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Abstract. Erlotinib is one of the treatment choices for patients 
with advanced non‑small cell lung cancer (NSCLC), regard-
less of the epidermal growth factor receptor (EGFR) mutation 
status. However, its efficacy for the treatment of patients with 
NSCLC with EGFR wild type or who are beyond the usage 
of gefitinib remains controversial. The present study therefore 
retrospectively assessed the efficacy of erlotinib in patients 
with wild type EGFR who had previously undergone gefitinib 
therapy. A total of 222 patients with NSCLC who received 
chemotherapeutic treatment with erlotinib between July 2007 
and February 2013 were evaluated. The background variables, 
response rates, progression‑free survival (PFS) and overall 
survival rates were retrospectively analyzed. The male/female 
ratio of patients was 103/119, and patients had a median age of 
63 years (range, 33‑95 years). A total of 10 of the 222 patients 
had clinical stages IIIB/IV, 191 had adenocarcinoma, 5 had 
large cell carcinoma, 10 had squamous cell carcinoma and 6 
had NSCLC of a variety not otherwise specified. The EGFR 
mutation was positive, wild type or unknown in 95, 52 and 
75 patients, respectively. In the 52 patients with EGFR wild 
type, there were 3 partial responders, 25 with stable disease 
and 24 with progressive disease, for a response rate of 6% 
[95% confidence interval (CI), 1.3‑15%]. The median PFS 
of EGFR wild type and positive were 1.1 months (95% CI, 
1.04‑1.16 months) and 5.42 months (95% CI, 5.43‑5.68 months), 
respectively. The results of the study demonstrated that erlo-
tinib is not sufficiently effective for patients with NSCLC who 
possess the EGFR wild type status.

Introduction

Lung cancer remains the leading cause of malignancy‑associated 
mortality worldwide (1). Non‑small cell lung cancer (NSCLC) 
comprises ~80% of all cases, and the majority of patients 
present with locally advanced or metastatic disease  (2). 
Systemic chemotherapy (with or without bevacizumab) or 
tyrosine kinase inhibitor (TKI) therapy currently represent the 
primary treatment options for prolonging a patient's survival 
rate and improving their quality of life (3‑6). At present, the 
standard first‑line chemotherapy for unselected advanced 
NSCLC is platinum doublet regimens using a third‑generation 
anti‑cancer agent (7,8).

Erlotinib, a small molecule inhibitor of the intracellular 
tyrosine kinase of epidermal growth factor receptor (EGFR), 
has been approved as second‑line therapy for patients with 
advanced NSCLC in numerous countries. A phase III trial 
(the BR.21 trial) demonstrated that unselected patients with 
advanced NSCLC, progressing subsequent to first‑line chemo-
therapy, gained a survival benefit when treated with erlotinib 
compared with best supportive care (9). At the start of BR.21, 
EGFR mutations in NSCLC had not yet been identified; there-
fore, the study included molecularly unselected patients. The 
discovery and characterization of EGFR mutations in 2004 
was a key example of oncogene addiction, associated with 
a high efficacy of biomarker‑driven treatment (10‑12). As a 
result, EGFR TKIs are currently the treatment of choice for 
patients with EGFR mutations. Several phase III studies have 
demonstrated that erlotinib and gefitinib are superior to chemo-
therapy in first‑line treatment, but only in EGFR‑mutated 
patients (5,13‑15). The value of erlotinib as a second‑line and 
third‑line treatment of patients with wild type or unknown 
EGFR mutation status remains controversial.

In previous years, the Tarceva Italian Lung Optimization 
(TAILOR) phase III trial demonstrated that chemotherapy was 
more effective compared with erlotinib for second‑line treat-
ment for previously treated patients with NSCLC who possess 
wild type EGFR tumors (16). The present study was under-
taken to evaluate the efficacy of erlotinib in second‑line or 
more advanced NSCLC, in particular for patients with EGFR 
wild type status and who received pretreatment with gefitinib.
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Patients and methods

