWSIN-USTUUY | TN+ ¢9/4d Z
Au/Aul or| uereydiapy wrejdsuer |
+sAep § X w/Bw og g0 PP
il o6l ALIs0d ON VSO JUTQerepnjj + £D 6 [ YIIBWSIN-UIBNUYY FUD, TV ve/W I
dHAD
Jo Buipesd JUdwiersua SMIBIS0IIS JIAQIURS sixe[Aydosd JseasIp (sreal)
{BI2A0 Jo &e(q 9-AHH wrejdsuen-aig dHAD uau 33 FUINOLIPUOD) 2IN0S [[32 WIS Areung By /X3¢ waed

94

snifeydasus 9 AHH Yiam sonusuoereyd juaned suifaseq "§1 2[qEL



9l

T/ 01X WMo 1wyaneld ’
“T,01 X Junod a1looydwA] | 7y (01 X unod [ydonnau aanjosqe q - V,01 % “IUN03 (|32 poojq auym ¥Ip/8 ‘WnQo|3owdy | 1y 3utodso[ahd 4, suojosiupardiAysw

0¢ 114

uoisuauadAy 00 WA

Ae[ap Ve cgowmaoid[eio]  lnolaeyaq [euuouqy 80 OJNV

[ewawdoraaa(y ‘Asdaqida SYOIM € 1PWIRISO ] LU s ls | fAIOWaN JO $507] Pl ogm

Alopenay ‘oalpy + SY3am g JIAO[IOURD Lz Ham £21NZ135 [B20] f19A3 | iya qy
(Pa331q [e1ueIoRIUT)

19 Aep uo paiq aMzIag 00 171d

“IAO[IURS ‘erwaneuodAy 00 WAT

PUE 13WIEI50] B waead [glo],  fInolaeyaq [eUIOUqyY 10 DNV

uo andsap swolduiis SY39M 7 JIAO[MouES uuyz Odqd ‘uoistuaprsdAy 0 Ddam

e[ Jo uolssaisoly + SY29M T 1UIRISO | T DgM ‘ayoepesH ‘1eaa] 06 qH

SuIpa2|q [eunsAuIONSET 2IMZIAS PISIEIUD) 088 I1d

‘eroownaud (quaunredun ‘guoydng 10 WAT

3INZ13s Al01oeI]al Jeusl Jo asnesaq 1/8pz 0 wnoid [e10]. ‘aoueqmsip dsajg T0 DNV

QuUatIeISus-uou) POIEUTULID] JuWea)) e ey NETE| €0 OdMm

8¢ Aep uo paig S)aaMm 7 191LBISe ] s umy T Ogm snorasuod passaidag L6 qu

09z L'ldg

£0 WAT,

‘el neuodAy 0T ONV,

we[dsuen-jsod sreak ‘amziag 0 DM,

g moN ‘Asdapdg faany $99M € HAO[IIIUEN) dey orjewmen |, {MOIARY3(] [BULIOUQY £+ VSD + «dN 68 qH.

Ansiuaydoiq (1/81) oA wunod poolq  (Juejdsuen-isod)
AWOMNNQ) 1USUAEAT | PUE S1UNO3 [[33 IS0 SUONRIUASAL] ysSnon ygy  suessaiddnsoununuy  jeisyduag 135U J0 AB(] uaned

uoneedsuen [[29 wais an310dojRIY Ul TONIIJUL S1{eydasta 9 A HH JO W0 91 3jqe].

i



147

114 Discussion

After first being isolated in peripheral blood of HIV infected patients in 1986,

HHV-6 has been a well-known pathogen in allogeneic HSCT recipients (79, 149).

HHV-6 encephalitis is one of the most significant and serious clinical manifestations

of reactivation of HHV-6 infection in HSCT recipients (149, 150). HHV-6B is now

established as the cause of exanthema subitum (roseola infantum). In our case series,

all of them were due to variant B reactivation. HHV-6A rarely causes infections in

infants in the western world but it i1s shown to be the predominant HHV-6 variant

associated with viremic infant infections in the Sub-Sarharan African population

(151).

The clinical spectrum of HHV-6 reactivation ranges from asymptomatic viremia,

unexplained fever, skin rash, pneumonitis, hepatitis, myelosuppression with delay in

neutrophil and platelet engraftment, to graft failure. Due to the neurotropic nature of

HHV-6, encephalitis 1s the most severe form of direct organ damage caused by HHV-6

infection or reactivation (152). With the known predilection to involve the temporal

lobe and hippocampi, follow by the amygdala or parahippocampal gyrus, patients

usually develop symptoms compatible with acute hippocampal dysfunction namely

confusion, abnormal behavior, sleep disturbance and loss of short-term memory.

Therefore, if the above mentioned symptoms persist and cannot be explained by other
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obvious causes, patients warrant further investigation in the direction of HHV-6
infection (153).

In allogeneic HSCT setting, 25% of recipients develop a wide spectrum of
neurological symptoms relate to various infectious agents, drug toxicity and metabolic
abnormalities. Moreover, the demonstration of HHV-6 by PCR in asymptomatic
subjects may further complicate the picture. Therefore, it i1s not recommended to test
routinely in asymptomatic subjects (154, 155). As in our series, all patients showed
persistent unexplained neurological manifestations and apart from presence of HHV-6
in CSF, they were fully evaluated to exclude other possible causes of acute change of
conscious state before the diagnosis of HHV-6 encephalitis were made.

After the first successful umbilical cord blood (UCB) transplantation performed
in 1989, this has been widely performed in a variety of hematological malignancies,
bone marrow failure syndromes and inborn errors of metabolism (156). UCB
transplantation has the advantages of allowing a higher degree of HLA disparity
between host and graft, with lower incidence and less severe graft-versus-host disease
(GVHD). Thercfore, UCB provides a readily available source of stem cells with
similar survival outcomes as compare with transplant using bone marrow or GCSF
mobilized peripheral blood as stem cell source (157). Compare with patients

transplanted from matched unrelated bone marrow or peripheral stem cell donors,
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UCB transplant recipients have a lower incidence of acute and chronic GVHD, but
hematopoietic recovery is delayed, the probability of sustained donor engraftment is
less and infectious complications are higher especially in the early post-transplant
period. This increased risk of fatal infections is mainly due to the slow neutrophil
recovery, transfer of antigen-naive T cells to recipients with lack of
antigen-experienced (memory) T cells in UCB. In fact, memory T cells significantly
contribute to carly immunological reconstitution of patients after unmanipulated
allogencic bone marrow or peripheral blood stem cell transplant (158). In our series,
all cases of HHV-6 encephalitis occurred in patients who received unrelated UCB
transplantation. From the experience of CMV infection, CMV seropositive donors
may provide additional survival benefit in CMV positive recipients due to transfer of
donor-derived immunity; a similar situation may occur in HHV-6 infection (159).

In our series, nearly all infected patients demonstrated normal CSF white cell
count and protein level. This might be due to defect in mounting sufficient immune
response to invading pathogens in severely immunocompromised patients and
sampling of CSF took place at early stage of disease. It was supported by the
peripheral blood count at presentation. All of them showed evidence of bone marrow
suppression with marked lymphopenia at presentation. Therefore, normal CSF

microbiological and biochemical findings did not exclude the diagnosis of
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encephalitis in immunocompromised patients. Moreover, in patients with unexplained

hypertension or hyponatremia, CNS causes need to be seriously considered as 50% of

our cases had persistent hypertension or hyponatremia at the time of presentation.

Overall, HHV-6 encephalitis is still an uncommon but serious complication after

HSCT and the prognosis remains very poor. Post-transplant pre-emptive ganciclovir

treatment based on the periodic quantitative HHV-6 plasma DNA viral load

monitoring is practised in some centers but due to the dynamic kinetics of plasma

HHV-6 viral load with published cases of HHV-6 encephalitis develop symptoms

even before detection of high level HHV-6 DNA in plasma, the value of pre-emptive

antiviral therapy in termination in progression to full blown disease manifestation is

still not fully proven (160). In view of the significant morbidity and mortality of

HHV-6 encephalitis experienced in our series, prophylactic ganciclovir is used for 7

days during conditioning to reduce the HHV-6 viral load and thus decrease the chance

of post-transplant reactivation. Though the incidence of HHV-6 encephalitis appeared

to decrease after ganciclovir prophylaxis, we could not prevent two cases in the

post-prophylaxis era. Therefore, the exact role of prophylaxis still remains

controversial. The future direction will be a prospective randomized controlled trial to

formally evaluate the role of antiviral prophylaxis in prevention of HHV-6

reactivation.
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Currently routine antiviral prophylaxis for HHV-6 infection is not recommended

in HSCT recipients due to low risk of infection in reported series and the significant

toxicity of available antiviral agents (161). Whether there is a role of antiviral

prophylaxis in the highest risk group, namely unrelated UCB transplant recipients still

needs to be evaluated by randomized controlled trial.

One of the main limitations of our study is the lack of plasma DNA profile to

corrclate the outcome since all the cases were managed before the era of routine

quantitative HHV-6 plasma viral load monitoring. Due to the dynamic nature of

plasma viral load and lack of correlation among plasma viral load, clinical

presentation and outcome, the exact role of regular monitoring remains to be

determined.

115 Conclusions

In conclusion, HHV-6 encephalitis is still an uncommon but serious complication

in unrelated hematopoietic stem cell transplantation. Routine use of pre-transplant

ganciclovir prophylaxis in all transplant setting is still not justified based on current

data but may have a role in high-risk transplant, namely unrelated umbilical cord

blood transplantation.
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Chapter 12 Lymphoproliferative Response to Herpes Simplex Virus
Type 1, Cytomegalovirus, Epstein-Barr Virus, Varicella
Zoster Virus, Human Herpes Virus 6, 7 and 8 antigens
stimulation in Pediatric Allogeneic Stem Cell Transplant
Recipients.

12.1  Introduction

Hematopoictic stem cell transplantation (HSCT) is now a curative treatment
modality for many hematological malignancies, immunodeficiency syndromes, inborn
errors of metabolism and hemoglobinopathies. In the modern era of stem cell
transplantation with the introduction of umbilical cord blood transplantation and
T-cell depleted haploidentical stem cell transplantation from related family donors,
nearly all clinically suitable patients can proceed to transplantation if there i1s a
medical indication (57). A major cause of transplant-related mortality is declayed T-cell
reconstitution that can result in severe and even life-threatening viral infections. The
median time for T-cell recovery is seven to eight months in the setting of CD34+
selected graft with myeloablative conditioning regimen (162).

Reactivation or less commonly primary infections of the herpes group of viruses
can cause substantial morbidity and mortality in allogeneic stem cell transplant
recipients. Each herpes virus has a unique temporal profile of reactivation. Herpes
simplex virus type 1 (HSV-1), Epstein-Barr virus (EBV) and human herpes virus-6
(HHV-6) are detected more frequently in the first 30 days post-transplant whereas

varicella zoster virus (VZV) and cytomegalovirus (CMV) tend to be reactivated later
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in post-transplant period. In contrast, human herpes virus 7 (HHV-7) reactivation
which may manifest as unexplained fever, non-specific rash, delayed engraftment or
even encephalitis, does not show consistent temporal predilection (149).

Cell-mediated immunity (CMI) is critical for effective immunity and plays an
important role in long-term protection against various viral infections in
post-transplant period. The effect of new transplant strategy and the more intensified
conditioning regimen on the recovery of CMI to these viruses remains unanswered.

In this chapter, we use a well-established in vitro approach to prospectively
evaluate the CMI to mitogens and various specific recall antigens derived from herpes
simplex virus type 1 (HSV-1), varicella zoster virus (VZV), cytomegalovirus (CMV),
Epstein-Barr virus (EBV) and human herpes virus-6, 7, 8 (HHV-6,7,8) in allogeneic

stem cell transplant recipients within the first 12 months transplant period.
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12.2 Subjects and methods
Patient selection

This study included children who underwent allogeneic HSCT in our Lady Pao
Children’s Cancer Centre, Department of Pediatrics of the Prince of Wales Hospital
from 2001 to 2004. The study protocol was approved by the Joint CUHK-NTEC
clinical research ethics committee. Written consents were obtained from parents
and/or patients before enrollment according to the principles of the Declaration of
Helsinki.
Conditioning regimen and grafi-versus-host disease (GVHD) prophylaxis

Management protocols on pre-transplant conditioning regimens and
graft-versus-host disease (GVHD) prophylaxis following HSCT used for our patients
were accorded in previous publications.(163, 164) GVHD was diagnosed and scored
according to standardized criteria.(148) In brief, patients with relapsed ALL would
receive TBI-based regimen, relapsed AML and non-malignant conditions would
receive busulfan and cyclophosphamide-based regimen. Graft-verusus-host disease
{GVHD) prophylaxis consisted of cyclosporine from day -1 till day 60 and would
slowly taper till day 180 if there was no evidence of chronic GVHD in malignant
conditions whereas non-malignant conditions would consist of cyclosporine and

methotrexate at day 1, 3, 6 and 11 and would taper from day 180 if no evidence of
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GVHD.
Criteria of neutrophil engraftment

Day of neutrophil engraftment was defined as the first day of absolute neutrophil
count (ANC)of = 0.5x 10%/L for three consecutive days.
Virus monitoring and antiviral prophylaxis

Acyclovir prophylaxis (250 mg/m” every 8 hours intravenously) would be given
to patients from day 0 till day 21 post-transplant if either the recipients or the donors
were seropositive for herpes simplex virus type 1 (HSV-1) or in whom there was a
past history of documented IISV-1 infection. Reactivation of CMV was monitored
weekly by measuring the level of CMV pp635 antigen in peripheral blood mononuclear
cells (PBMC) from day O till day 100 post-transplant. Ganciclovir (Smg/kg/day 3 days
per week) would be given from day of engraftment till day 100 as cytomegalovirus
(CMV) prophylaxis in unrelated donor transplants if recipients or donors were
seropositive for CMV. Preemptive treatment with ganciclovir (Smg/kg/dose twice
daily intravenously for at least 2 weeks) would be started if there was evidence of
CMYV reactivation.

All unrelated and HLA-mismatched transplant recipients would receive
intravenous immunoglobulin (IVIG) at 500 mg/kg every 2 weeks from day 1 till day

100 as immunomodulatory agent.
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Assessment of recovery of cell-mediated immunity by lymphoproliferative assay

Recovery of cell-mediated immunity (CMI) was evaluated by the in-vitro
proliferative responses of peripheral blood mononuclear cells (PBMC) to specific
purified HSV-1, VZV (Microbix Biosystems, Toronto, ON, Canada), CMV, EBV,
HHV-6, HHV-7, HHV-8 (cell culture lysate derived) antigens and mitogens
including phytohaemagglutinin (PHA, Gibco BRL, Grand Island, NY, USA),
concanavalin A (ConA), pokeweed mitogen (PWM) as positive control.

In brief, PBMC was obtained from heparinized venous blood using
Ficoll-Hypaque (Pharmacia, Uppsala, Sweden) density gradient centrifugation and
washed in RPMI-1640 medium (Celox Laboratories, Inc., St. Paul, MN)
supplemented with 2 mM L-glutamine, 100 pg/ml streptomycin, 100 U/ml penicillin
and 8% fetal calf serum (Life Technologies, Gaithersburg, MD). The viability of
isolated cells ranged from 95% - 98% as determined by the trypan blue exclusion test.

