Predictive Biomarkers of the Efficacy of Epidermal Growth
Factor Receptor Tyrosine Kinase Inhibitors in Treating
Advanced Non-small Cell Lung Cancer: A Systematic Review of

Randomized Controlled Trials

YANG, Zuyao

A Thesis Submitted in Partial Fulfillment
of the Requirements for the Degree of
Doctor of Philosophy
in

Public Health

The Chinese University of Hong Kong

January 2014



Abstract (in English)
Abstract of thesis entitled:
Predictive Biomarkers of the Efficacy of Epidermal Growth Factor Receptor
Tyrosine Kinase Inhibitors in Treating Advanced Non-small Cell Lung Cancer:
A Systematic Review of Randomized Controlled Trials
Submitted by YANG, Zuyao
for the degree of Doctor of Philosophy in Public Health

at The Chinese University of Hong Kong in January 2014

Objective:

Despite the many new progresses in chemotherapy, the prognosis of advanced non-
small cell lung cancer (NSCLC) remains poor. The introduction of epidermal growth
factor receptor tyrosine kinase inhibitors (EGFR TKIs) seems to offer new promises
for advanced NSCLC patients. However, EGFR TKIs have a limited overall efficacy,
clear adverse events and large costs. It has become particularly appealing to identity,
through new biomarkers, patients who are more likely to benefit from the treatment

so that the treatment can be more personalized and effective.

EGFR mutations, EGFR gene copy number gain, EGFR protein expression and
KRAS mutations were indicated as potential predictive biomarkers for the efficacy of
the treatment in single-arm studies that compared survival of treated patients with
and without a biomarker. However, such comparisons are flawed and the appropriate
study design to evaluate the value of a biomarker in predicting efficacy which is
known as interaction in epidemiology is the randomized controlled trial with
stratified analysis that compared the efficacy of EGFR TKIs between patients with

and without the biomarker.



As trials in this field are usually small in sample size and insufficiently powered for
drawing a robust conclusion, we conducted this systematic review to summarize the
evidence from all relevant randomized controlled trials that have data for

investigating the interaction between EGFR TKIs and the 4 biomarkers.

Methods:

PubMed, EMBASE, the Cochrane Library, Chinese Biomedical Literature Database
(in Chinese), Wanfang Data (in Chinese), the abstracts of conferences of the
American Society of Clinical Oncology and European Society of Medical Oncology,
the reference list of relevant original studies, systematic reviews and meta-analyses,

guidelines, consensus, and expert opinions were searched up to June 2012.

Eligible studies had to be non-duplicate, extractable studies meeting all the following
criteria: 1) Population: patients with advanced NSCLC; 2) Intervention: EGFR TKIs
alone or EGFR TKIs plus other treatments; 3) Control: placebo, no treatment, or
chemotherapy, with or without the baseline treatments in the intervention arm; 4)
Outcome: progression-free survival and/or overall survival, 5) Study design:
randomized controlled trial; 6) Subgroup analyses were conducted according to the

status of one or more of the 4 biomarkers.

Data on patients’ characteristics, treatment protocols, outcomes, biomarker analysis
and methodological quality were extracted by two researchers independently. Within
a study, we defined the measure of the value of a biomarker in predicting efficacy or

biomarker-treatment interaction as the hazard ratio in patients with the biomarker



relative to that in those without the marker. The ratio of hazard ratios from relevant

studies was then combined by using the random-effect model.

Heterogeneity among studies was assessed by the Cochran’ Q test and 1°. Sensitivity
analyses were conducted to examine the impact of factors such as methodological
quality on the results. Begg’s funnel plots and Egger’s tests were used to examine the

possibility of publication bias.

Results:

Eighteen studies were included. The number of patients available for analyses on
different biomarkers varied from 1,763 to 3,246. Data on the methodological quality
of included studies are generally under-reported. Some studies seemed to have
important biases. EGFR TKIs are in general effective in increasing progression-free
and overall survival as compared with placebo although the effect size is smaller for
overall survival than for progression free survival. EGFR TKIs are comparable to
chemotherapy in their effect in prolonging both progression-free and overall survival,
except in EGFR mutation group in which EGFR TKIs seem much more effective

than chemotherapy in prolonging progression-free survival.

Importantly, for progression-free survival, the summary ratio of hazard ratios was
0.37 (95% confidence interval [CI]: 0.22-0.60, P < 0.0001) for EGFR mutations
(versus wild-type), 0.72 (95% CI: 0.52-0.99, P = 0.04) for EGFR gene copy number
gain (versus no gain), 0.99 (95% CI. 0.78-1.26, P = 0.93) for EGFR protein
expression (versus negative), and 1.35 (95% CI: 1.02-1.80, P = 0.04) for KRAS
mutations (versus wild-type), indicating interaction may exist between EGFR TKIs

and EGFR mutation, EGFR gene copy number and KRAS mutations. For overall
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survival, the summary ratio of hazard ratios for EGFR mutations, EGFR gene copy
number gain, EGFR protein expression and KRAS mutations was 0.84 (95% CI:
0.64-1.11, P =0.22), 0.92 (95% CI: 0.69-1.23, P = 0.57), 0.86 (95% CI: 0.70-1.05, P

=0.14) and 1.37 (95% CI: 0.89-2.10, P =0.15), respectively.

In general, the results on EGFR gene copy number gain, KRAS mutations and EGFR
protein expression were less certain than those on EGFR mutations in terms of
statistical significance, consistency and robustness, and the results on overall survival
were less certain than those on progression-free survival. Publication bias did not

seem present in the study.

Conclusions:

EGFR mutations and possibly EGFR-GCN and KRAS mutations can help identify
who are more likely to benefit from EGFR TKIs treatment. However, it is not clear
whether the interaction with EGFR-GCN and KRAS mutations are independent or
obtained through their relation with EGFR mutations. Furthermore, in EGFR wild-
type patients, given that chemotherapy is cheaper and of fewer side effects,

chemotherapy seems clearly a better choice than EGFR TKIs.

Our findings provided the most comprehensive evidence for the recommendations of
current guidelines. Although the predictive value of the other 3 biomarkers in wild-
type EGFR patients may be worth further investigation, we suggest that multivariate

analyses are explored in future studies of biomarker-treatment interactions.

iv



Key words: non-small cell lung cancer, epidermal growth factor receptor tyrosine
kinase inhibitors, gefitinib, erlotinib, systematic review, meta-analysis, randomized

controlled trial, evidence based medicine
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1.1 The disease burden of advanced NSCLC

Lung cancer is the most common cancer worldwide, in terms of both incidence and
mortality. In 2008, it was estimated that there were 1.61 million of new cases,
representing 12.7% of all new cancer patients'. Deaths due to lung cancer were
estimated to be 1.38 million per year, accounting for 18.2% of the world’s total
cancer deaths'. In Hong Kong, there are over 4400 incident cases and 3800 deaths of
lung cancer each year. Compared with patients with other solid tumors, significantly

more lung cancer patients reported poor quality of life and severe symptoms.

There are 4 major pathological types of lung cancer: adenocarcinoma, squamous cell
carcinoma, small cell carcinoma and large cell carcinoma®. The types other than
small cell cancer are often collectively referred to as non-small cell lung cancer
(NSCLC), which accounts for approximately 85% to 90% of all lung cancer cases".
The majority of patients with NSCLC have advanced cancer at diagnosis, which is
considered incurable and wunsuitable for surgery, but could benefit from

chemotherapy”.

1.2 Basic concepts in the chemotherapy of advanced NSCLC

1.2.1 Lines of treatment


http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=46216&version=Patient&language=English
http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=46595&version=Patient&language=English
http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=46595&version=Patient&language=English
http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=46316&version=Patient&language=English

Initial chemotherapy given after the diagnosis of advanced cancer is referred to as the
1*-line treatment. The standard 1*-line chemotherapy for advanced NSCLC is a
platinum compound, either carboplatin or cisplatin, combined with a second
cytotoxic or anti-folate agent, usually paclitaxel, docetaxel, gemcitabine, vindesine,
vinorelbine or pemetrexed®. Recently, platinum-based chemotherapy in combination
with bevacizumab or cetuximab has also been used as 1*-line treatment for advanced

non-squamous NSCLC’.

If the 1¥-line treatment is effective (i.e. the disease is controlled according to well-
established criteria), patients may or may not be given maintenance treatment with
drug(s) used in the 1%-line treatment or drugs that have not been used previously.
Maintenance therapy is aimed to help maintain the efficacy of the 1%-line treatment
so that the remission already achieved can last for a longer time. The commonly used
agents for maintenance treatment, which are usually used independently, include

pemetrexed, gemcitabine, docetaxel, bevazicumab and cetuximab.

If the 1%-line treatment is ineffective (i.e. cancer continues to progress during or
shortly after the 1%-line treatment), or induces unacceptable side effects, or cancer

progresses again after a period of remission achieved by the 1%-line treatment,



patients may be given a new treatment, which is called the 2" line treatment. Similar
to the maintenance treatment, the established 2" line treatments for advanced
NSCLC normally use a single drug, either pemetrexed or docetaxel. However, in
most cases cancer would progress again, regardless the effectiveness of the 2"_line
treatment, sooner or later as long as patients remain alive. Thus, patients may further
receive 3"-line or higher treatment, although it is less common. Figure 1 shows the

flow from diagnosis to death of advanced NSCLC.

1.2.2 Measures of treatment efficacy

The least time-consuming way to roughly examine the effects of non-surgical
treatments of cancer such as chemotherapy is to compare the tumor’s longest
diameter or the square (or “product”) of the diameter before and after the treatment
by review of radiologic images®. A decrease in the diameter or its square greater than
a pre-specified cut-off value suggests that tumor has ‘responded’ to the treatment,
while an increase in the parameter exceeding the cut-off value indicates ‘tumor
progression’. The efficacy of treatment is then assessed by the comparison of
response rates in the treatment and control groups. The most commonly used criteria

for assessing tumor response to a treatment is the Response Evaluation Criteria in



Solid Tumors, which uses the diameter of tumor, followed by the World Health

Organization criteria, which uses the square of the diameter®.

However, tumor response is merely a surrogate outcome, which is often not a good

indicator of patient-concerned benefit’'".

In theory, the golden standard for
measuring the efficacy of cancer treatment is overall survival, which is defined as the
time elapsed from initiation of the treatment to death of any cause''. Overall survival
is of unquestionable importance to patients, can be accurately measured, and
addresses both efficacy and safety at the same time. Nevertheless, overall survival as
a primary efficacy outcome in the evaluation of cancer treatment is potentially

confounded by the crossover to other treatments (in a controlled study), use of post-

study treatments, and deaths of causes other than the cancer under investigation''.

Another frequently used measure in evaluating the efficacy of cancer treatment is
progression-free survival, which is defined as the time elapsed from initiation of the
treatment to the progression of cancer or death of any cause, whichever earlier'>".
Compared with overall survival, progression-free survival is “purer” in that it

directly measures the effects of treatment on cancer growth, and is not confounded

by such factors as subsequent post-study treatments'".



Although the improvement in progression-free survival does not always translate into
overall survival benefits'®, it does help reduce patients’ suffering from the growing
cancer and the adverse events of treatments they would otherwise receive, and thus
enhances the quality of life. In addition, if each of the sequentially used treatments is
able to improve the progression-free survival in a small but clinically significant
magnitude, it is possible that these treatments would collectively contribute to a
prolonged overall survival''. Therefore, progression-free survival as an efficacy

outcome measure has its unique value.

1.3 Limited efficacy of traditional chemotherapies for advanced NSCLC

In the late 1980s and 1990s, various chemotherapeutic agents were developed for
treating advanced NSCLC as mentioned above. Although their superiority over best
supportive care has been well established, conventional chemotherapies seem to have
reached a “plateau” of efficacy'”. For example, the response rate, median
progression-free survival and median overall survival of advanced NSCLC patients
treated by standard 1¥-line chemotherapy remain to be only about 20%, 4-6 months

5,15-17

and 8-10 months, respectively . The 5-year survival rate of advanced NSCLC is

only 3.5%".



1.4 Rationale of EGFR TKIs for treating advanced NSCLC

Against the above background, epidermal growth factor receptor tyrosine kinase
inhibitors (EGFR TKIs), including gefitinib and erlotinib (marketed as Iressa and
Tarceva respectively), were introduced to the treatment of advanced NSCLC'®".
EGFR is a transmembrane protein that consists of an extracelluar ligand-binding
domain, a transmembrane segment, an intracellular tyrosine kinase domain and a

regulatory C-terminal segment (Figure 2)***

. In more than a half of patients with
advanced NSCLC, EGFR is activated and could result in the generation of signals
that are crucial for cell proliferation, angiogenesis induction and metastasis formation
of cancer. EGFR TKIs were designed to competitively bind to the tyrosine kinase

domain of EGFR (Figure 2), block the signaling of the activated pathways and thus

inhibit the proliferation and metastasis of cancer™.

1.5 Clinical use and efficacy of EGFR TKIs in advanced NSCLC

Dozens of randomized controlled trials have evaluated the efficacy of EGFR TKIs in
unselected patients with advanced NSCLC. Based on the results of early trials,
gefitinib was first approved in Japan in 2002 and then in the USA in 2003 for the

treatment of advanced NSCLC after failure of other treatment options, including both



platinum-based and docetaxel chemotherapies™. As of now, gefitinib has been
marketed in nearly 70 countries (www.iressa.com)’. Erlotinib was initially approved
in 2004 for 2"- or 3"line treatment of advanced NSCLC following failure of prior
chemotherapy, and later approved as maintenance treatment'. The use of EGFR
TKIs in other settings, e.g. erlotinib as 1*-line treatment and gefitinib as 1¥-line or

maintenance treatment, has also been investigated in randomized trials.

A number of meta-analyses®™' have been conducted to synthesize the results of
these trials, as summarized in Table 1. Briefly, when EGFR TKIs were compared
with placebo, the hazard ratios (HRs) varied from 0.87 (95% confidence interval [CI]:
0.76-0.99) in 1*-line treatment to 0.61 (95% CI: 0.51-0.73) in 2"-line treatment for
progression-free survival, and from 1.01 (95% CI: 0.96-1.13) in 1¥-line treatment to
0.70 (95% CI: 0.58-0.84) in 2"_line treatment for overall survival (Table 1). When
EGFR TKIs were compared with standard chemotherapy, the HRs generally
approximated to 1 (the null effect), except for erlotinib as 1*-line treatment when the
HRs favored standard chemotherapy (HR = 1.55 [95% CI: 1.24-1.93] for

progression-free survival, HR = 1.39 [95% CI: 0.99-1.94] for overall survival) (Table

1.



To our knowledge, evidence that directly compared gefitinib and erlotinib is mainly

from cohort studies**’

, with only one randomized controlled trial available®>. Both
studies in which gefitinib and erlotinib arms had similar baseline (achieved either by
randomization or by multivariate adjustment) and those in which the comparability
between the two arms was unclear consistently showed that the two agents had

33-36,38,39
comparable efficacy™™ "™

. In the studies where gefitinib and erlotinib arms were
incomparable in baseline characteristics which all favored the gefitinib arm, as

expected, gefitinib was found to be superior to erlotinib®’. Overall, current evidence

does not suggest that gefitinib and erlotinib differ in efficacy.

1.6 Predicting those who may respond to EGFR TKIs treatment
As with traditional chemotherapy for cancer, EGFR TKIs are associated with

. 10,19
considerable adverse events

. For example, in maintenance treatment erlotinib
induces an excessive occurrence of rash in 43.4%, diarrhea in 15.8%, and a variety of
other adverse events in 3%-6% of treated patients'”. In 2"-line treatment, adverse
events are even more frequent, with an excessive rate of 58% of rash, 36% of
diarrhea, and 4%-14% of other various events'’. EGFR TKIs also constitute a heavy

economic burden to their recipients. In the United States, erlotinib and gefitinib cost

about $4,000 and $1,800 per month, respectively3. In Hong Kong, the monthly cost



is about HK$15,000 for either of them™. In view of these problems, it is important

that the treatment is given only to those who are likely to benefit from it.

As demonstrated above (Table 1), in unselected patients with advanced NSCLC, the
overall efficacy EGFR TKIs is better than that of placebo, but is quite limited in the
1%-line setting (Table 1). Even in maintenance or 2" line setting, the absolute benefit
provided by EGFR TKIs is still small, with a prolonged median progression-free
survival of 0.4 to 2.2 months and a prolonged median overall survival of 0.5 to 3.3
months'®*'™*. This is probably due to the fact that only 10%-20% of the patients

¥4 This also means that 80%-90% of treated patients may

respond to the treatment
suffer from adverse events and bear a huge cost without any benefit in return.
Compared with standard chemotherapy, EGFR TKIs generally have similar overall
efficacy in unselected patients, except that erlotinib was found inferior as the 1%-line

treatment. Again, EGFR TKIs appear to be much better than standard chemotherapy

in some patients (Table 1).

For example, in a randomized trial by Lilenbaum et al*’, where EGFR TKI (erlotinib)
was compared with standard chemotherapy (carboplatin plus paclitaxel) as 1¥-line

treatment for advanced NSCLC, the median overall survival was 6.5 months in the

10



EGFR TKI arm and 9.7 months in the chemotherapy arm, respectively (HR = 1.73

[95% CI: 1.09-2.73]). This suggested that the overall efficacy of EGFR TKI in

unselected patients was inferior to that of standard chemotherapy. Surprisingly, for a

subgroup of patients who experienced progression, did not tolerate, or refused further

chemotherapy in the chemotherapy arm and were thus crossed over to erlotinib, the

median survival was 14.9 months, much longer that the median overall survival of

either treatment arm. This indicated that EGFR TKI might be exceptionally better

than chemotherapy in some patients.

The above evidence and other similar data clearly point to a need for distinguishing

patients who may respond to EGFR TKIs from those who may not, in order to

improve the efficacy of the therapy. If patients who are most likely to benefit from

the treatment can be identified beforehand through use of predictive markers, optimal

treatment can be decided. It is at the heart of so-called personalized (or

individualized) treatment to identify and treat those who are most likely to respond.

1.7 Potential predictive markers, with focus on topical biomarkers

The exploratory analyses of early trials and subsequent large cohort studies that

assessed the efficacy of EGFR TKIs frequently showed that patients with the

11



following clinical and/or pathological characteristics were more likely to benefit
from the treatment: Asian or East Asian (versus other ethnicities), female (versus
male), a never- or light-smokers (versus an ever- or heavy-smokers) and
adenocarcinoma (versus other histological types)'****>*">! In the meantime, since
EGFR TKIs are targeted at the EGFR signaling pathway, molecular alterations
closely related to this pathway, especially EGFR mutations, EGFR gene copy
number (GCN) gain, EGFR protein expression and KRAS mutations, are also been
considerably investigated as potential predictive biomarkers for the efficacy of the
treatment, and are postulated to be the genetic basis underlying the impact of the
abovementioned clinical and/or pathological characteristics on cancer treatment

52-62

outcomes Sections 1.7.1-1.7.4 below provide a brief description of the

epidemiology, biological effects and clinical significance of the four biomarkers.

1.7.1 EGFR mutations

In NSCLC, the rate of EGFR mutations varies considerably according to ethnicity,
and is generally 15%-20% in North Americans and Europeans63'65, 20%-30% in
Latin Americans®®, and 40%-60% in Asians*'°*®"%  Studies have also shown
consistently that EGFR mutations are more frequent in females, never- or light-

. . 52,55,65-67,69-71
smokers, and adenocarcinoma patients”>>>%>67¢%71
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EGFR mutations mainly occur in exons 18 to 21 that encode the tyrosine kinase
domain of EGFR protein which, as stated above, is the target of EGFR TKIs. EGFR
gene without mutations is called wild-type EGFR’*. Common methods for detecting
EGFR mutations include direct sequencing, denaturing high-performance liquid
chromatography, and amplification refractory mutation system’". Although there is
no standard method for detecting EGFR mutations in lung cancer specimens, direct
sequencing has the highest sensitivity and is the most widely used among over 10

methods available.

The EGFR protein encoded by mutant EGFR gene selectively transduces the signals
on which the NSCLC cells depend for surviving. This makes the cancer cells with
mutant EGFR 100-fold more sensitive than those with wild-type EGFR to the
inhibition of survival signals by EGFR TKIs, a phenomenon often referred to as

sl 74,75
“oncogene addiction” ™",

1.7.2 EGFR-GCN gain
The prevalence of EGFR-GCN gain in advanced NSCLC varies from 7% to 70%,

with an average of about 35% in European or North American patients and 50% or

13



higher in East Asians®®’®. EGFR-GCN gain seems also more frequent in females
than males and in adenocarcinoma patients than those of other histological types’’
and is strongly associated with EGFR mutations, with a rate of 50%-80% in patients

who harbor EGFR mutations and 20%-25% in those who have wild-type EGFR™"""-"®,

Some researchers proposed that the presence of EGFR-GCN gain might also be
indicative of “oncogene addiction”, which means that the tumor is highly dependent
on the “abnormal” gene for proliferation and/or survival and thus is more sensitive to
the treatment with EGFR TKIs”**. The most commonly used technique to quantify
EGFR-GCN is fluorescence in situ hybridization and chromogenic in situ

hybridization®'**.

