DOI:10.1093/jnci/djt072
Advance Access publication April 17, 2013

©The Author 2013. Published by Oxford University Press. All rights reserved.
For Permissions, please e-mail: journals.permissions@oup.com.

Impact of EGFR Inhibitor in Non-Small Cell Lung Cancer
on Progression-Free and Overall Survival: A Meta-Analysis

Chee Khoon Lee, Chris Brown, Richard J. Gralla, Vera Hirsh, Sumitra Thongprasert, Chun-Ming Tsai, Eng Huat Tan,
James Chung-Man Ho, Da Tong Chu, Adel Zaatar, Jemela Anne Osorio Sanchez, Vu Van Vu, Joseph Siu Kie Au, Akira Inoue,
Siow Ming Lee, Val Gebski, James Chih-Hsin Yang

Manuscript received August 17, 2012; revised January 5, 2013; accepted February 15, 2013.

Correspondence to: James Chih-Hsin Yang, MD, PhD, Graduate Institute of Oncology and Cancer Research Center, National Taiwan University College of
Medicine, Taipei 10051, Taiwan (e-mail: chihyang@ntu.edu.tw).

Background The epidermal growth factor receptor (EGFR) signaling pathway is crucial for regulating tumorigenesis and cell
survival and may be important in the development and progression of non-small cell lung cancer (NSCLC). We
examined the impact of EGFR-tyrosine kinase inhibitors (TKls) on progression-free survival (PFS) and overall

survival (OS) in advanced NSCLC patients with and without EGFR mutations.

Methods Randomized trials that compared EGFR-TKIs monotherapy or combination EGFR-TKIs-chemotherapy with chem-
otherapy or placebo were included. We used published hazard ratios (HRs), if available, or derived treatment
estimates from other survival data. Pooled estimates of treatment efficacy of EGFR-TKIs for the EGFR mutation-
positive (EGFRmut*) and EGFR mutation-negative (EGFRmut") subgroups were calculated with the fixed-effects

inverse variance weighted method. All statistical tests were two-sided.

Results We included 23 eligible trials (13 front-line, 7 second-line, 3 maintenance; n = 14570). EGFR mutation status was
known in 31% of patients. EGFR-TKIs treatment prolonged PFS in EGFRmut* patients, and EGFR mutation was pre-
dictive of PFS in all settings: The front-line hazard ratio for EGFRmut* was 0.43 (95% confidence interval [CI] = 0.38 to
0.49; P < .001), and the front-line hazard ratio for EGFRmut™ was 1.06 (95% Cl = 0.94 to 1.19; P = .35; P, craction < -001).
The second-line hazard ratio for EGFRmut* was 0.34 (95% Cl = 0.20 to 0.60; P< .001), and the second-line hazard ratio
for EGFRmut was 1.23 (95% Cl = 1.05 to 1.46; P=.01; P, eraciion < -001). The maintenance hazard ratio for EGFRmut* was
0.15 (95% Cl = 0.08 to 0.27; P<.001), and the maintenance hazard ratio for EGFRmut was 0.81 (95% Cl = 0.68 to 0.97;

P=.02; Py ieraction < -001). EGFR-TKIs treatment had no impact on OS for EGFRmut* and EGFRmut" patients.

Conclusions EGFR-TKIs therapy statistically significantly delays disease progression in EGFRmut* patients but has no demon-
strable impact on OS. EGFR mutation is a predictive biomarker of PFS benefit with EGFR-TKIs treatment in all
settings. These findings support EGFR mutation assessment before initiation of treatment. EGFR-TKIs should be

considered as front-line therapy in EGFRmut* advanced NSCLC patients.

J Natl Cancer Inst;2013;105:595-605

The greatest changes in the treatment of advanced non—small cell
lung cancer (NSCLC) have been novel molecular-targeted agents
and the concomitant ability to personalize treatment. Controversy
continues in many areas related to the incorporation of these
changes into clinical medicine. How should such therapy be selected
for individual patients? Is molecular testing required or is the use of
demographic factors (such as histologic NSCLC type, sex, smoking
history) sufficient for personalizing therapy? Questions remain con-
cerning whether therapy with chemotherapy or with agents affecting
the epidermal growth factor receptor (EGFR) influence progres-
sion-free survival (PFS) and/or overall survival (OS) in patients who
do or do not harbor known mutations associated with EGFR. Is PFS
a good surrogate for OS, or is PFS a useful endpoint on its own?
Data directed at answering these controversies can guide oncologists
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in interpreting trials and in making more appropriate diagnostic and
therapeutic choices for hundreds of thousands of patients each year.