PBMC were washed twice in RPMI-1640 medium and resuspended at a
concentration of 2 x 10%ml of RPMI-1640, supplemented  with
penicillin-streptomycin (106 U/ml), 5% autologous serum and 1 mM sodium pyruvate.
Aliquots (200 pL) of PBMC containing 5x10* cells were incubated in triplicates in
flat-bottom 96-well microtitre tissue culture plate (Costar, Cambridge, MA) with 10

ug/mL PHA, ConA and PWM for 3 days as positive control. A total of 2x10° cells
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were cultured separately with HSV-1 and 5 pb of VZV, EBV, HHV-6,7 and 8
antigens for 6 days in 5% CO; at 37°C.

Cell cultures were pulsed with [3H]-thymidine (Pharmacia) for 18 hours at the
end of incubation, and radioactivity in the samples was then measured by a
scintillation counter (Microbeta TriLux; EG & G Wallac, Turku, Finland). Three
replicates of counts per minutes (cpm) values for the unstimulated PBMC and three
replicates each for PBMC stimulated with HSV-1, CMV, EBV, HHV-6, 7 and &
antigens. The median cpm for unstimulated PBMC, as well as for PBMC stimulated
with various antigens were determined. Results were expressed as stimulation index
(SD) that was defined as the ratio of the median cpm in the stimulated samples divided
by the cpm in the unstimulated samples. SI = 3 was regarded as positive
lymphoproliferative response.(165)

Serial measurements were made at baseline (before transplant), at monthly
intervals from the first to sixth month post-transplant and then 3-monthly intervals
until 12 months post-transplant for HSV-1, CMV, VZV and HHV-8 antigens. EBV,
HHV-6 and HHV-7 were monitored until 5 months after transplantation.

In order to minimize the variability in antigen titers between different batches of
viruses, we used a single batch of viruses for LPR monitoring on all subjects

throughout the study period.
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Statistical analysis

The primary measured outcome was the CMI (lymphoproliferation as measured
by stimulation indices) induced by various herpes virus antigens at different time
period after HSCT.

Data were descriptively summarized using frequencies and percentages for all
categorical variables. Continuous variables were expressed as median and
interquartile range (IQR). Stimulation indices betwecn different subgroups were
analyzed using Mann-Whitney test. Categorical variables between different diseases
or patient groups were anailyzed by Chi-square test. P-values <0.05 were considered
to be statistically significant. Data analysis was performed by SPSS for Windows

{version 14.0; SPSS Inc., Chicago, IL, USA).
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12.3  Results
Characteristics of study population

From 2001-2004, 36 children (M=19; F=17) were recruited. The age ranged
from 1.03 — 17.9 years, median 10.5 years old. Malignant conditions (ALL, AML,
CML and other hematological malignancies) accounted for 58.3% of cases.
Altogether 52.7% of donors were matched sibling donors (MSD). Matched unrelated
donors (MUD) accounted for 27.8% of cases. The others received transplants from
mismatched family donors (5.6%) and cord blood (13.9%; 1 related, 4 unrelated).
Peripheral blood (PBSC), bone marrow (BM) and unrelated cord blood (CB) as the
stem cell sources were used in 55.5%, 30.6% and 13.9% of cases, respectively. The
mean CD3+ cell dose in PBSC (31.7 x 107/kg) were significantly higher than BM (4.2
x 107kg) and CB (1.1 x 107/kg) respectively (p=0.009; p=0.03). The mean CD34+
cell dose in PBSC (5.1x10%kg) were significantly higher than BM (3.5x10%kg,
p=0.03) and CB (0.23x10%kg, p=0.004) respectively. 16.7% and 9.6% of patients
developed severe acute GVHD ({(grade II/IV) and extensive chronic GVHD,
respectively. The 3-month and 12-month survival rate were 86.1% and 71.0%

respectively. The characteristics of study patients are shown in Table 17.
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Lymphoproliferative response to HSV-1, VZV, CMV, EBV, HHV-6,7 and 8 in study
subjects

For analysis on HSV-1, VZV and CMYV responses, we further categorized the
results according to the serostatus of the donors (D) and recipients (R). For VZV, the
number of D+R+, D+R-, D-R+ and D-R- was 17, 8, 7 and 4 respectively. For CMV,
the number of D+R+, D+R-, D-R+ and D-R- was 14, 9, 8 and 5 respectively. For
HSV-1, the number of D+R+, D+R-, D-R+ and D-R-was 17, 8, 8 and 3 respectively.

Fifty percent of subjects showed SI = 3 to HSV-1 at 2 months after
transplantation, an upsurge of median stimulation index (SI) was observed at 5
months after transplant. In subgroup analysis, D+R+ subjects demonstrated the most
significant increase in lymphoproliferative response (LPR).

More than half of subjects showed SI index = 3 to CMV at 2 months after
transplantation and an upsurge was observed at 5-6 months after transplant. D+R+
subgroups showed the most significant response.

At 4 months post-transplant, more than 50% of patients showed positive SI index

to VZV antigen and there was an upsurge observed at 6 months post-transplant. Again,

D+R+ showed the most prominent response in LPR.
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Although half of the patients showed positive response (SI index =2 3)to EBV,
HHV-6 and HHV-7 before transplant, the median SI indices were less than 3 to these
herpes viruses indicating most of the patients did not show a significant LPR to these
antigens during first 6-month post-transplant period.

For HHV-8, only 6.5% subjects showed SI = 3 at baseline and there was no
significant lymphoproliferative response to HHV-8 antigen throughout the study
period. The details of lymphoproliferative response to various herpes viruses are
shown in Tables 18, 19 and Figures 3 and 4A, B and C respectively.

At 3-month post-transplant, patients with matched sibling donor (MSD)
transplant had significantly higher stimulation indices (SI) to HSV-1, CMV, EBV,
HHV-7 and HHV-8 when compared with patients with matched unrelated donor
(MUD) transplant. Patients who received peripheral blood stem cell (PBSC) as the
stem cell source also showed higher stimulation indices (SI) to HSV-1, VZV and
EBV when compared with patients who received bone marrow (BM). The use of
ant-thymocyte globulin (ATG) and total body irradiation (TBI) and severity of acute
GVHD did not pose any significant effect on lymphoproliferative response to herpes
virus antigen at 3-month post-transplant. At 12-month post-transplant, there was no
statistical difference in any parameters in affecting LPR to different herpes viruses.

The details are shown in Table 20.
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Viral reactivations during the study period

During the study period, 5 patients developed reactivation of CMV virus which
required pre-emptive ganciclovir treatment for controlling viral replication at median
4.5 months post-transplant. Three patients developed HSV-1 mucositis. All of them
recovered after treatment with appropriate antiviral therapies. There was no
virologic-confirmed CMV, EBV, HHV6, 7 and 8 diseases throughout the study

period.
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Table 17. Characteristics of study patients
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Parameters

Number of patients (n=36}

Sex
Male / Female

19717

Primary Disease for Transplant
ALL

CR1

CR2/CR3
AML

CR1/CR2
Severe aplastic anemia
Other leukemia/lymphoma
(IMML, CML, T-cell lymphoma)
Immunodeficiency syndrome
Hemoglobinopathy
Metabolic disease

10 (27.7%)
2
771
5 (13.9%)
1/4
6 (16.7%)
6 (16.7%)

3 (8.3%)
4(11.1%)
2 (5.6%)

Overall survival (OS)
3-month post-transplant
12-month post-transplant

Cause of death at 3-month

post-transplant (n=5)
Relapse

Transplant-related mortality (TRM)

Cause of death at 12-month
post-transplant (n=9)
Relapse

Treatment-related mortality (TRM)

31 (86.1%)
22 (71.0%)

1 (20.0%)
4 (80.0%)

6 (66.7%)
3 (33.3%)

Type of Transplantation
Matched sibling donor (MSD}
Matched unrelated donor (MUD)
Mismatched family donor (MMEF)
Unrelated Cord blood
Related Cord blood

19 (52.7%)
10 (27.8%)
2 (5.6%)
4 (112%)
1 (2.7%)

Conditioning regimen
Total body irradiation (TBI)
No TBI
Anti-thymocyte globulin (ATG)

10 (27.7%)
26 (72.3%)
20 (55.5%)
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No ATG

16 (44.5%)

Stem Cell Source

Bone Marrow (BM) 11 (30.6%)
Peripheral blood stem cell (PBSC) 20 (55.5%)
Unrelated Cord blood 4 (11.2%)
Related Cord blood 1(2.7%)
Mean Graft CD3+ count
Bone Marrow (BM) 4.2 x 107/kg
Peripheral blood stem cell (PBSC) 31.7 x 10"/kg
Cord blood (CB) 1.1x 107/kg
Mean Graft CD34+ count
Bone Marrow (BM) 3.5x10%kg
Peripheral blood stem cell (PBSC) 5.1x10%kg
Cord blood (CB) 0.23x10%kg

Acute GVHD
No acute GVHD
Grade /11
Grade III/TV

11 (30.6%)
19 (52.7%)
6 (16.7%)

Chronic GVHD (n=31)
No
Limited
Extensive

23 (74.3%)
5(16.1%)
3 (9.6%)

164

164



91

aamsod se paulap st ¢ Xapul UOIRMNWILS ‘[Syy ‘(3qiHEnb ¢ — ajirenb 1) aSuer apuenbiaiy], v uljeaeuesuo))

pri

(0osc-0'11D)

%052 (I'z60)s'1 %7 9L (b8L-v'¥) 12T %1°9L (60r9¢) 552 %L 'S8 (S8TTVY Y I'SY 08L1 syuow 7|
(0°£92-0°Zt)
%8t 91-80) 01 %L L (reg-L0 sl %3818 (+'89-+'¢) 861 2%0°18 (Iest-6'61) S 6t 0Ll Syuow 6
(0L61-81F)
%< P €1-9001 %:8°0L (sL1-TD s %S #S (Leseee %68 {(568-91) 912 0°LET syuow 9
(0'601-€°1+)
%00 R1-0D<1 %L99 (6011-00) v¥L %R LL (VLE1-99) 68 %C 9 (€560 LS 069 sjauow ¢
(s'1o1-091)
%0°0 1-onel 240°0S ®sT9C %L TL (L8T+ IS %L TL @oronLs 085 SYIoW
(g€s1-61)
%E'8 (L1-80 01 %I Sh (68-L0)+T %L 1S (6€c-50)1°€E %%E 65 (69z-T1)9¢ 00§ Suow ¢
(0't6-0'9)
%38°€ wr-Lot 9%ETE (€9-L0) €1 %L 95 (le-1'DLg 29°€S (€r1-60)9¢ 0or sjjuow g
OrL-09)
2600 1-L0) 60 %L 9T CX AR | %L 1€ (Zi-sio1z %0°0S (®1-s0)¢T 06z iuou |
(£'9.£-8'9¢) (werdsuen-aid)
%59 (81-60 11 %8 LL (6'5S-v#) T91 %908 (s6£-3€) 91 %F 1L (L1 oSt 0631 aunfaseqd
(%) €=ZIS (4O uepapy (%) €IS (4O1) uelpapy (@) £ZIS  (4O1) uepapy +(%) €IS (O ueipay +(JOI) uetpay LOSH 1aye aut |
8-AHH AZA AWD 1-ASH L,V ue)

591

"LOSH 1oy sjutod sl JUaISPIP 18 8-AHH Pue AZA ‘AND “1-ASH 01 (IS) asucdsar aanerajrjordoydwidy *g| sjqe],



991

aamsod se paulap S1 € = Xapul UOIIRIAWILS ‘[S 4, S(3j11Enb € —2enb 1) aSuer ajnrenbisiug,

TV uljeABUBDUOD),

%00 (9-+0)90 %L91 @I-c0st %ETl (8T+o) T (0°601-€71+) 069 Suow ¢
%TZL (0605t %L 91 (tesos1 %00 (reruyi (101-091) 0'8% syquow §

(9 ¥4 (676051 %9°1¢€ (S9z-0'1)S'1 %0°0¢ (A K (8°€51-561) 008 sipuow ¢
%L 0% ®¢s0vi %E°LT (1801t %16 (Iresoel {0F6-09) 00V sijuow 7
%%0°0Z (8T-£0)60 %9°87 +'9-90)§'1 %9°8T (sc-+0) T (OvL-05) 067 puow |
%6°LS 08 1) 6 9%0°0¢ (1601 8¢ %0°0¢ (9zZ1-F1)6¢C (£92£-39¢) 06381 (uejdsuen-aid) surjase

(%) IS (401 uepsy (%) €IS {(401) velpapy (%) €ZIS (4O1) velpay £ 0I1) veipay 1DSH Jaye sun y
L-AHH 9-AHH Agd V uo)

991

' 1OSH 1aye sjutod awin jua1sfyp e £-AHH ‘9-AHH Pue A9d 01 (IS) asuodsal aaneiajijordoydwAig g1 a1qel



£91

601 ¥9°01 aN 010 anN 080 A4 0t aN 09°9 09’ 090 089 09+ (o1=u) 19L
{050=d) (5L 0=d) (80-0=d) (¢g'0=d) (zgo=d) (150=d) (Loro=d) reo=d) (ro=d) (sco=d) (900=d)
SLY 00'1 an $5°0 aN 0¢°1 SL'S Sr'e anN 080 05T 051 324 o't (91=U) D1V ON
Sy's 00'1 aN 051 aN 00°1 1Ly 0L'¢ aN 00'€ $T'E 0r'S 0.9 <6'F (0z=u) D1V
(t90=d) (09°0=d) (88°0=d) (1z0=d) (¥s0=d) (L9 0=d) (6v"0=4) (syro=d) (Ls0=d) (re'0=d) ,(120=d) (9=u) AI/III 3pRID
§TE 00'1 aN 01 aN 1l §LT 1] anN 08’1l $6°Z St 0Ty OF € (HAD 2oy
(rs0=d) (680=d) (9¢0=d) (13°0=d) (s20=d) (8670=H {6570=0) (pgo=d) (oro=d) (ss0=d) (610=d) (61=U)II/13prID
SLT 00°1 aN 001 aN 0g'l 56T 0L'¢ aN 081 SL'Y SOy sTe 50T (IHAD andy
(11=u)
bLE 06°0 aN 051 aN 051 SP'E 00'1 aN 08¢ %3 0Z¢ 11§ .08y HAD mae oN
(zLo=d) (91 0=d) (00 1=d) bz 0=d) (00’ 1=d) (00’ 1=d) {€10=0) (zLo=d) (oco=d) (z0=d) _(i270=D)
STY STl aN 0T0 anN g1t ¢Sl 0T’ anN 050 STy or's 0L'9 €80 (s=w) gD
06'0=d) (L00=d) (€1°0=d) (6¢0=d) (60°0=d) (s0°0=d) (c0'0=) (g90=d) (ze0o=d) (ogo=d) _ (100>
$6't ¢9'1 aN 051 (N 001 SHE 06°L an 00°€ SLY 01°¢ 05°8 00°9 (0Z=V) JS9d
SL'S 580 anN 050 aN ¥l STl 60 aN $8°0 05°¢ o<l 0L's 080 (11=w) ng
Loo=d) (voo=d) (10°0=1 (cro=d)  (Se0=d) (850=9 (£0/0=d) (Oro=d) (coo=d) (9ro=d) (10'0>d)
SL'T 080 anN 010 anN S1°1 SL'§ ¢t anN 09°0 SL'Y 08°0 SL'E 00 (Z1=w) anw
0S¢ 0¢'1 aN 051 aN 051 0L9 06T aN 00°¢ 059 00's 0TS «01'Y (81=) asW
yuow-g[  puow-¢ Huol-z1  puou-¢ JUOW-Z}  puow-¢  YJuoll-g] QJuow-¢  uoul-zg| puow-¢  [pPuow-g] pUOW-¢  YWOW-7]  uow-¢
8-AHH L-AHH 9-AHH AZA Ag3 AND [-ASH

nrefdsiren-jsod uour-g | pue puowi-¢ e sumas juejdstren juaispjip ur sasniia sadiay Jo ([§) asuodsar aanersjijoidoydwi oz a[qe L

