
Abstract. Background/Aim: The optimal treatment strategy
for epidermal growth factor receptor (EGFR)-mutant non-
small cell lung cancer (NSCLC) patients with brain metastasis
(BM) has not yet been fully determined. The aim of this study
was to investigate the optimal management of EGFR-mutant
NSCLC patients with BM. Patients and Methods: A multi-
center retrospective study was performed on the clinical
outcomes of 81 advanced/recurrent EGFR-mutant NSCLC
patients with BM treated with EGFR–tyrosine kinase
inhibitors (EGFR-TKIs) (gefitinib n=52 or erlotinib n=29).
Results: Among the 81 patients, 30 patients received upfront
cranial radiotherapy (CRT) and 51 did not. The multivariate
cox analyses revealed that the use of erlotinib and upfront
CRT were independent predictive factors for overall survival
(OS) (erlotinib: HR 0.21; 95% CI, 0.10-0.48; p<0.001;
upfront CRT: HR 0.42; 95% CI, 0.20-0.88; p=0.022).
Conclusion: Erlotinib and upfront CRT were associated with

a favorable prognosis among EGFR-mutant NSCLC patients
with BM. Upfront CRT followed by erlotinib may be an
appropriate initial management approach for EGFR-mutant
NSCLC patients with BM. 

The frequency of brain metastases (BMs) in patients with
cancer is approximately 8.5-9.6%, and lung cancer is the
most common type of primary tumor responsible for BM (1,
2). In non-small cell lung cancer (NSCLC), 40-50% of
patients develop BM during the course of their disease (3).
The prognosis of NSCLC patients with BM is poor, with a
median survival time of two months without treatment,
between four and nine months with chemotherapy, and only
seven months with whole-brain radiation therapy (WBRT)
(3). Thus, therapeutic developments for these patients are
necessary to improve their clinical outcome.

In 2004, epidermal growth factor receptor (EGFR)
mutations were discovered in NSCLC and were shown to be
correlated with the response to EGFR–tyrosine kinase
inhibitors (EGFR-TKI) for NSCLC (4, 5). In several
randomized phase III studies of advanced EGFR-mutant
NSCLC patients, EGFR-TKIs showed improvements in
survival and quality of life compared to patients treated with
chemotherapy only (6-9). Consequently, EGFR-TKIs have
become the standard treatment for advanced NSCLC patients
with EGFR mutations. 

In several retrospective analyses, the frequencies of BMs
in EGFR-mutant NSCLC patients (64.7-70.3%) have been
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shown to be higher compared to EGFR-wild type (35.3-
38.1%) at the time of diagnosis (10, 11). EGFR-TKIs, such
as gefitinib and erlotinib, display antitumor activity to BM
in EGFR-mutant NSCLC patients (12). Moreover, a recent
meta-analysis showed that upfront cranial radiotherapy
(CRT) improved survival compared to EGFR-TKIs alone in
EGFR-mutant NSCLC patients with BM (13). Despite these
facts, the optimal treatment strategy, including the selection
of EGFR-TKIs and the timing of CRT for EGFR-mutant
NSCLC patients with BM, has not yet been fully determined. 

For this reason, we performed a multicenter retrospective
analysis to consider the optimal initial treatment strategy for
EGFR-TKI selection and the timing of CRT for EGFR-
mutant NSCLC patients with BM in real-world clinical
practice. 

Patients and Methods
Study design and patient selection. We reviewed 86 consecutive
patients with advanced or recurrent NSCLC harboring EGFR
mutations who were treated with EGFR-TKIs as a first-line
treatment between January 2010 and March 2016 at the Kumamoto
University Hospital and six other community hospitals (Saiseikai
Kumamoto Hospital, Kumamoto Red Cross Hospital, NHO
Kumamoto Saishunso Hospital, Kumamoto Chuo Hospital,
Kumamoto Rosai Hospital, and Kumamoto Regional Medical
Center). Five patients were excluded because of uncommon EGFR
mutations (G719X, n=4; L861Q, n=1). The remaining 81 patients
were included in this study. 

