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Background: Central nervous system (CNS) metastasis is a poor prognostic factor in patients with 
advanced non-small cell lung cancer (NSCLC) harboring epidermal growth factor receptor (EGFR) 
mutation EGFR-mutant NSCLC and is associated with a deteriorated quality of life (QOL). Some clinical 
studies have suggested a possible difference in the incidence of CNS metastasis between EGFR-mutant 
NSCLC patients treated with gefitinib and erlotinib, both of which are classified as first-generation EGFR 
tyrosine kinase inhibitors (TKIs). However, the difference in the incidence of CNS metastasis between 
patients receiving these two drugs has not yet been sufficiently well investigated. We analyzed the frequency 
of occurrence/progression of CNS metastasis in EGFR-mutant NSCLC patients treated with erlotinib and 
gefitinib as the first-line treatment.
Methods: We analyzed the incidence of CNS metastasis, frequency of progression of CNS metastasis and 
the treatment outcomes in EGFR-mutant patients who received gefitinib or erlotinib as the first-line EGFR-
TKI treatment. CNS progressive disease (PD) was defined as progression of CNS metastasis during EGFR-
TKI treatment. We also evaluated the progression-free survival (PFS), CNS-PFS, and overall survival (OS) 
of the patients who received each of the two drugs. 
Results: A total of 170 patients were enrolled in the study, of which 144 had received gefitinib, and 26 
had received erlotinib. The frequency of CNS PD in the erlotinib group tended to be lower than that in the 
gefitinib group (11.5% vs. 29.9%, P=0.06). In patients with no existing CNS metastasis at the start of the 
EGFR-TKI treatments, the incidence of CNS PD was significantly lower in the erlotinib group than that in 
the gefitinib group (4.8% vs. 24.5%, P=0.04). A re-biopsy after failure of EGFR-TKI treatment was performed 
in 48 patients. The incidence of EGFR T790M tended to be higher among patients with CNS PD than in 
those without CNS PD, although the difference was not statistically significant (66.7% vs. 40.4%; P=0.23).
Conclusions: The incidence of progression of CNS metastasis during erlotinib treatment was lower than 
that during gefitinib treatment. In addition, the difference in the incidence in patients without existing CNS 
metastasis at the time of start of EGFR-TKI treatment was significantly lower in the patients treated with 
erlotinib than in those treated with gefitinib.
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Introduction

Epidermal growth factor receptor (EGFR) mutations have 
been identified in a subset of patients with non-small 
cell lung cancer (NSCLC), and EGFR-tyrosine kinase 
inhibitors (TKIs) have been demonstrated to provide 
remarkable benefits in patients with NSCLC harboring 
EGFR-sensitive mutations. Despite the initial dramatic 
responses, most patients who receive EGFR-TKIs 
eventually acquire resistance to these drugs, and complete 
cure of patients with advanced EGFR-mutant NSCLC 
is rare (1,2). The incidence of central nervous system 
(CNS) metastasis, which includes brain metastasis and 
leptomeningeal metastasis, is higher among EGFR-mutant 
NSCLC patients than in NSCLC patients with wild-type 
EGFR (3). Furthermore, CNS metastasis considerably 
impairs the patients’ quality of life (QOL) and is a predictor 
of a poor outcome among patients with EGFR-mutant 
NSCLC (4). Therefore, prevention of CNS metastasis is an 
important treatment goal that would increase the beneficial 
effects of EGFR-TKIs in EGFR-mutant NSCLC patients. 
Some clinical studies have shown a possible difference in the 
incidence of CNS metastasis between patients treated with 
erlotinib and those treated with gefitinib (5-9). However, 
there is insufficient evidence about the preventive efficacy 
of these two drugs against CNS metastasis. Therefore, we 
planned a retrospective study to investigate the difference in 
the incidences of CNS metastasis between EGFR-mutant 
NSCLC patients receiving either of these two drugs as the 
first-line treatment in Japan.