L81



891

AHAD II/T 2pei3 gim atedwod, gHAD 2nde ou yum aredwiods dnoad g pim aredwod  tdnesd g yits aredwos  xapul uolygnus
ugipaw S 0>d | WRIYIUSIS [BINSUEIS IS3} AJWIYM UL AQ PIZA[RUY UONERIPELN APOq [€10) ‘T L ‘UTNGO[d a1420WAI-NUE ‘D) | Y '95LasIP ISOY-SNSIA-YRIS ‘QHAD
{(patejaqun + pajejad) peolq p102 ‘g 122 wals poolq [eiayduad ‘Hgg ‘Mol Jueq (g Souop Jou ‘gN Iouop pPIjejaIun payneul ‘(A ‘Jouop Juyqis payoew ‘gs

(tg0=d) (Lo0=t) (c0°0=4d) (97 0= (Lo o=d) (pzo=9 (c1 o= {61°0=d) (100>d) (F90=d) (L50=d)
STl 06'11 anN 051 aN or'l SIS 0£'S aN 7901 0S'€ 08¢ SSL ST (9z7=u) 191 ©N

291



Lymphoproliferative Response (LPR) to [ISV, CMV, EBV, VZV, IIIIV-6, [IIIV-7, [1[IV-8
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Figure 3. Lymphoproliferative response (LPR) to HSV-1, CMV, EBV, VZV, HHV-6, HHV-7, HHV-8
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Figure 4A. Lymphoproliferative response (LPR) to HSV-1 — Stratified by donors’ and recipients’
serostatus
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Figure 4C. Lymphoproliferative response (LPR) to VZV - Stratified by donors’ and recipients’
serostatus

170



171

12.4 Discussion

In the allogeneic HSCT setting, immune reconstitution is determined by multiple
i:actors which include: (1) immunosuppressive effect of the conditioning regimen; (i1)
graft composition; (iii) presence of acute and/or chronic graft-versus-host (GVHD)
disease and (iv) immunosuppressive therapy given after transplantation. In general,
natural killer cell (NK) returns to age-matched level at 1-2 months after transplant.
B-lymphocyte levels return to the age-matched levels at 3-6 months after transplant.
Immunoglobulin isotypes start to normalize at about 6 months after transplant with
IgM first, follow by IgG,, IgGs, IgG,, IgGs and then IgA. However, IgG subclass
deficiency can last up to 18 months or more after transplant (166, 167). The median
time for T-cell recovery is 7-8 months in the setting of CD34+ selected graft with
myeloablative conditioning regimen (162).

A number of factors which can influence T-cell reconstitution have been
identified: (i) type and dose of T-cell antibody used in conditioning; (ii) irradiation as
part of the conditioning regimen; (iii) CD34+ cell dose; (iv) choice of stem cell and (v)
graft manipulation techniques (168, 169). The delay in immune reconstitution is
associated with severe infections. T-cell mediated immunity is specifically important

for confining primary and reactivation of viral infections.
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There are two sources of T cells in recovering recipients: One is derived from the
peripheral expansion of mature and memory T cells which starts as early as 1-2
months after transplantation and reaches the peak at 6 months. The other source is
derived from de novo maturation of naive T cells which are originated from
transplanted stem cells and are matured in the host’s thymic system. This pathway
generates a diverse receptor repertoire and is capable of responding to a range of
antigens which is important in the reconstitution of CD4+ lymphocytes.
Reconstitution to normal levels can occur 1-2 years after transplantation (170, 171).
The capacity of the thymic-derived T cell production is diminished in adults due to
the involution of thymus after puberty. Irradiation to thymic region, namely in total
body irradiation and increase dose intensity of the conditioning regimen can induce
tissue damage to epithelial cells of the thymus and result in impairment of its function
in maturation of naive T cells. Therefore, being an adult and the increased dose
intensity in the conditioning regimen are risk factors for reduced ability to de novo
maturation of naive T cells (172). Incidence of CMV reactivation ranges from 14% -
29% and lethal CMV infections occurs in about 0% - 8%.(173, 174) In general,
children have a lower infection death rate than adults which probably reflects
impaired thymic function in older patients (175, 176).

Our data showed that although more than 50% of subjects showed a positive
lymphoproliferative response to HSV-1, VZV and CMV at the early post-transplant
period, an upsurge of stimulation index (SI) could only be demonstrated at 6 months
post-transplant. For EBV, HHV-6, HHV-7 and HHV-8, the majority of subjects did
not demonstrate a significant response in stimulation index throughout the study
period. With the widely use of myeloablative chemotherapy and about 30% of our

subjects received total body irradiation (TBI) in conditioning regimen, the process of
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immune reconstitution would be delayed. This might account for the delayed major
upsurge of stimulation index to HSV-1, CMV, VZV and the suboptimal response to
EBV, HHV-6, HHV-7 and HHV-8 antigens in the post-transplant period despite a
significant proportion of subjects showed a positive stimulation index before
transplantation.

In the subgroup analysis, we found that patients who received matched sibling
donor transplantation (MSD) and received GCSF-mobilized peripheral blood stem
cell (PBSC) transplantation had a greater degree of rise in stimulation index (SI) when
compared with their matched unrelated donor (MUD) transplant counterpart and
patients who received bone marrow as the source of stem cells. (Table 20) With the
less severe GVHD and thus lesser use of intensive immunosuppressive therapy, the
time and extent of immune recovery were more rapid in MSD transplant than MUD
transplant recipients.

In our series, the CD3+ and CD34+ cell counts in the PBSC graft were
significantly higher than the BM graft. With the higher number of T-cells, both
memory and naive T-cells, the reconstruction of cell-mediated immunity could be
faster. This might be the reason for this observation. However, in our series, we could
not demonstrate any correlation between lymphoproliferative response to herpes
viruses and the use of anti-thymocyte globulin as well as the use of total body
irradiation in the conditioning regimen. Since the number of subjects with acute
graft-versus-host disease (GVHD) was small, we could not analyze the correlation

between lymphoproliferative response and the severity of acute GVHD.
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There are several limitations of our study. Firstly, we should recruit healthy
non-imunocompromosed  children as control and compare with the
lymphoproliferative responses of various herpes viruses in immunocompromised
subjects. This should be seriously considered in future immune reconstitution studies.
The other is the study timpoints for EBV, HHV-6 and HHV-7 should extend to 12
months post-transplant as EBV and HHV-6 are also important pathogens in stem cell
transplant setting as described in previous chapters.

Reactivation of herpes viruses in the post-transplant pertod is common following
allogeneic hematopoietic stem cell transplantation and is associated with significant
morbidity and mortality. Both CD4+ and CD8+ antigen specific immune
reconstitution are required for protection against the reactivation of viral infection.
Deficient antigen-specific CD4+ and CD8+ responses within the early post-transplant
period was associated with a higher risk of viral reactivation at the late transplant
period (177). Therefore, with the infusion of donors’ memory T-cells or the presence
of recipients’ remaining T-memory cells may be associated with early reconstitution
of viral-specific immunity. In our series, we showed that seropositivity in both the
donor and recipient is an important predictor for the lymphoproliferative response.
For HSV-1, CMV and VZV antigens, patients with status (D+; R+) showed a higher
stimulation index when compared with other counterparts. Ganepola S ef al actually
recommend CMYV seropositive donors for CMV seropositive recipients, as this should
lead to an early and durable recovery of CMV-specific T-cell immunity after
transplantation with subsequent protection against CMV reactivation and disease
(178). This may also account for the current observation of a higher stimulation index
in PBSC subgroup since the CD3+ cell dose was significantly higher than in the BM

subgroup.
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The significance of HHV-8 infection and its reactivation in pediatric allogeneic
HSCT setting remains unclear. Rosenzwajg et af reported the seropositivity rate in the
pediatric population (< 15 years) before transplantation was about 10% (179). HHV-8
is implicated in causing Kaposi’s sarcoma (KS) which classically affects clderly men
of Mediterrancan or Eastern Europe origin. It is also endemic in children and young
adults of subequatorial Africa and epidemic in HIV infected individuals. Kaposi’s
sarcoma has been reported in solid organ transplantation recipients but rarely reported
in allogeneic stem cell transplant setting (180). There are no previously published
local data of seropositive rate in the Chinese pediatric population. Our data showed
that only 6.5% of patients had a stimulation index of =3 before transplant reflected a
majority of patients had not encountered this virus before. Qur data were consistent
with other published serics (179). Throughout the [2-month follow-up period, the
stimulation index remained low when compared with other antigens. This reflected
gither primary or reactivation of HHV-8 infection in the post-allogeneic transplant
setting was an uncommon event.

There are a number of experimental and clinical approaches which are currently
being investigated in boosting the T-cell mediated immune response in the
post-transplant period. Regeneration of bone marrow niche and hopefully
improvement of the microenvironment of bone marrow is particularly relevant. One
of the strategies is to transplant donor bone marrow stem cells with other cells of
non-hematopoietic origin, namely stromal cells, mesenchymal stem cells (MSC) or
osteoblast progenitors. The mesenchymal stem cells (MSC) are naturally
immunosuppressive and have been shown to successfully diminish GVHD in
allogeneic stem cell transplantation and may facilitate the induction of mixed

donor-recipient chimerism and thus improve engraftment. These measures will lead to
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decrease the period of immunosuppression after HSCT and perhaps can decrease the
chance and duration of herpes virus reactivation. The other investigational targets are
(i} administration of keratinocyte growth factor (KGF) or Fms-like tyrosine kinase 3
ligand (FIt3L) to initiate in-situ thymic recovery and thus reduce the damages may be
cvtorductive therapies; (il) ‘De novo” thymic production by ex vivo expanded
thyrssic epithelial cell (TEC) biopsy; (iii) expansion of naive T-cells by IL-7 or
passibly FIt3L (181).

Through our study in the recovery of viral-specific immunity of various herpes
viruses (HSV-1, VZV, EBV, CMV, HHV-6, HHV-7 and HHV-8) in patients received
allogeneic HSCT, this poses significant implication in term of formulating specific
immunomodulatory strategies in controlling these potentially life-threatening
infections. Currently, only VZV infection is the only vaccine-preventable disease, the
potential use of adoptive transfer of virus-specific immunity in allogeneic HSCT

patients can then be further studied.

Varicella-zoster virus (VZV) is a herpes virus that causes chickenpox as a
primary infection and herpes zoster when the latent virus is reactivated. Patients who
experienced chickenpox will be protected from recurrent attacks by VZV-gpecific
anttbody (182). Nonetheless, these subjects may develop herpes zoster when their
cell-mediated immunity wanes with advancing ages or diseases that are associated
with immunosuppression (183-185). Therefore, patients who underwent HSCT are at
high risk of having severe VZV infection because of significant and prolonged

immunosuppression in the post-transplant period.

Our unit has performed over 300 HSCT over the past 20 years. Our data showed
that 27 (25%) of our first 108 children who received HSCT developed post-transplant

herpes zoster. The median time to herpes zoster in our patients was 124 days after
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transplant. Twenty-two (81%) children developed herpes zoster within one year after
transplantation. Three (11%) children were diagnosed to have herpes zoster with
visceral dissemination. The cumulative incidences of post-transplant herpes zoster at 1
and 5 years were 24% and 34% respectively. The median duration of herpes zoster
was 5 days (range 3 to 60 days). No mortality was directly related to VZV infection.
Therapeutic measures that reduce the occurrence of post-transplant herpes zoster can

possibly lower the morbidity and treatment cost for this infection (186).

Sempere et al found that acyclovir is effective in controlling VZV proliferation
in immunocompromised patients. However, five of their 21 post-transplant adult
patients with acute leukemia developed herpes zoster within one month of acyclovir
withdrawal (187). In addition, the use of prophylactic acyclovir or ganciclovir did not
prevent post-transplant VZV infection in a previous report as well as in our patients.
Besides, there is an increasing concern of emergence of acyclovir-resistant strains of
varicella zoster virus or herpes simplex virus (188, 189).

Previous study suggested that VZV-specific lymphoproliferative response
(LPR) recovered more often in those recipients who developed post-transplant herpes
zoster (190). Wilson ef al also reported that VZV-specific cellular immunity recovered
in post-transplant patients as a result of subclimcal VZV viremia.(191) This was
possibly related to in vivo boosting of VZV-specific immune functions of these
patients upon natural VZV reactivation. Kato et al investigated the transfer of
VZV-specific T-cell immunity from 49 marrow donors to their recipients. This report
first showed that the 72 healthy subjects who experienced chickenpox previously had
a stimulation index (SI) of above 3.0 on VZV-specific LPR that indicated the presence
of specific cellular immunity as compared with 21 persons without chickenpox. The

authors also concluded that there was no direct transfer of VZV-specific cellular
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immunity from transplant donors to recipients. Fourteen (88%) of 16 patients with
positive VZV-specific cellular immunity in both donors and recipients developed
early post-transplant herpes zoster when their SI dropped to below 3. However, the
authors did not analyze the correlation between SI on VZV-gpecific LPR and
development of post-transplant herpes zoster. Two transplant recipients in this study
who had VZV infection in the immediate pre-transplant period did not develop herpes
zoster following HSCT. This suggests that the presence of adequate number of
VZV-specific T-cells early after transplant in the recipients may prevent patients from
developing post-transplant herpes zoster {192).

Varicella Vaccine Collaborative Study showed that varicella vaccination resulted
in a two-third reduction in herpes zoster in children with leukemia (193). Another
clinical trial reported that children with leukemia who received VZV vaccine had a
lower incidence of herpes zoster as compared with those after natural infection (3.6%
vs 13.1%) (194). A recent study suggested that early post-transplant immunization of
recipients with inactivated varicella vaccine resulted in enhancement of VZV-specific
cellular immunity. This immunomodulation of transplant recipients was effective in
reducing the severity of post-transplant herpes zoster (195). However, this inactivated
vaccine is not licensed for clinical use. The live-attenuated varicella vaccine currently
available may also be effective in lowering VZV reactivation. However, this vaccine
with its live virus may cause severe vaccine-related complication if it is given to
transplant recipients too early after transplant when they are still profoundly
immurnosuppressed. On the other hand, most of the post-transplant herpes zoster (81%
in our study) occurs within the first one year following HSCT. Alternatively, varicella
vaccine may be used to boost the VZV-specific immunity in recipients before¢ HSCT.

Mevertheless, patients with underlying malignant diseases usually cannot tolerate
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pre-transplant VZV immunization because most of them are immunocompromised
from intensive chemotherapy and radiation treatment before HSCT. Besides, they
cannot wait too long for recovery of immune functions before transplant in order to
have VZV immunization because of risk of relapse of primary diseases.

