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72.5, and 75.0 %, respectively) to EGFR–TKI (p = 0.802). No 
significant difference was observed according to treatment 
timing of EGFR–TKI in terms of PFS (median 10.6, 13.0, 
and 10.4 months; p = 0.670) and OS (median 20.5, 26.2, and 
17.1 months; p = 0.142). The treatment timing of EGFR–TKI 
still showed no association with PFS or OS after adjusting sig-
nificant prognostic factors including performance, disease sta-
tus, and EGFR mutation types.
Conclusions  EGFR–TKIs showed similar efficacy in patients 
with EGFR mutation-positive adenocarcinoma in terms of 
RR, PFS, and OS irrespective of treatment timing. Although 
EGFR–TKIs are currently the treatment of choice of first-line 
treatment in patients with EGFR-positive tumors, the sequen-
tial treatment with EGFR–TKI could be a reasonable option 
when EGFR mutation status cannot be obtained in a short time.

Keywords  Non-small cell lung carcinoma · EGFR 
tyrosine kinase inhibitor · Chemotherapy · Treatment 
timing

Introduction

Several targeted therapies against epidermal growth factor 
receptor (EGFR) have been developed and EGFR tyrosine 
kinase inhibitors (TKIs) such as gefitinib and erlotinib have 
been shown to be effective in patients with advanced non-
small cell lung cancer (NSCLC) [1, 2]. Because EGFR-
activating mutations are a predictor of the efficacy of 
EGFR–TKI treatment, an EGFR mutation-based approach 
has contributed to the advance of personalized therapy [3, 
4]. However, the success of personalized therapy is depend-
ent on not only the target of the treatment, but also the 
sequence of treatments and little is known about the effi-
cacy of EGFR–TKIs according to treatment timing.

Abstract 
Purpose  Although epidermal growth factor receptor–
tyrosine kinase inhibitors (EGFR–TKIs) have become key 
therapeutic agents for non-small cell lung cancer (NSCLC) 
patients with EGFR mutation, little is known about the effi-
cacy of EGFR–TKIs according to different treatment timings.
Methods  A total of 1,250 patients with NSCLC were 
screened for EGFR mutations at a single institution 
between March 2006 and May 2010. The efficacy of 
EGFR–TKIs in terms of response rate (RR), progression-
free survival (PFS), and overall survival (OS) were com-
pared according to the treatment timing.
Results  Among the 437 patients (36.1 %) with EGFR muta-
tion, we analyzed 222 patients who received EGFR–TKI treat-
ment. With a median follow-up duration of 27.5 months (range 
8.3–69.2), EGFR–TKI was given to 97 (43.7 %), 109 (49.1 %), 
and 16 (7.2 %) patients as first-line, second-line, and third-line 
therapy, respectively. All three groups showed similar RR (71.1, 
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As a result of the notable improvement in survival out-
come achieved in patients with EGFR-positive tumors in sev-
eral phase III clinical trials [1, 5–7], current guidelines recom-
mend EGFR–TKI therapy as the first-line treatment based on 
a higher response rate (RR), longer progression-free survival 
(PFS), and better quality of life (QOL) compared with first-
line chemotherapy, although first-line EGFR–TKIs did not 
improve overall survival (OS) [8, 9]. The Spanish Lung Can-
cer Group (SLCG) reported similar responses to EGFR–TKIs 
in patients with EGFR mutation-positive tumors regardless 
of whether they were administered as first-line or second-line 
therapy [10]. However, the improvement in PFS with first-
line EGFR–TKI observed in all previous phase III studies did 
not result in improved OS. In addition, direct sequencing, the 
classic method for EGFR testing, usually takes about 2 weeks 
after pathologic confirmation [4].

In practice, EGFR–TKI is frequently used as second-
line or more sequential treatment when the results of EGFR 
mutation testing cannot be obtained in a short period of 
time. Therefore, we explored the current timing of treat-
ment with EGFR–TKI and evaluated efficacy according 
to the timing of EGFR–TKI in a clinical practice. We also 
identified prognostic factors in patients with lung adenocar-
cinoma that possess EGFR mutations.