1.7.3 EGFR protein expression

As a transmembrane protein and one of the 4 members of ERBB receptor family,
EGFR is also called HER-1 or ERBBI1. The expression of EGFR protein is seen in
50%-90% of NSCLC™. There seems to be no obvious relationship between EGFR
protein expression and clinical or pathological characteristics such as sex, smoking
status and tumor histology™". At the cellular level, the binding of EGFR to epidermal

growth factor or other similar factors could result in the dimerization of EGFR. The

14



tyrosine kinase domain of EGFR is then phosphorylated and results in the generation
of signals that are involved in the proliferation, angiogenesis, metastasis and survival
of the cancer cells*""*>. As EGFR TKIs are targeted at EGFR, the expression status of
EGFR protein has been hypothesized to be able to affect the efficacy of the treatment.
EGFR protein expression status is almost universally analyzed by

. . . 33
immunohistochemistry .

1.7.4 KRAS mutations

KRAS, which stands for v-Ki-ras2 Kirsten rat sarcoma viral oncogene homolog, is a
member of the ras gene family. KRAS mutations occur in around 15%-20% of
unselected patients with advanced NSCLC>"*!*%%5 Similar to EGFR mutations,
KRAS mutations are more frequent in adenocarcinoma (20%-30%) than in
squamous-cell carcinoma (around 7%)%. However, unlike EGFR mutations, KRAS
mutations are more frequent in smokers than never-smokers and in Americans than

Asians (30% versus 10%)°05¢87,

Studies have shown that KRAS and EGFR mutations are often mutually exclusive,
626788 Tpa

which means that patients harboring one usually do not harbor the other

majority of KRAS mutations (90%) occur in codons 12 and 13**!. Similar to EGFR
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mutations, common methods used to detect KRAS mutations include direct
sequencing, denaturing high-performance liquid chromatography, and amplification

refractory mutation system.

KRAS gene encodes KRAS protein. In the EGFR signaling pathway, KRAS protein
can be activated by upstream stimulation resulting from the binding of EGFR to
epidermal growth factor or other similar factors (Figure 2), and become inactivated
after it transduces the signal to downstream effectors. However, if KRAS gene is
mutated, KRAS protein would lose the ability to become inactivated after
transducing the signal, and thus the downstream mitogen-activated protein kinase
pathways may be continuously activated. This may enable the pathways to remain
unaffected by the blockage of the upstream signal with EGFR TKIs and continue to

result in autonomous growth and differentiation of cells®.

1.8 Evaluation of the four potential predictive biomarkers

1.8.1 Limitation of previous studies

A major problem with many existing studies that set out to assess the predictive
value of the aforementioned biomarkers is that their conclusions on whether a

biomarker was “predictive” or not were drawn from single-arm (i.e. EGFR TKIs
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treated arm) studies by comparing the clinical outcomes of biomarker-positive
patients with biomarker-negative ones’®. Admittedly, evidence from such studies is a
preliminary scrutinizing of potential important predictive biomarkers, and can be
hypothesis-generating. If a biomarker is associated with better treatment outcomes in
single-arm studies, it has a potential for being a predictive marker. However, it is
likely that such a biomarker is only a general prognostic marker’”. Thus, such
evidence alone is insufficient to produce a firm conclusion on whether the biomarker
has a predictive value for efficacy. To illustrate this point, I will explain below what

an efficacy predictive biomarker is, and how it differs from a prognostic marker.

1.8.2 Predictive versus prognostic biomarkers

Consider the hypothetical example below (Figure 3(A)). In a randomized controlled
trial to evaluate the efficacy of treatment A, participants are randomized into two
groups, with one group receiving treatment A and the other treatment B. Treatment B
serves as the control group and, for simplicity, is placebo or no treatment in this
example. In each treatment group, some patients harbor the biomarker of interest,
which is EGFR mutations in this example, while the rest do not. Subgroup analysis
can be conducted according to the biomarker status, in which treatments A and B are

compared separately in the mutant EGFR subgroup and in the wild-type EGFR

17



subgroup. If the effect measure is hazard ratio (treatment A versus treatment B), a

hazard ratio <I favors treatment A and a hazard ratio >1 means the opposite.

If EGFR mutations are predictive of the efficacy of treatment A, treatment A would
be associated with better outcomes in the mutant EGFR subgroup (HRg: <1, say, =
0.5) and at the same time less strongly associated (say, HRp. = 0.9), not associated
(say, HRp. = 1), or adversely associated (say, HRp. = 1.5) with the outcomes in the
wild-type EGFR subgroup’*””. Conversely, for EGFR mutations to be predictive of
the resistance to treatment A, treatment A should be adversely associated with the
treatment outcomes in the mutant EGFR subgroup (say, HRp: = 1.5), and at the same
time is less strongly associated (say, HRg. = 1.1), not associated (say, HRp. = 1), or

associated with better outcomes (say, HRg_ = 0.5) in the wild-type EGFR subgroup.

In epidemiology, the relation between treatment and EGFR mutations status in this
example is called interaction or effect modification in which EGFR mutations are
called the effect modifier, and the treatment effect varies according to the effect

modifier’®®’

. If confirmed as a predictive biomarker, EGFR mutations can be used to

facilitate selecting the recipients who are more likely to benefit from treatment A.

For example, if the treatment is effective in those with EGFR mutations and
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ineffective in those with wild-type EGFR, then only patients with EGFR mutations

should be given the treatment. It should be noted that other markers may be used

together with EGFR mutations to achieve a greater predictive power.

However, if treatment A is (statistically) equally associated with the outcomes in

both subgroups, then EGFR mutations cannot be used to select patients who are more

likely to benefit from the treatment, as the patients with or without this biomarker are

not different from each other in terms of benefiting from or resistance to the

treatment. In this case, there is no interaction between the treatment and EGFR

mutations status, and EGFR mutations are only a general prognostic biomarker,

which means that with this biomarker patients have consistently better or worse

prognosis than do those without this biomarker, whether they are treated or not’*%.

Therefore, to evaluate the predictive value is essentially to test for interaction. Now,

it is easier for us to understand why the association of a biomarker with the outcome

in the intervention group alone cannot be necessarily taken as an indicator of a

“predictive” ability — because there may well be the same association in the control

group, in which case the biomarker only has a general prognostic role.
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1.8.3 The best study design to evaluate predictive biomarkers

As discussed above, to evaluate the predictive value of a biomarker is essentially to

test for the treatment—Dbiomarker interaction. The interaction is best evaluated by the

randomized controlled trial that assesses the efficacy of treatment with subgroup

analysis according to the biomarker status (Figure 3(A)). Alternatively, the

interaction can be equally evaluated in a randomized trial with a design shown in

Figure 3(B). The difference between Figures 3(A) and 3(B) is that the latter conducts

stratified randomization based on biomarker status. However, in terms of statistical

comparison, the two designs are equally valid.

Of note, the design shown in Figure 3(B) is rarely adopted in practice, mainly for

three reasons’*"”.

1) Stratified randomization helps improve the balance of biomarker status in the
overall comparison (i.e. all patients receiving treatment A versus all patients
receiving treatment B). However, the balance of treatments A and B within each
subgroup is more relevant in evaluating the treatment—biomarker interaction,
and stratified randomization performs no better than Figure 3(A) in this aspect.

2) The potential predictive biomarkers for a treatment are often not found until

some initial trials with subgroup analyses according to biomarker status have
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been completed. It is impossible for these trials to conduct retrospective stratified

randomization according to biomarker status.

3) It takes some time (usually 10 to 18 days'**'"!

) from requesting tumor samples to
the availability of the results of biomarker analysis, which means that in order to
conduct stratified randomization, patients who badly need a treatment would

have to wait till the results on biomarker status are available. This often makes it

unethical and infeasible to conduct stratified randomization.

We have not seen any randomized controlled trials about the treatment of advanced

NSCLC with EGFR TKIs that were conducted in the approach shown in Figure 3(B).

The types of control used in trials are also worth mentioning. In the above example

(Figure 3(A)), the control treatment, i.e. treatment B, is placebo or no treatment,

because the trial aims to evaluate the absolute efficacy of treatment A. However,

nowadays, more and more trials use existing effective treatments as control with an

aim to evaluate the relative or comparative efficacy of new treatments and inform

decision on which is better. Accordingly, in evaluating predictive biomarkers, the

control treatment can also be an existing effective treatment, which is mostly

chemotherapy in the case of advanced NSCLC.
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The appropriateness of using chemotherapy as control in trials to evaluate predictive

biomarkers relies on an assumption that the efficacy of chemotherapy does not vary

with status of the biomarkers, which we deemed valid in the present systematic

review, for two reasons. First, chemotherapy is not biologically targeted at the

signaling pathway where the 4 biomarkers of our interest take effect, thus its efficacy

is unlikely to be affected by biomarker status. Second, currently available, empirical

studies found no significant interaction between chemotherapy and the biomarkers.

In other words, there is no strong evidence that the efficacy of chemotherapy would

vary with biomarker status' 1%,

Thus, both placebo- and chemotherapy-controlled trials were considered relevant and

valid in this review (see below). While placebo-controlled trials are better for

demonstrating the maximum predictive power of a biomarker, chemotherapy-

controlled trials would add evidence to further support the interaction if indeed

present.

1.9 The need for a comprehensive summary of current best evidence
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To achieve personalized treatment of advanced NSCLC, a number of randomized
controlled trials that can be used to test for the interaction between EGFR TKlIs
treatment and the abovementioned four biomarkers are available***19%:197, However,
individually these trials provide no straightforward answer to the question whether
the investigated biomarkers are qualified for clinical use. On one hand, this is
because the results about treatment—biomarker interaction from single trials are
often statistically insignificant, preventing a firm conclusion to be drawn. On the

other hand, the results from different trials were not always consistent.

Take EGFR mutations for predicting the overall survival benefit from EGFR TKIs as
an example. Bell et al'”™ compared EGFR TKI (gefitinib) plus platinum-based
doublet (i.e. the standard chemotherapy) with placebo plus platinum-based doublet as
first-line treatment of advanced NSCLC. The HR (EGFR TKI versus control, the
same below) for death was 1.77 (95% CI: 0.50-6.23) in the mutant EGFR subgroup
and 0.91 (95% CI: 0.67-1.23) in the wild-type EGFR subgroup. There seems an
interaction that those with EGFR mutations would benefit less from EGFR TKI,

although the result is statistically insignificant (p for interaction = 0.84).
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Zhu et al* compared EGFR TKI (erlotinib) alone with placebo alone as second-line
treatment of advanced NSCLC. The HR for death was 0.55 (95% CI: 0.25-1.19) in
the mutant EGFR subgroup and 0.74 (95% CI: 0.52-1.05) in the wild-type EGFR
subgroup. There seems an interaction that those with EGFR mutations would benefit
more from EGFR TKI, although the result is statistically insignificant (p for

interaction = 0.25).

Brugger et al* compared EGFR TKI (erlotinib) alone with placebo alone as
maintenance treatment of advanced NSCLC. The HR for death was 0.83 (95% CI:
0.34-2.02) in the mutant EGFR subgroup and 0.77 (95% CI: 0.61-0.97) in the wild-
type EGFR subgroup. There seems no interaction between treatment and EGFR

mutations in the benefit from EGFR TKI (p for interaction = 0.56).

The results in these studies were not consistent. Of note, all of the tests for
interaction and almost all within-subgroup HRs from these studies were statistically
insignificant. Thus, it remains uncertain whether the insignificant and inconsistent
interaction was a true difference in the effects of EGFR mutation status, a result of
the play of chance, or due to other factors. However, as discussed above, to conduct a

new trial to specifically address these problems would be both resource- and time-
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consuming and thus unethical before these trials are summarized. But a systematic

review of existing trials with meta-analysis of the treatment—biomarker interaction

is lacking.

1.10 Objectives of the present study

The present study was aimed to summarize the current best evidence and examine

the predictive value of EGFR mutations, EGFR-GCN gain, EGFR protein expression

and KRAS mutations in the treatment of advanced NSCLC with EGFR TKIs.

Specifically, the objectives were two-fold, as justified in Section 1.8.3: (1) to

examine the predictive value of the four biomarkers under the circumstance that

EGFR TKIs were compared with placebo, and (2) to examine the predictive value of

the four biomarkers under the circumstance that EGFR TKIs were compared with

chemotherapy. Our null hypothesis is that one of the four biomarkers can predict

who are more likely to respond to EGFR TKIs treatment, while the alternative

hypothesis is that some or all of these biomarkers have that predictive power.

25



Chapter 2 Materials and Methods
2.1 Study design
2.2 Eligibility criteria for original studies
2.3 Literature search
2.4 Study selection
2.5 Data collection

2.6 Statistical analyses
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2.1 Study design

The present study is a systematic review with meta-analysis of data from randomized

controlled trials that assessed the efficacy of EGFR TKIs with subgroup analysis

according to biomarker status. To evaluate the predictive value of each biomarker,

the treatment—Dbiomarker interaction was assessed. The flow of the study is shown in

Figure 4 and elaborated below.

2.2 Eligibility criteria for original studies

To be eligible for the present systematic review, the original studies had to meet all

the following criteria:

1) Population: advanced NSCLC patients, with cancer at stage I1IB or IV or “locally

advanced, metastatic or recurrent”;

2) Intervention: EGFR TKIs alone or EGFR TKIs plus other treatments;

3) Control: placebo, no treatment, or chemotherapy, with or without the baseline

treatments in the intervention arm,;

4) Outcome: progression-free survival, overall survival, or both;

5) Study design: randomized controlled trial;

6) Subgroup analyses were conducted according to the status of at least one of the

following biomarkers: EGFR mutations, EGFR-GCN gain, EGFR protein
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expression and KRAS mutations. In other words, the comparison of EGFR TKIs
versus control was made in biomarker-positive (e.g. mutant EGFR) patients and in

biomarker-negative (e.g. wild-type EGFR) patients, separately.

Although randomized controlled trials with prospective or pre-planned subgroup
analysis according to biomarker status are desirable in the evaluation of predictive

. 98,99,109
biomarkers™ """

, such trials are not always available, because the predictive value
of biomarkers may have not been recognized until the first trials assessing the EGFR
TKIs efficacy were completed. Retrospective or post hoc subgroup analyses using
archived tumor tissues from previously completed trials can be more readily
conducted than new trials to specifically address the same question. Moreover, if
well conducted, retrospective subgroup analyses can also produce high-level
evidence and achieve similar validity of prospective analyses’®. Thus, in the present

systematic review, both prospective and retrospective subgroup analyses according

to biomarker status were considered eligible.

2.3 Literature search

28



A comprehensive search strategy was constructed by discussion and consensus

among three researchers (the present PhD candidate, a research staff who had a lot of

experience in literature search and thesis supervisor).

2.3.1 Search of electronic databases

We performed a systematic literature search in five electronic databases:

1) PubMed;

2) EMBASE;

3) The Cochrane Library;

4) Chinese Biomedical Literature Database (in Chinese);

5) Wanfang Data (in Chinese)

Each of the databases was searched from its inception to the search date (initial

search: 28 October 2011; updated search: 26 May 2012), limited to “human studies”

where possible, with no restrictions on the time or language of publication. The

search strategy and history were described in detail in Appendix 1. Briefly, the

following three groups of search terms were used, which were about the disease, the

treatment and the biomarkers of interest, respectively.
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1) Group 1: Carcinoma, non-small-cell lung [Mesh]; lung non small cell cancer /(in

EMBASE); non-small-cell lung cancer; non-small cell lung cancer; non-small-

cell lung carcinoma; non-small cell lung carcinoma; NSCLC.

2) Group 2: gefitinib [Mesh]; erlotinib [Mesh]; gefitinib/(in EMBASE); erlotinib

/(in EMBASE); tyrosine kinase inhibitor; TKI; gefitinib; Iressa; erlotinib;

Tarceva.

3) Group 3: Receptor, epidermal growth factor [Mesh]; genes, erbB-1[Mesh];

EGFR protein, human [Mesh]; genes, erbB; [Mesh]; genes, ras [Mesh];

epidermal growth factor receptor/(in EMBASE); epidermal growth factor

receptor; EGF receptor; EGFR; KRAS; K-RAS; RAS.

2.3.2 Search of conference proceedings

The conference abstracts of American Society of Clinical Oncology and European

Society of Medical Oncology were reviewed online via their official websites to

identify additional studies. In particular, we reviewed the abstracts of the following

conferences:

(1) Conferences held by American Society of Clinical Oncology (ASCO)

1) 2011 ASCO Annual Meeting
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2)

3)

4)

5)

6)

7)

2010 Molecular Markers

2010 ASCO Annual Meeting

2009 ASCO Annual Meeting

2008 Molecular Markers

2008 ASCO Annual Meeting

2007 ASCO Annual Meeting

(2) Conferences held by European Society of Medical Oncology (ESMO)

1)

2)

3)

4)

5)

6)

7)

8)

9)

2011 The European Multidisciplinary Cancer Congress

2011 9th International Symposium on Targeted Anticancer Therapies (TAT)

2011 European Multidisciplinary Conference in Thoracic Oncology (EMCTO)

2010 35th ESMO Congress, Milan

2010 8th International Symposium on Targeted Anticancer Therapies

2010 2nd European Lung Cancer Conference (ELCC)

2009 European Multidisciplinary Conference in Thoracic Oncology

2009 7th International Symposium on Targeted Anticancer Therapies

2009 ECCO 15 and 34th ESMO Multidisciplinary Congress

10) 2008 ESMO Conference Lugano (ECLU)

11) 2008 33rd ESMO Congress, Stockholm
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12) 2008 1st European Lung Cancer Conference
13) 2007 ESMO Conference Lugano (ECLU)
14) 2007 EIS on Chest Tumors

15) 2006 31st ESMO Congress, Istanbul

16) 2004 29th ESMO Congress, Vienna

17) 2002 27th ESMO Congress, Nice

2.3.3 Other searches

We also scrutinized the reference lists of highly relevant publications, which in

particular include:

1) Studies that met the inclusion criteria as stated above; and

2) Reviews (including systematic reviews and meta-analyses), guidelines,
consensus and expert opinions about the treatment of advanced NSCLC with
EGFR TKIs, especially those with reference to predictive or prognostic

biomarkers.

This part was done after screening the retrieved references from electronic databases

and conference proceedings and relevant publications were identified.
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2.4 Study selection

First, the title and abstract of retrieved references were screened to judge for their

relevance. Then, the full text of the studies potentially fulfilling the inclusion criteria

were obtained for detailed examination. Studies that met all of the inclusion criteria

were considered eligible and included with the following exceptions.

1)

2)

When the same population was used in more than one study addressing the same

question, only the study with the largest sample size or the study with most

relevant information was included for the present analysis, while the others were

excluded as “duplicates”. However, where appropriate, we used these

“duplicates” as a supplementary source of information on clinical and

methodological characteristics of the included studies.

Studies without extractable data (e.g. it was clearly stated that relevant analysis

had been conducted, but provided no detailed data, and the data was still not

available after contact of authors) were excluded from meta-analyses, but were

carefully reviewed to see if there was possibility that their results could affect

our overall conclusion.
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The eligibility of each “potentially eligible” study was assessed independently by

two researchers. In case of disagreement, a third expert on systematic review was

consulted for final decision.

2.5 Data collection

2.5.1 Data extraction

The following data were extracted from each eligible study:

1)

2)

3)

4)

5)

6)

Bibliographic information: first author, publication year, etc;

Patients’ characteristics: number of patients, age, gender, ethnicity, smoking

status, stage of cancer, etc.

Treatment protocols: dose, frequency and duration of treatment, etc.

Biomarker analysis: testing method, percentage of positive findings, etc.

Main results stratified by biomarker status: median progression-free survival in

EGFR TKIs treated and biomarker-positive patients, median progression-free

survival in biomarker-positive control patients, the hazard ratio for comparison

of the two, etc.

Information related to the methodological characteristics of study for quality

assessment: whether the treatment and control groups were comparable in each
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subgroup defined by biomarker status, whether the biomarker analyses were

blinded to those who assessed the outcome, etc.

A detailed data extraction form is shown in Appendix 2. Data was extracted by 2

researchers independently. Any disagreements between the two were resolved by

discussion with reference to the original papers or, when deemed necessary, by a

third reviewer if disagreement persisted. Authors were contacted if deemed necessary

via email to clarify the ambiguities in reported methods or results and to seek

additional data not included in the published report.

2.5.2 Transformation and estimation based on reported data

It is a frequently encountered problem that data reported by the original studies do

not directly match the need of a systematic review or cannot be used directly for

meta-analysis. Under this circumstance, transformation and/or estimation are needed

in order to obtain the required data. Specifically, in the present study, transformation

and estimation were conducted in the following circumstances.