The following characteristics were collected at the initiation of
EGFR-TKIs: i) age, ii) gender, iii) smoking status, iv) Eastern
Cooperative Oncology Group performance status (PS), v) histology,
vi) EGFR mutation status, vii) stage, viii) diameter, ix) number, x)
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Table I. Patient characteristics.

Characteristics                                                                           All patients                           Gefitinib                               Erlotinib

                                                                                           N=81               (%)               N=52              (%)                N=29                (%)              p-Value

Age, years, median
  [range]                                                                                     68 [37-89]                           69 [37-89]                             66 [39-87]                     0.223
Gender
 Male                                                                                   23                 (28)                  14                 (73)                   9                   (31)               0.798

  Female                                                                                58                 (72)                  38                 (27)                  20                  (69)
Smoking
  No                                                                                       57                 (70)                  36                 (69)                  21                  (72)               0.805
  Yes                                                                                      24                 (30)                  16                 (31)                   8                   (28)
PS 
  0-1                                                                                      58                 (72)                  37                 (71)                  21                  (72)               1.000
  ≥2                                                                                       23                 (28)                  15                 (29)                   8                   (28)                    
Histology
  Adeno                                                                                 79                 (98)                  50                 (96)                  29                 (100)              0.535
  Others                                                                                  2                   (2)                    2                   (4)                    0                    (0)
EGFR mutation
  Del19                                                                                  33                 (41)                  19                 (37)                  14                  (48)               0.350
  L858R                                                                                48                 (59)                  33                 (63)                  15                  (52)
Stage
  IV                                                                                       77                 (95)                  49                 (94)                  28                  (97)               1.000
  Recurrence                                                                          4                   (5)                    3                   (6)                    1                    (3)
BM maximum diameter (mm, median [range])                        10 [1-40]                              8 [1-36]                                10 [2-40]                      0.093
Number of BMs
  Solitary                                                                               12                 (15)                   7                  (13)                   5                   (17)               0.747
  Multiple                                                                              69                 (85)                  45                 (87)                  24                  (83)
Symptom
  Asymptomatic                                                                    58                 (72)                  35                  67                    23                  (79)               0.310
  Symptomatic                                                                      23                 (28)                  17                  33                     6                   (21)                    
Upfront CRT
 No                                                                                       51                 (63)                  28                 (54)                  23                  (79)               0.031

  Yes                                                                                      30                 (37)                  24                 (46)                   6                   (21)
  WBRT                                                                                15                 (19)                  12                 (23)                   3                   (10)
  SRT                                                                                    13                 (16)                   2                   (2)                    1                    (4)
  WBRT+SRT                                                                        2                   (2)                    1                  (21)                   2                    (7)

PS: Eastern Cooperative Oncology Group performance status, BM: brain metastasis, Adeno: adenocarcinoma, EGFR mut: EGFR mutations, CRT:
cranial radiotherapy, WBRT: Whole brain radiation therapy, SRT: Stereotactic radiotherapy.



symptoms of BMs, xi) CRT for BM, xii) treatments, and xiii)
adverse events. The clinical stage was classified according to the
seventh edition of the TNM classification. EGFR mutations were
detected using either the Cycleave, PCR-Invader, or PNA-LNA PCR
Clamp methods. This study was approved by our institutional
review board (IRB number: 1403). 

Outcome parameters. The radiographic response was defined
according to the Response Evaluation Criteria in Solid Tumors
(RECIST) version 1.1. The objective response rate (ORR) was
defined as the proportion of patients with a complete or a partial
response, based on the best objective response. In cases with
measurable intracranial lesions, the radiographic response of the
intracranial tumors was assessed using the RECIST version 1.1, by
comparing the pre- and post-treatment intracranial images.