The objective of this meta-analysis is to estimate better the
treatment effect of EGFR—tyrosine kinase inhibitors (TKIs) on
PFS and OS while examining for heterogeneity of treatment effects
between groups of patients with and without EGFR mutations. The
EGFR signaling pathway is crucial for regulating tumorigenesis
and cell survival and may be overexpressed in the development
and progression of NSCLC (1-3). Patients with activating somatic
mutations in the region of the EGFR gene that encodes the
tyrosine kinase domain are highly responsive to EGFR-TKIs (4-6).
Previously published meta-analyses have been limited by studying
the minority of patients with NSCLC—that is, the influence of
EGFR-TKIs only in the population of patients harboring EGFR
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mutations and predominantly in the front-line treatment setting
(7-9). These meta-analyses have not demonstrated an OS advantage
for patients with EGFR mutation treated with EGFR-TKIs. This
analysis uses all trial data available to date and examines the effect
of EGFR-TKIs treatment in major clinical settings—front-line,
maintenance, and second-line or subsequent therapies. Additionally,
the impact of EGFR-TKIs-chemotherapy combinations compared
with EGFR-TKIs monotherapy is also explored. It is now recognized
that as with EGFR mutations, other genetic alterations [such as
EML-ALK abnormalities (10) and ROS-1 mutations (11)] are also
more common in nonsmokers with adenocarcinoma, but these
latter groups do not benefit from EGFR-TKIs—directed therapy.
Such findings highlight the need for more specific molecular testing
of patients and the need to include the most recent data from meta-
analyses to understand better the treatment effects.

Individual trials and meta-analyses have clearly indicated that
PFS and response rates are improved in patients with EGFR muta-
tion who are treated with EGFR-TKIs, when compared with chem-
otherapy (7-9). The impact on OS is less clear, especially in patients
treated beyond first-line therapy. Two separate trials have indicated
that erlotinib is effective as second-line (12) and maintenance (13)
therapy, with no statistically significant difference in treatment effect
between those with EGFR mutation and wild-type tumors. However,
a recent trial reported that chemotherapy was superior over erlo-
tinib as second-line treatment for patients without EGFR mutations
in exon 19 or 21 (14). Clearly, newer and larger meta-analyses are
required to resolve these differences. Definitive analyses can provide
stronger rationales for the choice of a specific therapy and can result
in better utilization of health-care resources with these costly agents.
For these reasons, we conducted this meta-analysis, which included
the largest number of studies and patients to date with known EGFR
mutation status and tested both PFS and OS as outcomes.

Methods

Study Eligibility and Identification

All randomized trials of EGFR-TKIs monotherapy vs any chem-
otherapy, EGFR-TKIs and chemotherapy vs the same chemo-
therapy alone, and EGFR-TKIs monotherapy vs placebo or best
supportive care were eligible for inclusion.

Trials were identified from previous meta-analyses (7-9), and a
search of Medline, Embase, CancerLit, and the Cochrane Central
Register of Controlled Trials (CENTRAL) using the follow-
ing terms: lung neoplasms, non-small cell lung cancer, gefitinib,
erlotinib, EGFR, meta-analysis, systemic review, randomized, and
clinical trials. Database searches were restricted to articles pub-
lished in the English language between January 1, 2004, and June
6,2012. Trials that enrolled patients with prior EGFR-TKIs treat-
ment were excluded. Abstracts from conference proceedings of the
American Society of Clinical Oncology, the European Society for
Medical Oncology, and the World Lung Cancer Conference were
searched to identify unpublished studies. Individual study sponsors
(Hoffmann-La Roche and AstraZeneca) were contacted for rel-
evant presentation slides and posters from these conferences when
they were inaccessible from the websites. Individual investigators
were also contacted if essential information relevant to this meta-
analysis was unavailable from these sources.
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Data Extraction
Information recorded from each trial included study name, year of
publication or conference presentation, study design, line of treat-
ment, and clinicopathological and demographic data. Mutational
analysis data were also extracted, and the different methods of
EGFR mutation assessment were recorded. We classified patients
as EGFR mutation—positive (EGFRmut*) based on the presence
of a mutation as detected using molecular assessment tools such as
Sanger sequencing, polymerase chain reaction clamp, and amplifi-
cation refractory mutation system. Patients were classified as EGFR
mutation—negative (EGFRmut") if no mutation was detected. We
did not classify patients’ EGFR mutation status based on immu-
nohistochemistry and fluorescent in situ hybridization for EGFR
gene copy numbers. Most trials analyzed exons 19 and 21 for EGFR
mutations, and some trials also included exons 18 and 20.

