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Introduction

Lung cancer, predominantly non-small-cell lung cancer 
(NSCLC), is the leading cause of cancer-related mortality 
worldwide (1). The majority of patients are diagnosed at 
advanced stages in which there are few treatment options (2).  
Despite the limited efficacy, platinum-based doublet 

chemotherapy remains the standard first-line treatment 
for advanced NSCLC in recent years (3,4). Advances in 
genetic testing allowed the discovery of existence and 
clinical significance of driver oncogenes which could be 
selected as a therapeutic target, such as activated epidermal 
growth factor receptor (EGFR) mutations (5). It has been 
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extensively proved that NSCLC patients who harbor 
sensitive EGFR mutations (exon 19 deletion or L858R 
mutation in exon 21) derive greater benefits from EGFR-
tyrosine kinase inhibitors (EGFR-TKIs), such as erlotinib 
and gefitinib, than those with wild type tumors (6,7). The 
predictive value of EGFR mutation status for EGFR-TKIs 
efficacy has been substantially confirmed.

In contrast ,  people used to believe there is  no 
correlation between EGFR mutation status and cytotoxic 
chemotherapy. Data from some previous studies suggested 
that Asians represented higher response rate than 
Caucasians in receiving chemotherapy (8). From the present 
point of view, the most prominent intrinsic genetic variance 
between these two races is the proportion of patients 
with EGFR mutations. Considering the huge differences 
in tumor biology between EGFR mutation-positive and 
-negative NSCLC, it is interesting to investigate whether 
EGFR mutation status also influence chemotherapy efficacy. 
Several recent studies revealed that advanced NSCLC 
patients with positive EGFR mutation had favorable 
response to first-line cytotoxic chemotherapy compared 
with wild type patients (9,10), while another study showed 
contrary results (11). In addition, another clinical research 
reported that there was no obvious association between 
EGFR mutation status and first-line chemotherapy response 
in NSCLC (12). Therefore, whether EGFR mutation status 
is associated with responsiveness to front-line chemotherapy 
in advanced NSCLC is still not clear. A comprehensive 
analysis of the various outcomes is warranted. Thus, we 
sought to perform a meta-analysis incorporating all available 
evidences to evaluate the clinical outcome according to the 
EGFR mutation status in patients with advanced NSCLC 
treated with front-line conventional chemotherapy. 

Methods

Literature search

All relevant articles were retrieved by searching PubMed, 
Embase and the Central Registry of Controlled Trials of the 
Cochrane Library using a combination of the terms “EGFR”, 
“epidermal growth factor receptor”, “mutation”, “lung”, “non-
small-cell lung cancer”, “NSCLC” and “chemotherapy”. An 
additional search through Google Scholar and a manual search 
through reference lists of relevant reviews and included studies 
were additionally performed. Two authors (ZY and KS) carried 
out the search independently. No restriction by language or 
year was set in the search.

Inclusion and exclusion criteria

Eligible studies should meet the following criteria: (I) 
studies which investigate or report a subset of patients with 
first-line chemotherapy without combination of EGFR 
inhibitors (e.g., TKIs or monoclonal antibodies) or other 
agents potentially targeting the EGFR pathway (e.g., 
multitargeted antiangiogenic TKIs) in patients with local 
advanced or metastatic (IIIB or IV) NSCLC; (II) prior 
neoadjuvant or adjuvant chemotherapy in patients with 
recurrence after surgery was permitted if it had elapsed 
from last administration to relapse at least 6 months; (III) 
EGFR mutation analysis was performed on available tumor 
tissue samples instead of circulating free DNA in serum in 
first-line chemotherapy treatment cohort; (IV) at least one 
primary outcomes was available. Studies failed to meet the 
inclusion criteria will be excluded.