Progression-free survival (PFS) was defined as the time from the
initiation of EGFR-TKI administration to disease progression or
death or last follow-up. Overall survival (OS) was defined as the

time from the initiation of EGFR-TKIs to death or last follow-up.
The adverse events were assessed using the Common Terminology
Criteria for Adverse Events (CTCAE), version 4.0.

Statistical analysis. This is an observational cross-sectional study.
Fisher's exact test was used to compare the association of clinical
factors as categorical variables. The Mann–Whitney U-test was used
for the continuous variables. Surviva1 curves of PFS or OS were
estimated using the Kaplan-Meier method and were compared using
the log-rank test. Multivariate analyses were performed using the
Cox proportional hazards model. Covariate selection was finally
determined according to backward stepwise regression, based on the
Akaike’s information criterion and following discussion with the
clinicians. Schoenfeld residuals were assessed to evaluate the
proportional hazards in these models. The statistical analyses were
conducted using the JMP software, version 10, and the R software,
version 3.3.2 (The R Foundation for Statistical Computing, Vienna,
Austria). Values of p<0.05 were considered significant.

Results

Patient characteristics. The patients’ characteristics are
summarized in Table I. The median age at initiation of EGFR-
TKI administration was 68 years (range: 37-89 years).
Additionally, 23 (28%) patients were male, 24 (30%) were
smokers, 58 (72%) had PS stage 0 or 1, 79 (98%) had
adenocarcinoma, and 77 (95%) were stage IV at the time of
treatment (Table I). In total, 41% of patients displayed the exon
19 deletion (Del19), and 59% of patients displayed the single-
point substitution mutation L858R in exon 21 (L858R). The
median maximum diameter of the BMs was 10 mm. The
proportion of symptomatic BMs and upfront CRT was 17% and
9%, respectively. Among the patients with upfront CRT, 15
patients (19%) received WBRT, 13 (16%) received stereotactic
radiotherapy (SRT), and 2 (2%) received both WBRT and SRT.

Among the 81 patients, 52 received 250 mg/day of
gefitinib and 29 received 150 mg/day of erlotinib. There
were no significant differences in baseline characteristics
between the gefitinib and erlotinib groups except for a lower
percentage of upfront CRT in the erlotinib group (21% vs.
46%, respectively, p=0.031).

Response. The ORR was 77% (95% confidence interval [CI]:
66-84) in all patients (Table II). The ORR was higher in the
erlotinib group than in the gefitinib group, but this difference
was not significant (86% [95% CI: 69-95%] vs. 71% [95%
CI: 58-82%], p=0.174).

Thirty-six patients had intracranial measurable lesions and
were evaluated by radiographic examinations during the
EGFR-TKI treatment. The intracranial response rate was
83% (95% CI: 68-92%) in all patients (Table III). The
intracranial response in the erlotinib group was higher
compared to the gefitinib group, but the difference was not
significant (100% [95% CI: 74-100%] vs. 84% [95% CI: 57-
88%], p=0.290). 
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Table II. Overall response to EGFR−TKIs according to the RECIST
criteria.

                                               Overall response              

                        All patients          Gefitinib             Erlotinib               

                      N=81     (%)       N=52      (%)       N=29      (%)     p-Value

CR                     0         (0)           0           (0)           0           (0)             
PR                    62       (77)         37         (71)         25         (86)           
SD                    10       (12)          7          (13)          3          (10)           
PD                     5         (6)           4           (8)           1           (3)             
NE                     4         (5)           4           (8)           0           (0)             
ORR, %                   77                       71                        86               0.174
(95% CI)             (66-84)               (58-82)               (69-95)

CR: complete response, PR: partial response, SD: stable disease, PD:
progressive disease, NE: not evaluable, ORR: overall response rate, CI:
confidence interval.

Table III. Intracranial response to EGFR−TKIs according to the
RECIST criteria.

