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Background: It has been confirmed that epidermal growth factor receptor-tyrosine kinase inhibitors 
(EGFR-TKIs) presented better efficacy than brain radiotherapy (brain RT) in the treatment of brain 
metastasis (BM) in EGFR mutated NSCLC patients. However, whether the combination of EGFR-
TKIs and brain RT is better than EGFR-TKIs alone remains unclear. We aim to compare the outcomes 
of adding brain RT to EGFR-TKIs and to screen for the beneficial population by a meta-analysis of 
currently available data. 
Methods: A systematic search for relevant articles was conducted in six databases. The outcomes 
were overall survival (OS) and intracranial progression-free survival (iPFS) between groups, both were 
measured as hazard ratios (HRs). Meta-regression and dominant subgroup analysis were used to explore 
advantageous subgroups.
Results: A total of 12 retrospective studies involving 1,553 EGFR mutated patients with BM at the first 
diagnosis were included. EGFR-TKIs plus brain RT showed a significant prolonged OS (HR =0.64, 95% 
CI: 0.52–0.78; P<0.001) and iPFS (HR =0.62, 95% CI: 0.50–0.78; P<0.001) compared to EGFR-TKIs alone. 
Meta-regression analyses showed that potential factors contributed to the heterogeneity were the proportion 
of ECOG performance score (2+ vs. 0-1, P=0.070) and brain symptomatic patients (no vs. yes, P=0.077) 
regarding iPFS and was age (younger vs. older, P=0.075) for OS. Dominant subgroup analyses suggested that 
symptomatic patients (HR 0.46 vs. 0.74, interaction P=0.01) for iPFS, and older patients (HR 0.55 vs. 0.75, 
interaction P=0.03) and 19Del mutation (HR 0.55 vs. 0.74, interaction P=0.04) for OS, seemed to benefit 
more from the combination therapy than their counterparts. However, direct subgroup results based on only 
two studies did not show significant difference in iPFS benefit between age, mutation type and sex subgroup. 
Conclusions: EGFR-TKIs plus brain RT is superior to EGFR-TKIs alone in the management of EGFR-
mutated NSCLC patients with BM, of which the benefits might be influenced by age, BM-related symptoms 
and mutation type.
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Introduction 

Non-small cell lung cancer (NSCLC), representing 85% 
of all lung cancer, was characterized by high incidence of 
brain metastasis (BM) with approximately 20–40% patients 
developing BM during the disease course (1-3). Studies 
reported that BM was a major cause of deaths in NSCLC 
patients and showed a median overall survival (OS) time 
about 3–6 months when left untreated (1,4). Historically, 
the traditional treatment strategies for BM included surgery, 
radiotherapy alone including whole brain radiation therapy 
(WBRT) and stereotactic radiosurgery (SRS) or combined 
with systemic therapy such as chemotherapy (5). And the 
prognosis of NSCLC patients with BM still remains dismal, 
with a median OS about 4.5 months after WBRT and  
7.0 months after active chemotherapy (6,7). 

With the discovery of epidermal growth factor receptor 
(EGFR) abnormality presented in NSCLC patients and 
subsequently the great efficacy of epidermal growth factor 
receptor tyrosine kinase inhibitors (EGFR-TKIs) shown 
in the treatment of advanced NSCLC patients harboring 
EGFR mutation, EGFR-TKIs became the first-line therapy 
of EGFR mutated advanced NSCLC patients (8). A study 
found that EGFR mutated NSCLC patients had a higher 
rate of BM and EGFR mutation subtype was related to the 
number of BM (9). Later on, EGFR-TKIs was demonstrated 
to be safe and significantly efficacious in EGFR mutated 
patients with BM, with an increasing median progression-
free survival time (14.5 months) and median overall survival 
time (21.9 months) (10). In addition, a randomized, phase 
III study conducted on EGFR mutant patients with multiple 
BMs (BRAIN) showed that median iPFS was much better 
in icotinib group than in whole brain irradiation plus 
chemotherapy group (10.0 versus 4.8 months) (11), which 
suggested that EGFR-TKIs might be a rational first-line 
therapeutic option for this specific population. However, 
several investigations considered that the efficacy of EGFR-
TKIs may be abrogated due to reasons as follows: firstly, the 
existence of the blood-brain-barrier (BBB), which affected 
the penetration of drugs to the CNS, would finally lead to 