Data were extracted independently by three authors (J. C.-H.
Yang, C. K. Lee, and C. Brown), and discrepancies were resolved
by consensus including a fourth author (V. Gebski).

Statistical Analyses

We extracted the hazard ratios (HRs) and the associated 95% con-
fidence intervals (Cls) for PFS and OS outcomes to assess treat-
ment efficacy within the EGFRmut* and EGFRmut™ subgroups.
Where available, we included the most updated OS data. If hazard
ratios and confidence intervals were not reported, these were esti-
mated where possible using the methods of Parmar (15).

Pooled estimates of the treatment efficacy of EGFR-TKIs for
the EGFRmut* and EGFRmut™ subgroups were calculated by using
the fixed-effects inverse variance weighted method. We performed
indirect comparisons to quantify the benefits of adding chemother-
apy to EGFR-TKIs over EGFR-TKIs alone in both subgroups.

A sensitivity analysis was also conducted to examine the impact
of the overall results from this study by limiting the analyses on
front-line trials that were known to have determined EGFR muta-
tion based on exons 19 and 21 only.

We used the 2 Cochran Q test to detect for heterogeneity across
the different studies and between subgroups defined by EGFR muta-
tion status, study setting, and study design. The nominal level of sig-
nificance was set at 5%. All 95% confidence intervals were two-sided.

Cochrane Review Manager (version 5, Cochrane Collaboration,
Copenhagen, Denmark, http://ims.cochrane.org/home) was used
for all analyses.

Results

The search strategy identified 40 studies, of which 23 (12-14,16-44)
were eligible for inclusion in this meta-analysis (Figure 1). Trial data
were obtained from published manuscripts and conference abstracts for
19 trials, and additional data on treatment efficacy by EGFRmut* and
EGFRmut subgroups were obtained directly from study investigators
for four studies [ISEL (41), V-15-32 (31), TOPICAL (43), and IFCT-
GFPC 0502 (32,44)]. Treatment estimates for the TALENT study (37)
were calculated on the basis of data extracted from presented survival
curves. The hazard ratios for OS for ISEL (41), IFCT-GFPC 0502
(32,44), and V-15-32 (31) were estimated on the basis of the observed
number of deaths. In all other studies, hazard ratios and associated
variances were obtained directly from trial reports.
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Figure 1. Flow diagram showing inclusion and exclusion of studies. EGFR = epidermal growth factor receptor.

A total of 14570 patients participated in these 23 trials.
EGFR mutation status, as determined by mutation analysis only,
was known for at least 31% (n = 4473) of trial patients. [In the
TALENT study (37), the treatment comparisons for the subgroups
were reported, but the number of patients in each subgroup was
unknown.] Clinicopathological and demographic characteristics of
patients enrolled in these studies are summarized in Table 1.

Trials investigated EGFR-TKIs for front-line therapy in
treatment-naive patients (n = 13 trials), second-line or subsequent
treatment after failure of chemotherapy (n = 7 trials), and main-
tenance treatment in patients with nonprogressive disease after
front-line chemotherapy (n = 3 trials). Among the 13 front-line
studies, eight compared EGFR-TKIs as monotherapy vs chemo-
therapy (16-21,23,27,33-35,38), four compared EGFR-TKIs with
chemotherapy vs chemotherapy alone (22,24-26,37,45), and one
was a placebo-controlled trial (36,43). Among the seven second-
line and subsequent treatment trials, five compared EGFR-TKIs
as monotherapy vs chemotherapy (12,14,28,29,31,42), and two
were placebo-controlled studies (39-41). All three maintenance

studies had a placebo arm (13,30,32,44).

jnci.oxfordjournals.org

Benefit of EGFR-TKIs on PFS in Different Settings
Data on PFS were available from 21 trials except ISEL (41) and
BR21 (39). The treatment effect of EGFR-TKIs in different settings
is shown in Figure 2. The test of interaction between treatment and
EGFR mutation status was statistically significant (front-line setting:
P <.001; second-line or subsequent treatment: P < .001).

