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Abstract
Brain metastases of lung cancer are associated with a poor 
prognosis. Little research has been conducted to directly compare 
erlotinib with gefitinib regarding the frequency of central nerve 
system recurrence. This is the first study to directly compare 
erlotinib with gefitinib in terms of brain metastases recurrence 
rates in patients with EGFR-mutant NSCLC who had no brain 
metastasis at the time of starting TKI treatment. This was a single-
center retrospective study. Advanced or recurrent non-small cell 
lung cancer patients with no brain metastases at the time of starting 
initial tyrosine kinase inhibitor treatment who received either gefitinib 
or erlotinib monotherapy were selected. The primary endpoint 
was the incidence of brain metastases, and secondary endpoints 
included the objective response rate, progression-free survival, 
overall survival, and Post-Progression Survival in subgroups based 
on tyrosine kinase inhibitor treatment and the occurrence of brain 
metastases. There were 119 patients in the gefitinib group and 
13 patients in the erlotinib group.  Brain metastases at disease 
progression were observed in 16 patients in the gefitinib group, 
and in no patients in the erlotinib group (13.5% vs. 0%, p=0.37). 
The median overall survival was 29.2 months in the gefitinib group 
and was not reached in the erlotinib group (p=0.14). The median 
PPS was 15.5 months in the gefitinib group and 23.7 months in 
the erlotinib group (p=0.11). Based on the occurrence of brain 
metastases, Post-Progression Survival was significantly longer 
in the no brain metastases group (8.0 months vs. 17.9 months, 
p=0.01).  These data showed the possibility of a lower central-
nerve-system recurrence rate with erlotinib compared with gefitinib. 
Post-Progression Survival in patients with brain metastases was 
significantly shorter than that of patients without brain metastases. 
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Introduction
In the field of lung cancer, brain metastases correlate with a poor 

prognosis and deterioration in the patient’s quality of life [1].

More than 25% of patients with lung cancer develop brain 
metastases during their disease course [2,3]. Previous studies 
have shown that the incidence of brain metastases is higher with 
adenocarcinoma than with other subtypes of non-small cell lung 
cancer (NSCLC) [4,5]. In particular, it was reported that the incidence 
rate of brain metastases is higher in epidermal growth factor receptor 
(EGFR)-mutant lung adenocarcinoma than in EGFR-wild type lung 
adenocarcinoma [6].

Gefitinib and erlotinib are oral EGFR  tyrosine kinase inhibitors 
(TKIs) that have demonstrated superior progression-free survival 
(PFS),  objective responses, and more favorable safety profiles  than 
standard first-line platinum-based doublet chemotherapy in patients 
with EGFR-mutant NSCLC. In these patients, gefitinib and erlotinib 
achieved response rates of 56% to 74%, and a median PFS of 10 to 
14 months [7-11]. Although EGFR-TKIs have improved the outcome 
of EGFR mutation positive NSCLC, central nerve system (CNS) 
recurrence after a good response to the first TKI treatment remains 
a serious problem. Given the adverse effects of brain metastases 
on survival, prevention of such metastases during chemotherapy, 
including EGFR-TKI therapy, is important.

It is reported that TKIs reduced brain metastasis recurrence 
compared with chemotherapy in first-line treatment of EGFR 
mutation positive NSCLC [12]. However, it is unclear whether there is 
a difference between TKIs in their ability to prevent brain metastasis 
occurrence. 

CNS recurrence after an initial response to gefitinib was observed 
in 25-33% of patients with EGFR-mutant NSCLC [13]. In contrast to 
gefitinib, the CNS recurrence rate of erlotinib was 1-8% [12,14-16]. 
Although several reports indicate erlotinib superiority over gefitinib 
in the treatment of brain metastases, little research has been conducted 
to directly compare erlotinib with gefitinib in terms of the frequency 
of CNS recurrence during treatment with each agent. 

The present study was undertaken in order to investigate whether 
there was a difference between the effects of gefitinib and erlotinib on 
the CNS recurrence rate when we treated NSCLC patients without 
brain metastases.

Materials and Methods
Patients

The study was a single-institution retrospective study of advanced 
or recurrent NSCLC patients harboring EGFR mutations. Patients 
were selected based on the following inclusion criteria:  diagnosed 
with EGFR mutation-positive advanced or recurrent non-squamous 
NSCLC  that was confirmed histologically or cytologically; received 
either gefitinib or erlotinib monotherapy as the initial TKI treatment 
between December 2009 and December 2014 at Kinki-chuo Chest 
Medical Center; and had no brain metastases based on computed 
tomography (CT) or magnetic resonance imaging (MRI) at the 
time of starting initial TKI treatment. Patients who had received 
chemotherapy before TKI treatment were eligible for the study. 
Patients who received combination therapy of TKI with other anti-
tumor drugs, such as bevacizumab or cytotoxic chemotherapy, were 
excluded. 
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Treatment outcomes

Table 2 shows outcomes according to the TKI treatments. The 
median follow-up was 20.3 months, and was significantly longer in 
erlotinib group (19.1 vs. 31.9 months, p=0.02). Disease progression 
was observed in 102 patients in the gefitinib group, and in 12 in 
the erlotinib group. The median PFS was 12.0 (95% CI: 9.1-13.4) 
months in the gefitinib group and 11.3 (95% CI: 6.6-15.1) months 
in the erlotinib group (p=0.90). The ORR was 56.3% in the gefitinib 
group and 76.9% in the erlotinib group (p=0.24). The median OS was 
29.2 (95% CI: 24.4-39.7) months in the gefitinib group and was not 
reached in the erlotinib group (p=0.14). The median PPS was 15.5 
(95% CI: 10.9-18.9) months in the gefitinib group and 23.7 (95% CI: 
8.3-NR) months in the erlotinib group (p=0.11). 