Methods

Study population and data records

We enrolled EGFR-mutant NSCLC patients who had 
received gefitinib or erlotinib as the first-line EGFR-TKI 
treatment between January 2008 and December 2014 at the 
National Cancer Center Hospital Japan. All the patients 
were followed for the development of CNS lesions by 
computed tomography (CT) or magnetic resonance imaging 
(MRI). Patients who had uncommon EGFR mutations 
or who discontinued the EGFR-TKI treatments for any 
reason, and also patients who were not followed up for the 
development/progression of CNS lesions were excluded. 
We recorded the patients’ characteristics, including the age, 
sex, Eastern Cooperative Oncology Group performance 
status (ECOG PS) before the start of the EGFR-TKI 
treatment, histological type of the primary lesion, history, 

clinical stage according to the 7th edition of Union for 
International Cancer Control (UICC), EGFR mutation 
subtype, history of radiation therapy (RT) for any CNS 
lesion(s) before the start of EGFR-TKI treatment, and the 
intervals between the brain imaging examinations. We also 
recorded the time of diagnosis or and of recurrence. after 
surgery for cancer, the dates of initiation and withdrawal 
of the EGFR-TKI treatments, the dates of last follow-up, 
the re-biopsy findings, and the patient outcomes from our 
institutional medical records. This study was conducted 
with the approval of the institutional review board of the 
National Cancer Center Hospital, Japan (No. 2015-038).

EGFR mutation analysis

EGFR mutations were evaluated in biopsy or surgical 
specimens or in specimens of pleural fluid. The detection 
of EGFR mutations was performed using a Scorpion 
amplification refractory mutation system (ARMS) or a high-
resolution melting analysis (HRMA) (10) at the National 
Cancer Center Hospital, Japan. 

Statistical analysis

Progression-free survival (PFS) was defined as the time 
from the date of initiation of EGFR-TKI treatment to the 
date of documentation of progressive disease (PD) or the 
date of death from any cause. Overall survival (OS) was 
defined as the time from the date of NSCLC diagnosis to the 
date of death from any cause. CNS PD was defined as the 
emergence of new CNS metastasis or progression of existing 
CNS metastasis. Time to CNS PD was defined as the time 
from the date of initiation of EGFR-TKI treatment to the 
date of diagnosis of CNS PD. Unidimensional measurements 
as defined by the Response Evaluation Criteria in Solids 
Tumors (RECIST), version 1.1, were used.

Fisher’s exact test was used to compare the incidences of 
CNS metastasis and the T790M mutation status between the 
patient groups treated with erlotinib and gefitinib. A log-rank 
analysis was used to compare the PFS, OS and time-to-CNS 
PD estimated by the Kaplan-Meier method. A two-sided P 
value of less than 0.05 was considered as denoting statistical 
significance. All of the statistical analyses were performed 
using SPSS ver. 23.0 (IBM, Armonk, NY, USA). 

Results

A total of 170 patients were enrolled in this study from 
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January 2008 to December 2014. Overall, 144 patients 
had received gefitinib and 26 had received erlotinib 
treatment. The median ages of the patients in the gefitinib 
and erlotinib groups were 65.0 (range, 32–81) and 61.5 
(range, 27–68) years, respectively. The histologic type of 
the cancer was adenocarcinoma in all of the cases. Exon 
19 deletion/L858R point mutations were present in 82/62 