In EGFRmut* patients, EGFR-TKIs treatment was associated
with a lower risk of disease progression in the front-line setting
(HR = 0.43; 95% CI = 0.38 to 0.49; P < .001) and second-line or
subsequent treatment (HR = 0.34; 95% CI = 0.20 to 0.60; P < .001).

In EGFRmut patients, EGFR-TKIs did not show a treatment
advantage in the front-line setting or beyond. There was no
statistically significant difference between EGFR-TKIs and
chemotherapy in reducing the risk of disease progression in
front-line therapy (HR = 1.06; 95% CI = 0.94 to 1.19; P = .35).
EGFR-TKIs treatment was statistically significantly inferior to
chemotherapy in second-line or subsequent therapy (HR = 1.23;
95% CI = 1.05 to 1.46; P = .01).

Maintenance therapy with EGFR-TKIs compared with placebo
was effective in reducing the risk of disease progression in EGFRmut*
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Figure 2. Forest plot of hazard ratios comparing progression-free survival in subgroups of epidermal growth factor receptor (EGFR) mutation—
positive (EGFRmut*) and EGFR mutation-negative (EGFRmut") patients who received EGFR-tyrosine kinase inhibitors (TKls) vs control. Hazard
ratios for each trial are represented by the squares, and the horizontal line crossing the square represents the 95% confidence interval (Cl). The
diamonds represent the estimated overall effect based on the meta-analysis fixed effect of the trials. All statistical tests were two-sided.

jnci.oxfordjournals.org JNCI | Review 599

220z 1snBny /| uo sasn sonsnr Jo Juswiedaq 'S’ Ad L9E/86/G65/6/S01/10IE/10UlW00"dNO"OILSPEDE//:SAY WOl PAPEOjUMO(



and EGFRmut subgroups (EGFRmut": HR = 0.15,95% CI = 0.08
to 0.27, P < .001; EGFRmut: HR = 0.81, 95% CI = 0.68 to
0.97, P = .02). The test of interaction between treatment and EGFR
mutation status was statistically significant (P < .001).

Effect of EGFR-TKIs Combined With Chemotherapy

on PFS

Data were available for four trials [INTACT 1 and 2 (45),
TRIBUTE (22) and TALENT (37)] that combined EGFR-TKIs
with chemotherapy. Combination EGFR-TKIs and chemother-
apy compared with chemotherapy alone was effective in reduc-
ing the risk of disease progression in both subgroups (EGFRmut*:
HR =0.54,95% CI=0.30 t0 0.95, P = .04; EGFRmut: HR = 0.82,
95% CI =0.68 to 0.98, P = .03; treatment-by-EGFR mutation sta-
tus interaction: P =.17) (Figure 3). When EGFR-TKIs monother-
apy was compared with chemotherapy, EGFR-TKIs treatment
was associated with a reduced risk of disease progression in the
EGFRmut* subgroup (HR = 0.42; 95% CI =0.37 t0 0.48; P < .001)
but an increased risk in the EGFRmut subgroup (HR = 1.56; 95%
CI =1.36to 1.80; P <.001).

Within the EGFRmut* subgroup, an indirect comparison of data
available from these trials indicates EGFR-TKISs treatment in combi-
nation with chemotherapy was not more effective than EGFR-TKIs
alone in reducing the risk of disease progression (HR = 1.42; 95%
CI=0.80 to 2.53; P = .23). By contrast, within the EGFRmut" sub-
group, EGFR-TKISs treatment in combination with chemotherapy
was more effective in reducing the risk of disease progression than
EGFR-TKIs alone (HR = 0.51; 95% CI = 0.43 to 0.62; P < .001).

Effect of EGFR-TKIs on OS in Different Settings

Data on OS were available from 19 trials except Lux Lung
3 (34), TAILOR (14), KCSG-LU08-01 (42), and INFORM
(30). Subgroup analyses by treatment setting are summa-
rized in Figure 4. The test interaction for treatment and EGFR

Hazard ratio

mutation status was not statistically significant (front-line setting:
P=.91; second-line or subsequent therapy: P=.37). For EGFRmut*
patients, there was no treatment advantage of EGFR-TKIs in the
front-line setting (HR = 1.01; 95% CI = 0.87 to 1.18; P = .86) or
for second-line or subsequent therapy (HR = 0.74; 95% CI = 0.45
to 1.19; P = .21) in the risk of death. Similar results were observed
in EGFRmut patients.