Materials and methods

Patients

We reviewed 1,250 patients who were screened by EGFR 
mutation sequencing between March 2006 and May 2010 

at Asan Medical Center (Seoul, Korea). All patients were 
≥18 years of age and had histologically confirmed NSCLC. 
After exclusion of 39 patients with specimens that were inad-
equate for sequencing, 473 patients (36.1 %) were shown to 
have EGFR mutations. Further, 150 patients were excluded 
for the following reasons: non-adenocarcinoma (to mini-
mize the influence of histological type; n =  17), history of 
other malignancy (n =  27), no treatment (n =  30), and no 
evidence of disease after curative resection (n = 76). Among 
the 287 patients who had advanced-stage (metastatic or recur-
rent) lung adenocarcinoma with proven EGFR mutation, 222 
patients who were treated with EGFR–TKI were retrospec-
tively evaluated (Fig. 1). At the time of analysis, 65 patients 
had not received EGFR–TKI because they were receiving 
cytotoxic chemotherapy as first-line treatment (n  =  46) or 
EGFR–TKI was deferred with close follow-up after radio-
therapy or palliative surgery (n = 19). The timing and order 
of the various chemotherapy regimens depended on the physi-
cians’ decision after discussion with the patient. The patients’ 
medical records were reviewed for information regarding 
demographic data, tumor characteristics, treatment types, 
treatment responses, and survival. The study was approved by 
the Institutional Review Board of the Asan Medical Center.

Molecular analysis of EGFR mutation

Tumor specimens, including paraffin blocks or frozen tis-
sues of surgical specimens, and core needle biopsies were 
used for mutational analysis. Macro-dissection of the tumor 
area from the slide was carried out to obtain sufficient mate-
rial and to decrease the risk of false negatives [11]. DNA 
was isolated from tumors embedded in paraffin blocks using 

Fig. 1   Scheme for screening 
and analysis of patients
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a QIAamp DNA Mini Kit (Qiagen, Valencia, CA, USA). 
Exons 18–21 of the EGFR coding sequence encoding the 
tyrosine kinase domain were amplified by polymerase 
chain reaction (PCR) using primers and PCR conditions as 
reported [12]. Independent amplifications were purified and 
sequenced in an automatic ABI Prism 3700 DNA analyzer 
(Applied Biosystems, Foster City, CA, USA). All sequenc-
ing reactions were performed in forward and reverse direc-
tions, using tracings from at least two amplifications.

Treatment and evaluation of response

Patients were treated with the EGFR–TKIs gefitinib or erlo-
tinib according to the physicians’ preference. Gefitinib was 
taken orally at a dosage of 250 mg daily and erlotinib was 
taken orally at a dosage of 150 mg daily. Baseline assessments 
were usually performed within 2 weeks before treatment. A 
chest computed tomography scan (including liver and adrenal 
glands) was performed every 2 or 3 months as routine clinical 
practice and as needed to confirm the response and progres-
sion of disease. Tumor response was classified according to 
the response evaluation criteria in Solid Tumors 1.0 guide-
lines [13]. Confirmation of the response was not required for 
this study because it was a retrospective analysis.

Statistical analyses

OS and PFS were calculated from the date of EGFR–TKI 
administration until death from any cause or censoring at last 
follow-up and the first sign of disease progression, respec-
tively. In addition, total OS (OST) was calculated from the 
date of first-line antitumor therapy, either EGFR–TKI or 
another chemotherapy regimen, until death from any cause or 
censoring at last follow-up. Survival curves were constructed 
using the Kaplan–Meier method and compared using the log-
rank test. Multivariate analysis was performed using the Cox 
proportional hazard regression model. Differences in baseline 
clinical characteristics between patients groups according 
to timing of EGFR–TKI were compared using the t test or 
Mann–Whitney test for continuous variables, and the Chi-
square test or Fisher’s exact test for categorical variables, as 
appropriate. A two-sided p value <0.05 was considered sig-
nificant, and 95 % confidence intervals (CIs) were calculated. 
All statistical analyses were performed using the SPSS 18.0 
software package (IBM SPSS Statistics, USA).