(56.9%/43.1%) and 16/10 (61.5%/38.5%) patients in 
the gefitinib and erlotinib groups, respectively. Positive/
negative statuses for CNS metastasis at the time of start 
of the EGFR-TKI treatment were observed in 38/106 
(26.4%/73.6%) and 5/21 (19.2%/80.8%) patients in the 
gefitinib and erlotinib groups, respectively. The median 
interval until the first brain imaging examination was 3.0 
(range, 1–8) months in the gefitinib group and 3.0 (range, 
1–6) months in the erlotinib group (Table 1). CNS PD 
was detected in 29.9% of patients (43/144) in the gefitinib 
group and 11.5% of patients (3/26) in the erlotinib group. 
Thus, the incidence of CNS PD tended to be lower in the 
erlotinib group than that in the gefitinib group (11.5% vs. 
29.9%; P=0.06) (Table 2). Additionally, none of the patients 
who had CNS PD in the erlotinib group progressed with 
isolated CNS metastasis, while 53.5% of patients (23/43) 
in the gefitinib group progressed with showed progression 
of an isolated CNS metastasis. In the patients with no 
existing CNS metastasis at the time of start of the EGFR-
TKI treatment, the incidence of CNS PD metastasis was 
significantly lower in the erlotinib group (4.8%, 1/21 
patients) than that in the gefitinib group (24.5%, 26/106 
patients; P=0.04) (Table 2). The PFS and OS of patients 
without CNS PD were longer than those of patients with 
CNS PD (median PFS in patients without CNS PD vs. 
with CNS PD: 12.6 vs. 9.5 months; P=0.04, median OS 
in patients without CNS PD vs. with CNS PD: 34.1 vs.  
23.4 months; P=0.02) (Figure 1). However, when the 
outcomes of the two treatment groups were compared, there 
was no significant differences in the PFS or OS between 
the gefitinib group and erlotinib group (median PFS in the 
gefitinib group vs. erlotinib group: 11.9 vs. 10.9 months; 
P=0.35; median OS in the gefitinib group vs. erlotinib 
group: 29.8 vs. 41.7 months; P=0.22) (Figure 2). In addition, 
among the patients with no existing CNS metastasis at the 
time of start of the EGFR-TKI treatment, no significant 
difference in the PFS or OS was noted between the two 

Table 1 Patient characteristics

Characteristics Gefitinib (n=144) Erlotinib (n=26)

Age (years), median (range) 65.0 [32–81] 61.5 [27–68]

Sex, n (%)

Male 58 (40.3) 15 (57.7)

Female 86 (59.7) 11 (42.3)

ECOG PS, n (%)

0–1 131 (91.0) 23 (88.5)

2–4 8 (5.6) 3 (11.5)

Unknown 5 (3.4) 0

Smoking history, n (%)

Never 88 (61.1) 14 (53.8) 

Ever 52 (36.1) 11 (42.3) 

Unknown 4 (2.8) 1 (3.8) 

Clinical stage, n (%)

IIIB 2 (1.4) 0

IV 81 (56.3) 18 (69.2) 

Recurrence 61 (42.4) 8 (30.8)

Histology, n (%)

Adenocarcinoma 144 [100] 26 [100]

EGFR mutation, n (%)

Ex 19 del 82 (56.9) 16 (61.5)

Ex 21 L858R 62 (43.1) 10 (38.5)

CNS metastases before EGFR-TKI, n (%)

Positive 38 (26.4) 5 (19.2)

Negative 106 (73.6) 21 (80.8)

Interval of brain imaging test 
(months), median (range)

3.0 [1–8] 3.0 [1–6]

ECOG PS, Eastern Cooperative Oncology Group performance 
status; EGFR, epidermal growth factor receptor; CNS, central 
nervous system; TKI, tyrosine kinase inhibitor; Ex, exon; Del, 
deletion; RT, radiation therapy.

Table 2 Incidence of CNS PD in gefitinib and erlotinib treatment 
groups

Characteristics Gefitinib Erlotinib P

All patients, % (n) 29.9% (43/144) 11.5% (3/26) 0.06

Patients without CNS 
metastasis before 
EGFR-TKI, % (n)

24.5% (26/106) 4.8% (1/21) 0.04

CNS, central nervous system; PD, progressive disease; EGFR, 
epidermal growth factor receptor; TKI, tyrosine kinase inhibitor.
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Figure 1 PFS and OS between CNS PD-negative group vs. CNS PD-positive group. CNS, central nervous system; PD, progressive disease; 
PFS, progression free survival; OS, overall survival.