Successful transfer of immunity against hepatitis B virus could be demonstrated
in recipients of allogeneic HSCT (196, 197). Two post-transplant patients also had
sustained clearance of hepatitis B surface antigenemia by anti-HBs positive marrow
from their donors (198). Walter e al demonstrated that reconstitution of cellular
immunity against cytomegalovirus in recipients could be achieved by transfer of
T-cell clones from donors or infusion of marrow from seropositive donors (199).
Adoptive transfer of immunity against Epstein-Barr virus, tetanus and Haemophilus
influenzae type b also occurred in recipients of allogeneic transplantation (200, 201).
Thus, the adoptive transfer of VZV-specific cell-mediated and humoral immunity
from transplant donors to recipients is another feasible approach in the prevention of
post-transplant herpes zoster. Surge in specific T- and B-lymphocyte populations
could be achieved when healthy individuals are re-immunized with the vaccine. This
boost of immune system resulted in less VZV reactivation in the elderly population. It
is also possible that the large numbers of VZV specific T- and B-cells present in
donors following VZV immunization can be transferred together with stem cells to
recipients. These memory lymphocytes can thus protect recipients from
post-transplant herpes zoster and subclinical VZV viremia in the early post-transplant
period when they are profoundly immunocompromised as a result of the intensive
conditioning regimen (190). There is so far no study that investigated whether the
adoptive immunity transfer can lower the occurrence or severity of post-transplant

VZV reactivation.
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There are several reports that showed the development of chickenpox and herpes
zoster in normal subjects after VZV immunization (202). The live-attenuated virus
administered to the donors before HSCT may transmit with the stem cells to the

immunocompromised recipients and introduce active infection early after transplant.

Several previous studies suggested that transplant rccipients developed VZV
viremia without clinical evidence of herpes zoster (203). Ljungman e a! found that
subclinical VZV reactivation was detected in 26% of post-BMT patients (203).
However, the incidence of subclinical VZV viremia may still be underestimated as

these trials only involved infrequent testing of patient samples for VZV.

Previous studies have shown that VZV vaccination protected leukemic children
from chickenpox when it is given to patients during or after maintenance
chemotherapy (204). However, patients who underwent HSCT are much more
immunocompromised as compared with children with leukemia in remission. The
VZV seropositive transplant recipients may seroconvert afier HSCT and thus lose
protection against chickenpox following transplant. Hence, these patients may benefit
from post-transplant VZV immunization after immune reconstitution occurs.
Nonetheless, the immunogenicity, safety and optimal schedule of varicella vaccine in
these patients remain unclear. From the literature, it is not certain whether these
post-transplant immunocompromised patients have prolonged excretion of VZV
following vaccination. The exact role of adoptive transfer of donors’ immunity to
transplant recipients still needs further evaluation. Our data provides a suitable

platform for future studies.
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12.5 Conclusion

In this chapter, our group provides the first complete sct of data to illustrate the
recovery of cell-mediated immunity to various herpes group of viruses over a
12-month study period following allogeneic hematopoietic stem cell transplantation
with myeloablative conditioning regimen. The serostatus of the donor and the
recipient, and the choice of donors and the source of stem cells are important
parameters in determining lymphoproliferative response to herpes viruses in
transplant recipients. Our data provides a suitable platform for future studies on the
exact role of adoptive transfer of donors’ immunity in hastening the recovery of

rccipients’ immune status after hematopoietic stem cell transplantation.
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Section 4

Summary and Conclusions

Chapter 13: Summary of Results

Chapter 14: Conclusions
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Chapter 13: Summary of Results

Section 1 Background and Overview

Chapter 1 An Overview of Spectrum of Diseases in
Pediatric Oncology in Hong Kong
This thesis begins with an overview of the spectrum of pediatric oncology in
Hong Kong. Chemotherapies play an important role in treatment of the four
commonest pediatric cancers. Although the survival improves significantly from
10% to almost 90% over the past fifty years due to improvement in various treatment
protocols, cancer death still ranks the second major causes of death in Hong Kong
children (5-14 years old). Infection is one of the most common and often serious
treatment-related morbidities and mortalities. This forms the background of the
series of original studies.
Chapter 2 An Overview of Different Treatment Modalities in Pediatric Oncology
and Impact on Destruction of Immune System
This chapter describes the main treatment modalities in pediatric oncology
patients with main focus on chemotherapy and radiotherapy. The impact on

destruction of host’s immune system is described.
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Chapter 3 Current Understanding of Immune Reconstitution in Pediatric
Oncology Patients Received Chemotherapy and Hematopoietic Stem

Cell Transplant Recipients
This chapter describes the understanding of immune reconstitution in children
who had received immunosuppressive therapy. The nadir of bone marrow suppression
after chemotherapy is about ten to fourteen days. After the nadir, neutrophils are
usually return to normal within a short time (three to four weeks) and then follow by
natural killer cells, while B and T lymphocytes take longer to recover and it varies
with children’s age. Residual deficits may persist up to twelve months after
completion of trcatment protocol or even longer and the recovery of “immune
memory” may not be fully completed especially in young children. This formulates
the research ideca in performing the following original studies with thc aim at
improving the immune reconstitution and prevention of infections in our pediatric

oncology patients and hematopoietic stem cell transplant recipients.

Section 2 Strategics for Prevention of Infections in Pediatric Oncology
Patients

Part 1 Literature Review and Planning of Original Studies

Chapter 4 Literature Review

This chapter reviews the published studies in describing the impact of
opportunistic infections in immunocompromised patients and the various established

methods in prevention of infection in immunocompromised patients.
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Chapter 5 Objectives and Planning of the Original Studies

Although there is presence of various well-established recommendations in term
of treatment of infections in this vulnerable group, opportunistic infection continue to
cause significant impact in pediatric oncology patients and stem cell transplant
recipients. This chapter describes the planning of a series of original studies to
postulate various possible strategies in preventing our immunoccompromised children

from various infectious diseases.

Part 2 Original Studies of Different Strategies in Prevention of Infecfions
in Pediatric Oncology Patients.

Chapter 6 Recovery of Humoral Immune Response to Vaccine-Preventable
Infectious Diseases in Pediatric Oncology Patients

This chapter reports our 18-month cohort study which showed a near complete
humoral immune recovery in our patients. However, a significant proportion of
subjects were still susceptible to various vaccine-preventable infectious diseases up to
18 months after stopping chemotherapy. Post-chemotherapy booster vaccination may
have a role in prevention of this potential life-thrcatening complication. This will
evolve to a significant health care problem if no further intervention is implemented
as the survival rate of pediatric oncology patients improves significantly with the

improvement in various cancer treatment protocols.
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Chapter 7 Humoral Immune Response After Post-Chemotherapy Booster
Diphtheria-Tetanus-Pertussis Vaccine in Pediatric Patients with
Hematological Malignancies.

This chapter reports our randomized-controlled trial to demonstrate intensive
chemotherapy led to loss of protective serum antibody titers for different types of
vaccine-preventable infectious diseases which could be persistent till 18 months after
stopping chemotherapy in patients with hematological malignancies. Booster
vaccinations started at six-month after stopping chemotherapy in children with
hematological malignancies could be safely administered, and effectively restored a

sustained effect in humoral immunity against various types of vaccine-preventable

infectious diseases.

Chapter 8 Humoral Immune Response After Post-Chemotherapy Booster
Diphtheria-Tetanus-Pertussis Vaccine in Pediatric Patients with Solid
Tumors.

This chapter reports our randomized controlled trial to demonstrate
chemotherapy for solid tumors led to loss of protective serum antibody titers for
different types of vaccine-preventable infectious diseases. Booster vaccinations
started at six-month after stopping chemotherapy in children with different solid
tumors could be safely administered, and effectively restored a sustained effect in

humoral immunity against various types of vaccine-preventable infectious diseases.
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Chapter 9 Clinical Presentations and OQutcome of Hospitalized Pediatric
Oncology Patients with Laboratory-confirmed Pandemic HINI
Influenza Infection in Hong Kong — Impact of Novel Virus and the
Role of Novel Monovalent Influenza Vaccine

This chapter reports our multi-centers territory-wide study to evaluate the clinical
course of hospitalized pediatric oncology patients and stem cell transplant recipients
with pandemic HINT1 influenza infection in Hong Kong. We found out fever, cough
and runny nose were the most common presenting symptoms. Timely initiation of
antiviral therapy was likely beneficial and might prevent severe complications in this
high risk population group. Persistent symptoms and evidence of prolonged viral
excretion which required repeated course of prolonged antiviral therapy were more
commeon among HSCT recipients. The role of monovalent HIN1 vaccine in
preventing this novel infection in immunocompromised patients still needs further
investigations.

Section 3 Impact of Non-Vaccine Preventable Infectious Diseases and the

Potential Use of Adoptive Transfer of Virus-Specific Immunity in
Allogeneic Hematopoietic Stem Cell Transplant Recipients

Chapter 10 Impact of Non-vaccine Preventable Viral Infection in HSCT Setting:
Epstein-Barr Virus (EBV) in Post-transplant Lymphoproliferativs

Disorder Complicating Umpbilical Cord Blood Transplantation.
EBV-associated post-transplant lymphoproliferative disorder (PTLD) is rarely
reported in umbilical cord blood transplant (UCBT) sctting. In our two case
illustrations, the following new information are added to the literatures: (i)
EBV-related PTLD could be presented late in recipients of unrclated UCBT; (it) in
contrast to reported literatures that PTLD, especially in monomorphic form, is a

serious complication with unfavorable outcome, our cases showed that the clinical

course might be relatively benign if treatment was initiated promptly.
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Chapter 11 Use of Antiviral Agents as Prophylaxis: HHV-6 Encephalitis in
Hematopoietic Stem Cell Transplant Recipients as an Illustration

For non-vaccine preventable infectious disecases, they can cause significant
morbidity and mortality in immunocompromised patients. In this chapter we used
HHV-6 infection as an illustration. Reactivation of HHV-6 commonly occurred within
the early post-transplant period. We used antiviral prophylaxis at the pre-transplant
period to evaluate whether this could reduce the impact and incidence of HHV-6
encephalitis in our unrelated allogeneic stem cell transplant recipients. We showed
that routine use of pre-transplant ganciclovir prophylaxis might have a role in high

risk transplant setting, namely unrelated umbilical cord blood transplantation.

Chapter 12 Lymphoproliferative Response to Herpes Simplex Virus Type 1,
Cytomegalovirus, Epstein-Barr Virus, Varicella Zoster Virus, Human
Herpes Virus 6, 7 and 8 Antigen Stimulation in Pediatric Allogeneic
Stem Cell Transplant Recipients.

Knowing the recovery pattern of immunity to different viruses is important to
predict the causative agents in infective episodes and we can formulate strategies,
namely by prophylaxis or transfer of donor’s immunity to prevent infection from
occurring in transplant setting. Our group provided the first complete set of data to
illustrate the recovery of cell-mediated immunity to herpes group of virus in a
12-month study period in children received allogeneic hematopoietic stem cell
transplantation with myeloablative conditioning regimen. QOur data showed that
donors” and recipients’ serostatus, choice of donors and stem cell source were

important parameters in determining lymphoproliferative response to herpes virus in

transplant recipients.
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Chapter 14 Conclusions

The following new knowledge is generated from our series of original studies and

applied to clinical settings:

1.

Although a near complete humoral immune recovery is demonstrated in pediatric
oncology patients, a significant proportion of subjects remain susceptible to
various vaccine-preventable infectious diseases up to 18 months after stopping
chemotherapy. Routine checking of immune recovery after termination of therapy
is recommended.

Three-dose regimen of DTaP booster vaccine starts at six months after stopping
chemotherapy in children with hematological malignancies can be safely
administered, and effectively restore a sustained effect in humoral immunity in
children with hematological malignancies.

Three-dose regimen of DTaP booster vaccine starts at six months after stopping
chemotherapy in children with different solid tumors can be safely administered,
and effectively restore a sustained effect in humoral immunity in children with
solid tumors.

Early use of antiviral therapy in patients with clinical suspected or laboratory
confirmed HINI infection is likely beneficial. Prolonged course of antiviral
therapy is used in patients, especially HSCT recipients, with persistent or recurrent

symptoms or evidence of prolonged HIN1 excretion.
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5. EBV-related lymphoproliferative disorder can present in cord blood transplant

setting which require prompt diagnosis and early treatment. Routine monitoring of
EBV viral load in plasma and watch out for early signs of EBV-rclated
lymphoproliferative disorder even in recipients of unrelated cord blood
transplantation is warranted.

Antiviral prophylaxis may have a role in high risk allogeneic stem cell transplant,
namely unrelated umbilical cord blood transplant in preventing non-vaccine
preventable infectious diseases, namely HHV-6 cncephalitis.

The full pattern and risk factors of immune reconstitution to various herpes
viruses, most of them are non-vaccine preventable, is determined. Timely use of
antiviral prophylaxis or use of adoptive transfer of donor’s immunity can then be
further studied.

Concerning the direction of future studies, our group will further explore the

follwing aspects:

1.

Humoral response of pneumococcal vaccine (PCV-7 or PCV-13) in pediatric
oncology patients.

Humoral response of pandemic (2009) HIN1 vaccine in pediatric oncology
patients.

Role of herpes zoster vaccine in pediatric allogeneic stem cell transplantation in
term of trasfer of donor’s immunity to recipients to prevent VZV reactivation in

HSCT recipients.
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o  The recovery of antibodies to various vaccine-preventable infectious diseases, humoral and cel-
lular immunily in pedialric oncology patients were evaluated by a prospective longitudinal study
Jfor 18 months. Lymphocyte subset (CD3+, CD4+, CD8+, CD16/56+, CDI194 ), CD4/CD8 ratio,
immunoglobulin levels, antibodies to diphtheria, pertussis, tetanus, hepatitis B, measles, mumps,
and rubella were measured serially at 6 months till 18 months after stopping all chemotherapy (in-
cluding maintenance chemotherapy). Twenty-eight children (hematological malignancies, n = 14;
solid tumors, n = 14) were studied. The median age was 7.0 3.8 years old (range 2.6~16.2 years
old). Although there was significant increase in CD3+-, CD4+, CD8+, CDI19+ ceils,_ng, IgA,
and IgM levels (P <.05), CD4+ and CD8+ counts were still below the age-specific normal range
at the end of study period. At 18 months after stopping chemotherapy, 11%, 15%, 60%, 30%,
49%, and 30% of subjects remained seronegalive against diphtheria, letanus, hepatitis B, measles,
mumps, and rubella. This will evolve to a significant health care problem if no further iniervention
is implemented, as the survival rate of pedialric oncology patients improves significantly with the
improvement in various cancer trealment protocols, Near complete immune recovery was demon-
strated in the subjects. Significant proportion of subjects remained susceplible to vaccine-preveniable
infectious diseases up to 18 months afler stopping all chemotherapy.
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With the improvement of various treatment protocols of pediatric ma-
lignancies, the overall and event-free survival rates in this vulnerable group
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improve significantly [1, 2]. However, both primary diseases and their treat-
ments will inevitably cause immunosuppression. In this modern era, various
studies have been performed to evaluate the immune recovery after intensive
chemotherapy [3, 4]. A number of them showed persistent immune deficit
at the end of study period and left the period of complete or satisfactory
recovery of immune system unanswered.

The exact duration of immune suppression after chemotherapy remains
unanswered. Our group performed this longitudinal study to study the re-
covery of immune system in children with hematological malignancies and
solid tumors up till 18 months after stopping chemotherapy, which is one of
the longest ever reported in the English literature. Our group also studied
the recovery of antibodies to various vaccine antigens at that period and thus
estimated the percentage and duration of subjects that were vulnerable to
these vaccine-preventable infections.