Brain metastases at disease progression were observed in 16 of 
119 patients in the gefitinib group, while no patients in the erlotinib 
group developed brain metastases (0% vs. 13.5%, p=0.37). There was no 
significant difference between the 2 groups in the brain metastases rate, 
PFS, OS, ORR, or PPS; however, there were favorable trends for OS and 
PPS in the erlotinib group (Figure 1). The HRs of erlotinib to gefitinib 
for PFS, OS, and PPS were 0.96 (95% CI: 0.50-1.67, p=0.89), 0.52 (95% 
CI: 0.18-1.19, p=0.13), and 0.48 (95% CI: 0.17-1.10, p=0.09), respectively.

Patient characteristics at baseline, including sex, age; smoking 
history, histology, staging, EGFR mutation status, and the 
administration line (e.g. first-line) of initial TKI treatment  were 
investigated. All participants provided written informed consent. 
This study was approved by the Ethics Review Board and Institutional 
Review Board at our hospital. 

Outcomes

The primary endpoint was the incidence rate of brain metastases 
during initial TKI treatment. The secondary endpoints included 
the objective response rate (ORR), PFS, overall survival  (OS), 
Post-Progression Survival  (PPS) in subgroups based on TKI 
treatment, and PPS in subgroups based on the occurrence of brain  
metastases.

PFS was calculated from the date of initiation of TKI administration 
to the date of detection of disease progression or of death from any 
cause. The PFS was censored at the date of the last visit for patients 
who were alive without any documented disease progression. The OS 
was calculated from the date of initiation of TKI administration to 
the date of death. The OS was censored at the date of the last visit for 
patients whose deaths could not be confirmed. 

The presence of brain metastases was estimated at the time of 
disease progression. Brain imaging, such as CT and MRI, was not 
necessarily needed if patients did not show any neurologic findings. 
Tumor responses were assessed using the Response Evaluation 
Criteria in Solid Tumors (RECIST) version 1.1. 

Statistical analysis

The incidence rates of brain metastases and ORR were compared 
using Fisher’s exact test. PFS, OS, and PPS were analyzed using a 
log-rank test. Hazard ratios (HR) and confidence intervals (CI) were 
estimated using a Cox proportional hazards model. To analyze the PFS 
and OS, survival curves were drawn using the Kaplan-Meier method. 
P values below 0.05 were considered significant. All statistical analyses 
were performed using JMP version 13.0 for Windows (SAS Institute 
Inc., Cary, NC, USA).

Results
Patient characteristics

One hundred and nineteen NSCLC patients in the gefitinib group 
and 13 patients in the erlotinib group fulfilled all of the eligibility 
criteria.  Clinical characteristics of the patients at baseline are 
summarized according to treatment group in Table 1.  The 
participants in the gefitinib group had a median age of 72 years, 
while this was 64 years in the erlotinib group. Sixty-six percent of 
patients in the gefitinib group and 69% of patients in the erlotinib 
group were female. In both groups, more than half of the patients 
were never smokers. Most patients in both groups had stage IV 
disease and adenocarcinoma histology. In the erlotinib group, 
only 1 patient had an uncommon EGFR mutation that was not the 
deletion of exon 19 (Del 19) or L858R. In the gefitinib group, about 
8% of patients had uncommon mutations. In the gefitinib group, 
93 patients received the drug as first-line therapy, 25 patients 
received it as second-line therapy, and only 1 patient received it as 
third-line. In the erlotinib group, 8 patients received the treatment 
as first-line therapy, and 5 received it as second-line therapy. We 
did not analyze performance status (PS) as we could not collect 
sufficient data. 

Gefitinib (n=119) Erlotinib (n=13)
Age (Median) 72 64
Sex
Male
Female

40
79

4
9

Smoking status
Smoker
Non-smoker
Unknown

55
60
4

6
7
0

Histology
Adenocarcinoma
Squamous cell carcinoma
NOS

108
1
10

12
1
0

Stage
IIIB
IV
post-operative recurrence
post-radiation therapy recurrence

7
78
29
5

0
10
3
0

EGFR Mutation status
del19
L858R
other

57
52
10

8
4
1

TKI administration line
1st

2nd

3rd

93
25
1

8
5
0

*Note: Abbreviations: NOS= not otherwise specified; EGFR= epidermal growth 
factor receptor; TKI= tyrosine kinase inhibitor

Table 1: Baseline Characteristics.