                                            Intracranial response          

                        All patients          Gefitinib             Erlotinib               

                      N=36     (%)       N=25        %        N=11        %       p-Value

CR                     3         (8)           2           (8)           1           (9)             
PR                    27       (75)         17         (68)         10         (91)           
SD                     3         (8)           3          (12)          0           (0)             
PD                     3         (8)           3          (12)          0           (0)             
NE                     0         (0)           0           (0)           0           (0)             
ORR, %                   83                       84                       100              0.290
(95%CI)              (68-92)               (57-88)              (74-100)

CR: complete response, PR: partial response, SD: stable disease, PD:
progressive disease, NE: not evaluable, ORR: overall response rate, CI:
confidence interval.



PFS and OS. The median follow-up from the initiation of
EGFR-TKI administration was 18.2 months (range 0.6-49.8
months). The median PFS and OS in all patients was 9.8
(95% CI: 7.1-14.4) and 24.1 months (95% CI: 18.0-29.2),

respectively (Figure 1A and B). The median PFS in the
erlotinib group was longer compared to the gefitinib group,
but the difference was not significant (10.1 [95% CI: 6.8-
14.0] vs. 8.9 [95% CI: 6.7-12.0] months, p=0.290) (Figure
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Figure 1. Kaplan-Meier survival curves for PFS and OS. PFS (A) and OS (B) in all patients. PFS (C) and OS (D) are according to the EGFR-TKIs
administered.  



1C). Interestingly, the median OS in the erlotinib group was
significantly longer compared to the gefitinib group (46.9
[95% CI: 16.6-N.A.] vs. 24.1 [95% CI: 16.3-26.3] months,
p=0.019) (Figure 1D).

Initial progression pattern and subsequent therapy. Table IV
displays the recurrence patterns and subsequent chemotherapy.
The initial progression pattern was assessed as follows: 21
patients (26%) had central nervous system (CNS) progression,
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Table IV. Initial progression site and subsequent chemotherapy.

                                                                         All patients                                 Gefitinib                                      Erlotinib                                  p-Value

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

Intracranial progression                            21                    (26)                    17                      (33)                       4                     (14)                           0.071
Extracranial progression                                                                                                                                                                                                 
Intrathoracic                                             28                    (35)                    18                      (35)                     10                     (35)                           1.000
Pleural effusion/dissemination                 10                    (12)                      6                      (12)                       4                     (14)                           0.740
Liver                                                            8                    (10)                      5                      (10)                       3                     (10)                           1.000
Bone                                                            9                    (11)                      5                      (10)                       4                     (14)                           0.715
Adrenal                                                        2                     (2)                       2                       (4)                        0                      (0)                            0.535
Second-line therapy                                  52                    (64)                    20                      (69)                     32                     (61)                           0.630
Use of osimertinib                                      7                     (9)                       1                       (2)                        6                     (21)                           0.008

Figure 2. Kaplan-Meier survival curves for PFS (A) and OS (B) according to EGFR-TKIS and upfront CRT.  



28 (35%) had intrathoracic lesions, 10 (12%) had pleural
effusion/dissemination, 8 (10%) had bone progression, and 2
(2%) had adrenal metastasis. Although there were no
significant differences in extracranial progressions among the
erlotinib and gefitinib groups, the CNS progression rate tended
to be lower in the erlotinib group compared to the gefitinib
group (14% vs. 33%, p=0.071). 

Fifty-two patients (64%) received subsequent therapy,
however, there were no significant differences between the
patients who received subsequent therapy in the gefitinib and
erlotinib groups. Interestingly, the percentage of patients who
subsequently received osimertinib following confirmation of
disease progression in the erlotinib group was significantly
higher compared to the gefitinib group (21% vs. 2%, p=0.008). 