Outcomes measures, data extraction and quality assessment

Primary outcomes for this meta-analysis were objective 
response rate (ORR), namely partial response (PR) plus 
complete response (CR), and 6-month progression-free 
survival (PFS) rate. The data collection and assessment of 
methodological quality followed the QUORUM and the 
Cochrane Collaboration guidelines (http://www.cochrane.
de). The data on study type, treatment regimens, major 
clinical features, ORR and 6-month PFS rate were extracted 
by two investigators (FW and PH) independently. Figures 
were electronically digitized and Kaplan-Meier curves were 
downloaded by appropriate software (Engauge Digitizer, 
ver 2.12, Mark Mitchell, 2002, free software down loaded 
from http://sourceforge.net). Two reviewers (SW and DQ) 
used a JADAD score to evaluate the quality of randomized 
controlled trials (RCTs) and a modified Newcastle-
Ottawa scale to assess the quality of non-RCT studies (13). 
Discrepancies were discussed by all investigators to reach 
consensus.

Statistical analysis

In consideration of any potential heterogeneity, we 
conducted this meta-analysis with a random-effect model 
in order to avoid any potential heterogeneity. The results 
were reported as pooled odds radios (ORs) with the 
corresponding 95% confidence interval (CI). Subgroup and 
sensitivity analysis were stratified for literature type, EGFR 
mutation analysis method, therapeutic regimen, patient 
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origins. An OR greater than one reflected a better ORR 
or 6-month PFS rate in the EGFR mutant arm. Statistical 
heterogeneity across studies was assessed with a forest plot 
and the inconsistency statistic (I2). Statistical significance 
was considered at P<0.05. All calculations were performed 
using REVIEW MANAGER (version 5.0 for Windows; the 
Cochrane Collaboration, Oxford, UK).

Publication bias

An extensive search strategy was made to minimize the 
potential for publication bias. Graphical funnel plots were 
generated to visually assess a publication bias (14). The 
statistical methods to detect funnel plot asymmetry were 
the rank correlation test of Begg and Mazumdar and the 
regression asymmetry test of Egger (14,15).

Results

Eligible studies

We identified 1,322 records according to the search strategy 
and finally included 14 studies (six RCTs, one prospective 
study and seven retrospective studies) involving 1,772 
advanced NSCLC patients who had been tested for EGFR 
mutations in first-line chemotherapy treatment cohort  
(9-12,16-25). Figure 1 summarized the flow chart. Among 
these studies, chemotherapy regimens were platinum-based 
doublets at standard dose, namely cisplatin/carboplatin plus 
one of the third generation agents (including gemcitabine, 
paclitaxel, docetaxel, vinorelbine, and pemetrexed), or some 

non-platinum based regimens. Regimens were not specific 
in five retrospective studies (10,21-24) so that they were 
excluded in subgroup analysis stratified for therapeutic 
regimen. Detecting approaches for EGFR mutation 
included direct sequencing, nested polymerase chain 
reaction (PCR), amplification refractory mutation system 
(ARMS), polymerase chain reaction-restriction fragment 
length polymorphism (PCR-RFLP); real time-quantitative 
PCR (RT-qPCR), denaturing high-performance liquid 
chromatography (DHPLC), which were also a sub-grouping 
factor. We considered time to progression (TTP) as PFS in 
studies by Eberhard (11) and Lee (21). Table 1 summarized 
the characteristics of all involved studies.

Objective response rate and six-month PFS rate

According to all literature with available data, patients with 
positive EGFR mutation had higher pooled ORR than wild 
type patients (35.8% vs. 30.1%), but there was no significant 
difference between the two groups (OR 1.24, 95% CI, 
0.90 to 1.70; P=0.19; heterogeneity: Chi2 =17.47, P=0.13,  
I2 =31%; Figure 2A). Subgroup analyses stratified by study 
type (RCT vs. non-RCT), EGFR mutation detecting method 
(direct sequencing vs. non-sequencing methods), therapeutic 
regimen (gemcitabine-based vs. non-gemcitabine-based 
regimens and cisplatin-based vs. carboplatin-based regimens) 
and patient origin (Asians vs. non-Asians) consistently 
revealed no significant difference between the mutant 
group and wild type group (Table 2). EGFR mutants had 
higher 6-month PFS rate than wild type patients (62.1% 

Citation indentified primary search (n=1,322)
*Irrelevant studies excluded through title 
review (n=972)

*Without chemotherapy arm (n=12)
*Without EGFR wild type patients (n=8)
*With different purposes (n=291)