METHODS

Study subjects were diagnosed and received treatment in a tertiary refer-
ral center for pediatric cancers in Hong Kong. The Clinical Research Ethics
Committee of our University approved this clinical trial. Patients and/or
their parents gave informed written consent prior to study according to the
principles of the Declaration of Helsinki.

Patients aged 1 to 18 years who had been completed treatment for pe-
diatric hematological malignancies and solid tumors for 6 months were re-
cruited consecutively for evaluation of recovery of humoral immunity against
7 vaccine-preventable infectious diseases (hepatitis B, diphtheria, tetanus,
pertussis, measles, mumps, and rubella). Hematological malignancies in-
cluded children with acute lymphoblastic leukemia (ALL), acute myeloid
leukemia (AML), and other leukemia. They were all treated according to
their disease-specific treatment protocols.

Exclusion criteria included (1) patients with past history of those listed
vaccine-preventable diseases; (2) evidence of immunodeficiency before di-
agnosis of malignancy; (3) patients developed relapse of primary disease or
secondary malignancies during study period; (4) patients were still receiving
systemic steroid for their primary diseases or other conditions with dosage
greater or equivalent to prednisolone 2 mg/kg/day; and (5) hematopoietic
stem cell transplant recipients.

Immunization status of patients was obtained from the history and vac-
cination records. Past medical history was reviewed to exclude those with
history of diphtheria, tetanus, pertussis, hepatitis B, measles, mumps, and
rubella infections before evaluation. They were monitored for development
of these vaccine-preventable infectious diseases and other severe infections
during the study period. Criteria of severe infection were defined as (i)
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culture-proven bacteremia; (i) culture or histological confirmed or proba-
ble invasive fungal infections; and (iii) severe infective episodes that required
critical care and/or respiratory support

Serological Studies

Serum concentrations of antibodies to diphtheria, tetanus, pertussis,
measles, mumps, rubella, and hepatitis B were monitored serially started
from 6 months (visit 1), 8 months {visit 2), 12 months (visit 3), and 18
months (visit 4) after completion of all chemotherapy including mainte-
nance chemotherapy.

Serum samples from the above 4 visits were stored at —30°C until anal-
ysis in one batch. Commercially available kits were used for the determi-
nation of antibody titers. Serum levels of specific antibodies to diphtheria,
tetanus, and pertussis were measured by enzyme-linked immunosorbent as-
say (ELISA) (IBL, Hamburg, Germany). The protective antibody levels were
defined as 4 IU/mL for diphtheria, 2 IU/mL for tetanus, and 24 IU/mL
for pertussis [5]. Titer to hepatitis B surface antibody (anti-HBs) was mea-
sured by using an enzyme-linked immunosorbent assay. (BioSupply, UK).
Antibody level > 10 mIU/mL was considered as protective. Measles and
mumps immunoglobulin G (IgG) antibodies were tested by a modification
of the NOVUM measles/mumps virus IgG ELISA test kits (Novum Diagnos-
tica, Germany) and rubella by Imx Rubella IgG2.0 antibody assay (Abbott
Laboratories, Chicago, IL, USA). Antibody levels exceeding a cutoff value of
10 IU/mL were interpreted as seropositive [6].

Assessment of Cellular and Humoral Immunities

Lymphocyte subset and serum immunoglobulin level were checked at
6 months (visit 1} and 18 months (visit 4} after stopping chemotherapy.
Subsets of circulating lymphocytes were quantified by flow cytometry (FAC-
SCalibur; Becton Dickinson, San Jose, CA, USA) using fluorescence-labeled
monoclonal antibodies CD3+-, CD4+ (helper T lymphocyte), CD8+ (cyto-
toxic T lymphocyte}, CD19+ (mature B lymphocyte), and CD16/56+ (nat-
ural killer cells). Serum IgG, IgA, and IgM concentrations were measured
by nephelometry (Binding Site, Birmingham, UK).

Statistical Analysis

Data were expressed as median and standard deviation unless otherwise
stated. Demographic data between different subgroups were analyzed using
Student ¢ test for independent parametric variables and x? for categorical
variables between different disease or patient groups. Wilcoxon signed ranks
test was used to analyze between values at visit 1 (6 months after stopping
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chemotherapy) and visit 4 (18 months after stopping all chemotherapy).
Statistical significance was defined as P < .05.

Data analysis was performed by SPSS for Windows (version 14.0; SPSS,
Chicago, IL, USA).

RESULTS

Twenty-eight patients with hematological and solid tumors were re-
cruited (18 males and 10 females); median age was 7.0 & 3.8 years old (range:
2.6-16.2 years old). All patients had completed primary series of childhood
immunization schedules before malignancy developed. Primary diagnosis in-
cluded 14 cases of hematological malignancies and 14 cases of solid tumors.
Hematological malignancies included acute lymphoblastic leukemia (ALL),
n = 12; acute myeloid leukemia (AML), n = 2. Solid tumors group included
central nervous system (CNS) tumor, n = 3; Hodgkin lymphoma, n = 3;
osteosarcoma, n = 2; and 1 case of germ cell tumor, rhabdomyosarcoma,
neuroblastoma, nasopharyngeal carcinoma, clear cell sarcoma, and Ewing’s
sarcoma respectively. The median duration of chemotherapy was 22.4 +
7.7 months in hematological groups, which included cumulative dose of
prednisolone 1680 mg/m? and dexamethasone 210 to 740 mg/m? during
intensive phase of treatment of ALL and 10.0 & 4.0 months in solid tumors
groups. No radiation was given to the mediastinal region as part of their
therapies.

Recovery of Humoral Immunity

At 6 months after stopping chemotherapy (visit 1), the median abso-
lute neutrophnils, CD3+ cells (1.43 £ 0.52 x 10°/L), CD4/CDS8 ratio,
CD16/56+ cells, and immunoglobulin levels were within normal limit, but
CD4+ cells (0.39 x 10%°/L), CD8+ cells (0.39 x 10°/L), and CD19+ cells
(0.37 x 10%°/L) were low when compared with age-specific normal lympho-
cyte subset values [7].

Throughout the 18-month study period, there was an overall statistical
significant increase in various lymphocyte subsets and immunoglobulin lev-
els. The median CD3+ lymphocyte raised from 1.43 + 0.52 x 10°/L at visit
1 to 1.76 & 0.68 x 10°/L (P = .01) at visit 4; CD4+ raised from 0.39 +
0.17 x 10°/L to 0.54 £ 0.28 x 10°/L (P = .01); CD8+ raised from 0.39
+ 0.20 x 10°/L to 0.47 & 0.20 x 10°/L (P = .04); CD19+ increased from
0.37 £ 0.17 x 10°/L to 0.45 + 0.20 x 10°/L (P = .03). CD4/CDS8 ratio
was >1.0 throughout the study period (visit 1: 1.09 £ 0.44; visit 4: 1.14 +
0.33). IgG increased from 9.52 + 2.43 to 10.28 £ 2.73 g/L (P = .02); IgA
raised from 1.27 & 0.59 to 1.57 £ 0.6 g/L (P = .01); and IgM changes from
0.92 £ 0.41 to 1.22 £ 0.66 g/L (P = .01). Overall, all immune parameters
were nearly normal at the end of study period (18 months after stopping
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TABLE 1 Recovery of humoral and cetlular immunities in pediatric oncology patients (n= 28}

6 months after stopping 18 months after stopping

chemotherapy (Visit 1) chemotherapy (Visit 4) P*
Absolute neutrophil count {10%/L} 413+ 1.81 4.47+1.99 .38
CD3+ (10°/L) 2.39 (1.40—3.70)" 1.43 +0.527 1.76 £ 0.68 .D1%*
CD3+CD4+ (10°/1) 1.38 (0.70-2.20) 0.39+ 017 0.54+0.28 N1 has
CD3+CD8+ (10%/L) 0.84 (0.49-1.30) 0.39 1 0.20 0.47+£0.20 U4
CD4+/CDE+ ratio 1.091+0.44 1.144+0.33 43
CDI19+ (107/L) 0.75 (0.39—1.40)" 0.37+0.17 0.45+0.20 3>
CD16/56+ (10Y/L) 0.30 (0.13-0.72) 0.15 £ 0.08 0.144+0.06 43
IgG (g/1.) (9.49-15.84) 9524245 10.284+2.73 2
IgA (g/L) (0.61-3.48} 1.27+059 1.571£0.60 1] b
IgM (g/L) (0.23—-2.59) 0921041 1.2240.66 o1

*Analyzed by Wilcoxon signed ranks test belween values at visit 1 (6 menths after stopping chemother-
apy) and visit 4 (18 months after stopping all chemotherapy).

**Statistical significance: P < .05,

“Normal median valuc {10th percentile—90th percentile); “"expressed as median % standard devia-
tion.

all chemotherapy) except median CD4+ and CD8+ cell counts, which were
still lower than age-specific normal values [7].

No subjects developed infections due to these vaccine-preventable
pathogens during the study period. None of them fulfilled the criteria of
severe infection. The detail is shown in Table 1.

Antibodies to Vaccine-Preventable Infectious Diseases

Concerning the recovery of protective antibody levels to 7 major vaccine-
preventable infectious diseases, only 82% of subjects had protective anti-
diphtheria antibody levels, the percentages to hepatitis B, measles, mumps,
and rubella were 29.6%, 70.4%, 55.6%, and 70.4%, respectively, at 6 months
after stopping chemotherapy. The seropositive rate of pertussis and tetanus
were 96.5% at baseline.

Throughout the study period, there was no significant increase in vari-
ous antibody levels. Up till 18 months after stopping chemotherapy, there
were still 11%, 15%, 60%, 30%, 49%, and 30% of subjects who remained
susceptible to diphtheria, tetanus, hepatitis B, measles, mumps, and rubella
infections. The detail is shown in Table 2.

DISCUSSION

Various studies have shown that immune impairment can persist up to
12 months after stopping intensive chemotherapy. The degree of immune
reconstitution was dependent on the treatment intensity. The most heavily
treated patients, namely survivors of high-risk group of ALL and AML, have
persistent abnormalities in cellular and humoral immunities for at least 6
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TABLE 2. Seropositivity of diphtheria, tctanus, pertussis, hepatitis B, measles, mumps, and rubella in
pediatric oncology patients

Vaccine-preventable infectious diseases Visit 1 Visit 2 Visit 3 Visit 4
Diphtheria (total) 82.1% 78.6% 75.0% 89.3%
Diphtheria {hematology) 78.6% 71.4% 71.4% 78.6%
Diphtheria (solid tumaor) 85.7% 85.7% 78.6% 100%
Tetanus (total} 96.4% 96.4% 92.9% 85.2%
Tetanus (hematology) 92.3% 96.4% 92.9% 78.6%
Tetanus {solid tumor) 100% 96.4% 992.9% 92.3%
Pertussis (total) 96.5% 96.2% 100% 100%
Pertussis (hematology) 92.9% 100% 100% 100%
Pertussis (solid tumor) 100% 92.3% 100% 100%
Hepatitis B (total) 29.6% 26.9% 32.1% 40.7%
Hepatitis b (hematology) 15.4% 14.3% 35.7% 412.9%
Hepatitis b {solid tumor} 42 9% 38.6% 28.6% 38.56%
Measles (total) 70.4% — 71.4% 70.4%
Measles (hematology) 76.9% — 71.4% 71.4%
Measles (solid tumar) 54.8% — 71.4% 69.2%
Mumps (total) 55.6% — 60.7% 51.9%
Mumps (hematology} 53.9% — 57.1% 42.9%
Mumps (solid tumor} 57.1% —_ 64.3% 61.5%
Rubella {rotal) 70.4% — 64.3% 70.4%
Rubella (hematology) 69.2% — 64.5% 69.2%
Rubella (solid tumor} 71.4% - 64.3% 71.4%

months following treatment. Despite normalization of T-and B-cell functions
in vitro, they respond poorly to immunization with T cell-dependent anti-
gens, indicating residual in vivo immune deficit {8, 9]. Our study prospec-
tively evaluated the natural recovery of humoral and cellular immunities
and the recovery of antibodies to various vaccine antigens in pediatric on-
cology patients longitudinally from 6 months till 18 months after stopping
chemotherapy, which is one of the longest periods of evaluation in reported
the English literature.

In our cohort, although T-helper cells (CD4+}, cytotoxic T cells (CD8+),
and B lymphocytes (CD19+) remained low at 6 months after stopping
chemotherapy, they had relatively normal median absolute neutrophil
count, lymphocyte count, and CD4/CD8 ratio. This may be the reason for the
absence of severe infections, namely bacteremia, invasive fungal infections,
or septic episodes that required critical care and/or respiratory support,
despite the extent of the depression of cellular and humoral immunities.

We demonstrate there was satisfactory recovery of humoral and cellular
immunities throughout the study period and the immune parameters of
both groups were nearly normal at the end of study. However, the CD4+
and CD8+ cells remained low at the end of study period, indicating residual
immune deficit persisted up to 18 months after stopping chemotherapy.

T lymphocytes are composed of a heterogenous group of short- and
long-lived cells. Under normal circumstances, the “long-lived” cells typically
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contain the “naive” subset, which are quiescent and remain in a noncycling
state for months or even years while awaiting encounter with antigens. “Short-
lived” cells generally contain the effectors and memory subsets, undergo
variable levels of cell cycling in response to antigen, and result in ongoing
modulation of their contribution to overall T-cell repertoire. When the T-
cells are acutely depleted after chemotherapy, restoration of heterogenous
populations of T cells and reestablishment of T-cell immunocompetence
is a slow and frequent incomplete process [10, 11]. Therefore, despite the
persistence of memory T cells, loss of immunological memory is still noted
[12, 13]. In our study, loss of immunological memory is demonstrated by
persistent loss of previous antibodies to various vaccine antigens up to 18
months after stopping chemotherapy, although other parameters indicating
a good recovery to humoral immunity in vivo.

Vaccine-preventable infectious diseases are always one of the major
threats in immunocompromised patients. Kaplan et al showed that severe
complications occurred in about 80% of patients who acquired measles infec-
tion. The case fatality rate of measles infection was about 70% for oncology
patients and about 40% for human immunodeficiency virus (HIV)-infected
patients. Most important, rash could be absent in 30% of cases, which posed
significant implications in patient management and infection control policy
in oncology centers [14].

Our study measured serially the recovery of antibodies and estimated
the duration of vulnerable periods to 7 major vaccine-preventable infectious
diseases that the children would be exposed to. Our results clearly showed
that there was no significant increase in percentage of seropositivity to vari-
ous vaccine antigens, although immunological studies demonstrated a good
recovery of humoral immunity in vivo. A significant number of subjects,
ranging from 15% to 60%, still have excessive risk of acquiring potentially
life-threatening vaccine-preventable infectious diseases up to 18 months af-
ter stopping chemotherapy. Our data are compatible with other published
series [15, 16]. This reflects that there is residual deficit in memory T-cell
function despite the other aspects demonstrated satisfactory or nearly com-
plete recovery. This will become a significant public health problem if no
further intervention is implemented, as the survival rate of pediatric oncol-
ogy patients improves significantly with the improvement in various cancer
treatment protocols.