Multivariate analysis for PFS and OS. The multivariate
analysis for PFS showed that the BM maximum diameter,
use of erlotinib, and upfront CRT were significantly
associated with prolonging PFS (erlotinib: hazard ratio [HR],
0.47; 95% confidence interval [CI], 0.26-0.84; p=0.011;
upfront CRT: HR, 0.38; 95% CI, 0.19-0.77; p=0.009, Table
V). The multivariate analysis for OS showed that age<70,
PS0-1, symptomatic BM, use of erlotinib, and upfront CRT
were significantly associated with the prolongation of OS
(erlotinib: HR, 0.21; 95% CI, 0.10-0.48; p<0.001; upfront
CRT: HR, 0.42; 95% CI, 0.20-0.88; p=0.022, Table VI).

We performed further analyses by dividing the patients
into four groups, according to EGFR-TKIs and upfront CRT.
The PFS and OS curves for each group are shown in Figure
2A and B. The median PFS of the patients treated with
erlotinib and upfront CRT, erlotinib without upfront CRT,
gefitinib and upfront CRT, and gefitinib without upfront CRT
was 43.1, 9.6, 12.2, and 6.9 months, respectively (p=0.006).
The median OS of the patients treated with erlotinib and
upfront CRT was not reached, whereas patients treated with
erlotinib without upfront CRT, gefitinib and upfront CRT,
and gefitinib without upfront CRT had OS of 23.2, 26.3, and
16.3 months, respectively (p=0.003).

Adverse events. Table VII shows the adverse events that
occurred in the gefitinib and erlotinib groups. There was a
tendency for a higher proportion of skin rash, paronychia, and
oral mucositis in the erlotinib group compared to the gefitinib
group (rash: 83% vs 67%, paronychia: 14% vs. 4%, and oral
mucositis: 14% vs. 2%). Additionally, there was significantly
less liver dysfunction in the erlotinib group than in the
gefitinib group (21% vs. 48%, p=0.018). The frequency of
grade ≥3 adverse events was low in both groups.

Discussion

We conducted a multicenter retrospective study to consider
the optimal strategy for advanced/recurrent EGFR-mutant

NSCLC patients with BM as the initial treatment. We found
that upfront CRT followed by erlotinib improved PFS and
OS compared to other treatment strategies in EGFR-mutant
NSCLC patients. 

Several randomized phase III studies of first-generation
EGFR-TKIs (gefitinib or erlotinib) in treatment-naïve
advanced EGFR-mutant NSCLC patients showed that the
ORR, PFS, and OS were 58.1-83%, 9.2-13.1 months, and
19.3-30.9 months, respectively (6-9). Several previous
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Table V. Multivariate analysis for progression-free survival (PFS).

Variables                                               HR (95% CI)                 p-Value

Smoking history
  No                                                                 1                             0.081
  Yes                                                    1.63 (0.94-2.81)
BM maximum diameter
  <10 mm                                                        1                             0.025
  ≥10 mm                                            1.96 (1.09-3.53)
Symptom
  Asymptomatic                                              1                             0.115
  Symptomatic                                    0.54 (0.26-1.16)
EGFR–TKI
  Gefitinib                                                       1                             0.011
  Erlotinib                                           0.47 (0.26-0.84)
Upfront CRT
 No                                                                 1                             0.008

  Yes                                                    0.38 (0.19-0.77)

PS: Eastern Cooperative Oncology Group performance status, BM:
brain metastasis, CRT: cranial radiotherapy.

Table VI. Multivariate analysis for overall survival (OS).