low concentration of EGFR-TKIs in the cerebrospinal fluid 
(CSF), then the requirement of higher dose of EGFR-TKIs 
may resulted in the occurrence of dose-escalation toxicity (12); 
secondly, the potential heterogeneity of EGFR mutation 
status between the primary tumor and metastatic site may 
also impeded the treatment efficacy (13).

A recent research demonstrated that EGFR mutated 
patients were more sensitive to radiotherapy (14). Similar 
result had been also founded by Das et al., which showed 
in vitro that NSCLC cell lines harboring mutations in 
the tyrosine kinase domain (TKD) of EGFR exhibited a 
predominantly radiosensitive through incomplete double 
strand break (DSB) repair, failure to halt DNA synthesis or 
mitosis (15). Previous studies have confirmed that radiation 
increased EGFR expression in cancer cells, and the blockage 
of EGFR signaling pathway by EGFR-TKIs was able to re-
sensitize cancer cell to radiotherapy again (16). Moreover, it 
has been reported that combining WBRT with EGFR-TKIs 
could not only improve the penetration of gefitinib into CSF 
via disrupting BBB but also increased the BBB permeability 
of gefitinib in accordance with escalated dose of WBRT (17). 

To achieve better clinical outcome, some preclinical trials 
had begun to prescribe combination therapy of EGFR-
TKIs and brain RT for NSCLC patients with EGFR 
mutation and BM, and found that combined therapy was 
well tolerated and showed a synthetic effect on tumor 
control with a favorable objective response rate (ORR) of 
approximately 80% patients (18,19). Moreover, a meta-
analysis by Jiang et al. further suggested that the combined 
therapy presented superior response rate and disease 
control rate (DCR), as well as a markedly prolonged time 
to central nervous system progression (CNS-TTP) and 
OS of NSCLC patients with BM, compared with brain 
RT alone (20). Nevertheless, whether the combination of 
EGFR-TKIs and brain RT was better than EGFR-TKIs 
alone in the management of EGFR mutated NSCLC 
patients with BM still remains controversial. In this study, 
we aim to explore the optimal strategy for NSCLC patients 
harboring EGFR mutation and BM, and further figure out 
the dominant population of the optimal therapy.
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Methods

Literature search

Two authors (X Xia and M Guo) independently conducted a 
comprehensive systematic literature search of online database 
including PubMed, Embase, Web of Science, and Cochrane 
library, Medline and Google Scholar, from January 2013 to 
March 2018 to identify all published randomized controlled 
trials (RCTs) and observational studies. Searches were limited 
to human studies, with language restriction only in English. 
The search terms and relative variants were as follows: EGFR-
TKIs, erlotinib, gefitinib, icotinib, afatinib, osimertinib, 
radiotherapy, whole brain radiation therapy, WBRT, 
stereotactic radio surgery, SRS, non-small cell lung cancer, 
NSCLC, brain metastasis (metastases). We also reviewed the 
references of included articles and related systematic reviews to 
identify additional studies. All the search results were evaluated 
according to the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) statement.

Study selection and quality assessment

The eligible studies should meet the following criteria: (I) 
study population: EGFR mutant NSCLC patients with 
BM at the first diagnosis; (II) intervention: EGFR-TKI 
plus radiotherapy vs. EGFR-TKI alone; (III) study design: 
RCTs or observational studies including cohort studies; (IV) 
outcomes measures: at least one outcome reported among 
the primary outcomes [overall survival (OS) or intra-cranial 
progression free survival (iPFS)]. 