Herd effectis defined as the reduction of infection or disease in the unim-
munized segment as a result of immunizing a proportion of the population
[17]. The estimated herd immunity thresholds for vaccine preventable infec-
tious diseases are as follow: diphtheria: 85%, pertussis: 92-94%, poliomyelitis:
80-86%, measles: 83-94%, mumps: 75-86%, rubella: 80-85% [11, 18].
Therefore, our cohort was below the herd immunity thresholds for
diphtheria, measles, mumps, and rubella during the whole 18-month study
period. Booster vaccinations started after stopping chemotherapy may have
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arole to decrease the proportion of unprotected subjects in the community.
Patel et al. showed that children who had completed treatment of acute
lymphoblastic leukemia (ALL) and acute myeloid leukemia developed satis-
factorily to 1 dose of diphtheria, tetanus, acellular pertussis, Haemophilus in-
fluenza type b, meningococcus C, poliomyelitis, measles, mumps, and rubella
vaccines that were given at median 6 months after stopping chemotherapy.
The response sustained up to 12 months after vaccinations [19]. Ek et al
also showed that children who were intensively treated with chemotherapy,
namely children with high-risk ALL, showed insufficientimmune response to
revaccination and the suboptimal response was correlated with the numbers
of memory B cells and antibody-secreting cells [20].

Therefore, according to our study result and other published data,
6 months after stopping chemotherapy, including maintenance therapy,
seems to be a reasonable time to start revaccination [5]. Currently, our unit
adopts the following policies in our pediatric oncology patients: (i) Revac-
cinate with 3 doses of diphtheria-tetanus-acellular pertussis vaccines starting
at 6 months after stopping all chemotherapy, each dose is 2 months apart.
We do not routinely perform antibody testing of diphtheria, tetanus, and
pertussis because this is not part of the routine service of our virology labora-
tory. (ii) Evaluate the serostatus of measles, mumps, rubella, and hepatitis B
at 6 months after stopping all chemotherapy and revaccinate with 1 dose of
measles-mump-rubella and 3 doses of hepatitis B vaccines for those seroneg-
ative patients. (iii) Patients can return to school 3 to 6 months after stopping
chemotherapy.

We should admit that there are still not enough data to suggest the
detailed strategy of revaccination, namely, (i) What is the optimal number
of doses of revaccination? (ii) Should we adopt a universal approach or only
revaccinate those unprotected subjects after immune check-up? (iii) Do we
need to have a different revaccination schedules for standard and high risk
patients?

One limitation of our study is the lack of complete set of pretreatment
serology data to strongly support that the low seropositivity rate to various
vaccine antigens is solely due to immunosuppressive effect of chemother-
apy. We did have pretreatment data for hepatitis B and measles to support
our argument. For hepatitis B, overall 68% were seropositive before start-
ing chemotherapy (563.9% in hematology malignancies group and 84.4% in
solid tumors group); after completion of treatment, the overall seropositivity
dropped to about 30% and stayed at 40% up to 18 months after stopping
chemotherapeutic agents. For measles, 85.7% of subjects were protective but
the level was 70% after treatment completed. Despite this, our study result
was compatible with other published literature that evaluated antibody levels
from the time of diagnosis of malignancies [16]. Immunosuppressive effect
of chemotherapeutic agents played an important role in this aspect. More-
over, due to the limitation of the design of the study, it is difficult to separate
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the effect of age on absolute counts of lymphocyte subset from the effect of
recovery of immune system.

CONCLUSION

Qur study showed that although there was near complete immune recov-
ery in our subjects, a significant proportion of subjects remained susceptible
to various vaccine-preventable infectious diseases up to 18 months after stop-
ping chemotherapy, which can evolve to significant public hcalth problem
if no interventions are implemented.
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Humoral iImmune Response After Post-Chemotherapy Booster
Diphtheria-Tetanus—Pertussis Vaccine in Pediatric Oncology Patients

Frankie Wai Tsoi Cheng, mrcpc,'* Ting Fan Leung, mp,” Paul Kay Sheung Chan, mp,>* Vincent Lee, mrce,’'
Ming Kong Shing, mrce,’ Ki Wai Chik, mrce,’ Patrick Man Pan Yuen, mp,’ and Chi Kong Li, mp'

Background, The role of post-chemolherapy booster vaccina-
tinn in pediatric oncology children remains 1o be established. in this
randomized contiolled study, we studied the effect of immune
responses Lo diphtheria-letanus—pertussis (DTP) boosler vaccina-
tion in children & months after completing chemotherapy. Methods,
Children 1-18 years old with chemotherapy completed for & months
{hasehine) were eligible, Subjects were randomized into vaccine
and control group. In tho former, three doses of DTP vaccine
liAvenhs Pasteur Inc., Lyon, France) were admimistered. 1gG
antibody uters against diphtheria, tetanus, pertussis, hepatitis B,
measles, mumps, and rubella antbiodies were measured serially in
vaccne and control groups. Subsets of circulating lymphocytes
{CD3*, CDI™, COB*, COI8™, and CL16/56™) were quantified by

Key words: chematherapy; humaral immunity; oncology; vaccine

flow cytometry using fluorescence-labeled monoclonal antibodies,
Resufts, Fifly-six children {28 vaccinees; 28 controls) were enrolied.
Protective antibody levels against diphthena, tetanus, perlussis werg
found al baseline in 83.6%, 96.5%, 96.1% of them respectively.
After three doses of DTP, all vaconees demonstrated a sustain rise in
antibody levels and the antibody nters were significantly higher than
control group. 35.8% of subyects were susceptible to measles
mumps and rubella infection and 69% showed anti-HBs anhibody
titer less than protective level up to 18 months after stopping
chemotherapy. Concfusions. Posl-chemaotherapy booster vaccina-
ticns produced a stiong and sustained effect 1n humoral immunity
against vaccine-preventable infectious diseases. Pediatr Blood
Cancer 2009;52.248-253.  © 2008 Wilcy-Liss, Inc.

INTRODUCTION

Vacunation plays a key role in preventing infectious diseases.
Effeclive vaccines have curtailed dramatically or almost eliminated
diphtheria, measles, mumps, poliomyelitis, rubella. and tetanus in
devetoped countries | 1]. Consistent high level of vaccine coverage
accompanied with infensive surveillance and effective public health
disease control measures provided basis for effcctive prevention and
possibly eradication of infectious discases.

In children with malignancy, chemotherapy, and radiotherapy
are the mainstay of treatment. Vaccination of these children presents
challenges due to efficacy and safety concemns [2]. There are
well-estabhished and validated recommendation lor vaccination
in transplant palients (3.4} There are very few puidelines in
vevaccination of children after inlensive chemotherapy. Most of
then: were established based on data from limited published studies
and expert opinions [5-7].

Restorution of normal number of B-lymphocytes and achieve-
ment of nommal serum imimunoglobin levels by 6 months after
stopping chemotherapy in most children that have completed
treaiment of acute lymphoblastic feukemia {(ALL) provided the
basis of starting revaccination pragram in these patients [8.9].
The administration of booster vaccines (0 these patients has resulted
in # good response rale. Advance in treatment protocols and
improvement in druy elficacy had led to significant improvement in
disease-free survival, On the other hand, intensive chemotherapy
resulted in marked impairment in humoral and cellular immunities
thal could last for up to 6 months after stopping chemotherapy.
Recent cohort studies alse demonstrated different rates of loss of
protective serum anlibodics against poliomyelitis, tetanus, hepatitis
B, measles. mumps, and rubella in pediatric oncology patients who
had received intensive chemotherapy [10,11].

We conducted 4 randomized control trial to evaluate the antibody
levels of diphtheria, pertussis, tetanus, hepatilis B, measles, mumps.
and rubella afler completion of treatment in pediatric oncology
and (o iovestigate their hwmoral mmune responses 1o booster
diphtheria, tetanus, and pertussis (TP) vaccinations. This sludy
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was designed 1o answer (1) whether booster vaccination is
absolutely necessary as the anbbody kevels may relum fo protective
level wilh time alter immune recovery [rom intensive chemotherapy
and (2) whether the antibody levels produced after booster
vaccination can be sustained or further booster vaccines are needed
to be given afterward.

METHODS
Patients and Samples

Fromn the period June |, 2003 to October 31, 2004, 68 con-
secutive patients 1— 18 years who had been treated successfully for
pediatric hematological malignancy and solid umors were recruited
for evaluation of humoral immunity against vaccine-prevenlable
diseases (hepatitis B, diphtheria. ictanus. pertussis. measles,
mumps, and robella} and their responses to boester DTP vaceine.
They were all diagnosed and reccived treatment at the Children™s
Cancer Center of a university tcaching hospital in Hong Kong,
which is also a tertiary referral center for pediatric cancers in Hong
Kong. All patients were in remission. The Clinical Research Ethics
Committee of our University approved this clinical tdal, and
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paticnts andfor theic parents gave informed written consent prior to
study.

Exciusion criteria inciuded: (1} patients with past history of
those lisled vaceine-preventable diseases, (2) evidence of immuno-
deficiency before diagnosis of malignancy, (3) history of allergic
or severe rcactions o DTP vaceine or its components, and
{4) development of relapse or secondary malignancy during the
study period. A toial of twelve patients did not enter the study. Eight
of them did not conseat for the study, two due to history of severe
fcbrile reaction to previous DTP vaccines, and the other two were
cxctuded hecause ol relapse of primary discase during study period.

The acule leukemiu (AL} group included acute lymphoblastic
leukemia (ALL), acute myeloid leakemia {AML) and lymphoma;
the solid wmor (ST} group included all other nalignancics that
arose Trom solid organs, Patiems in each group were randomized in
blocks of five for the vaceine or controt group. Immunization status
of palients was oblained from the history and vaccination records.
Past medical history was reviewed o exclude those with history of
diphtheria, tetanns. pertussis, hepatitis B, measies, mumps, and
rubella infections before enrallment,

Randomization

Eligible patients were randomly assigmed at 1:1 ratio into
treatment  and  control groups in  this randomized clhinical
trial, An independent cescarch stalf formed computer-generated
randomi zation sequence.

Surveillance of Post-Vaccination Humoral iImmunity

Serum concentrations of antibodies to diphtheria, tetanus,
pertussis, measles, momps, tebella, and hepatitis B were monitored
serially siarted fiom & moaths after completion of intensive
chemotherapy (visit 1). Tn the vaccination group. three doses of
booster DTF vaccimes were given at 6 months (visit 1), & months
{visit 2). and [0 months {visit 3} after completion of chemotherapy.
Each 0.5 ml dose of DTP vaccine (Aventis Pasteur, Lyon, France)
contained >30 IU purified diphiheriaz toxoid, >60 IU purified
tetanus toxoid and >4 IU heat-inactivaled Bordetella perutssis.
These vaccines were stored at 4°C until vse. No intervention was
performed for the control group. Blood for diphtheria. tetanus,
pertussis. hepatitis B, measles, mumps, and rubella antibodies were
checked at visit §, visit 2, visit 4, and visit 5. Table [ illustrates the
study timetine,

TABLE I. Study Flewchart

249

Serological Studies

Servm samples from the above foer visits were stored a1 —30°C
until analysis in one batch, Commercially available kils were used
for the detenmination of antibody titers. Scrum levels of specific
antibodics to diphtheria. tetanus, and pertussis were measured by
enzyme-linked immunosorbent assay (ELTSA) (IBL. Hamburg,
Germany). The proteclive antibody levels were defined as 4 TU/mL
fordiphtheria. 2TU/mL [or tetanus, and 24 IU/mL for pertussis. Tiler
to Hepatitis B surface sutibody {anti-HBs) was measured by using
an enzyme-linked Quorescent immunosssay. Antibody level =10
mlIU/ml was considered as protective. Titers (o measles, mumps. and
rubella were measurcd by using cnzyme-linked fluorescent
immuncassay for IgG antibodies against each of the respective
pathogens.

Assessment of Cellular and Humoral Immunity

Subsets of circulating lymphocytes were quantified by fow
eytometry (FACSCalibur, Becton Dickinson, San Jose, CA) mning
flugrescence-labeled monoelonal antibodies 1w CD3', CD4’
and CDS" (T lymphocytes), CDI$' (malure B lymphocytes) and
CDI16/56” {nmural killer cells). Serum IgG concentration was
mcasured by nephelometry (Binding Site, Biomingham, UK).

Statistical Analysis

The primary cutcomes were the differences in serum concen-
tralinns of specific antibodies to diphtheria, retanus, and pertussis
between vaceine and control groups at the end of the 12-month study
period. Secondary outcomes included the differences in serum
concentrations of 1ol [gG and anti-HBs, measies, mumps, and
rubella, as well as circulating lymphoeyle subpopulations, between
the two groups, and longitudinal changes in serum diphtheria,
tetanus, and pertussis antibody levels in the patients and controls at
baseline and 12 months following vaccination,

Data were expressed as mean and standard deviation unless
otherwise stated, Serum concentrations of specific antibodies were
logp-transformed to achieve normal distribution of data before
analysis. Demographic data between different subgroups were
analyzed using Swudent’s ttest for independent parametric variables
and »° for categarical variables between different diseasc or patient
groups. Statislical analysis was performed only lor subjects who had
received al least twa doses of DTP vaccines. Patienls who relapsed

Time Folluwing Completion of Chemuotherapy

6 months 8 months 10 menths 12 monihs i8 months
{bascling, visit 1) (visit 2) (visit 3) (visit 4) (visit 5)

Immunological surveillance

Comiplele blood count with differential™s + + - + +

Lymphocyte subsets by flow cytometry + - - +f - +f—

Serum 1gG, [gM and 1gA levels + - - + +

Antibodies to diphtheria, tetanus, and perussis + + — + +

Antibody to hepatilis B virus surface antigen + 3 - + +

Antibodies 10 mumps. measles, rubelia + - - + +
Boosier vaccination

DTP vaccine + + - - -

Pediarr Blood Cancer DOV 10.1002/pbe
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during follow-up were excluded fiom analysis. Following DTP
vaccination. the longitudinal changes in serum antibody levels
between study visits were analyzed using paired r-test. Dala analysis
was performed by SPSS for Windows (version 14.0; SPSS Inc.,
Chicage, IL), and P <005 was considered (o be statistically
signtlicant.

RESULTS
Study Populations

During the study period, 68 consceutive childeen fulfilled the
inclusion criteria. Thirty-seven suffered from acute leukemia (AL)
and 3! had solid wmors (ST} Twenty-nine patients with AL
(24 ALL; 5 AML) were recruited. Fourteen were randomized to
the vaceination greupand 15 to the control group. Twenly-seven 5T
patients were recruited with 14 and 13 being randomized into the
vaccination and control groups respectively. In total, 28 patienls
recelved three doses of booster DTP vaceine and another 28 patients
were in the contral group. All patients were followed up until the end
of study. Eighty-four booster vaccines were given. No significant
vaccinc-related adverse reactions were noted. The bascline
characteristics of subjects in vaccination and control groups were
compargble (Table 1.

Baseline Antibody Titer

Al baseline, 16.4% patients had diphtheria antibody tiler below
protective level. and 3.5% and 3.9% of patients werc scronegative
for fetanus and pertussis. respactively. For measles. mumps. and
rubelta, 35.8% of patients did not have protective levels of these
specific antibodies. Sixty-nine percent of patients were susceptible
to hepatitis B infection (Table TID.

Humoral Immunity to Booster DTP Vaccinations

After three doses of DTP vaccine, 100% of patients demon-
stratedd scropositivity against diphtheria, tetanus, and pertussis.
The responses were sustained till 1 year afier first dose of DTP
vaccime (Tabte TI1). The geometric mean of anlibody lifers against
diphtheria, tetanus, and pertussis are significantly higher than

baseline and the response were sustained till | year after
vaccinations. The longitudinal changes in serum diphtheria, telanys,
and pertussis antibody levels during the study period are shown in
Figure 1. Booster DFP vaccinations were cfficacious in increasing
the respective specific antibodies. During the 12-menth foflow up,
the seropositivily rales were similar among vnvaccinated patienls.
The seropositive rate of mumps, measles, rubella and hepatitis B in
both groups were unchanged during this study. Circulating numbers
of beth total T lymphocytes (CD37) and T-helper lymphocytes
{CD3*CD4 ™) increased during the study period in both vaccine and
control groups (F < 0.05 for all). but there were no differences in
these parameters at either baseling or end-of-study between the two
groups (Table TV).