Only two studies [SATURN (13) and IFCT-GFPC 0502
(32,44)] reported OS in the maintenance setting. There was no
clear benefit of treatment with EGFR-TKIs over placebo in either
EGFRmut* patients (HR = 0.78; 95% CI =0.33 to 1.84; P=.57) or
EGFRmut patients (HR = 0.84; 95% CI = 0.69 to 1.04; P = .10).
The test for interaction between treatment and EGFR mutation
status was not statistically significant (P = .87).

Publication Bias

In this meta-analysis, the overall treatment effect was not statistically
significant for the OS outcome. Any potential publication bias
through the exclusion of non-statistically significant studies would
therefore not have influenced these results.

Sensitivity Analysis

EGFR mutation, based on exons 19 and 21 only, was known to
have been examined in three trials in a front-line setting (Table 1).
One trial (34) provided the treatment estimate for PFS limited to
patients with exons 19 and 21 only. In the front-line setting, similar
qualitative results were obtained when the analyses were limited to
only these four trials on PFS and OS outcomes for the EGFRmut*
subgroup (Supplementary Figures 1 and 2, available online).

Discussion

This study extends the analysis beyond prior publications of the
most clinically important molecular factor relevant to the treatment

Hazard ratio
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TALENT 0.59 (0.21 t0 1.67) e
TRIBUTE 0.49 (0.20 to 1.20) S
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Figure 3. Forest plot of hazard ratios comparing progression-free survival in subgroups of epidermal growth factor receptor (EGFR) mutation—positive
(EGFRmut*) and EGFR mutation—-negative (EGFRmut) patients who received EGFR-tyrosine kinase inhibitors (TKlIs) and chemotherapy vs chemo-
therapy. Hazard ratios for each trial are represented by the squares, and the horizontal line crossing the square represents the 95% confidence interval
(ClI).The diamonds represent the estimated overall effect based on the meta-analysis fixed effect of the trials. All statistical tests were two-sided.
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Figure 4. Forest plot of hazard ratios comparing overall survival in subgroups of epidermal growth factor receptor (EGFR) mutation—positive
(EGFRmut*) and EGFR mutation-negative (EGFRmut-) patients who received EGFR-tyrosine kinase inhibitors (TKls) vs control. Hazard ratios for
each trial are represented by the squares, and the horizontal line crossing the square represents the 95% confidence interval (Cl). The diamonds
represent the estimated overall effect based on the meta-analysis fixed effect of the trials. All statistical tests were two-sided.
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of NSCLC. Increased confidence in the findings is evident through
the incorporation of results from 23 trials in nearly 15000 patients
with more than 4000 having molecular analysis. Additionally, this
study approached issues not addressed in prior meta-analyses. As
such, results from this study have implications for treatment and
for study interpretation and design.

This meta-analysis summarizes the best available evidence to
guide the use of EGFR-TKIs in patients with advanced NSCLC.
EGFR-TKIs treatment is associated with 57% and 66% reduction
in the risk of disease progression in EGFRmut* patients in front-
line and second-line settings, respectively, but with no benefit in
EGFRmut patients (Figure 2). This study also demonstrates that
EGFR mutation is an important predictive biomarker of TKIs treat-
ment benefit in terms of PFS for all settings: front-line, maintenance,
and second-line or subsequent therapy. This study demonstrates for
the first time that the magnitude of effect on PFS for EGFRmut*
patients is similar in patients receiving EGFR-TKIs in either the
first- or second-line setting (HR = 0.43 and 0.34, respectively).