Figure 2 PFS and OS between gefitinib and erlotinib treatment groups. PFS, progression free survival; OS, overall survival.
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treatment groups (median PFS in the gefitinib group vs. 
erlotinib group: 12.8 vs. 13.6 months, P=0.48; median OS in 
the gefitinib group vs. erlotinib group: 34.1 vs. 48.4 months, 
P=0.44) (Figure 3). (We described opposite OS in gefitinib 
and erlotinib group in first manuscript). However, the time 
to CNS PD tended to be longer in the erlotinib group than 
that in the gefitinib group (Figure 4).

A re-biopsy was performed in 48 patients with failure of 
EGFR-TKI treatment. The incidence of EGFR T790M 
tended to be higher among the patients with CNS PD than 
among those without CNS PD, although the difference was 
not significant (66.7% in patients with CNS PD vs. 40.4% 

in patients without CNS PD; P=0.23). No significant 
differences were observed when the patients were compared 
according to the re-biopsy sites, EGFR-TKI used, and the 
EGFR mutation subtypes (Table 3).

Discussion

In this study, we showed that the frequency of CNS PD was 
lower in patients who received erlotinib treatment than in 
those who received gefitinib treatment. Furthermore, the 
difference was significant among patients with no existing 
CNS metastasis at the time of start of the EGFR-TKI 
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Figure 3 PFS and OS between gefitinib and erlotinib treatment groups in patients without CNS metastasis before EGFR-TKI treatment. 
PFS, progression free survival; OS, overall survival; CNS, central nervous system; EGFR, epidermal growth factor receptor; TKI, tyrosine 
kinase inhibitor.

Figure 4 Time to CNS PD between gefitinib and erlotinib 
treatment groups. NA, not applicable; CNS, central nervous 
system; PD, progressive disease.
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treatments. The difference in the frequency of CNS PD 
between the erlotinib and gefitinib groups was consistent 
with the results of some previous clinical trials and 
retrospective studies. The reported frequency of CNS PD 
in patients treated with erlotinib is 2.9–8.0%, whereas that 
in the patients treated with gefitinib is 33–36.6% (5-9). 

Li et al. reported the only direct comparative study 
between these two drugs. According to this study (11), the 
time-to-CNS PD was significantly longer in the erlotinib 

group than that in the gefitinib group (24 vs. 16 months, 
P=0.01), and the CNS PD rate at 18 months also tended 
to be lower in the erlotinib group than that in the gefitinib 
group (12.0% vs. 17.0%, P=0.181). Additionally, in the 
patients without preexisting brain metastasis at the time 

Table 3 Incidences of EGFR T790M mutation

Groups
T790M 
positive 
(n=21)

T790M 
negative 
(n=27)

Incidence of 
EGFR T790M 
mutation (%)

P  
value

CNS PD 0.23

Yes 4 2 66.7

No 17 25 40.4

Biopsy lesion 0.87

Primary lesion 5 7 41.6

Metastasis lesion 16 20 44.4

EGFR-TKI 0.24

Gefitinib 14 22 38.9

Erlotinib 7 5 58.3

EGFR mutation 0.14

Ex 19 del 16 15 51.6

L858R 5 12 29.4

CNS, central nervous system; PD, progressive disease; EGFR, 
epidermal growth factor receptor; TKI, tyrosine kinase inhibitor; 
Ex, exon; Del, deletion.
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of start of the EGFR-TKI treatment, the median time-to-
CNS PD tended to be longer in the erlotinib group than 
that in the gefitinib group (18 vs. 16 months, P=0.392). 
From these trials and the present results, it appears 
that erlotinib may be more effective for preventing the 
occurrence/progression of CNS metastasis than gefitinib 
in patients with EGFR mutations, especially in preventing 
the occurrence of CNS metastasis in those without existing 
CNS metastasis at the time of initiation of EGFR-TKI 
treatment. 