Results

Baseline characteristics

Of the 222 patients with EGFR mutation-positive lung 
adenocarcinoma, 67 (30.2 %) were male. The median age 

at EGFR–TKI treatment was 59 years (range 33–86 years), 
and 165 patients (74.3 %) were never smokers. The EGFR 
mutations identified were classified as deletion in exon 19 
(del 19; 117 patients, 52.7 %), missense mutation in exon 
21 (L858R; 86 patients, 38.7 %), or other mutations (either 
single or complex mutation; 19 patients, 8.6 %).

Comparison of the baseline characteristics of patients 
according to the timing of EGFR–TKI as first-line, second-
line, or third-line treatment is summarized in Table 1. All 
patients who were treated with EGFR–TKI as second- or 
third-line treatment started to receive EGFR–TKI after dis-
ease progression that occurred during or after prior conven-
tional chemotherapy. Compared with patients who received 
EGFR–TKI as second-line (second-line group) or third-line 
therapy (third-line group), the 97 patients who received 
EGFR–TKI as first-line therapy (first-line group) tended 
to be older, female, never smokers, and had poorer East-
ern Cooperative Oncology Group (ECOG) performance. 
In addition, the ratio of patients exposed to platinum-
doublet chemotherapy was significantly lower in first-line 
group compared with second-line group or third-line group 
(p  <  0.001). There was no significant difference in histo-
logical type and mutation type among the three groups.

Response according to the timing of EGFR–TKI

Eleven patients (5.0 %) achieved a complete response and 
149 patients (67.1  %) showed partial response irrespec-
tive of the timing of EGFR–TKI, yielding an overall RR 
of 72.1  % (95  % CI, 66.2–78.0  %; Table  2). Forty-five 
patients (20.2 %) had stable disease, and seven (3.2 %) had 
progressive disease. Ten patients (4.5  %) were not evalu-
able for tumor response because of loss to follow-up after 
the first treatment cycle of EGFR–TKI. There was no sta-
tistical significant difference in terms of RR among the 
three groups (p = 0.802): first-line (71.1 %; 95 % CI, 62.1–
80.1), second-line (72.5 %; 95 % CI, 64.1–80.9), and third-
line (75.0 %; 95 % CI, 53.8–96.2).

Survival outcome according to the timing of EGFR–TKI

At the time of analysis, the median follow-up duration 
was 22.3  months (range 5.1–63.6  months). The median 
PFS and OS after EGFR–TKI were 12.5  months (95  % 
CI, 10.5–14.4  months) and 22.6  months (95  % CI, 18.2–
27.0 months), respectively. PFS and OS did not differ sig-
nificantly among the three groups. Median PFS of first-line, 
second-line, and third-line groups was 10.6 months (95 % 
CI, 7.2–14.0), 13.0  months (95  % CI, 11.5–14.6), and 
10.4 months (95 % CI, 4.3–16.5), respectively (p = 0.670, 
Fig. 2). Median OS of each group was 20.5 months (95 % 
CI, 15.0–25.9), 26.2 months (19.7–32.8), and 17.1 months 
(95 % CI, 6.1–28.1), respectively (p = 0.142). Median OST 
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(total survival time from the first-line antitumor therapy) of 
all patients was 26.7 months (95 % CI, 21.7–31.6 months), 
and there was no significant difference in OST among the 
three groups (p = 0.132). When the OST of first-line group 
(20.5 months, 95 % CI, 15.0–25.9) was compared with the 
OST of second-line (32.1 months, 95 % CI, 23.3–41.0) or 
third-line group (27.9  months, 95  % CI, 16.9–38.9), there 
was a borderline significant difference between first-line 
and second-line groups (p = 0.050), but no significant dif-
ference between first-line and third-line groups (p = 0.726).