Even with mutational analyses in more than 4000 patients and
with alarge PFS benefit, this meta-analysis does not demonstrate OS
advantage with EGFR-TKIs. Regardless of EGFR mutation status,
the overall treatment effects on OS were similar. The frequently
suggested reason for this lack of OS effect is the confounding effect
of postprogression therapy between the randomization arms. None
of the front-line trials prohibited patients from crossing over to the
other treatment arm, and crossover was increasingly frequent over
the decade during which these trials were conducted. For example,
the NEJ002 trial randomly assigned patients to receive either gefi-
tinib or chemotherapy. Not only did most patients receive subse-
quent treatment, but 94.6% of patients in the chemotherapy arm
were reported to have received second-line gefitinib on disease
progression (17). A recent systematic review of chemotherapy trials
also indicated that PFS advantage is unlikely to be associated with
an OS advantage with increasing impact of salvage therapy and that
the prolongation of survival postprogression might limit the role of
OS for assessing true efficacy derived from front-line therapy (46).
Moreover, analysis of a recent trial indicated that compared with
EGFRmut patients, twice as many EGFRmut* patients responded
to chemotherapy (28). Crossover effects, lack of blinding in experi-
mental arms, and other factors that have been previously discussed
can make PFS a difficult surrogate for OS (47-49). Ongoing work
is still required to demonstrate the impact of other clinically mean-
ingful benefits of EGFR-TKIs beyond survival and PFS for these
patients.

Controversy continues regarding the role of the addition of
EGFR-TKIs in patients receiving chemotherapy. For this reason,
we analyzed this issue in four large, published, prospective,
randomized trials in front-line treatment [INTACT 1 and 2 (45),
TALENT (37), and TRIBUTE (22)]. Pooled results from these
four front-line trials showed that combining EGFR-TKIs with
chemotherapy over chemotherapy alone statistically significantly
delayed disease progression in both the EGFRmut* and EGFRmut
subgroups. Preclinical studies (50,51) have demonstrated a
synergistic effect of combining EGFR-TKIs with chemotherapy.
However, indirect comparison of trial arms suggests that combined
EGFR-TKIs treatment and chemotherapy is not more effective
than EGFR-TKIs alone in reducing the risk of disease progression
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in EGFRmut* patients (HR = 1.42; 95% CI = 0.80 t0 2.53; P = .23).
A lack of additional benefit was confirmed in a prospective phase
II trial (52) in which erlotinib monotherapy was compared with
erlotinib chemotherapy combination in the EGFRmut* subgroup
(median PFS 14.1 vs 17.2 months).

This meta-analysis provides information to define better the
relative effectiveness of EGFR-TKIs for EGFRmut patients. In
front-line therapy, there was a non-statistically significant differ-
ence between EGFR-TKIs and control in reducing the risk of
disease progression (pooled HR = 1.06; P = .35). This finding is
consistent with previous in vitro studies that demonstrated a lack of
sensitivity of wild-type EGFRmut receptor lung tumor to EGFR-
TKIs treatment (4-6). Although a small benefit of EGFR-TKIs
over placebo in the EGFRmut subgroup has been demonstrated
in three maintenance studies [SATURN (13), INFORM (30), and
IFCT-GFPC 0502 (32,44)] (pooled HR = 0.81; 95% CI = 0.68 to
0.97; P = .02), it must be realized that this benefit is markedly and
both clinically and statistically significantly greater in EGFRmut*
subgroups (pooled HR =0.15;95% CI =0.08 to 0.27; P <.001), and
the test of interaction between EGFR mutation status and treat-
ment is highly statistically significant (P < .001).

This meta-analysis also examined the role of EGFR mutation in
selecting patients for second-line or subsequent treatment. A 2012
editorial has illustrated the debate in this area (53). Although trials
have differed in their results, one study (TAILOR) reported that
chemotherapy was statistically significantly superior over erlo-
tinib in terms of tumor response and PFS (OS results are not yet
available) in patients without EGFR mutations in exon 19 or 21
undergoing second-line treatment, but the data remain premature
and only available as a conference presentation (14). In the current
meta-analysis, pooled results from trials of second-line and sub-
sequent therapies demonstrated that treatment with EGFR-TKIs
treatment, compared with chemotherapy, was associated with a
66% reduction in the risk of disease progression in the EGFRmut*
subgroup (Figure 2). In contrast, EGFR-TKIs treatment, compared
with chemotherapy, was 23% inferior (Figure 2) in delaying disease
progression (but not OS) in EGFRmut™ patients with good perfor-
mance status who were suitable to receive chemotherapy. The test
of interaction between EGFR mutation status and second-line or
subsequent treatment was statistically significant (P < .001), sug-
gesting that EGFR mutation is still an important treatment effect
modifier and should be used to guide treatment decisions in this
setting. Interestingly, updated results from the TOPICAL trial
demonstrated that rash during the first cycle predicted PFS ben-
efits with erlotinib in the EGFRmut subgroup (43).