Patients. A total of 222 patients with NSCLC received erlotinib 
treatment as a first‑line or further chemotherapy at the National 
Kyushu Cancer Center (Fukuoka, Japan) between July 2007 
and the end of February 2013. Erlotinib therapy was applied 
for patients who satisfied all the following requirements: 
Age ≥20 years; pathologically or cytologically diagnosed as 
exhibiting NSCLC; clinical stage III or IV disease (including 
IIIA, non‑applicable for radical radiotherapy) according to 
the seventh edition of the ‘tumor, node, metastasis’ classifica-
tion of lung cancer (17); presenting evaluable lesions (cases 
without measurable lesions were acceptable); freedom from 
severe disorders in major organs (bone marrow, heart, lungs, 
liver and kidneys); without interstitial lung disease (ILD); 
and laboratory test data at the commencement of treatment 
indicating a neutrophil count ≥2,000 cells/mm3 (normal range, 
3,300‑8,600 cells/mm3), a hemoglobin level ≥9.0 g/dl (normal 
range, 13.7‑16.8 g/dl), a platelet count ≥10.0x104 cells/mm3 
(normal range, 15.8‑34.8x104 cells/mm3), aspartate amino-
transferase [normal range 13‑30 international units (IU)/l] 
and alanine aminotransferase (normal range 10‑42 IU/l) levels 
≤100 IU/l, a total bilirubin level ≤1.5 mg/dl (normal range, 
0.4‑1.5 mg/dl), a serum creatinine level ≤1.2 mg/dl (normal 
range, 0.65‑1.07 mg/dl) and a peripheral O2 saturation level of 
≥90% (normal range, ≥90%). Treatment was provided subse-
quent to each patient providing written consent on the basis 
of receiving sufficient information regarding the treatment 
plan. All patients signed a consent form prior to entry to the 
study. The present study was approved by the National Kyushu 
Cancer Center Local Research Ethics Committee.

Treatment and study design. Eligible patients received oral 
erlotinib at a dose of 150 mg/day until disease progression 
(PD) or unacceptable toxicity. Dose reductions (in 50‑mg 
decrements) were permitted to manage adverse events asso-
ciated with erlotinib treatment. If a patient had a confirmed 
diagnosis of ILD, erlotinib was discontinued immediately.

Evaluation of the response and statistical analysis. Prior 
to the start of erlotinib therapy, diagnostic imaging with 
computed tomography scanning was performed to yield base-
line information. Tumor response evaluation was scheduled 
every 6 weeks. Responses to treatment were evaluated using 
the Response Evaluation Criteria in Solid Tumors (RECIST) 
version 1.1  (18). The progression free survival (PFS) was 
defined as the time from the start of treatment to PD or 
mortality. The overall survival (OS) was defined as the time 
from the start of treatment to mortality. The follow‑up period 
concluded on May 31, 2013 for patients either still receiving 
treatment or beginning to receive the next treatment.

Statistical analysis. Survival curves were produced using the 
Kaplan‑Meier method. Data were expressed as means  ±  stan-
dard deviation. Univariate analysis was initially undertaken, 
followed by Cox's multivariate analysis that included all 
variables with a significance level of P<0.05, to identify vari-
ables associated with a risk of mortality. Analysis of linear 
correlation was used to evaluate the correlation between two 
variables; analysis of variance with Dixon's Q‑test was used to 

compare multiple variables. Two‑sided P<0.05 was considered 
to indicate a statistically significant difference. Statistics were 
produced using StatView version 5.0 (SAS Institute Inc., Cary, 
NC, USA).

Results

Patient characteristics. Table I summarizes the background 
variables of the 222 patients who received erlotinib in the 
present study. There were 119 males and 103 females, with 
a median age of 63 years (range, 33‑95 years). The Eastern 
Cooperative Oncology Group (19) performance status (PS) 
was 0‑1, 2 and 3‑4 in 181, 21 and 20 cases, respectively. The 
histological types were adenocarcinoma, squamous cell carci-
noma, large cell carcinoma and NSCLC (NOS; not otherwise 
specified) in 191, 10, 5 and 16 cases, respectively. The clinical 
stage was IIIA, IIIB and IV in 1, 15 and 206 cases, respec-
tively. The EGFR mutation status was positive in 95 patients 
[exon 18 (G719A or G719S) in 3 cases, exon 19 deletion in 
47 cases (with T790M in 3 cases), exon 21 (L858R or L861Q) 
in 43 cases (with T790M in 5 cases) and NOS in 2 cases], 
wild type in 52 cases and unknown in 75 cases, respectively. 
A total of 92/222 patients received gefitinib prior to erlotinib 
treatment. The median follow‑up time for the 222 patients who 
received erlotinib therapy was 858 days (range, 27‑4543 days).

Response and survival analysis of all patients. The efficacy 
was evaluated by each attending physician in accordance with 
the RECIST criteria, version 1.1. Among the 222 patients 
who received erlotinib therapy, the best overall response was 
a partial response (PR) in 31 patients, stable disease (SD) in 
101 patients and progressive disease (PD) in 90 patients. The 
best response rate (RR) of all patients was 14% [95% confi-
dence interval (CI), 10.0‑19.1%]. The median PFS and OS were 
2.14 months (95% CI, 2.09‑2.16 months) and 8.87 months (95% 
CI, 8.65‑9.61 months), respectively. In a subset analysis, the 
PFS of EGFR wild type and unknown status were 1.08 months 
and 1.48 months, respectively, whereas the PFS of EGFR 
active mutation was 5.29 months (Fig. 1).