1) The original study did not report the median progression-free survival, overall

survival, and/or hazard ratio explicitly, but provided the relevant survival curves.

In this case, figures containing survival curves were enlarged and printed out.
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2)

3)

Then a scale was applied to measure the curves to obtain the numerical values of
interest. Hazard ratio was then estimated according to the method recommended
by the Cochrane Handbook for Systematic Reviews of Interventions''*''%.

The original study reported hazard ratio and P value but not 95% CI of the
hazard ratio. In this case, the 95% CI was calculated according to the method
recommended by the Cochrane Handbook for Systematic Reviews of
Interventions. In particular, 95% CI = exp (B£1.96xstandard error), where B is
In(HR), and standard error is the absolute value of In(HR) divided by the
absolute value of Z score corresponding to the reported P value under standard
normal distribution. Using data from studies with available HRs, 95% ClIs and P
values, this method was proved to be valid.

The intervention and control groups of the hazard ratio reported in the original
study needed to be swapped when included in the analysis of our systematic
review. For example, in the present systematic review, the hazard ratio is based
on the comparison of EGFR TKIs versus control, with control as the reference
group. However, in the original study, the reported hazard ratio was based on

control versus EGFR TKIs, with EGFR TKIs as the reference group. In this case,

we used the formulas in Table 2 to transform the hazard ratio.

36



2.6 Statistical analyses

2.6.1 Main analyses

The primary and secondary clinical outcomes of interest in the present systematic

review were progression-free survival and overall survival, respectively. The efficacy

of treatment in terms of progression-free survival or overall survival was measured

by HR with 95% CI. Progression-free survival was selected as the primary clinical

outcome of interest because it is more representative of the “pure” efficacy of

treatment. By contrast, the results on overall survival are vulnerable to confounding

by possible cross-over of patients during study and the imbalance of post-study

treatments between different arms.

As stated above, whether or not a biomarker has a predictive value should be

determined according to the treatment—biomarker interaction. If the interaction is

statistically significant — in other words, the treatment efficacy differ significantly

across the two subgroups defined by biomarker status — then the biomarker has a

predictive value. Otherwise, it will be uncertain whether the biomarker is predictive

or not. To illustrate how we evaluated the predictive value of a specific biomarker for

the treatment efficacy in terms of a specific outcome, we take EGFR mutations (the

biomarker) and progression-free survival (the outcome) as an example.
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Step 1: Meta-analysis to estimate the efficacy of EGFR TKIs

Using the HRs for progression-free survival, stratified by EGFR mutation status, we

conducted meta-analyses with the random-effect model to obtain a summary HR for

mutant EGFR subgroup and wild-type EGFR subgroup, separately, as the estimate of

the efficacy of EGFR TKIs in the two subgroups. As the control group might receive

placebo or chemotherapy, and the efficacy of EGFR TKIs as compared with different

types of control is probably different, we conducted separate meta-analyses of

studies that compared EGFR TKIs with placebo and those that compared EGFR

TKIs with chemotherapy. Thus, four meta-analyses were conducted to estimate the

efficacy of EGFR TKIs in terms of progression-free survival, which were as follows.

1) EGFR TKIs vs placebo in mutant EGFR subgroup (summary HR)

2) EGFR TKIs vs placebo in wild-type EGFR subgroup (summary HR>)

3) EGFR TKIs vs chemotherapy in mutant EGFR subgroup (summary HR3)

4) EGFR TKIs vs chemotherapy in wild-type EGFR subgroup (summary HRy)

As there were two outcomes and four biomarkers (Figure 4), a total of 32 meta-

analyses (4x2x4) were conducted to estimate the efficacy of EGFR TKIs under

different circumstances.
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Step 2: Calculation of the interaction term

To assess the treatment—EGFR mutations interaction, one method is to compare the
abovementioned HRs, say, HR; vs HR, or HRj3 vs HR4“3. This method first
combines subgroup treatment effects across trials to obtain a summary estimate and
then compares different subgroups’ summary estimates, which is flawed for several
reasons. First, as the mutant EGFR subgroup and wild-type EGFR subgroup in each
trial are recruited and managed within the confines of a single protocol, they are
more similar to each other than to those from other trials in various characteristics or
covariates. However, this kind of similarity or correlation is not accounted for by the
abovementioned method which takes each subgroup as an independent dataset in the
meta-analysis, leading to the loss of efficiency and inappropriate standard errors''*.
Second, in combining subgroup treatment effects, heterogeneity in treatment effects
across trials is usually ignored. Random-effect model could partly address this
problem but seems not enough. Thus, it has been recommended that this method
should be avoided''*. A second method is to compare the summary HR; and HR, that
are derived from different sets of studies, which in essence is “indirect” comparison

and weak in scientific rigor.
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A more appropriate way is to compare the two HRs (i.e. test for interaction) within
the same study first, and then combine through meta-analysis the results from
different studies''*. This is similar to the following common practice in trials: to
estimate the average before-after change in blood pressure of a group of patients, the
change in blood pressure of each patient should be calculated first, and then the

average change can be estimated by pooling the data of all patients.

In the present systematic review, we did it in this third method. First, based on the
HR with 95% CI in the mutant EGFR subgroup and that in the wild-type subgroup
from the same trial, we calculated a ratio of the two HRs with 95% CI (Table 3)115.
The ratio is then the measure of the treatment—EGFR mutations interaction'"”. A
ratio of HRs equal to 1 suggests no interaction, i.e. EGFR mutated and wild-type

patients benefit from EGFR TKIs to the same extent' .

A ratio of HRs statistically significantly different from 1 suggests the presence of
treatment—EGFR mutations interaction. If it is smaller than 1, it suggests EGFR
mutated patients benefit more from EGFR TKIs than EGFR wild-type patients,

116

whereas a ratio of HRs greater than 1 suggests the opposite’ . The further away the

ratio of HRs is from 1, the stronger the interaction is.
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As mentioned in Section 1.8.3, there is no strong evidence that the efficacy of
chemotherapy would vary with the status of biomarkers of our interest. Thus, in
calculating the ratio of HRs, the effect of control treatment in mutant EGFR
subgroup and that in wild-type EGFR subgroup is offset (Figure 5), and the ratio of
HRs in chemotherapy-controlled trials is mainly determined by the effect of EGFR
TKIs treatment, similar to the situation in placebo-controlled trials. This suggests that
the types of control matter little for analyses on ratio of HRs under the condition we
assumed. Thus, the ratios of HRs from trials of different controls were expected to be

homogeneous, which make it justifiable to combine all of them.

Step 3: Meta-analysis of interaction terms

After the ratios of HRs were obtained from all relevant trials, including both placebo-
controlled and chemotherapy-controlled ones, they were combined by using a
random-effect model to produce a summary estimate of the treatment—EGFR

mutations interaction''”!'8

. This approach has been employed by previous studies''®.
Within each meta-analysis, studies using different controls were first combined

separately in a stratified approach to see whether they provide similar results. If the

summary ratio of HRs based on placebo-controlled trials and that based on

41



chemotherapy-controlled trials were indeed similar, the result of meta-analysis
combining all trials was preferred, as it was based on more studies and had higher
statistical power. If the summary ratios of HRs from trials of different controls did
differ, say, in an opposite direction, the combined results should be interpreted with

caution.

In evaluating the interaction between treatment and other biomarkers, we used the
same methods as described above. These methods were also employed in evaluating
the treatment—Dbiomarker interaction on overall survival. Thus, for two outcomes
and four biomarkers, a total of eight meta-analyses (1x2x4) (Figure 4) were implied.
In doing these meta-analyses, statistical heterogeneity among studies was assessed by
the Cochran’s Q-test and the 1” statistic''®'?°. A P value < 0.10 for the Q-test or an I* >

50% was considered suggestive of substantial between-study heterogeneity.

2.6.2 Additional analyses

2.6.2.1 Meta-regression analysis

In case of substantial heterogeneity, meta-regression analyses were conducted to
investigate whether heterogeneity could be explained by important clinical and/or

pathological factors, which in particular included:
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1) EGFR TKI used: gefitinib versus erlotinib

2) Treatment modality: monotherapy versus combination therapy

3) Line of treatment: 1* versus maintenance versus >2™

4) Comparator: chemotherapy versus placebo

5) Ethnicity: “more” versus “less” Asian, with median percentage of Asian as the
cut-off point (the same for the following factors 6 to 8)

6) Sex: more versus less female

7) Smoking history: more versus less never-smokers

8) Cancer histology: more versus less adenocarcinoma

First, one factor each time was included in a univariate meta-regression analysis.
Then, if the number of studies was sufficiently large, say 5~10 times the number of
factors, all eight factors would be put into the model for mutivarate meta-regression
analyses. A P value < 0.10 indicated that the examined factor could be a major
source of heterogeneity. Then the meta-analysis was stratified by this factor. If no
such factor was found, only one meta-analysis was conducted with the random-effect

model without stratified analysis.
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2.6.2.2 Sensitivity analysis

Sensitivity analyses were conducted to test the robustness of the results by modifying

the inclusion criteria in three ways:

1) Trials in which biomarker studies were not pre-planned were excluded;

2) Trials in which intervention and control arms had incomparable baseline
characteristics such as the proportions of female patients, never-smokers and
adenocarcinoma between the subgroups defined by biomarker status were
excluded;

3) Trials in which there were significant cross-over of patients or imbalance of

post-study treatments between treatment arms were excluded.

2.6.2.3 Assessment of publication bias

Begg’s funnel plots were used to visually and Egger’s tests statistically assess the
possibility of publication bias if a meta-analysis included 10 studies or more'*'.
Symmetrical funnel plots indicate that publication bias is less likely to exist.
However, asymmetrical funnel plots do not necessarily mean there is publication bias,
as it might well be a result of some other causes, especially when there is significant

122,123

heterogeneity among studies Thus, in the present systematic review,
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asymmetrical funnel plots were considered only suggestive of publication bias rather

than a definitive evidence for the bias.

All analyses were performed with RevMan 5.0 or Stata 11.0.
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Chapter 3 Results
3.1 Results of literature search and study selection
3.2 Methodological characteristics of included studies
3.3 Predictive value of EGFR mutations
3.4 Predictive value of EGFR-GCN gain
3.5 Predictive value of EGFR protein expression

3.6 Predictive value of KRAS mutations
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3.1 Results of literature search and study selection

The flow of study selection is shown in Figure 6. For literature search on EGFR

mutation status, EGFR-GCN and EGFR protein expression status (Figure 6A), 4,014

references were identified from the five electronic databases, with 1,131 of them

being duplicates. Among the 2,883 unique references, 2,827 were excluded due to

various reasons through screening of titles and abstracts, and the remaining 56 were

subject to a review of full texts. In the meantime, screening of titles and abstracts

indicated that 11 review papers on biomarkers, 18 review papers on the efficacy of

EGFR TKlIs, two drug labels, one paper of expert opinion and one clinical

guideline/recommendation were regarded as highly relevant to the present systematic

review. Thus, their reference lists were scrutinized.

After the above procedures were completed, 41 studies (including one identified

from the reference lists of relevant papers) from electronic databases and 14 from the

abstracts of ASCO and ESMO conferences were considered potentially eligible.

Careful review of the 55 reports led to further exclusion of 37 studies. Thirty-three

were duplicates and 4 did not provide any detailed data needed for this review. Thus,

: . . : . 41,43,61,68,84,106-108,124-
18 studies were considered eligible and included in final analyses™ ™" ™" ’
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133 The data of two studies, Johnson et al®*1 and Lee et al'**1% , was obtained from

more than one source.

For literature search and selection of studies on KRAS mutations, the process was

similar (Figure 6B). Six eligible studjes*®!:84107127.132

were identified, but all of
them have been included in the 18 abovementioned studies for EGFR alterations.
There were no further findings from the references of the eligible studies. Authors of

. 61,68,130,136,137
five studies” "> 7

were contacted for data needed to judge the eligibility of a

study or to conduct meta-analysis. Only one of them replied with useful data, which

were the hazard ratios in mutant KRAS and wild-type KRAS subgroups®".

3.2 Methodological characteristics of included studies

The 18 included studies were mainly based on the following trials: ATLAS (AVF
3671 g)"**"** First-SIGNAL"”*'*, INFORM (C-TONG 0804)", INSTEP'®,
INTACT'®, INTEREST'”, INVITE'*®, IPASS'**, ISEL"’, NCIC CTG BR.21*'%,
SATURN (BO18192)*, STEPAN'**, TITAN'”, TRIBUTE®"'#*"*! and V-15-32,
The information on the methodological characteristics of these studies was

summarized in Table 4.
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Twelve studies were pre-planned analyses to examine the predictive value of

41,43,68,106,107,124-128,132,133

biomarkers , while the others retrospectively analyzed the data

from completed randomized controlled trials. Patients with available biomarker
testing results and thus included in our analyses accounted for 12%-86%%'"" (in

most cases, 20%-50%) of the total trial population, and were reported as similar to

(or “representative of”) the original population in nine (50%) studies*! 61106

108,128,131,132

Three studies provided information on the comparability between intervention and

control arms in  biomarker-positive and biomarker-negative  patients,

41,107,131

respectively . The comparability was achieved in one of them*'. In the other

107,131

two , the predictive value of biomarkers might have been biased due to the

imbalance between intervention and control arms.

41,43,61,84,106,108,125,129-132

Eleven studies (61%) were based on double-blind trials , With

the rest being open-label trials. Eight studies (44%) clearly stated that their

biomarker analyses were blinded to treatment allocation and clinical

43,61,84,125,127,128,130,131

outcomes . The cross-over of treatment or use of post-study

treatments in the parent trial was significant in nine (50%) studies*!:**-%107.124.12¢-
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128133 “Three studies clearly showed that the HRs they reported were obtained by

o 41,128,130
multivariate analyses™ > .

Overall, information on the methodological characteristics of included studies is
limited. The available data indicated that some studies might suffer from important
bias. Yet, for most of them, it was difficult to tell whether the bias indeed existed and,

if yes, to which direction and what extent.

3.3 Predictive value of EGFR mutations
3.3.1 Basic characteristics of included studies
Twelve studies were included in the evaluation of the predictive value of EGFR

3 . .. .
41.43,61,68,84,107,108,124,127, 128,132,133 Tha hagic characteristics of these studies

mutations
are summarized in Table 5. As shown in this table, the number of patients included
from each study varied from 57 to 437, with a total of 2,714. Five studies were
conducted in Asians only. The rate of EGFR mutations in the five studies ranged
from 38% to 60%, while it was between 7% and 17% in studies that were conducted

in other populations consisting mainly of Caucasians. Totally, there were 610

patients (22.5%) with EGFR mutations. The testing of EGFR mutations was limited
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to exons 18-21 in almost all studies and was mostly done by direct sequencing (7

studies, 58%) and Amplification Refractory Mutation System (3 studies, 25%).

The median age reported in these studies varied from 55 to 77 years. The proportion
of female patients was under 50% (19%-48%) in all studies except Fukuoka 2011
and Lee 2009, where it was 77% and 89%, respectively. A similar trend was seen for
smoking history and cancer histology. Specifically, the percentage of never-smokers
in Fukuoka 2011 and Lee 2009 was 93% and 100%, respectively, compared to 9% to
49% in other studies, and the proportion of patients with adenocarcinoma in the two
studies was both 100%, compared to 46% to 82% in other studies. The proportion of
patients with a performance status score of 0 to 1, who were considered as “fit”

patients'*®, varied between 67% and 100% in the included studies.

Five, 3 and 4 studies were conducted in the 1¥-line, maintenance and 2" line settings,
respectively. Gefitinib was used in one half of the included studies and erlotinib in
the others. Three studies compared EGFR TKIs alone with placebo alone, 3 studies
EGFR TKIs plus other treatments with placebo plus other identical treatments, 4

studies EGFR TKIs alone with single-agent chemotherapy and 2 studies EGFR TKIs
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alone with combination chemotherapy. The outcome assessment criteria reported

were uniformly Response Evaluation Criteria in Solid Tumors.

3.3.2 Efficacy of EGFR TKIs and treatment—EGFR mutations interaction:

progression-free survival

Table 6 summarizes the median progression-free survival of intervention and control

arms and corresponding HRs, stratified by EGFR mutation status.

When EGFR TKIs were compared with placebo (5 studies), the HRs ranged from

0.10 (95% CI: 0.04-0.25) to 0.55 (95% CI: 0.19-1.60) in mutant EGFR subgroups,

and 0.73 (95% CI: 0.53-1.01) to 1.25 (95% CI: 0.94-1.66) in wild-type EGFR

subgroups (Table 6). The summary HR for the two subgroups was 0.29 (95% CI:

0.15-0.55) and 0.88 (95% CI: 0.72-1.07), respectively (Figure 7, the upper-left and

upper-middle panels).

When EGFR TKIs were compared with chemotherapy (6 studies), the HRs ranged

from 0.16 (95% CIL: 0.05-0.49) to 0.71 (95% CI: 0.13-3.97) in mutant EGFR

subgroups, and 0.15 (95% CI: 0.04-0.57) to 2.85 (95% CI: 2.05-3.98) in wild-type

EGFR subgroups (Table 6). The summary HR for the two subgroups was 0.47 (95%
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CI: 0.37-0.61) and 1.09 (95% CI: 0.65-1.82), respectively (Figure 7, the lower-left

and lower-middle panels).

To test for the treatment—EGFR mutations interaction, a ratio of HRs was calculated
within each study based on the data in Table 6. The ratio of HRs from different
studies is presented in Figure 7 (the right panel). The I* and P value for heterogeneity
test were 64% and 0.002, respectively, suggesting presence of heterogeneity. The
summary ratio of HRs was 0.37 (95% CI: 0.22-0.60, P < 0.0001), which indicated a
strong interaction between the treatment and EGFR mutations. The results from
placebo-controlled trials and chemotherapy-controlled ones were consistent, both

statistically significant (Figure 7, the right panel).

3.3.3 Efficacy of EGFR TKIs and treatment—EGFR mutations interaction:
overall survival
Table 7 summarizes the median overall survival of intervention and control arms and

corresponding HRs, stratified by EGFR mutation status.

When EGFR TKIs were compared with placebo (5 studies), the HRs ranged from

0.46 (95% CI: 0.21-1.02) to 1.77 (95% CI: 0.50-6.23) in mutant EGFR subgroups,
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and 0.74 (95% CI: 0.52-1.05) to 1.10 (95% CI: 0.77-1.56) in wild-type EGFR
subgroups (Table 7). The summary HR for the two subgroups was 0.68 (95% CI:
0.44-1.04) and 0.85 (95% CI: 0.75-0.97), respectively (Figure 8, the upper-left and

upper-middle panels).

When EGFR TKIs were compared with chemotherapy (5 studies), the HRs ranged
from 0.82 (95% CIL: 0.35-1.92) to 1.80 (95% CI: 0.10-32.97) in mutant EGFR
subgroups, and 0.59 (95% CI: 0.24-1.44) to 1.20 (95% CI: 0.57-2.52) in wild-type
EGFR subgroups (Table 7). The summary HR for the two subgroups was 0.97 (95%
CI: 0.76-1.24) and 1.01 (95% CI: 0.85-1.20), respectively (Figure 8, the lower-left

and lower-middle panels).

To test for the treatment—EGFR mutations interaction, a ratio of HRs was calculated
within each study based on the data in Table 7. The ratio of HRs from different
studies is presented in Figure 8 (the right panel). The I* and P value for heterogeneity
test were 0% and 0.90, respectively, suggesting no obvious heterogeneity. The
summary ratio of HRs was 0.84 (95% CI: 0.64-1.11, P = 0.22), which did not

support strongly an interaction between the treatment and EGFR mutation. The
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results from placebo-controlled trials and chemotherapy-controlled ones were

consistent, although both statistically insignificant (Figure 8, the right panel).

3.3.4 Additional analyses

Due to the limited number of studies, only univariate meta-regression analyses were

conducted to investigate the heterogeneity observed in Figure 7 (the right panel). The

P value of significance test for each factor ranged from 0.393 to 0.962, which did not

suggest that any of the pre-specified factors could explain the heterogeneity. This

further supports our analyses that combined placebo-controlled and chemotherapy-

controlled studies. In the sensitivity analyses, the conclusion on the predictive value

of EGFR mutations did not change, although the numerical values of ratios of HRs

and their 95% ClIs were not exactly the same (Table 8).

The funnel plots based on the data presented in Figure 7 (the right panel) and Figure

8 (the right panel) are shown in Figure 9 and Figure 10, respectively. Visually no

apparent asymmetry was observed in Figure 10, and there is no evidence to suggest

presence of publication bias (Egger’s test: P = 0.248). Figure 9 was found to be

asymmetrical (Egger’s test: P = 0.041) and skewed to the right side. If the

asymmetry was truly resulting from publication bias, it means that the studies with
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larger standard errors (which are often “small” studies) and ratios of HRs closer to 1,
1.e. the studies on the lower-right part of Figure 9, were less likely to be published. It
is not the case here. Thus, there is no evidence for publication bias. If Figure 9 was
symmetrical, there would be more studies present on its lower-left part or less studies
on its lower-right part, in which case the summary ratio of HRs in Figure 7 would
become even further away from 1, supporting the conclusion on treatment-EGFR

mutations interaction rather than undermining it.