DISCUSSION

The sale and effective use of vaccines has always been a major
challenge in immunocompronnsed paticnrs. The key concerns are
the safety and the abilny of patients to first mount and then sustain
protective immune response. There are well-established  and
validated recommenditions for revaccination paticats  who
have undergone hematopoictic stem cell transplaniation but such
infornation is still missing for post-chemotherapy patients [3,4].
Although a number of cohort studies were pubdished to address the
change of antibody titers and responsce to booster vaccine after
chemotherapy, There are no validated recommendations [or beoster
vaccination program for post-chemotherapy patients [12-14].

Thirty vears ago, de Vaan €4 al. [15] conducted a study to
investigate the seral changes in antibody titers te diphtheria,
pertussis, tetanus. and poliomyclitis (types I, 11, and [} after
stopping chemotherapy in 49 children with acute Iyrophoblastic
leukemia (ALL) and their response 1o revaccination with DT-Pelio
vaccine 1 year after cessation of treatment. The antibody titers were
lower than in healthy controls but stili at protective levels in most
patients. No spontaneous rise in antibody titer was shown before
revaccination in the first year post-treatment, bul a rise in antibody
titers was demonstrated which was similar to healthy controls afler
revaccination.

With (he increase in dose intensity of treatment of ALL and other
malignancics, the disease-free survival has improved: however,

TABLE II. Bascline Clinical and Laboratory Characteristics of Subjeets

Vaccine group

Conirol group

Parameter {n=128) (n=28} P
Age, years 88+37 30+38 442
Male, n (%) 200071.4) 18 (50.09 0.367
Duration of ptior chemotherapy, months 155186 16.1 = 8.9 4.796
Serum total 1gG level, g/l 10,02 £ 2.43 9.534 2,39 0.451
Total white cell count, 10%L F2422 184125 0.382
Absolute nestrophil count, 1091 4152193 445+ 195 0365
Absolute lymphocyte count, 10°/L 2351099 2431079 0744
Circulating iymphocyte subsets
Total T cells (CD3 '), 10°L 1.39£0.66 1.42 £0.52 0.827
T-suppressor cells (CD3CDE '), 10°71. 0H2+0219 0.65+0.31 0.685
T-helper cells {CD3'CD4 'y, j0%L 0.68 £0.38 .66 +£0.27 0.784
CD4 :CD8' ratio 1.15+0.39 1112043 0.696
Mature B cells (CD197), 10%L 0.67 +£0.35 0661028 0.861
Natural killer cells (CD16/56™), 1071 0.23+£012 0.27x0.17 0.261

Results expressed as mean =+ standard deviation unless otherwise stared.
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TABLE fII. Changes in Seroposifivity Rates for ¥accine-Preventabie Discases at Baseline and at

Visit 5
¥Yaccine group Control group

Disease Baseline® (%) Visit 37 (%) P Baseline (%) Visit 5 (%) e
Diphthena 857 100 0125 815 92.6 0.500
Tetanus 92.9 100 0.500 100 96.3 1.00X)
Perlussis 100 100 — 92.6 100 0.500
Measles 63.0 54.3 1.000 70.4 76.9 L.O00
Mumps 66.7 58.3 1.000 577 333 1.000
Rubella 536 66.7 1.000 74.1 75.0 1 000
Hepatitis B 32 18.2 1.000 29.6 60.0 0.375

$ix months after stopping chemotherapy: "Twelve months after fitst dose of DTP vaccine; SAnalyzed hy

MoNemar test for paired binomial variables.

immune reconstitulion affer treatment may be severely prolonged
[16-2D]. In our siudy, chemotherapy induced a loss of protective
serum antibody titers for diphtheria. tctanus, pertussis. measles,
mumps, bella, and hepatitis B at & months after stopping
chemotherapy respectively. Hepatitis B, measles, mumps, and
rubella antibody titers were most affected by the tmmunosuppres-
sive ¢ffect ol cylotoxic therapy. These findings were consistent with
other published data [10,12,19].
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The administration of booster DTP vaccines starting at 6 months
after stopping chemotherapy ensbled 100% of patients in treatment
group to recover protective antibody at a persisteatly high titers.
The antibody tilcrs were also sustained abave the protective level
throughout the 1-year follow up period. This finding suggests that
chemotherapy did not entirely abolish the specific humeoral immune
memory in paticnts with undetectable serum antibody titers after
chemaotherapy. The impaired capacity @ monnt an immune response
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TABLE 1V. Changes in Circulating Lymphocyte Subpopulations in our Cancer Children With and

Withou! DTP Vaccination

Vaccine group

Control group

Lymphocyte subset Swdy visit  Count 10°71.) £+ Count (IOEJIL) P* Fiadd
CD3* i 1.41£065 — 1434 0,52 — 0.827
5 1.724+0.68 0015 1.76 1+ (.68 010 (.825
cD3'CDg’ 1 0.70+0.38 — 0.67+0.27 — .784
5 0.83+£0.33 0015 0.84 (138 0.014 0.908
CD3'CDR’ 1 0.63+0.29 — 0.66 £ (1.31 — .685
5 0.73+0.33 D078 .74 £ 0.29 0.122 (.886
CD47.CDE™ ratio 1 [.14 +:0.40 — 110+ 0.44 — 0.696
5 1.19£0.33 0314 LISE06.32 0,330 0771
cD19! 1 069+0.35 — 0.65 £ 0.28 — 0.861
s 073 £ 028 0.467 0.72 +£00.34 0.171 0.935
CD16/56™ i 0234012 — 0.28 £0.17 — 0.261
5 0.2540.1] 0.390 0231010 0.152 0.443

*Analyzed by paired r-test between values at visit 1 {baseling) and visit 5 (post-vaccination): ¥* Anulyzed by

Student’s r-test between the two groups at each visit,

is temporary and it tends to return to normal & months after the
end ofchemetherapy. In the control group, altheugh the process of
immunc reconstruction continued, there was no signiticant increase
in percentage of palients become seropositive und there is no
signilicant change tn Lhe absoiule antibodies titers throughout 1 year
indicating they are still vulnerable to these vaccine-preventable
diseases. indicating there is a role for post-chemotherapy booster
vaccination. A 1otal of 84 booster vaccinations were given. No
significant adverse events were noted during the entire study penad.

Important questions that remain unanswered include: (1) Whatis
the optimal number of doses of DTP vaccine to produce sustained
immune response? {2) What is the optimal timing and number of
booster dose of MMR and hepatiis B vaccines?

In conclusion, our stedy demonstrated that intensive chemo-
therapy leads 1o loss ol protective serum anlibody titers for different
types of vaccine-prevenlable inlectious diseases. Booster
vaccinations started at 6-month after stopping chemotherapy can
be safely administered and effectively restore a sustuined effect in
humoral immunity against various types of vaccipe-preventable
infectious discascs.
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Pandemic influenza A (2009-H1N1) infection in paediatric

oncology patients in Hong Kong

The overall clinical picture of pandemic HINI infection in two
of the most vulnerable patient groups - paediatric oncology
and haemalopeietic stem cell transplant (HS5CT) recipients is
not fully understood, ‘Traditionally, severely immupocompro-
mised patients are well-known to suffer from complications of
influenza infection. A recent study described the clinical
presentation of pandemic influenza A (2009-HIN1) in
children with acute lymphoblastic levkaemia, demonstrating
similar findings {Launes et af, 2030),

In Hong Kong, which has a population of seven million and
more than 34 000 reported cases of HINID in 2009, we
performed a territory-wide study 1o evaluate the clinical course
of this novel intection in hospitalized paediatric oncology
patients with laboratory-confirmed pandemic influenza {2009-
HINY) infection. Contrary to the results of Launes et ol
{2010}, we report a different finding,

Table L. Parient characleristics.

The following case definitions were used Lo recruit patients
for review: (i) children aged <18 years old with oncological
conditions ar HSCT recipients who were receiving active
treatment presenting with influenza-like illness (ILI} and
laboratory-confirmed pandemic HIN1 influenza infection or
(ii} children aged < 18 years old with oncological conditions
or HSCT recipients who bad completed chemotherapy or
discontinued immunosuppressants less than 12 months
earlier, presenting with JLI and laboratory-confirmed pan-
demic HINI infection. The definition of [LI was fever
(temperature 238°C) wilh either cough, sore throat or hoth
for at least 24 h. Lahoratory-confirmed pandemic HIN]
infection was defined as the detection of HIN1-H) gene by
real-time reverse-transcription polymerase chain reaction
(RT-PCR) in nasopharyngeal aspirate (NPA) or nasopharyn-
geal swab or combined oropharyngeal and nasal swab sample.

Patienst SexfAge (years) Primary disease

Tieatrnent phase

1 Ff34 Acute lymphoblastic
leukaemia {ALL)

2 M7 Cerebellar medulloblastoma

k) M{137 Relapsed ALL

4 M/83 Relapsed ALL

5 M{78 ALL

6 M{LI-B T-cell lymphama

7 MfL2-3 ALL

8 M/12:4 Oligedendroghoma

9 M/132 CNS*® perminoma

0 Fi71 Beta-thalassaerma

il Ti72 T-cell lymphoma, MDS&!

12 M5 Ph$+ve ALL, choroid
plexus tumour

13 M/133 Adrenoleucodystrophy

14 Fi141 Relapsed ucute myeloid
leukaemia (AML)

15 M/14-2 Relapsed Ph+ve ALL

16 LSHIE Refractory AML

Intensive chemaotherapy

Intensive chemotherapy

Intensive chemotherapy

Maintenance chemotherapy

Maintenance chematherapy

Maintenance chemothetapy

Maintenance chemotherapy

Intensive chemeotherapy

Intensive chemotherapy

Puost-unrelated cord blood transplant {CBT) 25 months with chronic GV1IDT
of skin and lung on cyclosporine A

Post-unrelated CBT 23 months with chronic skin GVHD on cyclosporine A

Post-unrelated CRT 36 manths with chronic GVHD

Post-unrelated CBT 45 months with chronic skin GVHL an prednisalone
HLA-identical sibling post-bune marrow transplant (BMT) 9 munths

[ILA-identical sibling PRSC* transplant 20 months with extensive chronic
GVHD of skin, lung (bronchiohius, obliterans), gur and mucasa on
preduisalone, cyclosporme A, siroliimus and mycophenolate mofetid

Post-unrelated CET 16 months with chronic skin GVHI on cyclosporiine A

‘Central nervous system.
tGraft-versus-host disease.

IMyelodvsplastic syndrome.
§Phuladelphia chromosome,
® Peripheral blood stem cell.

@ 2010 Blackwell Publishing Ltd, British Journal of Haematology

umal of Haematology

doi 10 1111/ 1365-2141 2010 08351 x



Correspendence

Table IT Clinkal presentation and outcome of pandemic HINT intection

Antinaral
therapy  Duration ot
sarted  PCR
Duration on days  remamned
Preseniing CXR? af fever of fever  positive
Pauent symptoms ANC® LYM?T changes {d) 1reatment (d} (d) Qutcome
l Cever, cough, 57 L& Mo 6 Oseltamivir 30 mg BlX for 6 Remasned  Dischaige on day 7 of
runny nose, 5 d, Empineal positive llzess
sore throat antibotics tar 2 d on day 14
ot llness
2 Fever, cough 07 01 No 3 Oseltamir 45 mg BD for 3 10 Discharge on day 8 of
5 d, Empinical lness
anthiotics for 7 d
3 Fever, runny 01 0% Yes 3 Oscltamnr 75 mg BD for - 3 DS Requieed 2 Fmin O
nose vough, {bitateral 3 d then 150 mg BD for supplement Discharge
sore thioat htlar 7 d Empiticaj on day 2 of tiness
streakiness) antibiotics for 7 d
4 Fever, runoy 15 05 Yes (buateral 12 Oseltamvir 60 mg BD for | ND Duscharge on day 3 of
nuse, vough hlar S5d illness
streakiness)
5 Cever 31 1] No 3 Oseltarmivir 60 mg Bl tor | ND Discharge on day 4 of
5 d iilness
6 Eever, cough, 44 02 Mo 2 Oseltamuwir 60 mg BD tor | Remawmed  Discharge an day 4 of
Lunny nose, 5d puositive illness
sore throat on day 14
of 1llness
7 Eever, cough, 34 075 No 3 Oseltamivir 80 mg BD for 2 nD Discharge on day ¢ of
runny nose, 7 d. Fmperical iiness
sore throat antibioties for 5 d
8§ Fever, cough, 31 04 No 2 Oseltamivir 60 mg BD for 2 & Discharge on day 4 of
CURNY NOE, 5d llness
sore throat,
challs, nigoue,
LOMIUNG
9 Tever, sote 02 04 No 4 Oseltarmpar 75 mg BD for 2 7 Thscharge on day 7 of
throat, 54 iness
caugh
U] Fever, cough, 34 12 o 4 2 courses of vaeltamivie i O Discharge on dav 6 of
myalgia, 60 mg BD for 5 d, lness
chulls, ngour, Empuirical antibiotics for
malase sd
] Fever, runny 118 14 No 1 Oseltammr 60 mg BD for | ND Thscharge on day 4 of
nose 10 d, Fmpoical ilness
antbrotics for 5d
12 Fever 43 22 No 9 Oseltamivir 75 mg BD for 1 R M Discharge on day 10 of
i0d lness
13 Fever, cough, 76 38 No 4 Oseltamivir 130 mg BD 1 ~D Discharge un day 6 of
cunny nosc, tor 16 d illness
tonie contc
selzure
14 Fever, sme 40 31 Mo 4 Oseltamanr 75 mg BD tor 1 ND Discharge on day 5 of
thioat, 10 d lneas
malaise
15 Fever, cough, 21 0y No 2 2 courses of oseltamivr [ Rumained  Required 2 lnun O,
runAny nose 75 mg BD for 5 d, positive supplement, discharge
Empirical antibiotics on day 14 on day 12 of iiness
of diness
2 & 2010 Blackwell Publishing Ltd Briirsh Journal of Haematology



Table 11 {Continued)

Correspondence

Antiviral
therapy  Duration of
started  PCR

Duration an days  remamed
Presenting {XRY ot tever ot fever  positive
Panent symptoms ANC' LYMt changes [(d} Frecatment {d} (d} Qutcome
16 Fever, cough, 32 ng  No 4 Oseltamvie 75 mg BD for 1 [P Discharge on day 6 of

sore throat, chills

104 tliness

*Absolute neutiophil count U
*Absolute lymphocyte count (10%))
3 Chest X ruy

ot done

[he following dats were retrieved from patients’ recards: (1}
baseline demographic data, (11} presenting symptoms/signs and
laboratory results at dragnosis; {i) chmcal course; {tv)
treatment otfered; {v} chinical outcome.