Variables                                               HR (95% CI)                 p-Value

Age 
  <70                                                                1                             0.011
  ≥70                                                   2.44 (1.23-4.85)
Smoking history
  No                                                                 1                             0.126
  Yes                                                    1.76 (0.85-3.64)
PS 
  0-1                                                                 1                             0.003
  ≥2                                                     3.09 (1.47-6.52)
Symptom                                                          
  Asymptomatic                                              1                             0.041
  Symptomatic                                    0.41 (0.18-0.96)
EGFR–TKI
  Gefitinib                                                       1                            <0.001
  Erlotinib                                           0.21 (0.10-0.48)
Upfront CRT 
  No                                                                 1                             0.022
  Yes                                                    0.42 (0.20-0.88)

PS: Eastern Cooperative Oncology Group performance status, BM:
brain metastasis, CRT: cranial radiotherapy.



studies of first-generation EGFR-TKIs for EGFR-mutant
NSCLC patients with BM showed that the ORR, PFS, and
OS were 75-83%, 6.6-15.2 months, and 15.9-37.5 months,
respectively (14, 15). In the present study, the ORR, PFS,
and OS of EGFR-mutant NSCLC patients with BM were
77%, 9.8 months, and 24.1 months, respectively, which are
consistent with previous reports. Considering that the
survival of NSCLC patients with BM who are treated with
chemotherapy and radiotherapy was appropriately six
months, EGFR-TKIs are notably effective for EGFR-mutant
NSCLC patients with BM.

In the present study, the multivariate analysis showed that
erlotinib significantly improved OS compared to gefitinib in
EGFR-mutant NSCLC patients with BM. Randomized phase
III studies comparing erlotinib with gefitinib in EGFR-
mutant NSCLC patients have shown that erlotinib was not
significantly superior to gefitinib in terms of survival, which
is inconsistent with our results (16, 17). This difference may
be explained as a result of our limited study sample of
EGFR-mutant NSCLC patients with BM. Two factors may
account for the survival benefit provided by erlotinib in
EGFR-mutant NSCLC patients with BM. First, erlotinib
displayed better CNS management (slightly higher
intracranial response and less CNS progression) compared to
gefitinib. Togashi et al. showed that the cerebrospinal fluid
concentration and penetration rate of erlotinib may be higher
compared to gefitinib, which can contribute to a more
effective treatment of CNS metastases (18). Moreover, the
approved clinical dose of erlotinib (150 mg/day) is the
maximum dose tolerated, whereas the approved dose of
gefitinib (250 mg/day) is approximately one-third of the
maximum dose tolerated in Japan. Since the serum
concentration of erlotinib in clinical settings can be higher
compared to gefitinib, this may act as an advantage of this
therapeutic, resulting in better management of CNS
metastases, especially given the difficulty of identifying

drugs that penetrate the blood–brain barrier (BBB) (19). In
addition, the usage rate of subsequent osimertinib in the
erlotinib group was higher compared to the gefitinib group.
Osimertinib demonstrates a high clinical efficacy in patients
with advanced NSCLC diagnosed with T790M resistance
mutation, and re-biopsy for T790M detection is needed after
disease progression on initial EGFR-TKI therapy (20). Given
that re-biopsy for determining candidates of osimertinib may
be difficult in cases with only CNS metastases and
deteriorating PS leading to BM, erlotinib may provide an
opportunity for conducting a re-biopsy to detect T790M.
Moreover, osimertinib may prevent the progression of BM
to a greater degree than gefitinib. Based on these findings,
erlotinib treatment may result in a better management of BM
and consequently contribute to prolong the survival of this
population.

Our multivariate analysis showed that upfront CRT was
associated with improvement in both PFS and OS in EGFR-
mutant NSCLC patients with BM. Magnuson et al. have
described that upfront stereotactic radiosurgery and WBRT
significantly prolong OS and present with a lower probability of
intracranial progression compared to upfront EGFR-TKIs in
EGFR-mutant NSCLC patients with BM (median OS: 46, 30,
and 25 months, respectively, p<0.001; median time to
intracranial progression: 23, 24, and 17 months, respectively,
p=0.025) (21). A meta-analysis by Soon et al. has shown that
upfront CRT significantly improve intracranial PFS and OS in
EGFR-mutant NSCLC patients with BM compared to EGFR-
TKI alone (13). Our results are consistent with these previous
reports. Several explanations have been proposed for the survival
benefit of upfront CRT. First, the CNS is frequently the initial
progression site following EGFR-TKI treatment, thus, better
intracranial management of upfront CRT would improve both
PFS and OS (22). Second, there is heterogeneity in the EGFR
mutations between BMs and primary/other metastatic sites. Gow
et al. has identified a discordance in the EGFR mutations
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Table VII. Adverse events.