3.4 Predictive value of EGFR-GCN gain

3.4.1 Basic characteristics of included studies

Twelve studies were included for the evaluation of the predictive value of EGFR-
GCN  gain®0884-106-108.126-128.130-132 Py pasic characteristics of these studies are
summarized Table 9. As shown in this table, the number of patients included from
each study varied from 60 to 488, with a total of 3,246. Two studies were conducted
in Asians only. The rates of EGFR-GCN gain in the two studies were 61% and 70%,
respectively, while it was between 7% and 48% in the studies that were conducted in
other populations consisting mainly of Caucasians. In total, there were 1,299 patients

(40.0%) with EGFR-GCN gain. EGFR-GCN was analyzed by fluorescence in situ

hybridization technique in all except one study.
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The median age reported in these studies varied from 59 to 75 years. The proportion
of female patients was under 50%, ranging from 24% to 48%, in all but one study
(Fukuoka 2011) in which females accounted for 77% of all patients. A similar
pattern was seen for smoking history. The percentage of never-smokers in the study
of Fukuoka 2011 was 92%, compared to 8% to 32% in other studies. The proportion
of patients with adenocarcinoma ranged from 37% to 100%. The proportion of
patients with a performance status score of 0 to 1, who were considered as “fit”

patients'*®, were mostly between 62% and 100%.

Five, 2 and 5 studies were conducted in the 1¥-line, maintenance and 2" line settings,
respectively. Gefitinib and erlotinib were used in 7 and 5 studies, respectively. Two
trials compared EGFR TKIs alone with placebo alone, 5 trials EGFR TKIs plus other
treatments with placebo plus other identical treatments, 4 trials EGFR TKIs alone
with single-agent chemotherapy and 1 trial EGFR TKIs alone with combination
chemotherapy. The outcome assessment criteria reported were uniformly Response

Evaluation Criteria in Solid Tumors.
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3.4.2 Efficacy of EGFR TKIs and treatment—EGFR-GCN interaction:

progression-free survival

Table 10 summarizes the median progression-free survival of intervention and

control arms and corresponding HRs, stratified by EGFR-GCN status.

When EGFR TKIs were compared with placebo (5 studies), the HRs ranged from

0.29 (95% CI: 0.11-0.75) to 0.83 (95% CI: 0.32-2.17) in the subgroups with EGFR-

GCN gain, and 0.74 (95% CI: 0.38-1.45) to 1.42 (95% CI: 0.95-2.14) in the

subgroups without EGFR-GCN gain (Table 10). The summary HR for the two

subgroups was 0.64 (95% CI: 0.52-0.79) and 0.97 (95% CI: 0.74-1.27), respectively

(Figure 11, the upper-left and upper-middle panels).

When EGFR TKIs were compared with chemotherapy (5 studies), the HRs ranged

from 0.66 (95% CI: 0.50-0.88) to 3.13 (95% CI: 1.45-6.76) in the subgroups with

EGFR-GCN gain, and 0.45 (95% CI: 0.14-1.41) to 1.46 (95% CI: 1.00-2.11) in the

subgroups without EGFR-GCN gain (Table 10). The summary HR for the two

subgroups was 0.96 (95% CI: 0.65-1.42) and 1.20 (95% CI: 0.96-1.49), respectively

(Figure 11, the lower-left and lower-middle panels).
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To test for the treatment—EGFR-GCN interaction, a ratio of HRs was calculated
within each study based on the data in Table 10. The ratio of HRs from different
studies is presented in Figure 11 (the right panel). The I* and P value for
heterogeneity test were 57% and 0.01, respectively, suggesting presence of
heterogeneity. The summary ratio of HRs was 0.72 (95% CI: 0.52-0.99, P = 0.04),
which indicated an interaction between the treatment and EGFR-GCN. The results
from placebo-controlled trials and chemotherapy-controlled ones were in the same
direction, although statistically insignificant in the latter case (Figure 11, the right

panel).

3.4.3 Efficacy of EGFR TKIs and treatment—EGFR-GCN interaction: overall
survival
Table 11 summarizes the median overall survival of intervention and control arms

and corresponding HRs, stratified by EGFR-GCN status.

When EGFR TKIs were compared with placebo (7 studies), the HRs ranged from
0.43 (95% CI: 0.23-0.78) to 2.03 (95% CI: 0.67-6.13) in the subgroups with EGFR-
GCN gain, and 0.77 (95% CI: 0.58-1.03) to 1.24 (95% CI: 0.84-1.82) in the

subgroups without EGFR-GCN gain (Table 11). The summary HR for the two
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subgroups was 0.81 (95% CI: 0.57-1.17) and 0.98 (95% CI: 0.86-1.12), respectively

(Figure 12, the upper-left and upper-middle panels).

When EGFR TKIs were compared with chemotherapy (4 studies), the HRs ranged
from 0.73 (95% CI: 0.48-1.11) to 2.88 (95% CI: 1.21-6.83) in the subgroups with
EGFR-GCN gain, and 0.79 (95% CI: 0.46-1.37) to 1.30 (95% CI: 0.92-1.85) in the
subgroups without EGFR-GCN gain (Table 11). The summary HR for the two
subgroups was 1.08 (95% CI: 0.77-1.51) and 1.06 (95% CI: 0.87-1.29), respectively

(Figure 12, the lower-left and lower-middle panels).

To test for the treatment—EGFR-GCN interaction, a ratio of HRs was calculated
within each study based on the data in Table 11. The ratio of HRs from different
studies is presented in Figure 12 (the right panel). The I and P value for
heterogeneity test were 54% and 0.02, respectively, suggesting presence of
heterogeneity. The summary ratio of HRs was 0.92 (95% CI: 0.69-1.23, P = 0.57),
which did not support an interaction between the treatment and EGFR-GCN. The
results from placebo-controlled trials and chemotherapy-controlled ones were
inconsistent in terms of direction, although both were statistically insignificant

(Figure 12, the right panel).
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3.4.4 Additional analyses

Due to the limited number of studies, only univariate meta-regression analyses were

conducted to investigate the heterogeneity observed in Figure 11 (the right panel)

and Figure 12 (the right panel). The P value of significance test for each factor

ranged from 0.119 to 0.961 and 0.197 to 0.782 for Figure 11 (the right panel) and

Figure 12 (the right panel), respectively, which did not suggest that any of the pre-

specified factors could strongly explain the heterogeneity. Thus, we combined the

placebo-controlled and chemotherapy-controlled studies in the analyses, because the

type of control did not affect the results of our meta-analyses. In the pre-planned

sensitivity analyses, the conclusions on the predictive value of EGFR-GCN gain did

not change, although the numerical values of the ratios of HRs and their 95% Cls

were slightly altered (Table 12). Funnel plots based on the data presented in Figure

11 (the right panel) and Figure 12 (the right panel) are shown in Figure 13 and Figure

14, respectively. Visually no apparent asymmetry was observed, and there is no

evidence to suggest presence of publication bias (Egger’s test: P = 0.487 for Figure

13 and P = 0.981 for Figure 14).

3.5 Predictive value of EGFR protein expression
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3.5.1 Basic characteristics of included studies

Eight studies were included for the evaluation of the predictive value of EGFR
protein expression®1?7 12127130132 " The pasic characteristics of these studies are
summarized in Table 13. The number of patients included in each study varied from
258 to 742, with a total of 3,156. One study was conducted in Asians only. The rate
of EGFR protein expression in this study was 73%. In other studies where the
proportions of Asians ranged from 3% to 16%, the rate of EGFR protein expression
varied from 49% to 84%. In total, there were 2,269 patients (71.9%) with EGFR
protein expression. The EGFR protein expression status was determined by

immunohistochemistry in all included studies.

The median age reported in these studies varied from 59 to 63 years. The proportion
of females was under 50%, ranging from 24% to 48%, in all but one study (Fukuoka
2011) in which females accounted for 78% of all patients. A similar trend was seen
for smoking history and cancer histology. Specifically, the percentage of never-
smokers in the study by Fukuoka 2011 was 92%, compared to 11% to 22% in other
studies; and the proportion of patients with adenocarcinoma in the study was 100%,

compared to 44% to 82% in other studies. The proportion of patients with a
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performance status score of 0 to 1, who were considered as “fit” patients'*®, varied

between 62% and 100% in the included studies.

Two, 2 and 4 studies were conducted in the 1¥-line, maintenance and 2" Jine settings,
respectively. Gefitinib and erlotinib were used in 3 and 5 studies, respectively. Two
studies compared EGFR TKIs alone with placebo alone, 3 EGFR TKIs plus other
treatments with placebo plus other identical treatments, 2 EGFR TKIs alone with
single-agent chemotherapy and 1 EGFR TKIs alone with combination chemotherapy.
The outcome assessment criteria were uniformly Response Evaluation Criteria in

Solid Tumors.

3.5.2 Efficacy of EGFR TKIs and treatment—EGFR protein expression
interaction: progression-free survival
Table 14 summarizes the median progression-free survival of intervention and

control arms and corresponding HRs, stratified by EGFR protein expression status.

When EGFR TKIs were compared with placebo (2 studies), the HRs ranged from
0.69 (95% CI: 0.58-0.82) to 0.92 (95% CI: 0.64-1.32) in the subgroups with EGFR

protein expression, and 0.77 (95% CI: 0.51-1.14) to 1.00 (95% CI: 0.55-1.82) in the
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subgroups without EGFR protein expression (Table 14). The summary HR for the
two subgroups was 0.76 (95% CI: 0.58-0.99) and 0.84 (95% CI: 0.60-1.17),

respectively (Figure 15, the upper-left and upper-middle panels).

When EGFR TKIs were compared with chemotherapy (three studies), the HRs
ranged from 0.73 (95% CI: 0.55-0.96) to 1.29 (95% CI: 0.98-1.70) in the subgroups
with EGFR protein expression, and 0.90 (95% CI: 0.53-1.52) to 1.02 (95% CI: 0.61-
1.69) in the subgroups without EGFR protein expression (Table 14). The summary
HR for the two subgroups was 1.06 (95% CI: 0.74-1.52) and 0.96 (95% CI: 0.73-

1.27), respectively (Figure 15, the lower-left and lower-middle panels).

To test for the treatment—EGFR protein expression interaction, a ratio of HRs was
calculated within each study based on the data in Table 14. The ratio of HRs from
different studies is presented in Figure 15 (the right panel). The I* and P value for
heterogeneity test were 0% and 0.48, respectively, suggesting no obvious
heterogeneity. The summary ratio of HRs was 0.99 (95% CI: 0.78-1.26, P = 0.93),
which did not support an interaction between the treatment and EGFR protein

expression. The results from placebo-controlled trials and chemotherapy-controlled
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ones were inconsistent in terms of direction, although both were statistically

insignificant (Figure 15, the right panel).

3.5.3 Efficacy of EGFR TKIs and treatment—EGFR protein expression

interaction: overall survival

Table 15 summarizes the median overall survival of intervention and control arms

and corresponding HRs, stratified by EGFR protein expression status.

When EGFR TKIs were compared with placebo (four studies), the HRs ranged from

0.68 (95% CI: 0.50-0.90) to 1.00 (95% CI: 0.69-1.45) in the subgroups with EGFR

protein expression, and 0.91 (95% CI: 0.59-1.38) to 1.57 (95% CI: 0.86-2.87) in the

subgroups without EGFR protein expression (Table 15). The summary HR for the

two subgroups was 0.78 (95% CI: 0.68-0.89) and 1.02 (95% CI: 0.82-1.27),

respectively (Figure 16, the upper-left and upper-middle panels).

When EGFR TKIs were compared with chemotherapy (3 studies), the HRs ranged

from 0.94 (95% CI: 0.72-1.21) to 1.05 (95% CI: 0.80-1.37) in the subgroups with

EGFR protein expression, and 0.95 (95% CI: 0.55-1.62) to 1.09 (95% CI: 0.70-1.70)

in the subgroups without EGFR protein expression (Table 15). The summary HR for
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the two subgroups was 0.99 (95% CI: 0.85-1.16) and 1.02 (95% CI: 0.78-1.33),

respectively (Figure 16, the lower-left and lower-middle panels).

To test for the treatment—EGFR protein expression interaction, a ratio of HRs was
calculated within each study based on the data in Table 15. The ratio of HRs in
different studies is presented in Figure 16 (the right panel). The I* and P value for
heterogeneity test were 0% and 0.68, respectively, suggesting no clear heterogeneity.
The summary ratio of HRs was 0.86 (95% CI: 0.70-1.05, P = 0.14), which did not
support strongly an interaction between the treatment and EGFR protein expression.
The summary results of placebo-controlled trials and chemotherapy-controlled ones
were in the same direction and both were statistically insignificant (Figure 16, the

right panel).

3.5.4 Additional analyses

As the heterogeneity test for Figure 15 (the right panel) and Figure 16 (the right
panel) was both statistically insignificant, no meta-regression analyses were
conducted. In the pre-planned sensitivity analyses, the conclusions on the predictive
value of EGFR protein expression did not change, although the numerical values of

the ratios of HRs and their 95% ClIs were slightly altered (Table 16). Begg’s funnel
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plot and Egger’s test were not conducted for Figure 15 (the right panel) and Figure

16 (the right panel) as the two meta-analyses included less than 10 studies.

3.6 Predictive value of KRAS mutations

3.6.1 Basic characteristics of included studies

Six studies were included for the evaluation of the predictive value of KRAS

43,61,84,107,127,132 . .. . ) .
PLERITLIELE22 The basic characteristics of these studies are summarized in

mutations
Table 17. The number of patients included from each study varied from 195 to 493,
with a total of 1,763. The proportions of Asians in the included studies ranged from 2%
to 14%, and the rate of KRAS mutations ranged from 15% to 28%. In total, there
were 352 patients (20.0%) with KRAS mutations. In 4 of the 6 studies, the KRAS
mutation status was determined by direct sequencing, while in the remaining 2 it was

determined by denaturing high-performance liquid chromatography or amplification

refractory mutation system.

The median age reported in these studies varied from 58 to 65 years. The proportion

of females patients and never-smokers ranged from 22% to 48% and 9% to 23%,

respectively. The proportion of patients with adenocarcinoma was around 50% in all

studies, except one (Johnson 2009) in which it was 82%. The proportion of patients
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with a performance status score of 0 to 1, who were considered as “fit” patients'",

varied between 66% and 100% in the included studies.

One, 2 and 3 studies were conducted in the 1*-line, maintenance and 2™-line settings,
respectively. Gefitinib and erlotinib were used in 1 and 5 studies, respectively. Two
studies compared EGFR TKIs alone with placebo alone, 2 EGFR TKIs plus other
treatments with placebo plus other identical treatments, and 2 EGFR TKIs alone with
single-agent chemotherapy. No study compared EGFR TKIs alone with combination
chemotherapy. The outcome assessment criteria were uniformly Response

Evaluation Criteria in Solid Tumors.

3.6.2 Efficacy of EGFR TKIs and treatment—KRAS mutations interaction:
progression-free survival
Table 18 summarizes the median progression-free survival of intervention and

control arms and corresponding HRs, stratified by KRAS mutation status.

When EGFR TKIs were compared with placebo (three studies), the HRs ranged from
0.77 (95% CI: 0.50-1.19) to 1.90 (95% CI: 1.10-3.60) in mutant KRAS subgroup, and

0.67 (95% CI: 0.49-0.91) to 0.93 (95% CI: 0.67-1.29) in wild-type KRAS subgroup
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(Table 18). The summary HR for the two subgroups was 1.07 (95% CI: 0.64-1.79)
and 0.74 (95% CI: 0.62-0.89), respectively (Figure 17, the upper-left and upper-

middle panels).

When EGFR TKIs were compared with chemotherapy (two studies), the HRs ranged
from 1.16 (95% CIL: 0.56-2.41) to 1.90 (95% CI: 0.89-4.05) in mutant KRAS
subgroup, and 1.00 (95% CI: 0.71-1.41) to 1.23 (95% CI: 0.90-1.68) in wild-type
KRAS subgroup (Table 18). The summary HR for the two subgroups was 1.47 (95%
CI: 0.87-2.49) and 1.12 (95% CI: 0.89-1.41), respectively (Figure 17, the lower-left

and lower-middle panels).

To test for the treatment—KRAS mutations interaction, a ratio of HRs was calculated
within each study based on the data in Table 18. The ratio of HRs from different
studies is presented in Figure 17 (the right panel). The I> and P value for
heterogeneity test were 0% and 0.47, respectively, suggesting no clear heterogeneity.
The summary ratio of HRs was 1.35 (95% CI: 1.02-1.80, P = 0.04), which indicated
an interaction between the treatment and KRAS mutation. The summary results of
placebo-controlled trials and chemotherapy-controlled ones were in the same

direction but both were statistically insignificant (Figure 17, the right panel).

69



3.6.3 Efficacy of EGFR TKIs and treatment—KRAS mutations interaction:

overall survival

Table 19 summarizes in the median overall survival of intervention and control arms

and corresponding HRs, stratified by KRAS mutation status.

When EGFR TKIs were compared with placebo (4 studies), the HRs ranged from

0.79 (95% CI: 0.48-1.32) to 2.10 (95% CI: 1.10-3.80) in mutant KRAS subgroup, and

0.69 (95% CI: 0.49-0.97) to 1.05 (95% CI: 0.73-1.50) in wild-type KRAS subgroup

(Table 19). The summary HR for the two subgroups was 1.14 (95% CI: 0.69-1.89)

and 0.83 (95% CI: 0.71-0.97), respectively (Figure 18, the upper-left and upper-

middle panels).

When EGFR TKIs were compared with chemotherapy (two studies), the HRs ranged

from 0.81 (95% CI: 0.44-1.49) to 2.20 (95% CI: 0.96-5.06) in mutant KRAS

subgroup, and 0.69 (95% CI: 0.49-0.99) to 1.03 (95% CI: 0.77-1.37) in wild-type

KRAS subgroup (Table 19). The summary HR for the two subgroups was 1.28 (95%

CI: 0.48-3.40) and 0.85 (95% CI: 0.58-1.26), respectively (Figure 18, the lower-left

and lower-middle panels).

70



To test for the treatment—KRAS mutations interaction, a ratio of HRs was calculated
within each study based on the data in Table 19. The ratio of HRs from different
studies is presented in Figure 18 (the right panel). The I* and P value for
heterogeneity test were 53% and 0.06, respectively, suggesting presence of
heterogeneity. The summary ratio of HRs was 1.37 (95% CI: 0.89-2.10, P = 0.15),
which did not support strongly an interaction between the treatment and KRAS
mutation. The summary results of placebo-controlled trials and chemotherapy-
controlled ones were in the same direction but both were statistically insignificant

(Figure 18, the right panel).

3.6.4 Additional analyses

Due to the limited number of studies, only univariate meta-regression analyses were
conducted to investigate the heterogeneity observed in Figure 18. The P value of
significance test for each factor ranged from 0.305 to 0.963, which did not suggest
that any of the pre-specified factors could explain the heterogeneity. Thus, we
combined placebo-controlled and chemotherapy-controlled studies in these analyses.
In the pre-planned sensitivity analyses, the conclusions on the predictive value of

KRAS mutations did not change, although the numerical values of the ratios of HRs
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and their 95% Cls were slightly altered (Table 20). Begg’s funnel plot and Egger’s

test were not conducted for Figure 17 (the right panel) and Figure 18 (the right panel)

as the two meta-analyses included less than 10 studies.
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4.1 Summary of the main findings

The present systematic review summarized comprehensively the evidence from

existing randomized controlled trials to assess the value of EGFR mutations, EGFR-

GCN gain, EGFR protein expression and KRAS mutations in predicting the treatment

effect of EGFR TKIs in advanced NSCLC. The results of meta-analyses are

summarized in Table 21 and the main points reiterated as follows.

First, EGFR TKIs are in general effective in increasing progression-free and overall

survival as compared with placebo although the effect size is smaller for overall

survival than for progression free survival. This is consistent in all the groups defined

by the 4 biomarkers and with findings from other meta-analyses (Table 1). The

observation that the effect size is quantitatively less consistent in all the groups by

the 4 biomarkers can be partly explained by the fact that not all the patients from

original trials that compared EGFR TKIs and placebo were included in our

comparison of the efficacy between biomarker-positive and -negative subgroups. As

a result, the selection process may make a difference among studies and the sample

size is relatively small in each group.
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Second, there is good evidence that EGFR TKIs are comparable to chemotherapy in

their effect in prolonging both progression-free and overall survival, except in EGFR

mutation group in which EGFR TKIs seem much more effective than chemotherapy

in prolonging progression-free survival.

