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adenocarcinoma patients with EGFR mutations treated with prior 
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The aim of this study was to determine the response of advanced-stage non-small cell lung cancer (NSCLC) patients with 
or without EGFR mutations to platinum-based chemotherapy with or without gefitinib maintenance. Patients were treated 
with four cycles of platinum-based chemotherapy. Patients with wild-type EGFR were observed (group 1; n=15). EGFR 
mutation-positive patients were randomly assigned to observation (group 2; n=7) or gefitinib maintenance (group 3; n=7). 
The median patient age was 59 years. The 1-year progression-free survival rates in groups 1, 2, and 3 were 6.7%, 28.6%, and 
57.1%, respectively (p = 0.049); the 1-year overall survival rates were 53.3%, 57.1 %, and 100%, respectively (p = 0.111). The 
results indicate that patients with advanced-stage NSCLC with EGFR mutations have a better response to chemotherapy 
followed by gefitinib than chemotherapy alone and a better response to chemotherapy than wild-type patients. 
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Of all malignancies, lung cancer has the highest mortal-
ity rate worldwide. The World Health Organization (WHO) 
that reports the worldwide incidence of newly diagnosed lung 
cancer is over 1.2 million people annually [1]. Over the past 
20 years in China, lung cancer has had the greatest increase 
in incidence and mortality of all malignancies in both urban 
and rural areas. The 5-year survival rate of lung cancer pa-
tients is only 5-7%, and 80% of patients die within one year 
of diagnosis [2].

Lung cancer originates from bronchial mucosal epithelial 
cells and is classified into two histopathological types: non-
small cell lung cancer (NSCLC; about 85%) [3] and small 
cell lung cancer (SCLC; about 15%) [4]. NSCLC tumors are 
histologically categorized into several major types: adeno-
carcinoma, squamous cell carcinoma, large-cell carcinoma, 
and pleomorphic, sarcomatoid, or sarcomatous carcinoma 
[3]. Current treatment for lung cancer includes surgery, 
chemotherapy, and radiotherapy. However, for patients with 
advanced-stage NSCLC (stages IIIB and IV), treatment is 
limited to chemotherapy or local radiotherapy. Platinum based 
chemotherapy is considered the standard first-line treatment 

for advanced NSCLC. Clinical trials have also shown that 
combining agents, such as taxanes and gemcitabine, with 
platinum compounds for chemotherapy have superior efficacy 
for NSCLC [5].

The epidermal growth factor receptor (EGFR) signaling 
pathway plays an important role in the regulation of prolifera-
tion, growth, and differentiation of normal cells, and EGFR is 
expressed in epithelial, interstitial, and neurogenic tissues [6]. 

Studies have shown that EGFR is overexpressed in a variety 
of tumor cells. In NSCLC, EGFR overexpression is observed 
in squamous cell carcinomas (70%) and adenocarcinomas 
(50%), whereas in SCLC EGFR is rarely expressed [7]. It has 
also been shown that EGFR mutations are more prevalent in 
lung adenocarcinomas that are well-differentiated than those 
that are poorly differentiated [8]. Although EGFR mutations 
are dispersed throughout the entire tyrosine kinase coding 
region, 88% of the mutations are a deletion in exon 19 and 
a point mutation in exon 21 (L858R) [9].

The tyrosine kinase inhibitors (TKIs) gefitinib and erlotinib 
have been shown to be effective in patients with advanced-
stage lung cancer, and the efficacy of TKIs in NSCLC patients 
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with EGFR mutations has been shown to be greater than in 
NSCLC patients without EGFR mutations [10-13]. Gefitinib 
and erlotinib function by competing with the binding of 
adenosine triphosphate (ATP) at the tyrosine kinase ATP bind-
ing site in the EGFR intracellular domain. This action stops 
EGFR signal transduction and inhibits tumor growth [14]. 

EGFR mutations result in structural changes to the intracel-
lular domain that allows TKIs to bind more easily, and thus 
increase drug sensitivity [6,7]. Clinical trials have also demon-
strated that gefitinib has a better effect than chemotherapy in 
NSCLC patients who have EGFR mutations [15,16]. A recent 
review of maintenance therapy with gefitinib after first-line 
chemotherapy in Chinese patients with NSCLC indicated 
that regardless of EGFR mutation status, the median overall 
survival (OS) and progression-free survival (PFS) were 13.1 
months and 7.88 months, respectively [17]. In addition, one 
report has indicated that EGFR mutations may enhance the 
clinical effect of chemotherapy [18].