The exclusion criteria included: studies were excluded if 
they were abstracts, case reports, non-comparative studies, 
reviews and meta-analysis, as well as commentary articles. 
In addition, studies were excluded if they included patients 
without information about EGFR status which we think would 
affect the reliability and accuracy of results. When duplicated 
publications were identified, we included the most thorough 
and recent article describing the up-to-date data of the trial. 
In cases where only the meeting abstract was available and the 
article was not yet published, we used the data in the abstracts 
supplemented by other associated materials, including 
posters and presentation slides, and tried to obtain additional 
unpublished data by contacting the authors. New-Ottawa scale 
was used to evaluate the quality of the included studies.

Data extraction 

Data extraction was conducted independently by two 

investigators (K Dong. and M Guo). We recorded all 
available information, including baseline characteristics 
of patients, the treatment outcomes (OS and iPFS). If the 
statistical variables were not directly reported in the article, 
we calculated them from the available numerical data 
according to the methods described by Tierney (21). The 
data from Kaplan-Meier survival curves were read using 
an Engauge Digitizer version 4.1 (http://engauge-digitizer.
software.informer.com/4.1/) to reduce variability.

Statistical analysis

The relative effect of different arms (EGFR-TKIs + brain 
RT vs. EGFR-TKIs) in terms of OS and iPFS was presented 
as hazard ratio (HR) and 95% confident interval (CI). The 
significance of the HR was assessed by the Z test, along with 
95% CIs. Statistical heterogeneity was assessed by visual 
inspection of forest plots, by performing the Chi-square test 
(assessing the P value), and by calculating the inconsistency 
index (I2 statistic) (22). Study-level data were pooled using 
a random effect model in case of any potential bias. Meta-
regression was conducted to screening for potential source of 
heterogeneity, using the proportion of each phenotype as a 
candidate factor. Subgroup analysis and sensitivity analysis were 
performed to explore the source of identified heterogeneity if 
required. Publication bias was estimated by visually assessing 
the asymmetry of an inverted funnel plot. STATA 13.0 (Stata 
Corporation, College Station, TX) and Revman 5.3 were used 
for calculation. Significance was defined as a P-value <0.05.

Results 

Study selection

According to the primary searching strategy, a total of  
146 potentially eligible articles were displayed. After 
comparing and skimming titles and abstracts, 121 articles 
were eliminated due to duplication, no relation or no 
available data. Then, 9 papers were excluded by screening 
the type of article, including 2 comment, 3 case report,  
1 letter and 3 conference abstracts. 16 candidates were fully 
reviewed and finally 12 papers meeting inclusive criteria and 
were selected for meta-analysis (23-34). The flow diagram 
of our literature inclusion scheme was shown in Figure 1. 

Characteristics of the included studies

The pooled analysis enrolled 12 studies. A total of 1,553 BM  
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Relevant studies were screened through 
database (n=146)

The type of articles should be screened 
(n=25)

Full article reviewed for more detailed 
evaluation (n=16)

Studies were included for meta-analysis 
(n=12)

Studies were deleted for duplication, 
non English, no relation, no available 

data (n=121)

Studies (n=9) were excluded: comment 
(n=2), case report (n=3), letter (n=1), 

conference abstract (n=3)

Papers were excluded due to no 
available data to extract the HRS (n=4)

Figure 1 Study screening process.

EGFR mutated NSCLC patients were available for analysis, 
including 763 patients received EGFR-TKIs plus brain 
RT (predominantly whole brain RT) and 790 patients 
received EGFR-TKIs alone. The features of each eligible 
study were extracted (Table 1). All studies were retrospective 
studies except one. EGFR-TKI included erlotinib, gefitinib, 
icotinib, afatinib had been used. The method of detecting 
the EGFR status is amplification refractory mutation 
system (ARMS) based on the paraffin section or polymerase 
chain reaction amplification. Most patients of the included 
studies were Asian. The treatment sequence of the included 
studies was simply described as EGFR-TKIs + brain RT 
and EGFR-TKIs alone.