Third, the above results are not the primary objective of this study as a more

appropriate method to answer the above questions should not exclude trials that did

not perform subgroup analyses according to biomarkers. The following is the

primary and unique findings of this study. There is convincing evidence that the

efficacy of EGFR TKIs differs considerably according to EGFR mutation status in

prolonging progression-free survival and to a lesser degree and with some

uncertainty in prolonging overall survival, suggesting the existence of a treatment-

EGFR mutations interaction. A similar pattern was also found for the relation (or

more adequately the interaction) of EGFR TKIs with the status of EGFR-GCN and

with KRAS mutation status, although the interaction is less strong and there remains

some uncertainty in particular in overall survival. There seems also some

inconsistent evidence for a weak interaction between EGFR TKIs and EGFR protein

expression, which is least certain among the 4 biomarkers.
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Fourth, we would like to re-emphasize that another important finding of this study is
that EGFR TKIs and chemotherapy are similarly effective in prolonging both
progression-free and overall survival regardless the biomarker status of patients
except in EGFR mutant patients in which EGFR TKIs seem much more effective

than chemotherapy in prolonging progression-free survival.

4.2 Interpretation and implication of the results on EGFR mutations

EGFR mutations are clearly predictive of the progression-free survival benefit from
EGFR TKIs and can be used to identify those who are more likely to benefit from
EGFR TKIs treatment and avoid the treatment in those who may not respond to the
treatment so that they can be exempted from adverse events and expenses. These
findings lend strong support for the ASCO provisional clinical opinion and the
National Comprehensive Cancer Network Guidelines for Treatment of Non-Small

Cell Lung Cancer™'

. Both suggested testing EGFR mutation status to assist clinical
decision-making for advanced NSCLC patients in considering EGFR TKIs therapy.
EGFR mutations in making such decisions seems more useful in Asian patients with

advanced NSCLC, as they are more frequent in Asian populations (38%-60%) than

in others (7-1 7%)41,84,107,128.
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The present systematic review, however, does not support strongly that EGFR

mutations are predictive of the overall survival benefit from EGFR TKIs. The

reasons for this seem uncertain, although there seem to be some explanations. First,

the effect of EGFR TKIs in prolonging overall survival is in general small and

inconsistent if any (Table 1). As a result, the interaction between EGFR mutations

and EGFR TKIs, if any, would also be small. Thus, this review may not have a

sufficient statistical power to identify a small interaction. Second, cross-over of

treatment during the trial and post-study treatments used, may have further diluted

the benefit in overall survival and the size of the interaction.

As EGFR TKIs are comparable to chemotherapy in their effect in prolonging both

progression-free and overall survival in patients harboring wild-type EGFR, the

choice of treatment for these patients should be determined by factors other than

efficacy such as adverse effects and costs. As mentioned in the Background of this

thesis, EGFR TKIs are associated with significantly more adverse events as

compared with chemotherapy and the cost per quality adjusted life year gained from

EGFR TKIs treatment is also generally higher than that from chemotherapy except in

3,139

mutant EGFR patients™ ™. Thus, chemotherapy seems on the whole a better option

for wild-type EGFR patients.
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4.3 Interpretation and implication of the results on EGFR-GCN gain

Although EGFR-GCN gain seems also predictive of the efficacy of EGFR TKIs, the
evidence is weaker than that for EGFR mutations. For example, one of the studies'*
showed an opposite conclusion that the efficacy of EGFR TKIs was inferior in
patients with EGFR-GCN gain and similar in those without this biomarker as
compared with vinorelbine (chemotherapy) (Figure 11 and Figure 12). Importantly,
the clinical application of EGFR-GCN seems very limited for the reason below.
Studies found that people harboring EGFR-GCN gain overlapped substantively with
those harboring EGFR mutations. For example, the percentage of EGFR-GCN gain
in those with mutant EGFR was shown to be 72% (28/39) in one s‘fudy127 and 70%
(14/20) in another'’. Thus, it is likely that the predictive power of EGFR-GCN gain
is obtained through its overlapping with EGFR mutations. This assumption seems to
be supported by our observation that the predictive power of EGFR-GCN gain is
smaller than that of EGFR mutations. Thus EGFR-GCN gain may become

superfluous if EGFR mutations are tested and used.

4.4 Interpretation and implication of the results on KRAS mutations
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Different from EGFR mutations and EGFR-GCN gain, KRAS mutations are likely to
be predictive of the efficacy of EGFR TKIs in an opposite manner. In other words,
patients with KRAS mutations are less likely to benefit from EGFR TKIs than KRAS
wild-type patients. As EGFR mutant patients are almost exclusively KRAS wild-type
678488140 the predictive value of KRAS mutations thus may well be fully a result of
their inverse relation with EGFR mutations. This assumption seems to be supported
by the observation that the predictive power of KRAS mutations is much lower than

EGFR mutations. As a result, KRAS mutation status may become completely

superfluous in EGFR mutant patients.

Would KRAS mutation status have a role in predicting the efficacy of EGFR TKIs in

EGFR wild-type patients? If we assume that the predictive power of KRAS mutation

status is completely obtained from its inverse relation with EGFR mutation status,

KRAS mutation status would have no predictive power in EGFR wild-type patients.

To address this question empirically, we would need trials to compare the efficacy of

EGFR TKIs treatment between KRAS mutant and wild-type patients in EGFR wild-

type patients. Such empirical evidence is however lacking.

4.5 Interpretation and implication of the results on EGFR protein expression
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Our study showed the role of EGFR protein expression in predicting the efficacy of
EGFR TKIs was weakest and also least certain among the 4 biomarkers. This was
unexpected at the early years of use of EGFR TKIs, because EGFR protein is the
target of the treatment and as anticipated naturally, should have an impact on the
treatment efficacy. It is likely that EGFR protein expression indeed does not predict
the efficacy of EGFR TKIs. However, several possible reasons might have prevented
us from finding a relation between EGFR protein expression and the efficacy of

EGFR TKIs.

First, the sensitivity of immunohistochemistry assay may be low. Although
standardized immunohistochemistry assay kit has been available, the procedures
prior to the assay are less consistent in terms of the quality of reagents, the fixative

141

used in the storage period, and so on "'. These factors may affect the accuracy of the

assay results.

Secondly, there may be intratumor heterogeneity of EGFR expression status in
advanced NSCLC. In colorectal cancer and head and neck cancer, the distribution of
EGFR was reported to be heterogeneous within tumor samples, and its expression

was increased at the invading edge'*. This means that the results of
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immunohistochemistry assay may depend on the part of the tumor used for the

testing. As a result, information bias may exist in some studies.

Last but not least, the lack of predictive power of EGFR protein might have to do
with its genetic status. It is possible that EGFR TKIs are discriminately targeted at
the proteins that are encoded by mutated EGFR gene or the EGFR gene with copy
number gain, rather than indiscriminately targeted at all EGFR proteins'*'. If this is
true, the predictive power of EGFR protein expression would have well been diluted

in these studies.

4.6 Implications for future research

Findings of this study also point to a few directions for future research. First, our
results showed that in EGFR mutant patients, the predictive value of EGFR-GCN
gain and KRAS mutations might well be explained by the effect of EGFR mutations,
implying that EGFR-GCN gain and KRAS mutations might not have an independent
predictive value. However, there may exist an independent predictive value of
EGFR-GCN gain and KRAS mutations in EGFR wild-type patients but no data from
subgroup analyses are currently available. Thus it is not certain whether these two

markers would be able to predict the efficacy of EGFR TKIs in EGFR wild-type
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patients. Such analyses will provide evidence for the independent value, if any, of the
two biomarkers and can be used to identify who are more likely to benefit from the
treatment in EGFR wild-type patents. However, given the wide spread
recommendation of EGFR TKIs for EGFR mutant patients only, EGFR wild-type
patients would rarely be given EGFR TKIs. This will make the subgroup analyses
almost impossible except in early studies before EGFR mutation was widely used as

an efficacy predictive biomarker.

Even in early studies a more powerful method can be used in any future analyses. It
is multivariate analyses. In a multivariate analysis, all possible predictive factors can
be put in one regression model and the effects of these factors are thus “combined” to
produce a predictive tool that can be much more powerful than any single predictive
factor. Such multivariate prediction models have been widely used in predicting the
future risk of stroke and myocardial infarction'* and other areas but rarely used in

predicting who are more likely to benefit from EGFR TKIs.

The second possible research question is chemotherapy-biomarker interaction. In the
analyses of this study (Sections 1.8.3 and 2.6.1), we assumed that efficacy of

chemotherapy do not vary with biomarker status, namely, there was no
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chemotherapy-biomarker interaction. Under this assumption, the ratios of HRs from

placebo-controlled trials should be similar to those from chemotherapy-controlled

trials (Figure 5). As shown in Table 21, the two are indeed similar with EGFR

mutations and KRAS mutations but a statistically insignificant difference was

observed with EGFR-GCN gain and EGFR protein expression.

This could be explained by a possibility that efficacy of chemotherapy was slightly

greater than expected in biomarker-positive patients and/or smaller than expected in

biomarker-negative patients, suggesting there might be a chemotherapy-biomarker

interaction (Figure 5(B)). This seems to be supported by a few small studies that

showed that EGFR mutations, EGFR-GCN and KRAS mutations appeared to be able

103,104

to modify the effect of chemotherapy . More evidence is needed to further

confirm this hypothesis.

The third implication is about the conduct and reporting of biomarker studies based

on randomized controlled trials. In most of the trials we included, patients with

available biomarker testing results accounted for only 20%-50% of the total trial

populations. With the majority of the original trial population excluded, the treatment

and control arms within a subgroup defined by biomarker status could be
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incomparable. This has been shown in the studies we included. As a result, selection
bias and confounding bias may well exist in these studies. We thus suggest that in
future studies, multivariate analyses be used to control for confounding and the

possibility of selection bias be acknowledged.

4.7 Strengths

This study has several strengths. First, it summarized data from randomized
controlled trials, which is the best study design for assessing the efficacy of
predictive biomarkers’®'?”. Second, we strictly followed the existing guidelines for
conducting systematic reviews and obtained a comprehensive set of data on 4 topical
biomarkers in this field and 2 most important clinical outcomes. We obtained not
only data the original papers explicitly reported, but also estimates with indirect data
and data obtained from contact with authors. Although all these procedures are
clearly required by guidelines and seem not worth mentioning, in practice many

systematic reviewers often failed in these aspects’®'**!'®.

The third strength is that we clearly defined and estimated an interaction term (i.e.
ratio of HRs) according to the theories and formulas widely suggested in

epidemiological textbooks. However many previous studies just compared the
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prognosis (e.g., progression free survival and overall survival) of patients treated
with EGFR TKIs between biomarker positive and negative patients. This is a flawed
approach as an observed difference may only suggest that the biomarker be related to

prognosis but not necessarily to efficacy.

Finally, many previous studies compared the pooled efficacy of the treatment in
biomarker positive patients with that in biomarker negative patients. This is an
indirect comparison which may be biased by difference between studies. Instead, we
estimated the interaction term within each study and then pooled the interaction term
among studies. This is direct comparison and can provide better evidence than

indirect comparisons.

4.8 Limitations

The findings of this study should be interpreted with some caution. First, some
original studies might have suffered from biases. For example, in a few studies'’’,
the intervention and control arms in biomarker-positive and/or biomarker-negative
subgroups were incomparable in baseline characteristics, but the HR was estimated
without control of potential confounding effects. Second, substantial between-study

heterogeneity existed in some of our meta-analyses and cannot not be satisfactorily
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explained by such pre-specified factors as EGFR TKI used, line of treatment, and
ethnicity composition of patients. This may make our simple interpretation of the
result less valid. Third, test for interaction generally requires a much larger sample
size than for test for statistical significance of HR itself. In some of our meta-
analyses, the results showed a consistent trend but were not statistically significant,
probably due to insufficient sample size. This issue limited our interpretation and

inference in certain areas.

Fourth, the exclusion of four studies that were potentially eligible but lacked detailed
data suitable for our meta-analyses might have raised concern about selection bias
(Figure 6(A)). However, further examination revealed that they were either too small
to materially change our combined results or reported data supportive of our

#136I37196 Eor example, in the study of Lee et al*®, only 11 of the 311

conclusions
patients harbored EGFR mutations, making it unlikely to conduct a meaningful
analysis of the treatment—EGFR mutations interaction within the study. Therefore,
exclusion of the studies is unlikely to have biased our results. Lastly, new evidence

on the predictive value of these biomarkers may have emerged since the time of our

literature search which is 26 May 2012. To assess the impact of this issue, we did a
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quick, updated search on 20 January 2014 and identified one new eligible study

(n=71). The results of this study are consistent with our conclusions.

4.9 Summary

In summary, the present systematic review evaluated 4 biomarkers for their

predictive value in the EGFR TKIs treatment of advanced NSCLC. We draw from

this study 2 important conclusions for clinical decision making regarding the use of

EGFR TKIs for treating advanced NSCLC. First, EGFR mutations and possibly

EGFR-GCN and KRAS mutations can help determine what patients are more likely

to benefit from EGFR TKIs treatment. Second, given the fact that chemotherapy is

cheaper and of fewer side effects, it is generally a clear choice except in EGFR

mutant patients in which EGFR TKIs is a better option.

These conclusions lend strong support for current guidelines about EGFR mutations

testing. In the future, it may be worthwhile to identify markers that can identify what

wild-type EGFR patients are more likely to benefit from EGFR TKIs treatment. Also,

there is room for improving the conduct and reporting of biomarker studies nested in

randomized controlled trials.
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Table 1. The efficacy of EGFR TKIs in advanced NSCLC***!

Line of treatment Comparison Hazard ratio: Hazard ratio:
progression-free survival —overall survival
1* line EGFR TKIs vs.  0.87 (0.76-0.99) 1.01 (0.96-1.13)
placebo
EGFR TKIsvs.  1.03 (0.91-1.15)" 1.05 (0.94-1.17)
chemotherapy 1.55 (1.24-1.93)" 1.39 (0.99-1.94)"
Maintenance EGFR TKIsvs.  0.71 (0.60-0.83) 0.90 (0.83-0.98)
placebo
EGFR TKIs vs.  Not available Not available
chemotherapy
>2" line EGFR TKIsvs.  0.61 (0.51-0.73) 0.70 (0.58-0.84)
placebo
EGFR TKIsvs.  1.01(0.99-1.02) 1.00 (0.98-1.02)
chemotherapy

* for gefitinib; ° for erlotinib.
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Table 2. Transformation of hazard ratio

Suppose:

1. Comparator vs. EGFR TKIs:
HR, (95%CI: LL,-UL,)

2. EGFR TKIs vs. comparator:
HR; (95%CI: LL,-UL,)

Then:
HR2: 1/ HR]
LL,=exp[InHR,-(InHR-InLL,)]

UL,=exp[InHR,+(InUL,-InHR, )] |

Example:
HR, (95%CI: LL;-UL)):
0.525 (95%CT: 0.343-0.803)

Then:

HR,=1/0.525=1.905
LLy=exp[In(1/0.525)-(In0.525- In0.343)]=1.244
ULy=exp[In(1/0.525)+(In0.803-In0.525]=2.913
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Table 3. Calculation of the interaction term: an example®

Step Measure Mutant EGFR Wild-type EGFR
subgroup subgroup

1 HR 0.16 1.24

2 log HR* -1.8326 (Ey) 0.2151 (Ep)

3 95% CIfor HR 0.05 to 0.49 0.94 to 1.64

4 95%CI for log HR®  -2.9957 to -0.7133 -0.0619 to 0.4947

5 Width of CI 2.2824 0.5566

6  SE[=width/(2x1.96)] 0.5822 0.1420
Difference between log hazard ratios:

7  d[=E;-E;] -1.8326 — 0.2151 = -2.0477

8  SE(d) (0.5822% + 0.1420%)"* = 0.5993

9 CI(d) -2.0477 £1.96 x 0.5993, or -3.2223 to -0.8731

10 Test of interaction Z=-2.0477/0.5993 =-3.4168 (p = 0.00006)
Ratio of hazard ratios:

11 Ratio of HR=exp(d) exp(-2.0477)=0.13

12 CI(Ratio of HR) exp(-3.2223) to exp(-0.8731), or 0.04 to 0.42

Abbreviations: HR = hazard ratio; CI = confidence interval; SE = standard error
* in this table, HR and 95% CI in steps 1 and 3, respectively, are reported by original studies,
while all others are calculated on the basis of them.

® the natural logarithm of hazard ratio.
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Table 4. Methodological characteristics of eligible studies (to be continued)

Study Design Percentage of the parent ~ Representative of Intervention and control arms Blinding of Biomarker analysis Cross-over of treatment or HR analysis:
RCT population used for  the parent RCT comparable? treatment allocation blinded to treatment use of post-study treatments ~ multivariate or
biomarker study population? B+ subgroup B- subgroup in the parent RCT allocation and outcome?  in the parent RCT univariate?

Bell 2005'® Retro 15% (EGFR MT) Yes ucC ucC Double-blind ucC ucC ucC
21% (EGFR GCN)

Brugger 2011 Pro 49% (EGFR MT) Yes uc uc Double-blind Yes Significant ucC
55% (EGFR GCN)

83% (EGFR IHC)
55% (KRAS MT)

Eberhard 2005 Retro 21% (EGFR MT) Yes uc uc Double-blind Yes ucC ucC
24% (KRAS MT)

Johnson 2009313 Pro 47% (EGFR MT) Yes ucC ucC Double-blind ucC ucC ucC
26% (EGFR GCN)

35% (EGFR THC)
45% (KRAS MT)

Zhang 2012" Pro 27% (EGFR MT) Yes Yes Yes Double-blind ucC Significant Multivariate

Zhu 2008 Retro 28% (EGFR MT) No ucC ucC Double-blind Yes Minor Univariate
22% (EGFR GCN)

28% (KRAS MT)

Chen 2012'** Pro 53% (EGFR MT) ucC ucC uc Open-label ucC Significant ucC

Ciuleanu 2012’ Pro 38% (EGFR MT) Yes For EGFR For KRAS Open-label ucC Significant ucC
60% (EGFR GCN) GCN+: yes; MT-: yes; F.or

For EGFR EGFR MT-:
86% (EGFR IHC) MT+ no no (may
46% (KRAS MT) (may favor d‘Sf‘)‘,Vor TKI
TKI arm); For arm);
KRAS MT+: For GCN-: no
no (may disfavor

TKI arm)
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Table 4. Methodological characteristics of eligible studies (to be continued)

Study Design Percentage of the parent ~ Representative of Intervention and control arms Blinding of Biomarker analysis Cross-over of treatment or HR analysis:
RCT population used for  the parent RCT comparable? treatment allocation blinded to treatment use of post-study treatments ~ multivariate or
biomarker study population? in the parent RCT allocation and outcome?  in the parent RCT univariate?

B+ subgroup B- subgroup

Douillard 2010'%’ Pro 20% (EGFR MT) No uc uc Open-label Yes Significant Univariate
26% (EGFR GCN)

26% (EGFR IHC)
19% (KRAS MT)

Fukuoka 2011'# Pro 36% (EGFR MT) Yes ucC ucC Open-label Yes Significant® Multivariate
33% (EGFR GCN)

30% (EGFR IHC)

Lee 200913313 Pro 31% (EGFR MT) ucC uc uc Open-label ucC Significant ucC

Maruyama 2008 Pro 12% (EGFR MT) No ucC ucC Open-label ucC Significant Univariate
12% (EGFR GCN)

Goss 2009'% Pro 42% (EGFR GCN) Yes ucC ucC Double-blind ucC Minor Univariate

Hirsch 2006'* Retro 22% (EGFR GCN) No uc uc Double-blind Yes Negligible Multivariate
22% (EGFR THC)

Hirsch 2008 Retro 23% (EGFR GCN) Yes No No (may Double-blind Yes ucC Univariate

favor TKI
arm)

Crino 2008 Pro 81% (EGFR GCN) uc uc uc Open-label uc Significant uc

Clark 2006'% Pro 44% (EGFR IHC) No uc uc Double-blind Yes Minor Univariate

Herbst 2005'% Retro 32% (EGFR IHC) UC uC uC Double-blind UC uC UC

Abbreviations: RCT = randomized controlled trial; B+ = biomarker positive; B- = biomarker negative; HR = hazard ratio; Retro = retrospective analysis of completed RCT; MT = mutation
analysis; GCN = gene copy number analysis; UC = unclear; Pro = prospective or pre-planned biomarker analysis of RCT; IHC = immunohistochemistry analysis; TKI: EGFR tyrosine kinase
inhibitors. Magnitude of cross-over: 0-5%, negligible; 5-10%, minor; >10%, significant.