Univariate and multivariate analysis

Univariate analysis of factors affecting patient survival is 
shown in Table 2. Performance status (ECOG PS 0–1 vs. 
2–3), disease status (recurrent vs. metastatic), histology 
(bronchioloalveolar carcinoma vs. adenocarcinoma), and 
type of EGFR mutation (del 19 or L858R vs. others) were 
significant prognostic factors for PFS and OS. Multivari-
ate analysis showed that poor ECOG PS, metastatic dis-
ease, and uncommon EGFR mutation (other than del 19 or 

Table 1   Baseline characteristics

EGFR–TKI epidermal growth factor receptor–tyrosine kinase inhibitor, ECOG PS Eastern Cooperative Oncology Group performance status, PY 
pack year, BAC bronchioloalveolar carcinoma
a  Others: double mutation (exon 19 + 20, 19 + 21, 18 + 20), exon 18 mutation, or exon 20 mutation

Characteristics by EGFR–TKI sequence First-line (n = 97; 43.7 %) Second-line (n = 109; 49.1 %) Third-line (n = 16; 7.2 %) p value

N (%) N (%) N (%)

Age (at TKI treatment)

 Median (years, range) 62 33–86 58 34–80 52 36–75 0.044

Sex

 Male 17 17.5 41 37.6 9 56.2 <0.001

 Female 80 82.5 68 62.4 7 43.8

ECOG PS (at TKI)

 0/1 74 76.3 96 88.1 14 87.5 0.071

 2/3 23 23.7 13 11.9 2 12.5

ECOG PS (at first-line treatment)

 0/1 74 76.3 104 95.4 16 100.0 <0.001

 2/3 23 23.7 5 4.6 0 0.0

Smoking

 Never 80 82.5 78 71.6 7 43.8 0.027

 1–10 PY 5 5.2 8 7.3 3 18.7

 11–20 PY 5 5.2 9 8.3 1 6.2

 >20 PY 7 7.1 14 12.8 5 31.3

Tumor status

 Recurrent 47 48.5 47 43.1 1 6.2 0.007

 Metastatic 50 51.5 62 56.9 15 93.8

Histology

 Adenocarcinoma 83 85.6 95 87.2 16 100 0.272

 BAC 14 14.4 14 12.8 0 0

Mutation

 Exon 19 (del 19) 50 51.5 57 52.3 10 62.4 0.112

 Exon 21 (L858R) 37 38.1 46 42.2 3 18.8

 Othersa 10 10.2 6 5.5 3 18.8

Interval from first-line

 Median (months, range) – – 4.1 0.3–34.1 9.4 1.8–53.6 –

TKI agent

 Gefitinib 66 68.0 86 78.9 14 87.5 0.096

 Erlotinib 31 32.0 23 21.1 2 12.5

Exposure to cytotoxic agents

 Platinum-doublet 28 28.9 87 79.8 15 93.8 <0.001

 Single agent 49 50.5 22 20.2 1 6.2
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L858R) were independent prognostic factors for poor PFS 
and OS (Table 3). The treatment timing of EGFR–TKI still 
showed no association with PFS or OS after adjusting sig-
nificant prognostic factors.

Discussion

In this study population, the EGFR mutation rate was 
36.1  % and mutations in exon 19 and 21 accounted for 
91.4 % of all EGFR mutations. The overall RR to EGFR–
TKIs was 72.1  % and the median PFS was 12.5  months, 
similar to previous Asian studies [14, 15]. EGFR–TKIs 
showed similar efficacy regardless of treatment timing 
in terms of RR (71–75  %), PFS (10.4–13.0  months), and 
OS (17.1–26.2  months). This study suggested that the 

third-line EGFR–TKI also had similar efficacy to the first 
or second-line EGFR–TKI, although the number of patients 
who received EGFR–TKI is small.

Recent developments in NSCLC therapy have 
allowed physicians to treat patients with a personal-
ized approach according to histology, EGFR mutation 
status, or the presence of biomarkers [16]. For first-line 
chemotherapy, there is no significant difference in sur-
vival among four commonly used regimens including 
cisplatin/paclitaxel, cisplatin/gemcitabine, cisplatin/doc-
etaxel, or carboplatin/paclitaxel [17]. The Iressa Pan-Asia 
Study (IPASS), a representative study comparing EGFR–
TKI therapy with chemotherapy, was designed on the basis 
of molecular characteristics [7]. In EGFR mutation-positive 
tumors, gefitinib showed superiority for PFS compared 
with chemotherapy including carboplatin–paclitaxel [7]. 