                                                                                 Gefitinib                                                                    Erlotinib

                                                             All grade                         Grade≥3                         All grade                              Grade≥3

                                                        N               (%)               N                (%)                N                  (%)                  N                %               p for all grade

Rash                                                35              (67)               1                 (2)                 24                (83)                  2                (7)                     0.193
Paronychia                                        2               (4)                0                 (0)                   4                (14)                  0                (0)                     0.180
Oral mucositis                                  1               (2)                0                 (0)                   4                (14)                  0                (0)                     0.053
Nausea/Appetite loss                     14              (26)               0                 (0)                   7                (24)                  2                (7)                     1.000
Diarrhea                                          14              (27)               0                 (0)                 12                (41)                  3               (10)                    0.219
AST/ALT elevated                         25              (48)               8                (15)                  6                (21)                  1                (3)                     0.018
Interstitial pneumonia                      2               (4)                1                 (2)                   2                 (7)                   1                (3)                     1.000



between the primary site and the corresponding BM in 8 of 12
patients (75%) via a direct nucleotide sequencing analysis, and
in 4 of 8 patients (50%), based on the Scorpion Amplified
Refractory Mutation System assay (23). Consequently, EGFR-
TKIs alone are insufficient for the management of BM in EGFR-
mutant NSCLC patients with BM. Third, radiotherapy can
disrupt the BBB, and increased permeability of the BBB can
hamper the efficacy of the chemotherapeutic agent for
intracranial tumors (24). Because the CSF penetration rate of
EGFR-TKIs is extremely low (1.1-2.8%), upfront CRT might
enhance the antitumor effect of EGFR-TKIs on intracranial
lesions by changing the BBB permeability to EGFR-TKIs (18). 

The toxicity profiles were also assessed. There was a
tendency for a higher frequency of skin rash, paronychia, and
oral mucositis in the erlotinib group, while there was a
significantly higher frequency of liver dysfunctions in the
gefitinib group compared to the erlotinib group. Togashi et al.
showed that in Japanese patients with NSCLC, a higher
frequency of adverse events, including skin rash, diarrhea, oral
mucositis, and gastrointestinal toxicity, occurred in the erlotinib
group compared to the gefitinib group (25). Moreover, Takeda
et al. showed that gefitinib is associated with higher
hepatotoxicity compared to erlotinib (26). Our results are
similar to these previous reports. Despite the different toxicity
profiles between gefitinib and erlotinib, the serious adverse
event rate was mild and manageable using either drug. 

Our study had several limitations. First, our analysis was
based on a retrospective and relatively small patient sample
size. Second, the choice of EGFR-TKI and the timing of CRT
depended on the physician, so a bias in treatment selection
might be present. Third, this study did not include patients
who received second- and third-generation drugs, such as
afatinib, dacomitinib, and osimertinib, as initial treatments.
Recently, these EGFR-TKIs have shown a higher clinical
efficacy compared to first-generation EGFR-TKIs (gefitinib or
erlotinib) in NSCLC patients with EGFR mutations (27-29).
Thus, our results should be interpreted cautiously, and larger
prospective studies including second- and third-generation
EGFR-TKIs must be conducted to confirm these findings.

The current study showed that erlotinib and upfront CRT
prolonged OS compared to gefitinib and no upfront CRT in
EGFR-mutant NSCLC patients with BM. Upfront CRT
followed by erlotinib might be an appropriate initial treatment
management approach for EGFR-mutant NSCLC patients
with BM. 
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