*Not mainly in stage IIIB or/and IV (n=3)
*Not in first-line chemotherapy (n=17)
*Non-tissue sample in detection (n=1)
*Duplicated studies (n=4)

Supplement:
*Random control trials (n=6)
*Prospective study (n=1)
*Retrospective studies (n=7)

Articles reviewed in detail (n=350)

Potentially relevant studies (n=39)

Eligible studies involved in the 
meta-analysis (n=14)

Figure 1 Profile summarizing the trial flow.
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vs. 45.1%) with significance (OR 1.88, 95% CI, 1.33-2.65; 
P=0.0003; heterogeneity: Chi2 =16.93, P=0.11, I2 =35%; 
Figure 2B). Subgroup analyses also revealed similar tendency 
of significantly superior 6-month PFS of EGFR mutants, 
regardless of study types, methods of EGFR mutation 
detection, chemotherapy regimens and patient origins  
(Table 3). Additionally, we pooled the results of DCR 
although only five studies reported this data. No differences 
between EGFR mutation positive and negative groups 
were observed (OR 1.33, 95% CI, 0.93-1.91; P=0.11; 
heterogeneity: Chi2 =2.23, P=0.69, I2 =0%; Figure 3).

Assessment of heterogeneity and publication bias

As described above, the statistical heterogeneity was 
moderate. Any potential clinical heterogeneity was 
examined and subsequently excluded by subgroup analyses. 
In addition, sensitivity analysis by leaving any study out did 

not alter the general results. There was no publication bias 
for both outcome measures, with asymmetrical appearance 
on funnel plot analysis (Figure 4) and all P values greater 
than 0.05 in Begg’s test and Egger’s test.

Discussion

The association of EGFR mutation status with the 
responsiveness or prognosis in patients with advanced 
NSCLC after first-line chemotherapy was controversial 
based on previous small-size reports. A meta-analysis that 
could incorporate all available results, including subgroup 
data from RCTs as well, is a good way to address our 
concerns. In the current study, we found that 6-month 
PFS rate was significantly higher in EGFR mutants than in 
wild type patients after first-line chemotherapy, while the 
ORR and DCR appeared to be higher but the difference 
did not reach significance. These results admit of two 

A

B

Figure 2 (A) Meta-analysis on objective response rate among advanced NSCLC patients receiving first-line chemotherapy according to 
EGFR mutation status; (B) meta-analysis on 6-month PFS rate among patients receiving first-line chemotherapy according to EGFR 
mutation status. NSCLC, non-small-cell lung cancer; EGFR, epidermal growth factor receptor; PFS, progression-free survival; CI, 
confidence interval; I2, inconsistency statistic.
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Figure 3 Meta-analysis on disease control rate among advanced NSCLC patients receiving first-line chemotherapy according to EGFR 
mutation status. NSCLC, non-small-cell lung cancer; EGFR, epidermal growth factor receptor; CI, confidence interval; I2, inconsistency 
statistic. 

Figure 4 Funnel plots of ORR and 6-month PFS. OR, odds radio; ORR, objective response rate; PFS, progression-free survival.
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interpretations. 
Firstly, EGFR mutation might indeed be a predictor 

to the efficacy of cytotoxic chemotherapy. Activation of 
EGFR-dependent pathway plays an important role in 
the proliferation and aggressive phenotype transition of 
epithelial cells especially EGFR-mutated tumors (26,27). 
Moreover, a prior research indicated that a critical level 
of EGFR signaling was necessary for cisplatin-mediated 
apoptosis in tumor cells and suggested an inhibitory 
effect of this pathway on the repair of cisplatin-damaged  
DNA (28). Therefore, it was reasonable to hypothesize that 
tumor cells harboring EGFR mutation are more sensitive to 
cytotoxic chemotherapy. The hypothesis for selective killing 
of EGFR+ cells was supported by a clinical observation 
which showed a reduced plasma EGFR mutation frequency 
after chemotherapy in patients with NSCLC (29). By 
selectively eliminating or suppressing the ‘seeds’, tumor 
growths were persistently restricted, which translated 
into prolonged PFS as our result indicated. On the other 
hand, EGFR mutants did have higher pooled response rate 
although the magnitude of benefit was not as great as that 