Table 2   Univariate analysis 
of progression-free and OS for 
EGFR–TKI

PFS progression-free survival, 
OS overall survival, EGFR–TKI 
epidermal growth factor 
receptor–tyrosine kinase 
inhibitor, ECOG PS Eastern 
Cooperative Oncology Group 
performance status, PY pack 
year, BAC bronchioloalveolar 
carcinoma
a  Others: double mutation 
(exon 19 + 20, 19 + 21, 
18 + 20), exon 18 mutation or 
exon 20 mutation

N PFS (months) p value OS (months) p value

Median 95 % CI Median 95 % CI

Sex

 Male 67 12.4 9.7–15.1 0.892 19.5 13.9–25.0 0.069

 Female 155 12.6 10.0–15.2 24.8 19.6–29.9

Age (at TKI), years

 <70 182 12.5 10.3–14.6 0.784 23.7 19.0–28.5 0.152

 ≥70 40 12.5 7.4–17.6 19.7 11.2–28.1

ECOG PS (at TKI)

 0/1 184 13.3 11.7–15.0 0.010 25.3 21.4–29.3 <0.001

 2/3 38 7.9 4.5–11.2 10.4 7.5–13.3

Smoking

 Never 165 11.8 9.8–13.8 0.544 21.8 17.1–26.5 0.905

 1–10 PY 16 14.0 1.2–26.8 26.1 21.0–31.2

 11–20 PY 15 10.6 5.0–16.2 19.5 0.0–48.9

 >20 PY 26 17.2 10.9–23.5 22.4 8.6–36.3

Tumor status

 Recurrent 95 17.2 12.9–21.6 <0.001 37.1 26.0–48.1 <0.001

 Metastatic 127 10.2 8.0–12.3 17.3 15.2–19.5

TKI status

 First-line 97 10.6 7.2–14.0 0.670 20.5 15.0–25.9 0.142

 Second-line 109 13.0 11.5–14.6 26.2 19.7–32.8

 Third-line 16 10.4 4.3–16.5 17.1 6.1–28.1

Histology

 Adenocarcinoma 194 12.2 10.1–14.3 0.035 21.3 16.7–25.9 0.010

 BAC 28 13.5 10.4–166 42.6 15.4–69.8

Mutation

 Exon 19 (del 19) 117 13.5 11.9–15.1 <0.001 25.1 21.7–28.6 <0.001

 Exon 21 (L858R) 86 13.0 10.4–15.7 20.5 12.8–28.1

 Othersa 19 4.9 3.8–6.0 8.1 7.0–9.3

TKI

 Gefitinib 166 13.0 10.9–15.1 0.011 25.1 19.5–30.7 0.062

 Erlotinib 56 8.7 3.7–13.8 18.9 14.9–22.9
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However, the final survival data of IPASS study showed 
no OS benefit for gefitinib in the EGFR mutation-positive 
population (HR 1.00; 95 % CI, 0.76–1.33; p = 0.990) [18]. 
Similarly, other phase III studies involving patients with 
EGFR-positive NSCLC did not result in improved OS 
despite an improvement in PFS with first-line EGFR–TKI 
[1, 5, 6]. This might reflect crossover to sequential EGFR–
TKI in all of the trials upon progression of the patients 
assigned to receive cytotoxic chemotherapy. There has been 
controversy over which treatment sequence or combination 
regimen including EGFR–TKI and chemotherapy will have 
maximal efficacy in terms of OS.

Guidelines recommend that EGFR mutation testing 
should be performed routinely and EGFR–TKI should be 
considered for first-line therapy if the patient is found to 
be EGFR mutation-positive prior to first-line chemother-
apy [8, 19]. However, the EGFR mutation testing by the 
classic method of direct sequencing has the limitation of 

being time consuming. In practice, direct sequencing after 
pathologic confirmation usually takes about 2  weeks [4]. 
Although recent studies of mutant EGFR protein expres-
sion by immunohistochemistry are under investigation to 
overcome the delay in obtaining EGFR status, at the pre-
sent time, direct sequencing still remains the standard 
method [20].