The mechanism underlying the difference in the efficacy 
of the two drugs in preventing the occurrence/progression 
of CNS lesions remains unclear. However, based on the 
findings of several studies, we speculate that the difference 
may be caused by a higher penetration of erlotinib 
across the brain blood barrier. In early-phase trials, the 
recommend dose (RD) of erlotinib was 150 mg, which 
was equal to the maximum tolerated dose (MTD) (12). In 
contrast, the RD of gefitinib was 250 mg, which was only 
one-third of the MTD (13). Additionally, the concentration 
in the cerebrospinal fluid (CSF) of erlotinib and the CSF/
plasma ratio of erlotinib were 34.7–186 nM and 2.5–13%, 
respectively, whereas, those of gefitinib were 8.2–13.87 nM 
and 1.1–1.3%, respectively (14-16). Furthermore, some 
case reports showed an improvement of the ECOG PS and 
neurologic symptoms in patients with brain metastasis or 
leptomeningeal metastasis after switching from first gefitinib 
treatment to erlotinib treatment (14,17). Our findings 
reflect these data and show the potential effectiveness of 
erlotinib for CNS metastasis.

Although erlotinib tended to prevent CNS metastasis, 
the PFS and OS showed no significant differences between 
the gefitinib and erlotinib treatment groups in the present 
study. This result could be attributable to the high rate 
of administration of next-line chemotherapy in both 
groups (gefitinib group: 69.4%; erlotinib group: 69.2%). 
In addition, the rate of RT, including stereotactic RT and 
whole-brain irradiation after the diagnosis of CNS PD was 
also high in both groups (gefitinib group: 76.7%; erlotinib 
group: 100%). RT for brain metastasis is a standard therapy 
for NSCLC patients with brain metastasis that has been 
shown to improve the CNS disease control rate, PS, and 
neurological symptoms (18,19). Therefore, the high rate 
of RT could have maintained or improved the patients’ 
PS and contributed to the administration of next-line 
chemotherapy. Recently, Magnuson et al. showed that 
RT followed by EGFR-TKI treatment yielded a longer 
OS than upfront EGFR-TKI treatment in EGFR-mutant 

NSCLC patients with brain metastasis (20). The present 
results and the retrospective studies suggest that RT 
followed by erlotinib treatment has the potential to improve 
the prognosis of patients with preexisting CNS metastasis. 

We analyzed the incidence of the T790M mutation. 
Patients with CNS PD tended to have a higher incidence 
of T790M mutation than those without CNS PD, although 
the difference in the frequency was not significant. 
Osimertinib, a third-generation EGFR-TKI, has been 
demonstrated to show promising efficacy for NSCLC 
patients with the EGFR T790M mutation. Moreover, 
osimertinib was found to show favorable efficacy against 
CNS lesions; the CNS objective response rate was 70% and 
the median CNS PFS was 11.7 months (21). 

The present study had several limitations. First, because 
it was a retrospective study performed at a single institution, 
some biases were inevitable. Erlotinib was granted approval 
after gefitinib in Japan, therefore, the possibility of a 
selection bias arising from the relatively small number of 
patients in the erlotinib group cannot be excluded. Second, 
CNS metastasis was detected using enhanced CT or MRI 
of the brain. The accuracy of CT imaging for the detection 
of brain metastasis may be inferior to that of brain MRI. 
Third, the number of patients with T790 mutation enrolled 
in the study was relatively small, and additional patients 
with this mutation need to be included to investigate the 
differences in the outcome according to the T790M status.

The incidence/progression of CNS metastasis tended to 
be low in the patients who received erlotinib treatment than 
in those who received gefitinib treatment. Additionally, 
the difference in the incidence was even more remarkable 
among patients who did not have CNS metastasis at the 
time of start of EGFR-TKI treatment. Our results suggest 
that erlotinib might be more effective for preventing CNS 
metastasis in patients with EGFR-mutant NSCLC.
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