? not only in the overall population, but also in EGFR mutant patients and EGFR wild-type patients, respectively
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Table 5. The basic characteristics of eligible studies for EGFR mutations

EGFRMT  Asian  Age Fe- Never- Adenoca(l)rm- PS . . Response ~ Mutation testing
0 - . . .
Study N No. (%) (%)  (years) male smoker noma (%) 0-1 Line  Intervention vs. control criteria method
' (%) (%) (%)

Bell 2005'® 312 32(10) 2 35%>65 30 12* 53 90 1 G+PAC+CAR or G+CIS+GEM vs. RECIST Ex18-21 DS
PLB+PAC+CAR or PLB+CIS+GEM

Brugger 2011% 437 49(11) 60(30-83) 25 17 46° 100 M  Evs.PLB RECIST Ex18-21 DS

Eberhard 2005 228 29(12) 3% 63(23-82) 44 9 46 100 1 E+PAC+CAR followed by E vs. RECIST  ExI8-21 DS
PLB+PAC+CAR followed by PLB

Johnson 2009"3%13* 347 52(15) 12 NA 48° 17 82° NA M  E+BEV vs. PLB+BEV NA Ex18-21 DHPLC

Zhang 2012 79 30(38) 100 55(31-75) 41 49 68 97 M Gvs.PLB RECIST Ex18-21 ARMS

Zhu 2008 204 34(17) 6 56% >60 36 23 52 67 >2"  Evs.PLB RECIST Ex19&21 DS

Chen 2012'* 60  24(40) 100 77(70-90)*  19° 21° 65 77 1" Evs.VIN RECIST ~ ExI8-21 DS

Ciuleanu 2012'" 160 11(7) 13 59(22-80) 26 17 46 83  >2"  Evs. DOC or PEM RECIST  ExI8-21 DS

Douillard 2010"* 297 44(15) 16 60(20-84)" 31 17 57 89 =2  Gvs.DOC RECIST  ExI8-21 ARMS

Fukuoka 2011'%* 437 261(60) 100 25% >65 77 93 100° 92 I Gvs. PAC+CAR RECIST  ExI8-21 ARMS

Lee 2009'**'% 96 42(44) 100 57(19-74)*  89* 100 100 91* 1Y Gvs.CIS+GEM NA NA

Maruyama 2008°* 57 31(54) 100 449%>65"  38° 32° 78° 96" >2""  Gvs.DOC RECIST  ExI8-21 DS

Abbreviations: N = the number of patients included for meta-analyses; EGFR MT = patients with EGFR mutations; PS = performance status score as defined by Eastern

Cooperative Oncology Group or World Health Organization; G = gefitinib; PAC = paclitaxel; CAR = carboplatin; CIS = cisplatin, GEM = gemcitabine; PLB = placebo;

RECIST = Response Evaluation Criteria in Solid Tumors; Ex = exon; DS = direct sequencing; M = maintenance treatment; E = erlotinib; NA = not available; BEV =

bevacizumab; DHPLC = denaturing high-performance liquid chromatography; ARMS, amplification refractory mutation system; VIN = vinorelbine; DOC = docetaxel, PEM

= pemetrexed.

* estimated according to the baseline characteristics of the total population in the original randomized controlled trial. ® including both adenocarcinoma and bronchoalveolar.

110



Table 6. Median progression-free survival (months) of intervention and control arms and

corresponding hazard ratios, stratified by EGFR mutation status

Mutant EGFR subgroup

Wild-type EGFR subgroup

Study
Intervention  Control HR (95% CI) Intervention  Control HR (95% CI)

Bell 2005 NA 6.7  0.55(0.19-1.60) 5.5 45 0.73(0.53-1.01)
Brugger 2011% 10.4 3.0 0.10(0.04-0.25) 2.8 2.1 0.78(0.63-0.96)
Eberhard 2005° 12.5 6.6  0.49(0.20-1.20) 4.6° 54" 1.25(0.94-1.66)"
Johnson 20093413 NA NA  0.44(0.22-0.86) NA NA  0.85(0.64-1.13)
Zhang 2012" 16.6 2.8 0.17(0.07-0.42) 2.7 1.5 0.86(0.48-1.51)
Chen 2012'* 8.4 4.0  0.70(0.22-2.19) 3.8 1.5 0.50(0.26-0.93)
Ciuleanu 2012'" 8.4 10.1*  0.71(0.13-3.97) 1.4° 2.1°  1.25(0.88-1.78)
Douillard 2010 7.0 41  0.16(0.05-0.49) 1.7 26 1.24(0.94-1.64)
Fukuoka 2011'% 9.7% 62" 0.48(0.36-0.64) 1.6° 58" 2.85(2.05-3.98)
Lee 20093313 8.4 6.7  0.62(0.31-1.22) 2.1 6.4  1.52(0.88-2.62)
Maruyama 2008% NA NA  0.33(0.11-0.97)" NA NA  0.15(0.04-0.57)°

Abbreviations: HR = hazard ratio; CI, confidence interval; NA = not available.

* estimated from the published survival curves.

hazard ratio for biomarker-positive vs. biomarker-negative patients in intervention group.

¢ hazard ratio for biomarker-positive vs. biomarker-negative patients in control group.
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Table 7. Median overall survival (months) of intervention and control arms and

corresponding hazard ratios, stratified by EGFR mutation status

Mutant EGFR subgroup

Wild-type EGFR subgroup

Study
Intervention  Control HR (95% CI) Intervention ~ Control HR (95% CI)

Bell 2005 14.6 19.4  1.77(0.50-6.23) 9.3 9.2 0.91(0.67-1.23)
Brugger 2011% NA 22.5%  0.83(0.34-2.02) 11.0° 10.0*  0.77(0.61-0.97)
Eberhard 2005° NA NA  0.88(0.20-3.90) 9.5" 1.1 1.10(0.77-1.56)"
Johnson 20093413 NA NA  0.46(0.21-1.02) NA NA  0.86(0.65-1.15)
Zhu 2008 10.9 83  0.55(0.25-1.19) 7.9 33 0.74(0.52-1.05)
Chen 2012'** 22.7 299  1.80(0.10-32.97)" 6.9 44 0.59(0.24-1.44)"
Ciuleanu 2012'" 19.3 NA  1.19(0.12-11.49) 6.6 44  0.85(0.59-1.22)
Douillard 2010 14.2 16.6  0.83(0.41-1.67) 6.4 6.0  1.02(0.78-1.33)
Fukuoka 2011'% 21.6 21.9  1.00(0.76-1.33) 11.2 127 1.18(0.86-1.63)
Lee 200913 30.6 26.5  0.82(0.35-1.92) 18.4 233 1.20(0.57-2.52)

Abbreviations: HR = hazard ratio; CI, confidence interval; NA = not available.

* estimated from the published survival curves.
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Table 8. Sensitivity analyses for treatment-EGFR mutations interaction measured by ratio of

hazard ratios

Clinical outcome Progression-free survival ~ Overall survival
Main meta-analysis 0.37(0.22-0.60) 0.84(0.64-1.11)
Sensitivity analysis A 0.34(0.19-0.60) 0.82(0.61-1.11)
Sensitivity analysis B 0.36(0.21-0.60) 0.84(0.63-1.10)
Sensitivity analysis C 0.51(0.30-0.85) 0.77(0.46-1.29)

Sensitivity analysis A: Studies with post hoc subgroup analysis according to EGFR mutation
status were excluded. Sensitivity analysis B: Studies with incomparable intervention and
control arms in either EGFR subgroup were excluded. Sensitivity analysis C: Studies with
significant cross-over of treatment or imbalance of post-study treatments between treatment

arms were excluded.
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Table 9. The basic characteristics of eligible studies for EGFR gene copy number gain

Fe-

Never-

PS

Study N I\?OCI(\;:) A(i/lsn (;Zies) male smoker AI?:II;ZC;;’C)I_ 0-1 Line Intervention vs. control Sr?tsé)r (i);lse Slgl\jo danaly51s
' (%) (%) (%)

Bell 2005 453 33(7) 3 36%>65 35 13 49 90° 1 G+PAC+CAR or G+CIS+GEM vs. RECIST Quantitative
PLB+PAC+CAR or PLB+CIS+GEM real-time PCR

Brugger 2011+ 488  232(48) 16  61(30-83) 27 19 48° 100 M  Evs.PLB RECIST  FISH

Goss 2009'" 84  32(38) 3* 75(42-90)"  39° 9 37° 0 1" G+BSC vs. PLB+BSC RECIST  FISH

Hirsch 2006'*° 370 114(31) 3 62(28-90)" 32 13 42 62  >2"  G+BSC vs. PLB+BSC RECIST  FISH

Hirsch 2008"" 245 100(41) 3 65(24-82) 43 8 60 100 1 E+PAC+CAR followed by E vs. RECIST  FISH
PLB+PAC+CAR followed by PLB

Johnson 2009"3*** 196 87(44) 122 NA 48° 17 82° NA M  E+BEV vs. PLB+BEV NA FISH

Zhu 2008* 159 61(38) 6 59%>60 37 24 53 69 >2"  Evs.PLB RECIST FISH

Ciuleanu 2012'" 253 121(48) 12 59(22-80) 24 18 47 82  >2"  Evs.DOC or PEM RECIST FISH

Crino 2008'% 158 54(34) 16°  74(70-89)" 24° 14* 40° 80° 1" Gvs.VIN RECIST  FISH

Douillard 2010'* 374 174(47) 14 60(20-84)" 31 16 55 90 =" Gvs.DOC RECIST FISH

Fukuoka 2011'*® 406 249(61) 100  25%>65 77 92 100° 92 I Gvs. PAC+CAR RECIST  FISH

Maruyama 2008% 60 42(70) 100 44%>65" 38" 32° 78° 96 >2"  Gvs.DOC RECIST FISH

Abbreviations: N = the number of patients included for meta-analyses; GCN+ = patients with gene copy number gain; PS = performance status score as defined by Eastern

Cooperative Oncology Group or World Health Organization; G = gefitinib; PAC = paclitaxel; CAR = carboplatin; CIS = cisplatin; GEM = gemcitabine; PLB = placebo;

RECIST = Response Evaluation Criteria in Solid Tumors criteria; PCR = polymerase chain reaction; M = maintenance treatment; E = erlotinib; FISH = fluorescence in situ

hybridization; BSC = best supportive care; NA = not available; BEV = bevacizumab; DOC = docetaxel; PEM = pemetrexed; VIN = vinorelbine.

* estimated according to the baseline characteristics of the total population in the original randomized controlled trial.

® including both adenocarcinoma and bronchoalveolar.
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Table 10. Median progression-free survival (months) of intervention and control arms and

corresponding hazard ratios, stratified by EGFR gene copy number status

Stud Subgroup with GCN+ Subgroup without GCN+
tudy

Intervention  Control HR (95% CI) Intervention  Control HR (95% CI)
Bell 2005 6.9 73 0.83(0.32-2.18) 4.8 46  0.77(0.60-1.00)
Brugger 2011+ 3.7 2.7 0.68(0.51-0.90) 2.8 27 0.81(0.62-1.07)
Goss 2009'% 3.3 1.5 0.29(0.11-0.73) 1.3% 1.3%  0.74(0.38-1.45)
Hirsch 2008"" 6.3 58  0.59(0.35-0.99) 4.6 6.0  1.42(0.95-2.14)
Johnson 20093413 NA NA  0.66(0.39-1.13) NA NA  1.40(0.86-2.28)
Ciuleanu 2012'"’ NA NA  0.93(0.63-1.38) NA NA  1.46(1.00-2.11)
Crino 2008'* 2.6" 4.0 3.13(1.45-6.76) 2.8" 2.8"  0.93(0.59-1.46)
Douillard 2010 2.5 2.8 0.84(0.59-1.19) 2.1 2.8 1.30(0.93-1.83)
Fukuoka 2011'% NA NA  0.66(0.50-0.88) NA NA  1.24(0.87-1.76)
Maruyama 2008 NA NA  0.75(0.28-1.98)° NA NA  0.45(0.14-1.41)°

Abbreviations: GCN+ = EGFR gene copy number gain; HR = hazard ratio; CI, confidence

interval; NA = not available.

* estimated from the published survival curves.

® hazard ratio for biomarker-positive vs. biomarker-negative patients in intervention group.

¢ hazard ratio for biomarker-positive vs. biomarker-negative patients in control group.

115



Table 11. Median overall survival (months) of intervention and control arms and

corresponding hazard ratios, stratified by EGFR gene copy number status

Stud Subgroup with GCN+ Subgroup without GCN+
tudy
Intervention  Control HR (95% CI) Intervention  Control HR (95% CI)

Bell 2005 11.5 >20 2.03(0.67-6.13) 8.8 102 1.01(0.79-1.29)
Brugger 2011+ 12.0° 13.9°  0.96(0.71-1.30) 13.2° 10.6°  0.77(0.58-1.03)
Goss 2009'%° 3.5 27 0.44(0.17-1.12) 2.5 25" 1.02(0.56-1.88)
Hirsch 2006'° 8.3 45  0.61(0.36-1.04) 43 6.2  1.16(0.81-1.64)
Hirsch 2008"' 12.6 143 1.52(0.94-2.46) 9.5 124 1.24(0.84-1.82)
Johnson 200934134 NA NA  0.74(0.42-1.29) NA NA  1.03(0.64-1.67)
Zhu 2008 10.5 3.1 0.43(0.23-0.78) 6.4 47 0.80(0.49-1.29)
Ciuleanu 2012'"’ 6.4 55 0.73(0.48-1.11) 5.3 58  1.17(0.80-1.72)
Crino 2008'* 4.0 1.0 2.88(1.21-6.83) 6.9 5.6 0.79(0.46-1.37)
Douillard 2010 8.4 7.5 1.09(0.78-1.51) 6.4 7.7 0.93(0.68-1.26)
Fukuoka 2011'% NA NA  1.03(0.78-1.37) NA NA  1.30(0.92-1.85)

Abbreviations: GCN+ = EGFR gene copy number gain; HR = hazard ratio; CI, confidence

interval; NA = not available.

* estimated from the published survival curves.
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Table 12. Sensitivity analyses for treatment-EGFR gene copy number gain interaction

measured by ratio of hazard ratios

Clinical outcome Progression-free survival ~ Overall survival
Main meta-analysis 0.72 (0.52-0.99) 0.92 (0.69-1.23)
Sensitivity analysis A 0.74(0.52-1.07) 0.96(0.68-1.36)
Sensitivity analysis B 0.80(0.54-1.18) 0.93(0.66-1.32)
Sensitivity analysis C 0.51(0.34-0.76) 0.76(0.50-1.15)

Sensitivity analysis A: Studies with post hoc subgroup analysis according to EGFR gene
copy number status were excluded. Sensitivity analysis B: Studies with incomparable
intervention and control arms in either EGFR subgroup were excluded. Sensitivity analysis C:
Studies with significant cross-over of treatment or imbalance of post-study treatments

between treatment arms were excluded.
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Table 13. The basic characteristics of eligible studies for EGFR protein expression

Fe-

Never-

PS

Study N IIEISF(I"{A)JF) A(;;n (;Zies) male smoker Af:izcg)zc)i_ 0-1 Line Intervention vs. control Sr?tsé)r (i);lse Elce}tl:fo{ danalysis
(%) (%) (%)
Brugger 2011'% 742 621(84) 16  60(30-83) 27 18 46 100 M  Evs.PLB RECIST IHC
Clark 2006'% 325 184(57) 6 61 35 22 50 62 >2"  Evs.PLB RECIST [HC
Herbst 2005'% 344 167(49) 3 63(24-84)" 39 11° 61° 100 1 E+PAC+CAR followed by E vs. RECIST  IHC
PLB+PAC+CAR followed by PLB
Hirsch 2006'*° 379 264(70) 6" 62(28-90)"  32° 14 44 62  >2"  G+BSC vs. PLB+BSC RECIST  IHC
Johnson 2009%3* 258 191(74) 12> NA 48" 17* 82° NA M  E+BEV vs. PLB+BEV NA [HC
Ciuleanu 2012'” 363 292(80) 13*  59(22-80)*  24° 17 50° 80 >2"  Evs.DOC or PEM RECIST  IHC
Douillard 2010'* 380  284(75) 15 60(20-84)" 33 18 54 89 2" Gvs.DOC RECIST  IHC
Fukuoka 2011'* 365 266(73) 100 28%>65 78 92 100 92 I Gvs. PAC+CAR RECIST  IHC

Abbreviations: N = the number of patients included for meta-analyses; EGFR+ = patients with EGFR protein expression; PS = performance status score as defined by Eastern

Cooperative Oncology Group or World Health Organization, M = maintenance treatment; E = erlotinib; PLB = placebo; RECIST = Response Evaluation Criteria in Solid

Tumors criteria; IHC = immunohistochemistry; PAC = paclitaxel; CAR = carboplatin; G = gefitinib; BSC = best supportive care; NA = not available; BEV = bevacizumab;

DOC = docetaxel; PEM = pemetrexed.

* estimated according to the baseline characteristics of the total population in the original randomized controlled trial.
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Table 14. Median progression-free survival (months) of intervention and control arms and

corresponding hazard ratios, stratified by EGFR protein expression status

Subgroup with EGFR protein expression Subgroup without EGFR protein expression

Study

Intervention  Control HR (95% CI) Intervention Control HR (95% CI)
Brugger 2011'% 2.9 26  0.69(0.58-0.82) 2.6 2.1 0.77(0.51-1.14)
Johnson 20093413 NA NA  0.92(0.64-1.32) NA NA  1.00(0.55-1.82)
Ciuleanu 2012'" NA NA  1.26(0.98-1.61) NA NA  1.02(0.61-1.69)
Douillard 2010 1.6 2.8 1.29(0.98-1.70) 2.9 3.0 0.90(0.53-1.52)
Fukuoka 2011' NA NA  0.73(0.55-0.96) NA NA  0.97(0.64-1.48)

Abbreviations: HR = hazard ratio; CI, confidence interval; NA = not available.
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Table 15. Median overall survival (months) of intervention and control arms and

corresponding hazard ratios, stratified by EGFR protein expression status

Subgroup with EGFR protein expression Subgroup without EGFR protein expression

Study
Intervention  Control HR (95% CI) Intervention  Control  HR (95% CI)

Brugger 2011'% 12.7° 10.5*  0.77(0.64-0.93) 10.7° 107 0.91(0.59-1.38)
Clark 2006'* NA NA  0.68(0.50-0.90) NA NA  0.93(0.60-1.40)
Herbst 2005'%° NA NA  1.00(0.69-1.45) NA NA  1.02(0.71-1.46)
Hirsch 2006 5.5 46  0.77(0.56-1.08) 4.2 NA  1.57(0.86-2.87)
Ciuleanu 2012'"’ 5.6 5.5 0.94(0.72-1.21) 5.4 6.7  0.95(0.55-1.62)
Douillard 2010' 7.9 6.5  1.00(0.77-1.29) 7.5 9.2 1.00(0.65-1.55)
Fukuoka 2011' NA NA  1.05(0.80-1.37) NA NA  1.09(0.70-1.70)

Abbreviations: HR = hazard ratio; CI, confidence interval; NA = not available.

* estimated from the published survival curves.
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Table 16. Sensitivity analyses for treatment-EGFR protein expression interaction measured

by ratio of hazard ratios

Clinical outcome

Progression-free survival

Overall survival

Main meta-analysis
Sensitivity analysis A
Sensitivity analysis B

Sensitivity analysis C

0.99 (0.78-1.26)
0.99(0.78-1.26)
0.94(0.72-1.23)

0.92(0.46-1.85)

0.86 (0.70-1.05)
0.89(0.71-1.12)
0.85(0.68-1.05)
0.74(0.52-1.07)

Sensitivity analysis A: Studies with post hoc subgroup analysis according to EGFR protein

expression status were excluded. Sensitivity analysis B: Studies with incomparable

intervention and control arms in either EGFR subgroup were excluded. Sensitivity analysis C:

Studies with significant cross-over of treatment or imbalance of post-study treatments

between treatment arms were excluded.
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Table 17. The basic characteristics of eligible studies for KRAS mutations

KRAS MT  Asian Age Fe- Never- Adenocarci- PS . . Response Mutation testing

Study N No. (%) (%) (years) male smoker noma (%) 0-1 Line  Intervention vs. control criteria method
s ’ Y (%) (%) Y (%)

Brugger 2011+ 493 90(18) 10 60(30-83) 24 17 46" 100 M  Evs.PLB RECIST  Ex2-3DS
Eberhard 2005 262 55(21) 3 65(24-82) 42 9 46 100 1 E+PAC+CAR vs. PLB+PAC+CAR  RECIST  Ex2 DS
Johnson 20093%13* 332 93(28) 12°  NA 48° 17° 82° NA M  E+BEV vs. PLB+BEV NA Ex2-3 DHPLC
Zhu 2008* 206 30(15) 7 57%>60 34 23 54 66 >2"  Evs.PLB RECIST Ex2 DS
Ciuleanu 2012'" 195 35(18) 14 58(22-80) 22 16 45 84 > Evs. DOC or PEM RECIST  Ex2-3DS
Douillard 2010 275 49(18) 2 60(20-84)° 31 11 52 89 =2  Gvs.DOC RECIST  Ex2 ARMS

Abbreviations: N = the number of patients included for meta-analyses; KRAS MT = patients with KRAS mutations; PS = performance status score as defined by Eastern

Cooperative Oncology Group or World Health Organization; M = maintenance treatment; E = erlotinib; PLB = placebo; RECIST = Response Evaluation Criteria in Solid

Tumors criteria; Ex = exon; DS = direct sequencing; PAC = paclitaxel; CAR = carboplatin; NA = not available; BEV = bevacizumab; DHPLC = denaturing high-performance

liquid chromatography; DOC = docetaxel, PEM = pemetrexed; G = gefitinib; ARMS, amplification refractory mutation system.