Before the EGFR–TKI era, some reports showed 
that approximately 40–50  % of patients with advanced 
NSCLC could not receive the sequential treatment after 
progression on first-line therapy [21]. In our analysis, 
among the 73 patients who received first-line EGFR–
TKI and showed progression, 50 patients (68.5 %) could 
receive sequential second-line chemotherapy as fol-
lows: platinum-based doublet (24 patients, 33 %), single 
agent (23 patients, 32  %), and others (3 patients). This 
showed that only 30 % of patients could receive platinum-
based doublet chemotherapy after first-line EGFR–TKI. 

1st-line

2nd-line

3rd-line

1st-line

2nd-line

3rd-line

A B

1st-line

2nd-line

3rd-line

C

Fig. 2   Survival curves according to the timing of EGFR–TKI, (a) PFS, (b) OS, and (c) OST from the first-line therapy
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Cytotoxic chemotherapy, especially platinum-based dou-
blet chemotherapy, is still the treatment of choice for 
NSCLC with no driver mutation and should be adminis-
tered as soon as possible, especially in patients who are 
male, smokers, and have non-adenocarcinoma, unless the 
patients want to wait for the result of EGFR testing. In 
addition, about 70 % of patients could receive the sequen-
tial treatment after progression on first-line therapy in 
recent study (IPASS) [18].

There might be concern over whether systemic chemo-
therapy can cause resistance to subsequent EGFR–TKI 
therapy. Although the RR was not different according to 
the treatment timing in this study, some studies have shown 
that the RR to gefitinib in chemotherapy-naive patients 
was higher than that in patients with prior chemotherapy 
[22, 23]. However, no general cross-resistance has been 
demonstrated and EGFR–TKIs are suitable for the treat-
ment of patients with NSCLC who have been treated with 
platinum-based therapy, particularly those with EGFR 
mutation-positive tumors [24]. Several studies, includ-
ing our data, showed no statistical difference between 

chemotherapy-naive patients and patients who had received 
prior chemotherapy in terms of PFS or time to progression 
[10, 22]. In addition, our results showed similar RR and 
PFS between the patients with first-line EGFR–TKI ther-
apy and patients with one or two courses of prior chemo-
therapy; in other words, the efficacy of EGFR–TKI was not 
reduced after a number of prior treatments with cytotoxic 
agents.

When treating patients with EGFR mutation-positive 
lung cancer, the physician should consider not only prolong-
ing the OS, but also improving the QOL by personalized 
therapy. Because the toxicity and safety profile of EGFR–
TKI is usually superior to that of cytotoxic chemotherapy, 
the QOL can be considerably improved [25]. However, the 
comparison of QOL between EGFR–TKI and chemotherapy 
should be evaluated for total or sequential treatment peri-
ods as well as during first-line treatment. Recently, mainte-
nance chemotherapy with pemetrexed has been established 
with improved PFS and OS in advanced NSCLC [26]. 
Also, recent studies showed that only approximately 5 % of 
patients suffered from grade 3 or higher non-hematologic 

Table 3   Multivariate analysis 
of progression-free and OS for 
EGFR–TKI

PFS progression-free survival, 
OS overall survival, EGFR–TKI 
epidermal growth factor 
receptor tyrosine kinase 
inhibitor, ECOG PS Eastern 
Cooperative Oncology Group 
performance status, BAC 
bronchioloalveolar carcinoma

PFS p value OS p value

Hazard ratio 95 % CI Hazard ratio 95 % CI

Sex

 Male Reference 0.774 Reference 0.139

 Female 1.05 0.75–1.48 0.75 0.51–1.10

Age (at TKI), years

 <70 Reference 0.848 Reference 0.167

 ≥70 1.04 0.69–1.59 1.37 0.88–2.12

ECOG PS (at TKI)