TKI + brain RT vs. TKI alone on OS and iPFS

A total of 12 articles focusing on the comparison of clinical 
outcomes between EGFR-TKIs plus brain RT and EGFR-
TKIs alone were included. EGFR-TKIs plus brain RT was 
demonstrated a statistically significant improvement in OS 
(HR =0.64, 95% CI: 0.52–0.78; P<0.001) (Figure 2A) and 
iPFS (HR=0.62, 95% CI: 0.50–0.78; P<0.001) (Figure 2B) 
and the pooled analyses display moderate heterogeneity 
in OS (P=0.039, I2 =43.9%) and significant heterogeneity 
in iPFS (P<0.001, I2 =69.7%). Then we conducted the 
influence analysis of the included data (Figures S1,S2), and 
founded out that Jiang et al., Ke et al. and Magnuson (SRS) 
et al. were the main origins which influenced the pooling 
outcome (26,29,32). The heterogeneity was effectively 

decreased or removed after exclusion of these three studies 
(I2 =0.0%, P=0.680); Moreover, I2 of iPFS was decreased to 
38.5% (P=0.107) after removal of the three studies (byeon 
et al., Jiang et al. and Chen et al.) (23,26,27) which were 
considered as the culprit of heterogeneity by sensitivity 
analysis. The Egger’s and Begg’s test of included studies 
suggested no significant publication bias (P>0.05).

Meta-regression

To further explore the source of heterogeneity of iPFS and 
OS results, we did the meta-regression analyses with respect 
to age, gender, proportion of ECOG performance score, 
smoking status, mutation status, proportion of number of 
brain metastases, proportion of asymptomatic patients, 
proportion of extracranial metastases. For iPFS, the meta 
regression analysis demonstrated that the proportion 
of ECOG performance score (2+ vs. 0-1, P=0.070) and 
the proportion of brain symptomatic patients (no vs. 
yes, P=0.077) were potential factors that contributed to 
the heterogeneity; for OS, the ratio of younger vs. older 
patients was inclined to related to heterogeneity (P=0.075). 

Dominant subgroup analyses

We further conducted a dominant subgroup analysis based 
on the median proportion of baseline characteristics of 
patients in the included studies (Table S1). In terms of 
iPFS, the dominant subgroup analysis suggested that 
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Table 1 Baseline characteristics of 12 eligible studies

Study, name Country Study type
Treatment 

group
Control 
group

EGFR mutation

Interventions Median 
follow-up 
(months)