Siateen consecutive patients (12 male 4 female) fulfilled the
case defimtion and were recruited. The median age was
124 years ({range 34-146 vears). The prnmary diseases
induded: (1} acute lymphobiastic leukaenuia (v = 73, {11} brain
tumour (r = 4% {n} acute myelmd leukaenmua {(n = 2}, (v}
Ivmphoma, {# = 1}; {v) others (n = 2) Nne patients were
weewving <hemotherapy according to thewr disease-speclic
protocels, Seven patients have iecewved HSCT, of whom wix
had chronic graft-versus-host disease (GVHD).

‘| he most commaon presenung symptoms were fever (100%),
cough {750%) and runny nose (56 3%) and sore throat
{50 0%} One patent (Pauent 13}, with a history of epilepsy
presented with generalized convulsion and fever. Cne patient
{Patient 8) presented with vomuitmg but none presented with
duarrhoea

Cancerming antiviral therapy, oseltamivir was started at
medien 1 d after fever onset {range from 1 to 6 d). kught
patients {30 0%) recerved one course of 5-7 d of oseltamvir
Patients 3, 10 and 15 had recurrence of fever and worsening of
lespiratory syaiptoms aftet a2 5-d course of oseltanuvir and
1equired an extta 5-d of high dose antiviral therapy

Seven patients had repeated virological studies, four had
become negative by day 14 from diagnosis but three showed
perststert positive PCR results up to day 24 of illness No
laboratory-confirmed secondary nosocomial spread of mfec-
tion was recorded dwing the 5-month study penod. The
detauls are shown wn Tables I and 11

Two panents (Panents 3, 15} developed tachypnea and
requiced oxygen supplement via nasal cannula They did not
require (ntensive care or requirement of mechanical ventila-
tion. All of our pauents recovered fully and none of them had
residual morbidity complications

In our cohort of immunocompiomised cancer children, the
most connmonly reported syniptoms mcluded fever, cough and
wnny nose Gastrewntestinal symptoms {nausea, vomiting and/

2010 Blackwell Publishing Ltd 8nrtish Journal of Haematology

ar diarrhoea} previously reported with pandenmc HING
1nfluenza were not COMMOI N OUT Series

Although the duucal presentation of patients who were
hospitahzed with pandemic (2009-HIN1} influenza were
generally sumilan to those a1eported duung peak periods of
seasonal influensa, the epidenuology of mostly affected
populatsan 15 quite ditferent lam er al (2009} studied 272
hosputahized panents with pandermic HIN1 infection in Uniuted
States, Up to 45% ot hospitahzations involved persans under
the age of 18 years, more than one-thurd of the patients weie
aged between 18 and 49 years, and only 5% were 65 years ot
age or older Seventy-three percent of the patients had at least
one underlying medical condinon, which included asthma;
diabetes; heart, tung, and neurclogial diseases, and pregnancy
{TJain er al, 2009).

Cao et af (2009) described the chnical features ot 426 cases
of pandemic HIN1 infection 1n Chuna, the majonty of which
ran 4 nuld climeal course, The virus could be detected by real
ume RT-PCR for 6 d. The dvration of nfectiion mughr be
shortened if antwiral agent was admimistered Webb er af
{2010} reported that about 93% of the patients who required
intensive care were younger than &5 years old and 10% were
pregnant women All these data suggest that voung patients
constitute one of the highest risk groups of pandemic HINI
infection However, our patient senes, nadiionally beheved
to be one of the hghest risk groups for severe nfluenza
infection, ran a relauve uncomplicated cinical course and all
af them recovered uneventfully from this infection. This
might be probably due to the eathy start of anuwiral therapy
{median 1 d after onset of fever), which halted the propa-
gation of virus and decieased the viral load :n the immu-
nocompromised hosts However, three panents {Panents 3,
10 and 15) requred an additional course of high-dose
antivital therapy due to recurrence of fever and respiratory
symptoms. We also observed that HSCT recipients more
commonly to suffered from prolonged or recurrent respira-
tory symptoms, therefore, we routinely prescnibed a 10-d
course of antiviral therapy 1n these patients 1n the latter half
of the study peried Jain et ol {2009} also demonstrated that
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BRIEF REPORT
Post-Transplant EBV-Related Lymphoproliferative Disorder Complicating
Umbilical Cord Blood Transplantation in Patients of Adrenoleukodystrophy

Frankie Wai Tsoi Cheng, MRCPCH,'* Vincent Lee, mrcp,’ Ka Fai To, rree,? K.C. Allen Chan, rrecpa,?
Ming Kong Shing, mrcp,' and Chi Kong Li, mp’

ERV-assomiated  post-transplant  lymphoproliferative  disorder
{PTLD} 15 a well-tecognized complicabon following selid organ
transplantation and hernatopoietic stem cell transplantation (HSCT)
using bone marrow or penpheral blood as slem cell sources, but
rarely reported in umbilical cord blood trapsplantation (UCBT). We
report Lwo ¢ ases i unrelated UCBT setting and added the (ollowing
new information to the literature: (1} EBV-related PTLD can be
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presented fate in recipients of vmielated UCBT; (i in contrast Lo
reported  literatuies that PTLD is o senous complicatien with
unfavorable oulcome, especially (i monomorphc form, out cases
showed thal Ihe chimcal course may be relatively henmign i reatment
15 inlialed prompily. Pediatr Blood Cancer 2009;53:1329-1131.
& 2009 W ley-Liss, Inc

INTRODUCTION

Epstein-Barr vitus-ussociated post-transplant lymphoprolifera-
tive disorder {(EBV-PTLD} has been well studied in solid organ
transpluantation and allogeneic bune marrow and peripheral blood
stem cell ransplaniation settings bul itis only recently reporied alter
umbilical cord blood transplantation (UCBT) [1.2].

X-linked ALD is a peroxisomal disorder due to a defect in gene
ABCDH on chromosome Xq28, Childhood cercbral X-linked ALD
is the mosi common phenotype, causing rapid ncurodegencration
affccting central nervous system myclin and adrenal cortex. It can
rapidly progress to vegetative state if left untreated [3}. Early
hematepoietic stem cell transplant can arrest progression of
childhood cerebrai X-linked ALD [4-6].

In this report, we describe lwe patients who developed PTLD
associated with EBV infection alter receiving UCBT.

CASE REPORT
Patient 1

This patient presented at the age of 8 years with hyperpigmen-
tation, increased clumsiness, and frequent falls. Synacthen test
showed adrenal insufficiency, and u diagnosis of adrenoleukodys-
wrophy {ALD) was confirmed by clevated plasma levels of VLCFAL
Magnetic resonance imaging (MR of the brain showed demyeli-
nanng changes consistent wich ALD,

A twe-antigen misimatched unrelated UCBT was performed
with conditioning regimen consisted of oral busuMan (16 mg/kg),
intravenous cyclophosphanide (200 mg/kg). and antithymocyte
globulin (90 mg/kgt. Cyclosporine and prednisclone were used
as graft-versus-host discase (GVHD) prophylaxis. He was EBV
{1gG EBV VCA) seropositive before transplant. Engraftment was
achicved on day 13 poat-transplant with complete denor chimerism.
He developed grade Y1 GVHD on day 43, which progressed to
extensive chronic GVHD involved skin and gul which required
treatment with steroid and cyclosporine. Immune surveillance
showed decreased CO4+ level (0.14 x 10%L) und wus eventuaily
normalized at Y months pust-transplant indicating a prolonged
period of immune reconstitution.
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A left tonsillar ulcer was firsl noted on day 74 post-transplant.
Bacterial and virologic invesligations were all negative. Computer
tomography scan (CT scun) showed a mass measuring 1.7 cm in the
le[1 1onsillar region. compauble with an enlarged lymph node and
other areas were vnremarkable. Tonsilleclomy was subsequently
performed on day [08 posi-transplant. Histology shoved diffuse
monamarphic proliferation of 1ymphoeid cells, B-cell markers were
positive, and EBER was positive by im-sitn hybridization. He was
diagnosed to have localized carly-onset EBV-associated mono-
morphic PTLD.

Cyclosporine was withdrawn rapidly trying to reduce immuno-
suppression, while predniselone dose was optimized in ordet 1o
control chronic GVHD. The dose was slowly reduced over 1 year,
guided by the activity of chronic GYHD. He was ulso given monthly
immunoglobulin infusions as an immunomodulistor. The patient
is now in remission 41 9 years [ollow-op withow! evidenve of
recurrence ol PTLD.

Patient 2

This paticnt was asymptomatic and screened for ALD, as two
clder brathers, both deceased, had also been diagnosed with this
condition. His VLCFA was found 1o be elevated at the age of 2 years.
At the age of 5 years, he was found to have adrenal insutficiency,
and commenced on hydrocortisone, MRI brain imaging showed
progressive white matter changes between the apges ol 7 and 8 years.
He aiso showed some eariy (eatures of deteriorating psychological
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tests that prampted carly hematopeietic stem cell transplantation
(HSCT) a1 the age of 8.

He underwent a two-untipen mismatched wunrelated UCBT
with condilioning regimen consisted of oral busolfan (16 mgfkg),
ntravenous cyclophosphamide (200mg/kg), and antithymocyte
globulin (98 me/kg). Cyclosporine was used as GVHD prophylaxis.
Engraftmeni was achieved on day 20 with complete donor
chimerism. He developed grade Il GVHD on day 17. Steroid was
added to cyclosporine treatment. This progressed 10 chronic skin
GVHD which required steroid and cyclosporine treatment. His T-
cell survcillance showed decrcased CD4+ (0.11 x 10%L) and
CDS+ (0.27 x 10°%L) 4l 12 months after UCBT indicating a
prolonged period of impaired T-cel) reconstitution and immuno-
suppression afier transplant.

The patient developed recwrent episodes of [ever, bilateral
cervical lymphadenepathies, and hypolension requinng {iuid
resuscitation and on twa occasions, tnotropes since 14 months
post-transplant, He was treated as sepsis with repeated courses
of broad-spectrum antibiotics, and also given stress doses of
hydrocortisone during these febrile episodes. Cervical lymphade-
nopathics and fever subsided after treatment. Microbiological
investigations were at normal, PTLD was suspected fotlowing three
similar episodes within 2 months. He was EBV seropositive
(TeG EBY VCA) before transplant, His initial EBV DNA was
22.000 copies/ml. CT scan of whole body showed generalized
lymphadenopathies in lhe submandibular, submental, cervical,
axillary, mediastinal, abdominal, pelvic, and inguinal regions. There
was also splenomegaly and bilateral pleural effusions. Cervical
Iymph node biopsy was performed and showed diffuse. polymar-
phic proliferation of lympheid cells, positive for B-cell markers,
EBER was positive on in-situ hybridization in 20— 25% of lymphoid
cells. This patient was diagnosed of having late onset EBV-
associated polymorphic PTLD.

Cyclosporing was rapicly withdrawn. Rituximab 375 mg/m> was
given weekly for 6 weeks. High-dose acyelovir (500 mg/m* every
S hry was given for 14 days, then reduced o praphylactic dose
{250 mg/m® every 8 hed, The patient responded well, with resolution
af lever, neck swelling, and a rapid reduction of EBV DNA,
Ten months following diagnusis. EBV DNA level wus undetectable
in plasma. He was also given monthly immunoglobulin infusions as
an immunomodulitor. This patient renrains wel} at 3-year follow-up
without flare up of PTLD.

DISCUSSION

EBV-associated PTLD is a well-recognized complication
following solid organ transplantation and HSCT using bone marrow
or peripheral blood stem cell sources, butrarely reported in UCBT. It
represenls a heferogeneous group of abnormal lymphoid prolifer-
ation. Most cuses are B-cell derived, and associated with EBV
infection. In UCBT, it 1s believed (hat the donors are nearly all EBV
negative and. hence, the risk of EBV-related PTLD is low when
compared with other forms of HSCT [7]. At that time, our unil did
not adopt the policy to routinely screen for EBY DNA due to the
rarity of discase in UCBT recipients.,

Barker et al. und Brunstein e al, showed that the incidence of
EBV-related PTLD in uarclated UCBT with myeloablative or
nonmyeloablative conditioning regimens was 2.0-4.5% and was
aclually comparable with other HSCT settings. This complication
eccurred at median 6 months after ransplanl [1.8). This was

Pediarr Biood Cancer DO 10 1002/phe

attributed to the use of antithymocyte globulin [3,8]. In cur center,
435 UCBT were performed and only 2 patients with ALD developed
PTLD. None of the other 247 bone marrow or peripheral blood stem
cell transplants developed this complication. PTLD commonly
presents in the first 3—6 months following trunsplamalion, such &
late presentation (patient 2) was unexpected and unprecedented.
Delayed in T-cell immune reconstitution and establishment of EBV-
specific cytotoxic T-cell response in UCBT setting may play a role.

There are rcports demaonstrating presence of EBV genome in
cord blood and make this a likely source of entry into host, or there is
possibility of primary EBV infection in engrafted donor cells by
residual infecied host cells, or less likely via transfusion of blood
products [9]. In our two cases, there was no evidence (o suggest the
presence of EBV genome in cord blood samples or of primary EBV
infection belore the onset of PTLD, indicating the ongin ol EBV-
PTLD may be of recipient ongin.

One of the most important treatments in PTLD is reduction
of immunosuppressants 1f feasible. A combination of surgical
resection 2nd veduclion of immunosuppression was successful in
inducing complete remission for Patiend | with localized disease.

Rituximab, a monoclonal antivody therapy (anti-CD 20), can
induce complete remission in patients with early onset PTLD.
However, early treatment algorithm for PTLD also includes antiviral
therapy in an zttempt 10 contro) EBV infection. It may be suceessful
for treating EB V-associaied PTLD with a significuat lytic replication
of EBV [10,11]. There is a report of using of IV1G in combination
with antiviral agent and reduction ol inmunosuppressants leading te
termination of the process and inducing a significant and persistent
response, possibly by enabling EB V-specific T-cell control [ 12). The
mechanism of immunomodulation by 1V1G in PTLD stili remains to
be determined and there are reporis to suggest that EVIG may be active
even in patients who do not respend to upfront antiviral therapy in
solid orpan transplantation setting [12). Both paticots received
monthiy IVIG as immunomedufatory agent. Patient 2 was treated
with rituximab and acyclovir. The EBY DNA concentration reduced
rapidly once rituximab was commenced. Rituxinab was nol yel
licensed for use in B-cell non-Hodgkin's lymphoma at the lime when
Patient | was firs! diagnosed with PTLD.

Preemptive therapy with rituximab and regular monitoring of
EBV reactivation in allogeneic HSCT result in improved cutcome
for patients at high risk of developing PTLD, with marked decrease
in incidence of PTLD and also reduction in exiensive disease and
subsequently morality [13-15].

Qur case teports add the following new information to the
literature: (i) EBV-reluted PTLD can be presented late in UCBT
setting., Early clinical suspicion will lead to timely and prompt
diagnosis; {ii) in contrast to reported lterature that PTED is a
serious complication with unfavoruble ouvlcome, especially in
monomorphic form, our case report showed that the clinical course
may be relatively henign if treaiment is initiated promptly [7].
Raourine EBV surveillance wilh preemplive treatment of anti-CD24
antibody can be vsed when there is evidence of BBV reactivation.
EBV-related PTLI can present late in recipients of UCBT. Routine
EBV monitoring far earty diagnosis with preemptive treatment may
improve paticnts’ outcome,

REFERENCES

L. Barker JN. Manin PL, Coad JE, et al. Low incidence of Epstein-
Barr virus-associaled postransplantation  lymphoproliferatve



disordery in 272 usrelaed-denor umbilical caid blood transplant
weaipients Biot Blood Martow Tianspiant 2081 7 39