The aim of this study was to determine if patients with EGFR 
mutations have a better therapeutic response to platinum-
based chemotherapy than wild-type EGFR patients, and if 
patients with EGFR mutations have a better therapeutic re-
sponse to platinum-based chemotherapy followed by gefitinib 
treatment than platinum-based chemotherapy alone.

Patients and methods

Patient selection. Thirty-one patients with stage IIIB or 
IV NSCLC (defined as advanced-stage NSCLC based on the 
TNm staging standard modified by the Union for Interna-
tional Cancer Control (UICC) in 2009) were recruited from 
the Southern medical University’s affiliated Southern Hospital 
from October 2010 to may 2011. In all cases the diagnosis of 
NSCLC was confirmed by pathological or cytological findings. 
All patients had received no prior chemotherapy or radio-
therapy, and all had performance status (PS) scores < 2. This 
study was approved by the Institutional Review Board, and all 
patients provided written informed consent. 

EGFR Mutation analyses. Gene fragments of exons 19-21 
were amplified by polymerase chain reaction. The presence 
of EGFR mutations was detected using the AmoyDx EGFR 
mutation Test Kit (Amoy Diagnostics) that can detect 29 
mutations in the EGFR gene including an exon 19 deletion, 
21L858R, 18G719X, 20S768I, exon 20 insertion, 20T790m, and 
21L861Q. PCR was performed according to the manufacturer’s 
instructions and reaction conditions were: 1) denaturation at 
94°C for 5 min, 3) annealing at 72°C for 20 s, and 4) extension 
at 72°C for 5 minutes. 

Clinical treatment and outcome measures. After deter-
mination of EGFR mutation status, patients were assigned 
to one of three treatment groups. Patients with wild-type 
EGFR were treated with four cycles of a platinum-based 
chemotherapy, a combination of Cisplatin (80-120 mg/m2 
body surface area) and Paclitaxel injection (Taxol, 135-250 
mg/m2 body surface area), once every three weeks (group 

1). EGFR mutation-positive patients received four cycles of 
platinum-based chemotherapy, the same as in group 1, once 
every three weeks. These patients were then randomly assigned 
to either observation post-chemotherapy (group 2) or gefitinib 
maintenance therapy of 250 mg/day by oral administration 
(group 3) until disease progression or the development of 
intolerable side effects. Prior to each cycle of chemotherapy, 
patients received a chest X-ray or contrast-enhanced chest 
computed tomography (CT) scan. After treatment, patients 
received a chest X-ray or contrast-enhanced chest CT scan 
every two months.

All patients were followed for 12 months, or until death. 
Outcome measures were progression-free survival (PFS) and 
overall survival (OS). PFS was defined as the time from com-
pletion of chemotherapy until disease progression was noted, 
and OS indicated the percentage of individuals in the group 
who were alive after a particular duration of follow-up. 

Statistical analyses. Due to the small sample size, 
continuous and categorical variables were compared by mann-
Whitney U test and chi-square/Fisher’s exact test, respectively. 
Continuous variables were presented as median and inter-
quartile range (IRQ), while categorical data were represented 
by numbers and percentages. Because gender and smoking 
were considered to be confounders, Cox proportional hazards 
regression was performed to characterize survival, including 
PFS and OS, among the treatment groups over time after 
adjusting confounding factors. Survival rates were analyzed 
at 12 months. All statistical assessments were two-sided, and 
a p < 0.05 was considered statistically significant. Statistical 
analyses were performed using SPSS software, version 15.0 
(SPSS Inc, Chicago, IL, USA).

Results

Patient characteristics and EGFR mutation status. Patient 
data are summarized in Table 1, and EGFR mutation profiles 
are summarized in Table 2. The study included 23 males and 8 
females with a median age of 59 years (range, 43-77 years) with 
stage IIIB or IV NSCLC. Of the 31 patients, 15 (48.4%) had 
EGFR mutations (8 of 23 males, 7 of 8 females), and 18 (58.1%) 

Table 1. Patient characteristics and EGFR mutation status

Total
(N=31)

EGFR mutations
(n=15)

Wild-Type EGFR 
(n=16)

p-value

Age, y1 59 (43-77)a 61 (57-64) 57.5 (55-64.5) 0.406
Gender2

0.015*male 23 (74.2)b 8 (34.8) 15 (65.2)
Female 8 (25.8) 7 (87.5) 1 (12.5)
Smoking3

0.048*Yes 18 (58.1) 6 (33.3) 12 (66.7)
No 13 (41.9) 9 (69.2) 4 (30.8)

Data are presented as a interquartile range or bpercentage.
p-values are based on: 1mann-Whitney U test; 2Fisher’s exact test; and 3Chi-
square test.*, p<0.05
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had a history of tobacco smoking. The EGFR mutation rate 
was 48.4% in the 31 lung adenocarcinoma patients, consistent 
with a reported rate of 40-50% [8,9,13]. The EGFR mutation 
rate in males was 34.8%, and in females was 87.5%, and the 
difference was statistically significant (p < 0.05). Notably, more 
non-smokers than smokers had EGFR mutations (69.2% vs. 
33.3%, respectively; p = 0.048). Patients with the highest EGFR 
mutation rates were female non-smokers (87.5%) and males 
who smoked tobacco (33.3%). This difference in mutation rate 
was statistically significant (p < 0.05). 