* including both adenocarcinoma and bronchoalveolar.

® estimated according to the baseline characteristics of the total population in the original randomized controlled trial.
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Table 18. Median progression-free survival (months) of intervention and control arms and

corresponding hazard ratios, stratified by KRAS mutation status

Mutant KRAS subgroup

Wild-type KRAS subgroup

Study

Intervention  Control HR (95% CI) Intervention  Control HR (95% CI)
Brugger 2011% 2.2 1.5 0.77(0.50-1.19) 2.9 2.7 0.70(0.57-0.87)
Eberhard 2005°' 3.4 6.0  1.90(1.10-3.60) 5.3 54 0.93(0.67-1.29)
Johnson 20093413 NA NA  0.93(0.55-1.56) NA NA  0.67(0.49-0.91)
Ciuleanu 2012'"’ NA NA  1.90(0.89-4.05) NA NA  1.00(0.71-1.41)
Douillard 2010’ 1.4 1.5 1.16(0.56-2.41) 2.6 33 1.23(0.90-1.68)

Abbreviations: HR = hazard ratio; CI, confidence interval; NA = not available.

“ obtained by contact with investigators.
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Table 19. Median overall survival (months) of intervention and control arms and

corresponding hazard ratios, stratified by KRAS mutation status

Mutant KRAS subgroup Wild-type KRAS subgroup

Study
Intervention  Control HR (95% CI) Intervention  Control  HR (95% CI)

Brugger 2011% 9.4 9.6  0.79(0.49-1.27) 12.6" 11.2*  0.86(0.68-1.08)
Eberhard 2005°"' 4.4 13.5  2.10(1.10-3.80) 12.1 11.3 1.05(0.73-1.50)"
Johnson 2009"3%1% NA NA  0.79(0.48-1.32) NA NA  0.75(0.54-1.03)
Zhu 2008* 3.7 7.0  1.67(0.62-4.50) 7.5 34 0.69(0.49-0.97)
Ciuleanu 2012'"’ 2.9 6.4  2.20(0.96-5.06) 7.8 45  0.69(0.49-0.99)
Douillard 2010 7.8 42 0.81(0.44-1.49) 7.5 6.3 1.03(0.77-1.37)

Abbreviations: HR = hazard ratio; CI, confidence interval; NA = not available.
* estimated from the published survival curves.

® obtained by contact with investigators.
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Table 20. Sensitivity analyses for treatment-KRAS mutations interaction measured by ratio of

hazard ratios

Clinical outcome Progression-free survival ~ Overall survival
Main meta-analysis 1.35(1.02-1.80) 1.37(0.89-2.10)
Sensitivity analysis A 1.24(0.90-1.70) 1.15(0.70-1.88)
Sensitivity analysis B 1.29(0.95-1.75) 1.18(0.81-1.72)
Sensitivity analysis C 1.65(1.05-2.59) 1.56(0.94-2.59)

Sensitivity analysis A: Studies with post hoc subgroup analysis according to KRAS mutation
status were excluded. Sensitivity analysis B: Studies with incomparable intervention and
control arms in either KRAS subgroup were excluded. Sensitivity analysis C: Studies with
significant cross-over of treatment or imbalance of post-study treatments between treatment

arms were excluded.
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Table 21. Summary of the main results

Biomarker, outcome and

Hazard ratio (95% CI): EGFR TKIs vs control

Ratio of hazard

) Trials N in biomarker-positive  in biomarker-negative ratios (HRp,/
comparison overall
patients (HRg,) patients (HRg.) HRg)
1. EGFR mutation
- Progression-free survival
EGFR TKIs vs placebo 5 1403 0.29 (0.15-0.55) 0.88 (0.72-1.07) 0.69 (0.53-0.90) 0.34 (0.19-0.61)
EGFR TKIs vs chemotherapy 6 1107 0.47 (0.37-0.61) 1.09 (0.65-1.82) 0.68 (0.38-1.22)  0.42 (0.18-0.98)
Combined 11 2510 NA NA NA 0.37 (0.22-0.60)
- Overall survival
EGFR TKIs vs placebo 5 1528 0.68 (0.44-1.04) 0.85 (0.75-0.97) 0.84 (0.71-0.98)  0.83 (0.53-1.31)
EGFR TKIs vs chemotherapy 5 1050 0.97 (0.76-1.24) 1.01 (0.85-1.20) 0.99 (0.86-1.14)  0.85 (0.60-1.20)
Combined 10 2578 NA NA NA 0.84 (0.64-1.11)
‘2.EGFRgene copy number
- Progression-free survival
EGFR TKIs vs placebo 5 1466 0.64 (0.52-0.79) 0.97 (0.74-1.27) 0.76 (0.65-0.88)  0.62 (0.42-0.90)
EGFR TKIs vs chemotherapy 5 1251 0.96 (0.65-1.42) 1.20 (0.96-1.49) 1.02 (0.79-1.31)  0.89 (0.51-1.56)
Combined 10 2717 NA NA NA 0.72 (0.52-0.99)
- Overall survival
EGFR TKIs vs placebo 7 1995 0.81 (0.57-1.17) 0.98 (0.86-1.12) 0.95 (0.78-1.15)  0.85(0.58-1.24)
EGFR TKIs vs chemotherapy 4 1191 1.08 (0.77-1.51) 1.06 (0.87-1.29) 1.05 (0.91-1.22)  1.06 (0.62-1.79)
Combined 11 3186 NA NA NA 0.92 (0.69-1.23)
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3. EGFR protein expression

- Progression-free survival

EGFR TKIs vs placebo 2 1000 0.76 (0.58-0.99) 0.84 (0.60-1.17) 0.79 (0.59-1.04)  0.90 (0.62-1.31)

EGFR TKIs vs chemotherapy 3 1108 1.06 (0.74-1.52) 0.96 (0.73-1.27) 1.04 (0.80-1.36) 1.07 (0.72-1.59)

Combined 5 2108 NA NA NA 0.99 (0.78-1.26)
- Overall survival

EGFR TKIs vs placebo 4 1790 0.78 (0.68-0.89) 1.02 (0.82-1.27) 0.84 (0.74-0.96)  0.78 (0.60-1.02)

EGFR TKIs vs chemotherapy 3 1108 0.99 (0.85-1.16) 1.02 (0.78-1.33) 1.00 (0.88-1.14)  0.98 (0.72-1.34)

Combined 7 2898 NA NA NA 0.86 (0.70-1.05)

4. KRAS mutation

- Progression-free survival

EGFR TKIs vs placebo 3 1087 1.07 (0.64-1.79) 0.74 (0.62-0.89) 0.75 (0.62-0.91) 1.37(0.97-1.93)

EGFR TKIs vs chemotherapy 2 470 1.47 (0.87-2.49) 1.12 (0.89-1.41) 1.23 (0.95-1.59) 1.32(0.67-2.63)

Combined 5 1557 NA NA NA 1.35 (1.02-1.80)
- Overall survival

EGFR TKIs vs placebo 4 1293 1.14 (0.69-1.89) 0.83 (0.71-0.97) 0.85(0.72-0.99)  1.31 (0.85-2.02)

EGFR TKIs vs chemotherapy 2 470 1.28 (0.48-3.40) 0.85 (0.58-1.26) 1.00 (0.77-1.29)  1.53 (0.39-6.03)

Combined 6 1763 NA NA NA 1.37 (0.89-2.10)

Abbreviations: N = sample size; EGFR TKI = epidermal growth factor receptor tyrosine kinase inhibitor; HR = hazard ratio; B+ = biomarker-positive; B- =

biomarker-negative; NA = not applicable.
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Figure 1. Lines of treatment from diagnosis to death in advanced NSCLC patients
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Ligands (epidermal growth
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Figure 2. The EGFR and downstream signaling pathways

EGFR TKI = epidermal growth factor receptor tyrosine kinase inhibitor; MAPK = the

mitogen-activated protein kinase; JAK/STAT = Janus kinase and signal transducer and

activator of transcription; PI3K = phosphatidylinositol 3-kinase.
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Intervention: B+ B-
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_,Control: B+ B-
treatment B
(A) Subgroup analysis approach
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| B- HRp.
LV Control: treatment B /

(B) Stratified randomization approach

Figure 3. The method to evaluate predictive biomarkers

B+ = biomarker positive; B- = biomarker negative; HRp; = hazard ratio (intervention vs.
control) in biomarker-positive patients; HRg. = hazard ratio (intervention vs. control) in
biomarker-negative patients. The treatment-biomarker interaction can be evaluated by

comparing HRg, with HRp..
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Figure 4. The flow of the study
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Figure 5. A hypothetical example of treatment-EGFR mutations interaction measured by

ratio of HRs in placebo-controlled trials (A) and in chemotherapy-controlled trials (B).

In (A), the ratio of HRs = HR{/HR, = (1/6) / (1/2) = 0.33; in (B), the ratio of HRs = HR3/HR,

=(1/2) / (3/2) = 0.33. Effects of control treatments were offset in calculating the ratios and,

as a result, the two ratios were equal to each other.
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4014 references identified:
1162 PubMed
2620 EMBASE
62 The Cochrane Library
56 Chinese Biomedical Literature Database
114 Wanfang Data

American Society of Clinical Oncology:
7 conferences

European Society of Medical Oncology:
17 conferences

A 4

1131 duplicates

\4

2883 abstracts screened
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A\ 4

351 animal, in vivo or in vitro studies
1361 editorials, letters, or reviews
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393 irrelevant or no treatments
640 irrelevant or no control groups

11 non-randomized studies

12 irrelevant or no biomarker analysis

1 outcomes rather than PFS or OS

v

56 abstracts or full texts further evaluated

16 excluded:

A\ 4

7 editorials, letters, or reviews

2 irrelevant or no control groups
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18 studies (16 full articles and 2 abstracts) included:
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12 studies for EGFR gene copy number gain
8 studies for EGFR protein expression

Figure 6(A). Flow chart of study selection (for EGFR alterations)
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586 references identified from databases:
119 PubMed
423 EMBASE
8 The Cochrane Library
9 Chinese Biomedical Literature Database
27 Wanfang Data

American Society of Clinical Oncology:
7 conferences

European Society of Medical Oncology:
17 conferences

Y

109 duplicates

v

477 abstracts screened

469 abstracts excluded:

A\ 4
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228 reviews, editorials, letters, notes, etc.
43 animal, in vivo or in vitro studies
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\ 4
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\ 4

»2 duplicates excluded

6 studies included (5 full articles and 1 abstract)

Figure 6(B). Flow chart of study selection (for KRAS mutations)
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Figure 7. The interaction between EGFR TKIs treatment and EGFR mutations in terms of progression-free survival

For each study, the ratio of hazard ratios is calculated as the hazard ratio in the mutant EGFR subgroup relative to that in the wild-type EGFR subgroup.
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Figure 8. The interaction between EGFR TKIs treatment and EGFR mutations in terms of overall survival

For each study, the ratio of hazard ratios is calculated as the hazard ratio in the mutant EGFR subgroup relative to that in the wild-type EGFR subgroup.
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Figure 9. Funnel plot constructed on the basis of studies for treatment-EGFR
mutations interaction in terms of progression-free survival
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Figure 10. Funnel plot constructed on the basis of studies for treatment-EGFR mutations
interaction in terms of overall survival
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Figure 11. The interaction between EGFR TKIs treatment and EGFR gene copy number gain in terms of progression-free survival
GCN+ = with EGFR gene copy number gain; GCN- = without EGFR gene copy number gain. For each study, the ratio of hazard ratios is calculated as the

hazard ratio in the GCN+ subgroup relative to that in the GCN- subgroup.
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Figure 12. The interaction between EGFR TKIs treatment and EGFR gene copy number gain in terms of overall survival
GCN+ = with EGFR gene copy number gain; GCN- = without EGFR gene copy number gain. For each study, the ratio of hazard ratios is calculated as the

hazard ratio in the GCN+ subgroup relative to that in the GCN- subgroup.
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Figure 13. Funnel plot constructed on the basis of studies for treatment-EGFR gene copy
number gain interaction in terms of progression-free survival
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Figure 14. Funnel plot constructed on the basis of studies for treatment-EGFR gene copy
number gain interaction in terms of overall survival
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Figure 15. The interaction between EGFR TKIs treatment and EGFR protein expression in terms of progression-free survival
IHC+ = immunohistochemistry positive, i.e. with EGFR protein expression; IHC- = immunohistochemistry negative, i.e. without EGFR protein expression.

For each study, the ratio of hazard ratios is calculated as the hazard ratio in the IHC+ subgroup relative to that in the IHC- subgroup.
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Figure 16. The interaction between EGFR TKIs treatment and EGFR protein expression in terms of overall survival
IHC+ = immunohistochemistry positive, i.e. with EGFR protein expression; IHC- = immunohistochemistry negative, i.e. without EGFR protein expression.

For each study, the ratio of hazard ratios is calculated as the hazard ratio in the IHC+ subgroup relative to that in the IHC- subgroup.
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Figure 17. The interaction between EGFR TKIs treatment and KRAS mutations in terms of progression-free survival
For each study, the ratio of hazard ratios is calculated as the hazard ratio in the mutant KRAS subgroup relative to that in the wild-type KRAS

subgroup.
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Figure 18. The interaction between EGFR TKIs treatment and KRAS mutations in terms of overall survival
For each study, the ratio of hazard ratios is calculated as the hazard ratio in the mutant KRAS subgroup relative to that in the wild-type KRAS

subgroup.
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Appendix 1: Detailed search strategy and history

Part 1: PubMed search history for EGFR alterations

Search Most Recent Queries Result

#11 Search #8 not (#9 or #10) 1162

#10  Search (#1 or #2) and (#3 or #4 or #5) and (#6 or #7) Limits: Animals 212

#9 Search (#1 or #2) and (#3 or #4 or #5) and (#6 or 588
#7) Limits: Editorial, Letter, Review

#8 Search (#1 or #2) and (#3 or #4 or #5) and (#6 or #7) 1884

#7 Search "epidermal growth factor receptor" or "EGF receptor" or 35867
EGFR

#6 Search "Genes, erbB-1"[Mesh] OR "EGFR protein, human" 4296
[Supplementary Concept] OR "Genes, erbB"[Mesh]

#5 Search "tyrosine kinase inhibitor" or TKI or gefitinib or Iressa or 10745
erlotinib or Tarceva

#4 Search "erlotinib" [Supplementary Concept] 1399

#3 Search "gefitinib" [Supplementary Concept] 2343

#2 Search "Non-Small-Cell Lung Cancer" or "Non-Small Cell Lung 31142
Cancer" or "Non-Small-Cell Lung Carcinoma" or "Non-Small Cell
Lung Carcinoma" or NSCLC

#1 Search "Carcinoma, Non-Small-Cell Lung"[Mesh] 24199
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http://www.ncbi.nlm.nih.gov/pubmed/advanced
http://www.ncbi.nlm.nih.gov/pubmed/advanced?cmd=HistorySearch&querykey=17&
http://www.ncbi.nlm.nih.gov/pubmed/advanced
http://www.ncbi.nlm.nih.gov/pubmed/advanced?cmd=HistorySearch&querykey=16&
http://www.ncbi.nlm.nih.gov/pubmed/advanced
http://www.ncbi.nlm.nih.gov/pubmed/advanced?cmd=HistorySearch&querykey=15&
http://www.ncbi.nlm.nih.gov/pubmed/advanced
http://www.ncbi.nlm.nih.gov/pubmed/advanced?cmd=HistorySearch&querykey=14&
http://www.ncbi.nlm.nih.gov/pubmed/advanced
http://www.ncbi.nlm.nih.gov/pubmed/advanced?cmd=HistorySearch&querykey=11&
http://www.ncbi.nlm.nih.gov/pubmed/advanced
http://www.ncbi.nlm.nih.gov/pubmed/advanced?cmd=HistorySearch&querykey=10&
http://www.ncbi.nlm.nih.gov/pubmed/advanced
http://www.ncbi.nlm.nih.gov/pubmed/advanced?cmd=HistorySearch&querykey=8&
http://www.ncbi.nlm.nih.gov/pubmed/advanced
http://www.ncbi.nlm.nih.gov/pubmed/advanced?cmd=HistorySearch&querykey=7&
http://www.ncbi.nlm.nih.gov/pubmed/advanced
http://www.ncbi.nlm.nih.gov/pubmed/advanced?cmd=HistorySearch&querykey=5&
http://www.ncbi.nlm.nih.gov/pubmed/advanced
http://www.ncbi.nlm.nih.gov/pubmed/advanced?cmd=HistorySearch&querykey=3&
http://www.ncbi.nlm.nih.gov/pubmed/advanced
http://www.ncbi.nlm.nih.gov/pubmed/advanced?cmd=HistorySearch&querykey=2&

Part 2: PubMed search history for KRAS mutations

Search Most Recent Queries Result
#11 Search #8 not (#9 or #10) 119
#10 Search (#1 or #2) and (#3 or #4 or #5) and (#6 or 17

#9

#8

#7

#6

#5

#4

#3

#2

#1

#7) Limits: Animals

Search (#1 or #2) and (#3 or #4 or #5) and (#6 or 50

#7) Limits: Editorial, Letter, Review

Search (#1 or #2) and (#3 or #4 or #5) and (#6 or #7) 182
Search KRAS or K-RAS or RAS 45235
Search "Genes, ras"[Mesh] 10746

Search "tyrosine kinase inhibitor" or TKI or gefitinib or Iressa or 10745

erlotinib or Tarceva

Search "erlotinib" [Supplementary Concept] 1399

Search "gefitinib" [Supplementary Concept] 2343

Search "Non-Small-Cell Lung Cancer" or "Non-Small Cell Lung 31142
Cancer" or "Non-Small-Cell Lung Carcinoma" or "Non-Small Cell

Lung Carcinoma" or NSCLC

Search "Carcinoma, Non-Small-Cell Lung"[Mesh] 24199
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http://www.ncbi.nlm.nih.gov/pubmed/advanced
http://www.ncbi.nlm.nih.gov/pubmed/advanced?cmd=HistorySearch&querykey=15&
http://www.ncbi.nlm.nih.gov/pubmed/advanced
http://www.ncbi.nlm.nih.gov/pubmed/advanced?cmd=HistorySearch&querykey=14&
http://www.ncbi.nlm.nih.gov/pubmed/advanced
http://www.ncbi.nlm.nih.gov/pubmed/advanced?cmd=HistorySearch&querykey=13&
http://www.ncbi.nlm.nih.gov/pubmed/advanced
http://www.ncbi.nlm.nih.gov/pubmed/advanced?cmd=HistorySearch&querykey=12&
http://www.ncbi.nlm.nih.gov/pubmed/advanced
http://www.ncbi.nlm.nih.gov/pubmed/advanced?cmd=HistorySearch&querykey=11&
http://www.ncbi.nlm.nih.gov/pubmed/advanced
http://www.ncbi.nlm.nih.gov/pubmed/advanced?cmd=HistorySearch&querykey=10&
http://www.ncbi.nlm.nih.gov/pubmed/advanced
http://www.ncbi.nlm.nih.gov/pubmed/advanced?cmd=HistorySearch&querykey=8&
http://www.ncbi.nlm.nih.gov/pubmed/advanced
http://www.ncbi.nlm.nih.gov/pubmed/advanced?cmd=HistorySearch&querykey=7&
http://www.ncbi.nlm.nih.gov/pubmed/advanced
http://www.ncbi.nlm.nih.gov/pubmed/advanced?cmd=HistorySearch&querykey=5&
http://www.ncbi.nlm.nih.gov/pubmed/advanced
http://www.ncbi.nlm.nih.gov/pubmed/advanced?cmd=HistorySearch&querykey=3&
http://www.ncbi.nlm.nih.gov/pubmed/advanced
http://www.ncbi.nlm.nih.gov/pubmed/advanced?cmd=HistorySearch&querykey=2&

Part 3: EMBASE search history for EGFR alterations

# A Searches Results

1 lung non small cell cancer/ 39111

2 ("Non-Small-Cell Lung Cancer" or "Non-Small Cell Lung Cancer" or 31467
"Non-Small-Cell Lung Carcinoma" or "Non-Small Cell Lung

Carcinoma" or NSCLC).af.

3 gefitinib/ 11303

4  erlotinib/ 10006

5  ("tyrosine kinase inhibitor" or TKI or gefitinib or Iressa or erlotinib 29844

or Tarceva).af.