of PFS. We suspected that the magnitude difference was 
attributed to the intratumoral heterogeneity. A recent study 
demonstrated that approximately 30% of patients presented 
intratumoral EGFR mutational heterogeneity through 
microdissection of the tumor samples (30). Therefore, 
tumors detected as EGFR mutated not necessarily contain 
pure EGFR+ cells. In other words, the intratumoral 
abundace of EGFR+ cells might be small in some patients. 
Thus, selective killing of EGFR+ cells was probably not 
associated with significant tumor shrinkage. As a result, 
patients intrinsically ‘responded’ to the chemotherapy might 
fail to meet the criteria for ORR (at least a 30% decrease in 
the sum of diameters of target lesions) according to Recist 
1.1 criteria (31). However, direct evidence to confirm this 
mechanism requires real-time re-biopsy after treatments, 
which seems to be an impossible mission considering 
ethics. Secondly, we can not rule out the possibility that the 
improved PFS was merely the underlying prognostic effect 
of EGFR mutation since there was evidence showing that 
EGFR mutation was likely to be a favorable prognostic 
factor (32). However, the prognostic value of EGFR 
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mutation itself in NSCLC was still controversial (33).
Nonetheless, regardless of what the true causes are, this 

comprehensive analysis confirmed the association between 
EGFR mutation and PFS. This was highly concordant with 
an important report this year that among the patients treated 
with non-targeted therapy, those with a driver mutation 
detected had a longer median overall survival than those 
without identified driver mutations (2.4 vs. 2.1 years) (34). 
All these results gave us some important hints. Firstly, we 
strongly suggested that investigators should consider the 
proportion of EGFR mutation patients as a stratification 
factor in designing or reviewing clinical studies regarding 
chemotherapy regimen or other non-targeted agents. 
Second, it might partially explain why some clinical trials on 
chemotherapy in Asia reported higher response rate than 
those in Europe-American, and similarly, explain the negative 
results of combination of gefitinib with chemotherapy in 
patients with EGFR mutation compared with chemotherapy 
alone in some previous studies (35). In addition, the response 
to chemotherapy in EGFR wild type patients or projectively 
driven mutation ‘pan-negative’ patients was worse than what 
we acknowledged. Therefore, more efforts should be made 
to improve the prognosis of this population.

Notably, we only focused on first-line chemotherapy in 
this analysis in order to minimize the crossover effects. Some 
previous investigations suggested an inferior response from 
EGFR-TKIs following treatment of chemotherapy (36). 
Consistently, the study by Bai et al. also showed that the 
overall incidence of EGFR mutation was lower in plasma 
DNA after first-line chemotherapy (29). Thus, getting 
second-line or third-line chemotherapy involved will tangle 
the discussion.

This is the first study to comprehensively answer the 
impact of EGFR mutation on chemotherapy, addressing 
the confusion from inconsistent conclusions of current 
studies. However, there are several limitations. First, our 
meta-analysis was based on non-randomized studies and 
sub-group data extracted from RCTs, which somehow 
compromised the evidence level. Second, EGFR exons 
identified as mutant were heterogeneous among included 
articles but we were unable to assess whether 19 or 21 
exon alterations had different impact on chemotherapy. 
Finally, we failed to investigate different first-line regimens 
separately with limited data. In addition, we cannot 
differentiate the respective impact of EGFR mutation on 
cell-cycle nonspecific antineoplastic agents (platinum) 
and specific agents (third-generation agents). For clinical 
practice, after all, it is essential to determine the optimal 

regimen for EGFR mutant NSCLC patients, especially 
who have failed front-line EGFR-TKIs or have no access to 
these agents. Further studies are warranted.

In conclusion, this meta-analysis showed that advanced 
NSCLC patient with EGFR mutation had significantly 
higher 6-month PFS rate and potentially higher ORR 
than wild type patients after first-line chemotherapy. We 
suggest that EGFR mutation status should be considered 
a stratification factor not only in studies regarding EGFR-
targeted agents but also in those regarding non-EGFR-
targeted drugs.
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