Analysis of the RR according to the EGFR mutation status. 
According to the RECIST criteria, the RR of 95 patients with 
an EGFR mutation was 25% (24/43/28, PR/SD/PD; 95% CI, 
15‑34%). Conversely, the RR of 52 EGFR wild type and 75 
unknown patients were 6% (3/25/24, PR/SD/PD; 95% CI, 
1.3‑15%) and 5% (4/33/38, PR/SD/PD; 95% CI, 2.1‑13%), 
respectively (Table II).

Univariate and multivariate survival analyses. To rule out 
potential cofounding interaction between efficacy and other 
factors, the present study performed univariate and multi-
variate analyses of the PFS. Kaplan‑Meier analyses compared 
by the log‑rank test were used to calculate the effect of the 
clinicopathological factors on the PFS (Table III). A univariate 
analysis demonstrated that male gender [hazard ratio (HR) 
1.63; P<0.001], poor PS (PS 3 or 4; HR 1.75; P=0.028), current 
or former smoking history (HR 1.64; P<0.001), prior regimens 
(2 or more) (HR 1.44; P=0.036) and EGFR wild type or 
unknown (HR 2.09; P<0.001) status significantly predicted a 
decreased PFS. Furthermore, a multivariate analysis identified 
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only EGFR mutation (HR 1.89; P<0.001) to be an independent 
prognostic factor for PFS.

Association between the PFS and prior gefitinib therapy. Of 
the 222 patients treated with erlotinib, 91 patients previously 
received gefitinib. To evaluate the potential cofounding inter-
action between erlotinib and previous gefitinib therapy, the 

present study performed univariate and multivariate analyses 
of the PFS (Table III). A univariate analysis demonstrated that 
non‑adenocarcinoma (HR 4.78; P=0.035) and poor response 
of gefitinib (HR 2.27; P=0.014) significantly predicted a 
decreased PFS. However, the multivariate analysis identified 
no association between the characteristics and the PFS of 
erlotinib. Furthermore, as it was speculated that a response to 
erlotinib treatment may be associated with a long interval of a 
previous gefitinib therapy or a long duration from erlotinib to 
gefitinib therapy, the present study investigated the impact of 
a long disease control interval on the survival outcome among 
patients treated with gefitinib who achieved ≥12 months PFS 
(Table IV). However, no significant correlation was detected 
between previous gefitinib therapy and the PFS of erlotinib 
therapy (Fig. 2).

Discussion

At present, several EGFR TKIs are commercially available 
for patients with EGFR mutations: Gefitinib, erlotinib and 
afatinib (20). Erlotinib, an orally available EGFR TKI, has 
proven to be effective as a second‑ or third‑line treatment 
for patients with NSCLC, regardless of the EGFR mutation 
status (9). Additionally, maintenance therapy with erlotinib 
for patients with NSCLC is well‑tolerated and significantly 
prolongs the PFS compared with placebo (21). In these trials, 

Figure 1. Survival curve of each EGFR mutation status. EGFR, epidermal 
growth factor receptor; PFS, progression free survival.

Table I. Patient characteristics.

	 All patients	 EGFR wild type	 EGFR mutated	 EGFR status unknown
Clinical features	 (n=222)	 (n=52)	 (n=95)	 (n=75)

Gender				  
  Male/female	 119/103	 33/19	 33/62	 37/38
Age				  
  Median (range)	 63 (33‑95)	 64 (36‑85)	 63 (37‑95)	 61 (33‑83)
ECOG performance status				  
  0/1/2/3/4	 63/118/21/15/5	 17/28/3/3/1	 38/35/10/8/4	 8/55/8/4/0
Smoking history				  
  Never	 122	 13	 55	 32
  Current/former	 100	 23/16	 15/25	 20/23
Histological type				  
  Adenocarcinoma	 191	 43	 88	 60
  Large cell carcinoma	 5	 3	 1	 1
  Squamous cell carcinoma	 10	 3	 1	 6
  NSCLC (NOS)	 16	 3	 5	 8
Stage				  
  IIIA/IIIB/IV	 1a/15/206	 0/7/45	 1/2/92	 0/5/70
Prior gefitinib treatment				  
  Yes/no	 91/131	 9/43	 50/45	 32/43
Prior regimens				  
  0/1/2/3 or more	 3/55/107	 0/6/30	 3/20/32	 0/9/21/45

aUnresectable and non‑applicable for radiotherapy. EGFR, epidermal growth factor receptor; ECOG, Eastern Cooperative Oncology Group; 
NSCLC, non‑small cell lung cancer; NOS, not otherwise specified.
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subgroup analyses of the PFS according to the clinical char-
acteristics also suggested an improved PFS with erlotinib 
treatment compared with the placebo; this benefit was observed 

irrespective of histology and EGFR mutation status. However, 
erlotinib was compared with BCS or placebo for unselected 
patients with NSCLC, which included patients with wild type 