6  epidermal growth factor receptor/ 30666

7  ("epidermal growth factor receptor” or "EGF receptor” or EGFR).af. 60287

8 lor2 44028
9 3ordor5 29844
10 6or7 60287
11 8and9and 10 4469
12 limit 11 to (editorial or letter or "review" 1680
13 limit 11 to animals 65
14 limit 11 to animal studies 144
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http://ovidsp.tx.ovid.com/sp-3.4.2a/ovidweb.cgi?&S=PKGKFPPKIHDDFFLLNCBLPGGCKLHIAA00&Sort+Sets=descending

15

16

12or 13 or 14

(((lung non small cell cancer or ("Non-Small-Cell Lung Cancer" or
"Non-Small Cell Lung Cancer" or "Non-Small-Cell Lung
Carcinoma" or "Non-Small Cell Lung Carcinoma" or NSCLC)) and
(gefitinib or erlotinib or ("tyrosine kinase inhibitor" or TKI or
gefitinib or Iressa or erlotinib or Tarceva)) and (epidermal growth
factor receptor or ("epidermal growth factor receptor" or "EGF

receptor" or EGFR))) not 15).af.

1849

2620
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Part 4: EMBASE search history for KRAS mutations

# A Searches Results

—

lung non small cell cancer/ 39111

2 ("Non-Small-Cell Lung Cancer" or "Non-Small Cell Lung Cancer" or 31467
"Non-Small-Cell Lung Carcinoma" or "Non-Small Cell Lung

Carcinoma" or NSCLC).af.
3 gefitinib/ 11303
4  erlotinib/ 10006

5 ("tyrosine kinase inhibitor" or TKI or gefitinib or Iressa or erlotinib or 29844

Tarceva).af.

6 oncogene ras/ 8132
7 (KRAS or "K-RAS" or RAS).af. 56384
8 lor2 44028
9 3or4ors 29844
10 6or7 56384
11 8and 9 and 10 789
12 limit 11 to (editorial or letter or "review") 344
13 limit 11 to animals 11
14 limit 11 to animal studies 14

15 12or13or 14 366
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16 (((lung non small cell cancer or ("Non-Small-Cell Lung Cancer" or 423

"Non-Small Cell Lung Cancer" or "Non-Small-Cell Lung Carcinoma"
or "Non-Small Cell Lung Carcinoma" or NSCLC)) and (gefitinib or
erlotinib or ("tyrosine kinase inhibitor" or TKI or gefitinib or Iressa or
erlotinib or Tarceva)) and (oncogene ras or (KRAS or "K-RAS" or

RAS))) not 15).af.

Part 5: The Cochrane Library search history for EGFR alterations

ID Search Hits

#1

#2

#3

#4

#5

#6

#7

MeSH descriptor Carcinoma, Non-Small-Cell Lung explode all trees 1811

"Non-Small-Cell Lung Cancer" or "Non-Small Cell Lung Cancer" or

"Non-Small-Cell Lung Carcinoma" or "Non-Small Cell Lung Carcinoma" 3038

or NSCLC in Clinical Trials

"tyrosine kinase inhibitor" or TKI or gefitinib or Iressa or erlotinib or

276
Tarceva in Clinical Trials
MeSH descriptor Receptor, Epidermal Growth Factor explode all trees 223
MeSH descriptor Genes, erbB-1 explode all trees 9
"epidermal growth factor receptor" or "EGF receptor" or EGFR in Clinical

535
Trials
((#1 OR #2 ) AND #3 AND ( #4 OR #5 OR #6)) 62
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http://onlinelibrary.wiley.com/o/cochrane/searchHistory?mode=runquery&qnum=4
http://onlinelibrary.wiley.com/o/cochrane/searchHistory?mode=runquery&qnum=5
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http://onlinelibrary.wiley.com/o/cochrane/searchHistory?mode=runquery&qnum=6
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Part 6: The Cochrane Library search history for KRAS mutations

ID Search

#1

#2

#3

#4

#5

#6

MeSH descriptor Carcinoma, Non-Small-Cell Lung explode all trees

"Non-Small-Cell Lung Cancer" or "Non-Small Cell Lung Cancer" or

n

"Non-Small-Cell Lung Carcinoma" or "Non-Small Cell Lung Carcinoma

or NSCLC in Clinical Trials

"tyrosine kinase inhibitor" or TKI or gefitinib or Iressa or erlotinib or

Tarceva in Clinical Trials

MeSH descriptor Genes, ras explode all trees

(KRAS or K-RAS or RAS) in Clinical Trials

((#1 OR #2 ) AND #3 AND (#4 OR #5))

Hits

1811

3038

276

36

429
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Part 7: Chinese Biomedical Literature Database search history for EGFR

alterations

P53 RRERK

27 56 #19 not #26 -l 5 :-

26 30 #25 or #24 or #23 or #22 or #21 or #20 - x&:-
25 1 #18 and #7 and #6 - 5& AASMIF 5T
24 2 #18 and #7 and #6 -[R & : 51

23 1 #18 and #7 and #6 -[R € SR B 15
22 1 #18 and #7 and #6 -Pi 5 1

21 0 #18 and #7 and #6 - 5E :YFE

20 26 #18 and #7 and #6 -l & : £

19 86 #18 and #7 and #6 -l 5*:-

18 3536 #17 or #9 [l 5¢:-

17 3508 #16 and #15 -PR 5 :-

16 4766 #14 or #8 -[l 5 -

15 441672 #13 or #12 -PR5E:-

14 4766 #11 and #10 -PR5E:-

13 287189 A=HBABLIEA PR A2 -

12 296161 AHBBrFKIA PR E:-

11 125175 A8 BLse Ak PR e -

10 8471 A FBLREAEKE T -fRE:-
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191

1044

16740

16740

514484

411034

16756

14671

] P, erbB- 1/ BB/ 4 EfS i) ] - PRGE -

Fo ] S AA, 7 A A DR T A A/ A R i R ] R S -

43 X :Erlotinib or Tarceva or %% JE or [ JE or 2%

e or FEZ Y or ‘B FE L or Gefitinib or Iressa or i5IE#JE or

Sy Fiih - R -

#5 or #1 - &:-

#4 and #3 and #2 -PR E:-

A B -

Gl Bl PR E -

SR B AR N -PRGE -

B S0 0 N [ AN 1 e 2 8 3 i
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Part 8: Chinese Biomedical Literature Database search history for KRAS

mutations
FF5 frh OB RRE K
21 9 #13 not #20 - 5E:-
20 4 #19 or #18 or #17 or #16 or #15 or #14 -PR E:-
19 0 #12 and #7 and #6 - 52 ARSI 5T
18 1 #12 and #7 and #6 -[B 52 Zh¥)
17 0 #12 and #7 and #6 - [l 5 R B4R 15
16 0 #12 and #7 and #6 -FR & 3%
15 0 #12 and #7 and #6 - PR 5 1JFJ8E
14 3 #12 and #7 and #6 -BR 52 25k
13 13 #12 and #7 and #6 -[R /¢ :-
12 1342 #11 and #10 - 5¢:-
11 6632 #9 or #8 -5 :-

10 39896 AHBFBLIEAR [ -

9 6632 B KRAS or K-RAS or RAS -5 :-
8 2503 A LR, ras/ A R RR /4 ) O A A] - PR -

435 B Erlotinib or Tarceva or {45 JE or JLIGFEJE or 2%

7 1044 ) or B Z YL or ' 3R L or Gefitinib or Iressa or & AEF5JE or &

Hi b - PR E o

6 16740 #5 or #1 [l E:-

5 16740 #4 and #3 and #2 [ 5E:-
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514484 AEBBUE PR e -

411034 A3F Bl - e -

16756 AEBFBCAE N MY -FE g -

14671 £, JE /N0 Mt/ 4= SRR/ 435 ] 2 1] - PR AE -
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Part 9: Wanfang Data search history for EGFR alterations
CIE/N4H il AND fifi AND J#) AND (Erlotinib OR Tarceva OR % JE OR JEi%
#Je OR #%'# )8 OR F2'¥L OR ‘B4 IL OR Gefitinib OR Iressa OR 7 IEH g

OR % %iiv)) AND (% 2 A KX AND 3244) AND (%14 OR FE:[H)

Part 10: Wanfang Data search history for KRAS mutations
(IE/NgH . AND fifi AND J%) AND (Erlotinib OR Tarceva OR f#%J& OR JEi%
%Je OR B EJE OR F#'YL OR ‘B 2E L OR Gefitinib OR Iressa OR 7 IFE JE

OR %Jiii#) AND (KRAS OR “K-RAS” OR RAS) AND 574%
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Appendix 2: Data Extraction Form

Date...ceeeeeeeennneecceeeerrenees Reviewer:

1. Bibliographic Information

1.1 First author

1.2 Year of publication

1.3 Country of study

1.4 Type of publication

Jrnl / Abstr / Other

2. Patients’ characteristics

2.1 Age (median and range)

2.2 Sex (percentage of female)

2.3 Ethnicity (percentage of Asian)

2.4 Smoking status (percentage of never- or light-smokers)

2.5 Eastern Cooperative Oncology Group or World Health

Organization performance status score

2.6 Stage

2.7 Histology (percentage of adenocarcinoma)
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3. Treatment protocols: Intervention arm

3.1 Line of treatment

3.2 Drug(s) used

3.3 Dose of drug(s)

3.4 Frequency of administration

3.5 Duration of treatment

3.6 Regimens of prior chemotherapy, if any

3.7 Prior surgery

Yes /No / Unclear

3.8 Prior radiotherapy

Yes /No / Unclear

4. Treatment protocols: Control arm

4.1 Line of treatment

4.2 Drug(s) used

4.3 Dose of drug(s)

4.4 Frequency of administration

4.5 Duration of treatment

4.6 Regimens of prior chemotherapy, if any

4.7 Prior surgery

Yes /No / Unclear

4.8 Prior radiotherapy

Yes /No / Unclear

160




5. Biomarker analysis

5.1 Types of tissue samples (e.g., Primary tumour /Metastasis tumour )

5.2 Method for detecting EGRF mutations

5.3 Exons of EGRF gene tested

5.4 Rate of EGRF mutations

5.5 Method for quantifying EGFR gene copy number

5.6 Criteria for EGFR gene copy number gain

5.7 Rate of EGFR gene copy number gain

5.8 Method for detecting EGFR protein expression

5.9 Criteria for EGFR protein expression

5.10 Rate of EGFR protein expression

5.11 Method for detecting KRAS mutations

5.12 Exons of KRAS gene tested

5.13 Rate of KRAS mutations

6. Information related to the methodological characteristics

6.1 Was the biomarker study prospective or retrospective?

6.2 What was the percentage that the biomarker population

accounted for the parent RCT population?

6.3 Was the biomarker population representative of the Yes / No / Unclear
parent trial population?

6.4 Were the treatment and control arms comparable in the Yes /No / Unclear
biomarker-positive population?

6.5 Were the treatment and control arms comparable in the Yes /No / Unclear

biomarker- negative population?
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6.6 Was the biomarker analysis blinded to treatment Yes /No / Unclear
allocation and outcome?
6.7 What was the magnitude of the cross-over of treatment Negligible/ Moderate/
and use of post-study therapy? Significant
6.8 Was the hazard ratio analysis univariate or multivariate?
7. Outcomes reported
7.1 Progression-free survival Yes/No
7.2 Overall survival Yes/No
7.3 Response criteria
8. Main results for mutant EGFR subgroup
Crude HR, Adjusted HR,
Outcome Intervention arm | Control arm
95% Cl & p 95% Cl & p
Progression-free survival
Overall survival
9. Main results for wild-type EGFR subgroup
Crude HR, Adjusted HR,
Outcome Intervention arm | Control arm
95% Cl & p 95% Cl & p

Progression-free survival

Overall survival
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10. Main results for the subgroup with EGFR gene copy number gain

Outcome

Intervention arm

Control arm

Crude HR,

95% CI & p

Adjusted HR,

95% CI & p

Progression-free survival

Overall survival

11. Main results for the subgroup without EGFR gene copy number gain

Crude HR, Adjusted HR,
Outcome Intervention arm | Control arm

95% Cl & p 95% Cl & p
Progression-free survival
Overall survival
12. Main results for the subgroup with EGFR protein expression

Crude HR, Adjusted HR,
Outcome Intervention arm | Control arm

95% Cl & p 95% Cl & p

Progression-free survival

Overall survival
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13. Main results for the subgroup without EGFR protein expression

Crude HR, Adjusted HR,
Outcome Intervention arm | Control arm

95% Cl & p 95% Cl & p
Progression-free survival
Overall survival
14. Main results for mutant KRAS subgroup

Crude HR, Adjusted HR,
Outcome Intervention arm | Control arm

95% Cl & p 95% Cl & p
Progression-free survival
Overall survival
15. Main results for wild-type KRAS subgroup

Crude HR, Adjusted HR,
Outcome Intervention arm | Control arm

95% Cl & p 95% Cl & p

Progression-free survival

Overall survival

164




Bibliography

Education Background

1. Doctor of Philosophy in Public Health, The Chinese University of Hong Kong, Hong
Kong SAR, China, 2014 (GPA: 3.83/4.0)

2. Master of Medicine, Peking University, Beijing, China, 2010 (GPA: 3.67/4.0)

3. Bachelor of Medicine, Peking University, Beijing, China, 2008 (GPA: 3.34/4.0)

Research Interests

1. Evidence-based medicine
2. Systematic review and meta-analysis

3. Clinical research on predictive biomarkers in cancer treatment

Publications during PhD study

Summary

- Total: 24 (article: 19; correspondence/comment: 4; book chapter: 1)

- 1%-author: 12; 2"- or 3"-author: 12

Part 1: manuscripts published/accepted

1. Yang ZY, Wu XY, Huang YF, Di MY, Zheng DY, Chen JZ, Ding H, Mao C, Tang JL.
Promising biomarkers for predicting the outcomes of patients with KRAS wild-type
metastatic colorectal cancer treated with anti-epidermal growth factor receptor
monoclonal antibodies: A systematic review with meta-analysis. Int J Cancer.
2013;133:1914-25. [1IF=6.198]

2. Yuan JQ, Zhang RJ, Yang ZY, Lee J, Liu YL, Tian JH, Qin XW, Ren ZJ, Ding H, Chen
Q, Mao C, Tang JL. Comparative effectiveness and safety of oral phosphodiesterase
type S5 inhibitors for erectile dysfunction: a systematic review and network meta-
analysis. Eur Urol. 2013;63:902-12. [IF=10.476]

3. Yang ZY, Mao C, Wu XY, Huang YF, Hu XF, Tang JL. Chemotherapy with cetuximab
versus chemotherapy alone for previously untreated advanced non-small cell lung

cancer. Cochrane Database Syst Rev. 2012;7:CD009948. [TF=5.703]
165


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Yang%20ZY%22%5BAuthor%5D

10.

11.

12.

Mao C, Yang ZY, Hu XF, Chen Q, Tang JL. PIK3CA exon 20 mutations as a potential
biomarker for resistance to anti-EGFR monoclonal antibodies in KRAS wild-type
metastatic colorectal cancer: a systematic review and meta-analysis. Ann Oncol.
2012;23:1518-25. [IF=7.384]

Yang ZY, Shen WX, Hu XF, Zheng DY, Wu XY, Huang YF, Chen JZ, Mao C, Tang JL.
EGFR gene copy number as a predictive biomarker for the treatment of metastatic
colorectal cancer with anti-EGFR monoclonal antibodies: a meta-analysis. J Hematol
Oncol. 2012;5:52. [IF=4.458]

Mao C, Huang YF, Yang ZY, Zheng DY, Chen JZ, Tang JL. KRAS p.G13D mutation
and codon 12 mutations are not created equal in predicting clinical outcomes of
cetuximab in metastatic colorectal cancer: A systematic review and meta-analysis.
Cancer. 2013;119:714-21. [IF=5.201]

Yang ZY, Scott CA, Mao C, Tang JL, Farmer AJ. Resistance exercise versus aerobic
exercise for type 2 diabetes: A systematic review and meta-analysis. Sports Med. 2013
Dec 3. [Epub ahead of print] [IF=5.237]

Tang JL, Yang ZY. Chapter 14: Systematic review and meta-analysis. In: Zhan SY,
Wang Jh, eds. A reference book of epidemiology. [H4:Fs, M. i1V R4
BB Meta-70 7. bL: AEGE, THEIEE 4. MATHE K2 %] [Book chapter in
Chinese] [In press]

Yang ZY, Yuan JY, Di MY, Zheng DY, Chen JZ, Ding H, Wu XY, Huang YF, Mao C,
Tang JL. Gemcitabine plus erlotinib for advanced pancreatic cancer: a systematic
review with meta-analysis. PL0OS One. 2013;8:¢57528. [IF=3.730]

Mao C, Yang ZY, He BF, Liu S, Zhou JH, Luo RC, Chen Q, Tang JL. Toremifene
versus tamoxifen for advanced breast cancer. Cochrane Database Syst Rev.
2012;7:CD008926.pub2. [IF=5.703]

Yang ZY, Mao C, Tang JL. Apixaban versus enoxaparin in medically ill patients. N
Engl J Med. 2012;366:767. [Correspondence/comment] [IF=51.658]

Mao C, Huang YF, Yang ZY, Ye QL, Wu XY, Hu XF, Zhai ZM, Tang JL. Interleukin-2
as maintenance therapy for children and adults with acute myeloid leukaemia in first

complete remission. Cochrane Database Syst Rev. 2012;12:CD010248. [IF=5.703]
166


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Yang%20ZY%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Yang%20ZY%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Mao%20C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tang%20JL%22%5BAuthor%5D

13.

14.

15.

16.

17.

18.

Yang ZY, Mao C, Tang JL. Depression and risk of stroke. JAMA. 2011;306:2562-3.
[Correspondence/comment] [IF=29.978]

Mao C, Yang ZY, Chung V, Qin Y, Tam W, Kwong JSW, Xie W, Huang YF, Yuan JQ,
Tang JL. Tong-xin-luo capsule for patients with coronary heart disease after
percutaneous coronary intervention. Cochrane Database Syst Rev. 2012;12:CD010237.
[[F=5.703]

Yang ZY, Mao C, Tang JL. Bevacizumab and cancer treatment-related mortality. JAMA.
2011;305:2291-2. [Correspondence/comment] [IF=29.978]

Mao C, Zhou JH, Yang ZY, Huang YF, Wu XY, Shen H, Tang JL, Chen Q. KRAS,
BRAF and PIK3CA mutations and the loss of PTEN expression in Chinese patients with
colorectal cancer. PL0S One. 2012;7:¢36653. [IF=3.730]

Yang ZY, Yuan JQ, Mao C, Huang YF, Wu XY, Gao YM, Tang JL. Yoga for Asthma.
Cochrane Database Syst Rev. 2013 Feb 28. doi: 10.1002/14651858.CD010346.
[[F=5.703]

Yuan JQ, Yang ZY, Mao C. Re: Mauro Gacci, Giovanni Corona, Matteo Salvi, et al. A
systematic review and meta-analysis on the use of phosphodiesterase 5 inhibitors alone
or in combination with a-blockers for lower urinary tract symptoms due to benign

prostatic hyperplasia. Eur Urol. 2012;62:e35. [Correspondence/comment] [TF=10.476]

Part 2: manuscripts under review (as of 21 January 2014)

19.

20.

21.

22.

Yang ZY, Di MY, Zheng DY, Mao C, Tang JL. Phosphorylated Akt as a prognostic
biomarker in breast cancer: A meta-analysis of 35 studies with 10,094 patients. Int J
Cancer. [IF=6.198]

Yuan JQ, Mao C, Yang ZY, Yang M, Tam W, Huang YF, Li S, Tang JL. Evaluation of
the consistency between network meta-analysis and standard pairwise meta-analysis: A
methodological review. Ann Intern Med. [IF=13.976]

Yang ZY, Yu YY, Yuan JQ, Mao C, Tang JL. The prognostic value of phosphatase and
tensin homolog negativity in breast cancer: a systematic review and meta-analysis of 35
studies with 5405 patients. Br J Cancer. [IF=5.082]

Mao C, Wu XY, Yang ZY, Yuan JQ, Yu YY, Tang JL. The concordance of KRAS,

BRAF, PIK3CA, and PTEN status between primary tumors and corresponding
167


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Yang%20ZY%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Mao%20C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tang%20JL%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Yang%20ZY%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Mao%20C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tang%20JL%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/21642677
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Yang%20ZY%22%5BAuthor%5D

23.

24.

metastases: A systematic review and meta-analysis. Cancer Epidemiol Biomarkers Prev.
[[F=4.559]

Yang ZY, Mao C, Zheng DY, Tang JL. Potential predictive biomarkers for the
treatment of advanced non-small cell lung cancer with EGFR tyrosine kinase inhibitors:
a systematic review and meta-analysis of randomized controlled trials. Cancer.
[[F=5.201]

Yuan JQ, Mao C, Yang ZY, Yang KH, Liu YL, Fu XH, Chen MY, Xie YM, Tang JL.
Factors that influence the effectiveness of oral phosphodiesterase type 5 inhibitors for
the treatment of erectile dysfunction: A meta-regression analysis of 93 trials. CMAJ

Open.

168