This meta-analysis has several strengths. We performed a com-
prehensive review, reported the most up-to-date published data, and
contacted individual investigators to obtain relevant unpublished
data. By examining both the EGFRmut* and EGFRmut subgroups,
the value of EGFR mutation status as a treatment effect modifier
can be adequately assessed. This meta-analysis also overcomes the
problem of inadequate power of individual studies to compare sub-
groups. For example, only six studies (16,18,19,21,34,38) included
in this review had EGFRmut* results for more than 50 patients.
Reliable interpretation of independent treatment effects in most of
the individual studies in this review is not possible because of small
sample sizes. Altogether, more than 4000 patients with mutational
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analysis were included in this study. A major strength of this cur-
rent meta-analysis is that the pooled results allow examination of
second-line and maintenance treatment as well as elucidation of
the effect of adding EGFR-TKIs to chemotherapy.

There are also limitations that should be noted from this analy-
sis. Firstly, we assumed that all EGFR-TKIs, including gefitinib,
erlotinib, and afatinib, have equivalent therapeutic efficacy for both
the EGFRmut* and EGFRmut subgroups. Secondly, EGFR muta-
tion status was only assessed in 31% of patients enrolled in eligi-
ble trials, with treatment efficacy estimated from small numbers of
EGFRmut* patients identified in many of these trials (Table 1). The
potential influence on the results of restricting our analyses to this
subset of patients is unknown. We further obtained efficacy data
in the subgroups with known EGFR mutation status through per-
sonal communication with investigators of four trials (31,32,41,43).
Although these subgroup data have not been published, the primary
trial outcomes of these studies have been peer reviewed. Although
nearly 15000 patients were included in the analysis, the fact that
only a minority had reported mutational analysis limits the abil-
ity to address several issues. Sequencing was the most commonly
used method to detect EGFR mutation, and it has poor sensitiv-
ity in detecting EGFR mutant alleles in DNA samples extracted
from tumors (54). These DNA samples may contain both malignant
and nonmalignant (from adjacent normal or tumor stroma) cells
and hence may impact the outcome of this meta-analysis through
misclassification of patients’ EGFR mutation status. Moreover,
mutation of EGFR exons 19 and 21 are sensitizing mutations pre-
dictive of PFS benefit with EGFR-TKIs, whereas de novo muta-
tions in exon 20 might reduce the effectiveness of EGFR-TKIs
(55-57). In this meta-analysis, patients classified as EGFRmut* in
some trials included those with mutations in exon 20. However,
when we restricted our analysis to studies that classified patients as
EGFRmut* based on presence of EGFR exon 19 and exon 21 muta-
tions, we observed similar quantitative results. In front-line therapy,
information on crossover and postprogression therapies was often
not available, so adjustments could not be made to account for the
lack of OS benefitin EGFRmut* patients treated with EGFR-TKIs.

Many reports have confirmed that EGFR mutations are more
commonly found in patients with adenocarcinoma and in patients
with low- and never-smoking histories. These factors have led to the
debate as to whether knowledge of such demographic factors, rather
than use of molecular studies, would be sufficient for treatment. The
current meta-analysis, which examines multiple treatment settings,
demonstrates that EGFR mutation status should guide personaliza-
tion of treatment. Additionally, recent findings have reported that
these same demographic features are more common in other genetic
differences [such as those associated with EML-ALK translocations
(10) and ROS 1 mutations (11)] that are not beneficially affected by
EGFR-TKIs and for which specific therapy is available. Determining
mutational status can avoid side effects of either EGFR-TKIs or
chemotherapy and can lead to rational decision making. In that only
the minority of all patients with NSCLC will have EGFR or other
treatment-altering mutations, and because nearly all lung cancer
therapy is costly, molecular analysis is increasingly important from
clinical, scientific, and economic perspectives.

In conclusion, based on this meta-analysis, treatment with
EGFR-TKIs statistically significantly delays disease progression in

jnci.oxfordjournals.org

EGFRmut* patients but has no demonstrable impact on OS. EGFR
mutation is a predictive biomarker of benefit with EGFR-TKIs
treatment in delaying disease progression in front-line, second-
line, and subsequent therapy and in maintenance settings. These
findings support assessment of EGFR mutation status before ini-
tiation of EGFR-TKIs treatment and indicate that EGFR-TKIs
should be considered as front-line therapy in EGFRmut* patients
with advanced NSCLC.
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