Table II. Subset analysis of the EGFR mutation status.

	 Response (%)
EGFR	 Gefitinib	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
mutation status	 treatment status	 n=222	 CR	 PR	 SD	 PD	 RR	 95% CI (%)

Mutated	 Total	 95	 0	 24	 43	 28	 25	 15‑34
	 (Prior gefitinib treatment)
	   Yes	 50	 0	   7	 29	 14	 14	 7‑26
	   No	 45	 0	 17	 14	 14	 38	 25‑52
Wild type	 Total	 52	 0	   3	 25	 24	   6	 1.3‑15
	 (Prior gefitinib treatment)
	   Yes	 10	 0	   0	   7	   3	   0	‑
	   No	 42	 0	   3	 17	 22	   7	 2‑19
Unknown	 Total	 75	 0	   4	 33	 38	   5	 2.1‑13
	 (Prior gefitinib treatment)
	   Yes	 32	 0	   2	 18	 12	   6	 2‑20
	   No	 43	 0	   2	 15	 26	   5	 1‑15

EGFR, epidermal growth factor receptor; CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease; RR, 
response rate; CI, confidence interval.

Table III. Univariate and multivariate analyses of factors associated with the progression‑free survival (all patients).

		  Univariate hazard		  Multivariate hazard
Variable	 No. of patients	 ratio (95% CI)	 P‑value	 ratio (95% CI)	 P‑value

Gender			   0.0009		  0.164
  Male	 119	 1.626 (1.219‑2.169)		  1.333 (0.889‑2.004)	
  Female	 103	 1		  1	
ECOG performance status			   0.0278		  0.629
  3‑4	 20	 1.754 (1.063‑2.894)		  1.635 (0.974‑2.746)	
  0‑2	 202	 1		  1	
Smoking history			   0.0009		  0.534
  Current or former	 100	 1.639 (1.225‑2.192)		  1.142 (0.752‑1.730)	
  Never	 122	 1		  1	
Histological type			   0.1370		
  Non‑adenocarcinoma	 31	 1.371 (0.904‑2.079)			 
  Adenocarcinoma	 191	 1			 
Prior gefitinib treatment			   0.3890		
  No	 131	 1.135 (0.851‑1.515)			 
  Yes	 91	 1			 
Prior regimens			   0.0364		  0.867
  >2	 164	 1.438 (1.023‑2.020)		  1.034 (0.701‑1.529)	
  0‑1	 58	 1		  1	
EGFR status			   <0.0001		  <0.001
  Wild type or unknown	 170	 2.087 (1.548‑2.814)		  1.892 (1.346‑2.662)	
  Mutation	 52	 1		  1	

CI, confidence interval; ECOG, Eastern Cooperative Oncology Group; EGFR, epidermal growth factor receptor.
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Figure 2. Correlations were assessed between previous gefitinib therapy and the progression free survival of erlotinib therapy. (A) Correlation between the PFS 
of erlotinib and the PFS of gefitinib. (B) Correlation between the PFS of erlotinib against the interval from gefitinib to erlotinib. PFS, progression free survival.

Table IV. Univariate and multivariate analyses of factors associated with the progression‑free survival (patients who received 
previous gefitinib treatment).

		  Univariate hazard		  Multivariate hazard
Variable	 No. of patients	 ratio (95% CI)	 P‑value	 ratio (95% CI)	 P‑value