Survival after treatment. Twenty-nine patients were in-
cluded in the analysis, as two patients did not survive until the 
follow-up. Fifteen patients with wild-type EGFR expression 
were given a platinum-based chemotherapy followed by ob-
servation (group 1), seven patients with EGFR mutations were 

given a platinum-based chemotherapy followed by observa-
tion (group 2), and seven patients with EGFR mutations were 
given a platinum-based chemotherapy followed by gefitinib 
maintenance (group 3). 

There was a statistically significant difference in PFS 
among the three treatment groups (p = 0.049, Fig. 1A). The 
1-year PFS rates for patients in groups 1, 2, and 3 were 6.7%, 
28.6%, and 57.1%, respectively. Analysis of OS indicated that 
there was no significant difference in the OS among the three 
treatment groups (p = 0.111, Fig. 1B). The 1-year OS rates for 
patients in groups 1, 2, and 3 were 53.3%, 57.1 %, and 100%, 
respectively.

Discussion

The results of this study indicate that patients with EGFR 
mutations have a trend towards a better therapeutic response 
to platinum-based chemotherapy followed by gefitinib treat-
ment than platinum-based chemotherapy alone (PFS: 57.1% 
vs. 28.6%, respectively; OS: 100% vs. 57.1%, respectively). Fur-
thermore, patients with EGFR mutations had a trend towards 
a better therapeutic response to chemotherapy than wild-type 
patients (PFS: 28.6% vs. 6.7 %; OS: 57.1% vs. 53.3%). While 
the difference in PFS among the three groups was statistically 
significant (p = 0.049), the lack of statistical significance in OS 
(p = 0.111) is likely due to the small sample size. 

Clinical trials have demonstrated that gefitinib and erlo-
tinib exhibit better efficacy in advanced-stage NSCLC patients 
with EGFR mutations than chemotherapy, and carboplatin-
paclitaxel has better efficacy in those without EGFR mutations 

Figure 1. A) Progression-free survival and (B) overall survival of the three treatment groups. Group 1: EGFR wild-type patients treated with platinum-
based chemotherapy alone. Group 2: EGFR mutant patients treated with platinum-based chemotherapy alone. Group 3: EGFR mutant patients treated 
with platinum-based chemotherapy followed by gefitinib therapy.

A B

Table 2. EGFR mutation profile

EGFR mutations Wild-type 
EGFRexon 19 exon 21 ALL

Lung adenocarcinoma 8a (25.8)b 7 (22.6) 15 (48.4) 16 (51.6)
male 5 (21.7) 3 (13.1) 8 (34.8) 15 (65.2)
Female 3 (37.5) 4 (50.0) 7 (87.5) 1 (12.5)
Smoking male 4 (22.2) 2 (11.1) 6 (33.3) 12 (66.7)
Smoking female 0 0 0 0
Non-Smoking male 1 (20.0) 1 (20.0) 2 (40.0) 3 (60.0)
Non-smoking female 3 (37.5) 4 (50.0) 7 (87.5) 1 (12.5)

Data are presented as asample size and bpercentage. 
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[15-17]. In particular, the therapeutic effects of gefitinib are 
better in patients of Asian decent, non-smokers, and those 
with adenocarcinoma [19-23]. These populations have 
been noted to have a higher incidence of EGFR mutations 
[13,22].