Gefitinib (n=119) Erlotinib (n=13) P value
Brain metastasis occurrence 
    No. of patients
    % of patients

16
13

0
0 0.35

Objective response rate
    No. of patients
    % of patients

67
56

10
77 0.24

Median PFS (95%CI) 12.0 (9.1-13.4) 11.3 (6.6-15.1) 0.90
Median OS (95%CI) 29.2 (24.4- 39.7) Not reach (12.3- ) 0.14
Median PPS (95%CI) 15.5 (10.9-18.9) 23.7 (8.3- ) 0.11

Table 2: Outcomes according to TKI treatments.

*Note: Abbreviations: CI= confidence interval; PFS= progression free survival; 
OS=overall survival; PPS=post progression free survival
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When we assessed PPS in subgroups based on the occurrence of 
brain metastases at disease progression, PPS was significantly longer 
in the no brain metastases group compared with the brain metastasis 
group (8.0 vs. 17.9 months, p=0.01), and the HR of brain metastases 
was 2.36 (95% CI: 1.10-4.63, p=0.03) (Table 3).

In the brain metastases group, only 1 patient had an uncommon 
EGFR mutation; this patient also had the del19 mutation. All other 
patients who experienced brain metastases had a common mutation 
that indicates Del 19 or L858R.

Discussion
To the best of our knowledge, this is the first study to directly 

compare erlotinib with gefitinib in terms of brain metastases 
recurrence rates in patients with EGFR-mutant NSCLC who had 
no brain metastasis at the time of starting TKI treatment. There was 
no significant difference in the incidence rate of brain metastases 
between erlotinib and gefitinib treatment in patients with NSCLC. 
However, there was no brain metastasis recurrence at the time of 
disease progression during erlotinib treatment.

The high incidence of CNS recurrence in lung cancer during 
systemic chemotherapy has been attributed to limited penetration of 
certain drugs into the cerebrospinal fluid (CSF) [13,17]. The blood-
brain barrier (BBB) prevents drugs from reaching a brain tumor; 

therefore, it can be presumed that the  BBB permeability of agents 
into the CNS is very important in the treatment of patients with 
brain metastases. The penetration rate of TKI from the plasma to the 
CSF was better for erlotinib (2.8%) than it was for gefitinib (1.1%). 
In addition, it was reported that in 25 leptomeningeal carcinomatosis 
patients, erlotinib achieved better cytological clearance of the CSF 
than gefitinib [18].

When we analyzed PPS in subgroups according to brain 
metastases recurrence at the time of disease progression, the no brain 
metastases group exhibited longer PPS. Similar to previous studies, 
our study shows poor prognosis with brain metastasis in this group 
of patients [1]. It was reported that symptomatic CNS relapse was 
a common progression in NSCLC patients; some of these patients 
could not receive further cytotoxic chemotherapy because of the CNS 
relapse,  suggesting the potential risk of missing subsequent therapy 
[19].

In this study, although OS and PPS were not significantly different 
between the 2 TKI groups, there were better tendencies for both OS 
and PPS in the erlotinib group compared with the gefitinib group. One 
of the reasons for these tendencies may be the difference in the brain 
metastasis recurrence rate.

The first limitation of our study is that it was a single-center 
retrospective study and there were only a small number of patients 

Figure 1: Kaplan-Meier curves. (A) PFS, (B) OS, (C) PPS subgrouped according to TKI, (D) PPS subgrouped according to the presence of brain metastases. 
A p<0.05 was considered statistically significant (*).
*Note: PFS=Progression Free Survival; OS=Overall Survival; PPS=Post Progression Free Survival.

Brain metastasis (+)
(n=16)

Brain metastasis (-)
(n=97) P value

Median PPS (95% CI) 8.0 (2.9-15.8) 17.9 (12.5-23.7) P=0.01*

Hazard Ratio (95%CI) 2.36 (1.10-4 63) P=0.03*

*Note: Abbreviations: CI= confidence interval; PPS=post progression free survival
*P<0.05

Table 3: Post-progression free survival sub grouped according to brain metastases recurrence.
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in the erlotinib group. Because of the small sample size, statistically 
significant after there were no differences between erlotinib and 
gefitinib, including in the incidence of brain metastases. A second 
limitation is that not all patients were examined by brain imaging 
at the time of disease progression if the patient did not show 
any neurological symptoms. As a result, we might have missed 
asymptomatic brain metastases, resulting in the low brain metastases 
rate. 

In conclusion, our data showed the possibility of a lower 
recurrence rate with erlotinib than with gefitinib in NSCLC patients 
with mutant EGFR. This is the first study to directly compare 
erlotinib with gefitinib in terms of brain metastases recurrence rates 
in patients with EGFR-mutant NSCLC with no brain metastasis at 
the time of starting TKI treatment. Furthermore, PPS in patients with 
brain metastases was significantly shorter than in patients without 
brain metastases. Most comparative studies to evaluate the efficacy 
of TKIs have been designed to detect differences in the ORR, PFS, 
and OS. However, considering the negative prognostic effect of brain 
metastasis, a prospective study or a large observational study focused 
on the difference in brain metastases recurrence between patients 
receiving erlotinib and gefitinib is warranted.
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