Gender			   0.235		
  Male	 24	 1.342 (0.825‑2.183)			 
  Female	 67	 1			 
ECOG performance status			   0.587		
  3‑4	 9	 1.226 (0.588‑2.556)			 
  0‑2	 82	 1			 
Smoking history			   0.615		
  Current or former	 31	 1.123 (0.714‑1.766)			 
  Never	 60	 1			 
Histological type			   0.035		  0.809
  Non‑adenocarcinoma	 2	 4.784 (1.116‑20.408)		  3.74 (0.850‑16.393)	
  Adenocarcinoma	 89	 1			 
Prior regimens			   0.125		
  >2	 77	 1.690 (0.864‑3.303)			 
  0‑1	 14	 1			 
EGFR status			   0.388		
  Wild type or unknown	 41	 1.210 (0.784‑1.865)			 
  Mutation	 50	 1			 
Response of gefitinib			   0.0139		  0.249
  PD	 12	 2.271 (1.181‑4.365)		  2.141 (1.101‑4.164)	
  CR‑SD	 79	 1			 
Duration of gefitinib treatment			   0.6125		
  <12	 58	 1.122 (0.718‑1.754)			 
  >12	 33	 1			 
Interval between gefitinib and			   0.429		
erlotinib treatment
  <12	 57	 1.197 (0.766‑1.871)			 
  >12	 34	 1			 

CI, confidence interval; ECOG, Eastern Cooperative Oncology Group; EGFR, epidermal growth factor receptor; PD, progressive disease; CR, 
complete response; SD, stable disease.
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EGFR in the BR.21 and Sequential Tarceva in Unresectable 
NSCLC trials (9,21).

As the benefit of EGFR TKIs varies widely between 
patients with EGFR mutations and those with wild type 
EGFR, it is crucial to establish which second‑ or third‑line 
treatment is preferable, particularly for patients with wild 
type EGFR  (22). The TAILOR phase  III trial, conducted 
to compare erlotinib with docetaxel in patients who failed 
first‑line platinum‑based chemotherapy and who had EGFR 
wild type, demonstrated that chemotherapy was more effec-
tive compared with erlotinib for the second‑line treatment 
for previously treated patients with NSCLC with EGFR wild 
type (16). Erlotinib had low efficacy for patients with wild 
type EGFR compared with patients who had EGFR active 
mutations. In addition, the effectiveness of erlotinib subse-
quent to gefitinib therapy remains controversial.

The present study analyzed the characteristics of 
222 patients according to the response to erlotinib. The multi-
variate analysis revealed that the EGFR mutation status (with 
active mutation) was only associated with a longer PFS and 
good response to erlotinib treatment. Patients with wild type 
EGFR or unknown status had a poor PFS (1.1 and 1.5 months, 
respectively) and RR (6 and 5%, respectively). Similarly, 
the TAILOR phase III trial, which compared erlotinib with 
standard chemotherapy in patients with wild type EGFR as 
second‑line chemotherapy, demonstrated that the RR of erlo-
tinib in wild type EGFR patients was 3‑5.6%, whereas that 
of standard chemotherapy was 10.3‑20% (16). In addition, 
a randomized phase III trial (Docetaxel and Erlotinib Lung 
cancer trial) of erlotinib vs. docetaxel in Japanese patients 
with advanced NSCLC who had an EGFR wild type status 
demonstrated the poor effectiveness of erlotinib as a second or 
third‑line therapy. The RR of chemotherapy for patients with 
NSCLC as a second‑line therapy was 7.1‑22.7% (23‑25). The 
present study therefore considered erlotinib to be invalid for 
patients with NSCLC with wild type EGFR as a second or 
third‑line therapy.

The current study analyzed the characteristics of 
95 patients according to the response and interval time on 
erlotinib subsequent to gefitinib failure. In these patients, a 
significantly altered response following erlotinib therapy 
was observed in patients who had exhibited SD for a long 
period of time during gefitinib treatment. Thus, it appeared 
that erlotinib is a potential therapeutic option for the treat-
ment of patients with advanced NSCLC with wild type 
EGFR who had SD while receiving gefitinib, as previously 
suggested (26). However, there was no association between 
the erlotinib and gefitinib treatments. The predictive factor of 
erlotinib subsequent to gefitinib therapy was associated with 
the EGFR mutation status alone.

Although the PFS was markedly improved with EGFR 
TKI treatment compared with chemotherapy in such EGFR 
mutated patients, patients who had initially responded to 
EGFR TKI treatment eventually relapsed (27). This acquired 
resistance to EGFR TKI treatment may be linked to a number 
of molecular mechanisms, including secondary mutations in 
the EGFR gene coding for the intracellular kinase domain of 
this receptor, a T790M mutation and other factors, including 
MET amplification and hepatocyte growth factor overexpres-
sion (28‑30). Thus, oncologists may consider a repeat biopsy 

prior to retreatment with EGFR TKI subsequent to the initial 
EGFR TKI failure.

In conclusion, the efficacy of erlotinib therapy was closely 
associated with the EGFR mutation status. Erlotinib treatment 
is therefore considered to be limited for patients with NSCLC 
with EGFR mutations, at least as a second or third‑line therapy.
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