Han et al. [19] reported that 64.7% (11/17) of NSCLC 
patients with EGFR mutations responded to gefitinib, while 
only 13.7% (10/73) of NSCLC patients with wild-type EGFR 
had a response. Furthermore, the PFS and OS in patients 
with EGFR mutations were better than those in patients 
with wild-type EGFR. In East Asia, the open-label, phase III 
IRESSA Pan-Asia Study (IPASS) [15] examined the efficacy 
of first-line gefitinib in 1,217 advanced-stage lung adeno-
carcinoma patients who were either non-smokers or former 
light smokers. Patients were randomly divided into two 
groups who received either gefitinib (250 mg/day orally) or 
carboplatin-paclitaxel. The overall PFS rates were 24.9% for 
the gefitinib group and 6.7% for the carboplatin-paclitaxel 
group. In a subgroup analysis, the PFS of patients with EGFR 
mutations who received gefitinib was significantly longer 
than those who received chemotherapy (hazard ratio (HR) 
for progression or death = 0.48; 95% confidence interval 
(CI) 0.36-0.64). However, in patients without EGFR muta-
tions the PFS was significantly longer in those that received 
chemotherapy (HR for progression or death = 2.85, 95% 
CI 2.05-3.98). In addition, gefitinib was well tolerated with 
only 6.9% of patients discontinuing gefitinib due to side 
effects, as compared to 13.6% of patients discontinuing 
chemotherapy. 

These data have led to the suggestion that EGFR mutation 
status should be determined prior to treatment in patients 
with NSCLC [24,25]. Of note, Sun et al. [26] compared the 
mutation status of EGFR and KRAS, whose mutations are 
associated with resistance to TKIs, between primary tumors 
and local lymph node metastasis in 80 Chinese patients 
with NSCLC. This study found that the KRAS and EGFR 
mutation status was different between primary tumors and 
corresponding metastases in 6 (7.5%) and 7 (8.75%) of the 
patients, respectively. 

A number of randomized trials have examined the use 
of TKIs after chemotherapy in patients with NSCLC. The 
Sequential Tarceva in Unresectable NSCLC (SATURN) trial 
investigated the use of erlotinib as maintenance therapy in 
patients with non-progressive NSCLC following first-line 
platinum-doublet chemotherapy [27]. After a median follow-
up of 11.4 months, the median PFS was significantly longer 
with erlotinib than with placebo (12.3 weeks vs. 11.1 weeks, 
respectively, p < 0.0001). In EGFR-positive patients, PFS 
was also significantly longer in those who were treated with 
erlotinib than those that received placebo. A subanalysis of 
the SATURN data in Asian patients showed that PFS was 
also greater in patients that received erlotinib (overall and in 
those with EGFR mutations), and there was a trend towards 
increasing overall survival that was statistically significant in 
EGFR-positive patients [28]. 

In the West Japan Thoracic Oncology Group trial (WJ-
TOG0203), chemotherapy-naïve NSCLC patients were 
randomly assigned to either six cycles of platinum-doublet 
chemotherapy or three cycles of platinum-doublet chemo-
therapy followed by 250 mg/day of oral gefitinib until disease 
progression. PFS was statistically greater in the gefitinib 
group, whereas OS results were similar. However, EGFR 
mutation status was not examined in their study [29]. The 
INFORm trial randomized patients of east Asian ethnicity 
with advanced-stage NSCLC who had completed four cycles 
of first-line platinum-based doublet chemotherapy without 
disease progression or unacceptable toxic effects to receive 
gefitinib maintenance or placebo. PFS in EGFR mutant pa-
tients was significantly longer in the gefitinib group than in 
the placebo group (16.6 months vs. 2.8 months, respectively). 
By contrast, the difference of PFS between the two treatment 
groups in EGFR wild-type patients was small (2.7 months vs. 
1.5 months, respectively) [30]. Consistent with these studies, 
our study suggests that EGFR mutant patients had a trend 
towards a better therapeutic response to platinum-based 
chemotherapy followed by gefitinib maintenance than to 
chemotherapy alone. In addition, our data also indicates that 
EGFR mutant patients had a trend towards a better therapeutic 
response to platinum-based chemotherapy than EGFR wild-
type patients.

There are some limitations of this study that should be 
considered. The number of patients included was small, and 
the follow-up time was only 12 months. A larger patient co-
hort and longer follow-up period may result in statistically 
significant differences between the treatment groups, especially 
for OS rates. 

Conclusions

The overall percentage of lung cancer patients with EGFR 
mutations was approximately 50%. Those with the highest 
EGFR mutation rate (87.5%) were female non-smokers, and 
males who smoked tobacco had an EGFR mutation rate of 
33.3%. Patients with EGFR mutations had a trend towards 
a better therapeutic response to platinum-based chemother-
apy followed by gefitinib treatment than to platinum-based 
chemotherapy alone, and patients with EGFR mutations had 
a trend towards a better therapeutic response to chemotherapy 
than wild-type patients. While the difference in PFS among 
the three groups was statistically significant, the lack of sta-
tistical significance in OS was likely due to the small sample 
size. The results of this study will help to determine optimal 
therapeutic strategies for advanced-stage lung adenocarcinoma 
patients, with or without EGFR mutations, particularly those 
in China.
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