 0/1 Reference 0.041 Reference <0.001

 2/3 1.55 1.02–2.36 2.51 1.62–3.89

Tumor status

 Recurrent Reference <0.001 Reference <0.001

 Metastatic 2.15 1.50–3.07 2.44 1.65–3.60

Histology

 BAC Reference 0.417 Reference 0.405

 Adenocarcinoma 1.23 0.74–2.05 1.29 0.71–2.33

Mutation

 Exon 19 (del 19) Reference <0.001 Reference 0.001

 Exon 21 (L858R) 1.26 0.89–1.78 0.200 1.24 0.86–1.80 0.251

 Others 5.45 3.03–9.79 <0.001 3.28 1.75–6.14 <0.001

TKI

 Gefitinib Reference 0.388 Reference 0.506

 Erlotinib 1.17 0.82–1.69 1.10 0.74–1.63

TKI status

 First-line Reference 0.976 Reference 0.367

 Second-line 0.96 0.68–1.36 0.832 1.03 0.70–1.51 0.886

 Third-line 0.96 0.52–1.76 0.894 1.58 0.82–3.03 0.171
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toxicities in platinum-doublet chemotherapy, and that the 
toxicity of cytotoxic chemotherapy has been reduced by 
new treatment options such as maintenance therapy with 
pemetrexed [27]. Considering the QOL and OS as the 
sum of PFS, more investigation is needed to maximize the 
OS benefit at each sequence of treatment in patients with 
EGFR-mutant NSCLC, including treatment with EGFR–
TKIs, maintenance chemotherapy, or newer targeting agents 
such as next-generation EGFR–TKIs [28], mTOR inhibitor 
[29], c-met inhibitors [30], or inhibitors of other pathways 
[31]. Additionally, some studies reported that re-administra-
tion of EGFR–TKI was effective and could be a treatment 
option for patients who once responded to EGFR–TKI and 
then underwent various subsequent treatments [32, 33].

In this analysis, the patients with uncommon EGFR 
mutations including exon 18 or 20 had a poor survival 
outcome (median PFS of 5 months and OS of 8 months). 
Although the prognostic value of uncommon EGFR muta-
tions remains unclear in NSCLC with EGFR–TKI, several 
studies also showed that the patients with these uncommon 
mutations who received EGFR-TKI showed shorter PFS 
and OS compared with patients with L858R or deletions in 
exon 19 [34, 35]. Because these uncommon EGFR-mutated 
NSCLCs are distinctive and heterogeneous, more investiga-
tions are needed to develop the novel targeted therapeutic 
approach in these patients.

This study has some limitations. First, because of the ret-
rospective design, the timing of EGFR–TKI treatment was 
selected not by protocol, but by the physicians’ decision. 
Because the EGFR mutation status was unknown at that 
time, patients who were female, elderly, or poor PS were 
more likely to be in the first-line group and less exposed 
to platinum-doublet chemotherapy. Its selection bias might 
lead a slightly inferior OST in the first-line group compared 
to the OST of second or third-line group. Second, only 
patients with adenocarcinoma were included in the analy-
sis to minimize the influence of histological type. The effi-
cacy of EGFR–TKI in other cell types cannot be discussed. 
Third, our study did not address the QOL of patients during 
treatment periods. Therefore, we could not compare QOL 
between EGFR–TKI and cytotoxic chemotherapy accord-
ing to first-line, second-line, and third-line treatments.

In conclusion, EGFR–TKIs showed similar efficacy in 
patients with EGFR mutation-positive adenocarcinoma in 
terms of RR, PFS, and OS regardless of treatment timing. 
Although EGFR–TKIs are currently the first-line treatment 
of choice in patients with EGFR-positive NSCLC, the first-
line chemotherapy and sequential treatment with EGFR–
TKI could be a reasonable option when EGFR mutation 
status cannot be obtained in a short time. Further prospec-
tive studies are needed to evaluate the optimal sequence of 
treatment regimens including EGFR–TKIs with respect to 
QOL and improvement of OS.
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