OutcomeEGFR-TKIs + 
brain RT

EGFR-TKIs

Byeon 2016 Korea Retrospective 59 62 19del, L858R EGFR-TKIs + 
WBRT/SRS

Gefitinib/
Erlotinib

18.4 OS, iPFS, ePFS, 

Zhu 2017 China Retrospective 67 66 19del, 21mutation EGFR-TKIs + 
WBRT/SRS

Gefitinib/
Erlotinib

18 OS, iPFS

Chen 2016 China Retrospective 53 79 19del, L858R EGFR-TKIs + 
WBRT

Gefitinib/
Erlotinib

36.2 OS, iPFS, iORR, 
sORR, iTTP

Jiang 2016 China Retrospective 30 91 19del, L858R，
rare mutation

EGFR-TKIs + 
WBRT

Gefitinib/
Erlotinib/
Icotinib

NR OS, iPFS

Wang2016 China Retrospective 46 86 19del, L858R, 
other mutation

EGFR-TKIs + 
WBRT/SRS

Icotinib/
Gefitinib/
Erlotinib

16.8 OS, iPFS,, CR, 
PR, SD, PD

Liu 2017 China Retrospective 49 64 19-del, L858R, 
Unknow

EGFR-TKIs + 
WBRT/SRS

Gefitinib/
Erlotinib/
Icotinib

30 OS, iPFS, 

Ke 2018 China Retrospective 60 79 Exon19, Exon21 EGFR-TKIs + 
WBRT

Gefitinib/
Erlotinib

36.5 OS, iTTP

Magnuson 
2017

America RCT 120/100 131 Exon19, Exon20, 
Exon21

EGFR-TKIs + 
WBRT/SRS

Erlotinib 22 OS, iPFS

Fan 2017 China Retrospective 56 41 Exon19, Exon21 EGFR-TKIs + 
WBRT/SRS

Icotinib 28.5 OS, iPFS, ePFS, 
iORR, eORR

Li 2018 China Retrospective 17 11 Exon19, Exon21 EGFR-TKIs + 
WBRT

Afatinib 17.4 OS, TTF,
ORR

Sung 2018 Korea Retrospective 40 41 NR EGFR-TKIs + 
WBRT/SRS

Gefitinib/
Erlotinib

20.0 OS, iTTP,

Chen 2018 China Retrospective 66 39 Exon19, Exon21 EGFR-TKIs + 
WBRT

Gefitinib/
Erlotinib/
Icotinib

53.5 OS, iPFS, ePFS, 
CR, PR, SD, PD, 

iDCR, iORR

EGFR-TKIs, epidermal growth factor receptor-tyrosine kinase inhibitors; WBRT, whole brain radiation therapy; OS, overall survival; SRS, 
stereotactic radiosurgery; CR, control rate; iORR, intracranial objective response rate; DCR, disease control rate; iPFS, intracranial 
progression-free survival. ePFS, extra-cranial metastases; TTF, time-to-treatment failure; PR, partial response; PD, progressive disease; 
SD, stable disease; iTTP, intra-cranial time to progression.

symptomatic patients achieved a significant prolonged iPFS 
from combined therapy compared to asymptomatic patients 
(P<0.001, I2=93.7%) (Figure S3A). Moreover, patients with 
younger age (P=0.20) and the extracerebral metastases status 
(P=0.20) seems to benefit more from combined therapy 
compared to patients with old age and no extra metastasis. 
Nevertheless, contrary to the results of regression analysis, 
we found that the efficacy of combined therapy on iPFS was 
similar whatever the PS score patients achieved (P=0.79); 
In addition, gender (P=0.73), smoking status (P=0.72), the 

number of brain metastases (P=0.48), as well as EGFR 
mutation subtype (P=0.93) had no influence on iPFS for 
patients receiving the combination therapy (Figure S3B). 

As for OS, the impact of combined therapy on OS was 
different according to age and mutation type. Patients with 
older age (P=0.03) and 19deletion (P=0.04) benefited more 
from the combination therapy of EGFR-TKIs and brain RT, 
compared with younger patients and patients with L858R 
(Figure S3C and Figure S3D). In addition, patients who 
termed female (P=0.17) or PS >2 (P=0.22) were potentially 

http://www.baidu.com/link?url=om1IJmmbAdtc4Wio7MCsHnkdKmH-8cxHh4jHjMa7eX827d2h5OQO1Dd69ORF0qbzOO8037Lyk1G01ZzxSlbBiphwkgJfpwowa1zeQ-xkqgmDCjOQ2--cPDt1ewGIsqzt
http://www.baidu.com/link?url=om1IJmmbAdtc4Wio7MCsHnkdKmH-8cxHh4jHjMa7eX827d2h5OQO1Dd69ORF0qbzOO8037Lyk1G01ZzxSlbBiphwkgJfpwowa1zeQ-xkqgmDCjOQ2--cPDt1ewGIsqzt
http://www.baidu.com/link?url=om1IJmmbAdtc4Wio7MCsHnkdKmH-8cxHh4jHjMa7eX827d2h5OQO1Dd69ORF0qbzOO8037Lyk1G01ZzxSlbBiphwkgJfpwowa1zeQ-xkqgmDCjOQ2--cPDt1ewGIsqzt
http://www.baidu.com/link?url=om1IJmmbAdtc4Wio7MCsHnkdKmH-8cxHh4jHjMa7eX827d2h5OQO1Dd69ORF0qbzOO8037Lyk1G01ZzxSlbBiphwkgJfpwowa1zeQ-xkqgmDCjOQ2--cPDt1ewGIsqzt
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Figure 2 Forest plots of hazard ratio (HR) on overall survival (A) and intracranial progression-free survival (B). RT, radiotherapy; TKI, 
tyrosine kinase inhibitor.
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more likely to benefit from combined therapy. However, 
our results manifested that smoking status (P=0.50), BM-
related symptom (P=0.79), the number of BMs (P=0.31) 
and extracranial metastasis(P=0.81) were not affect OS for 
patients receiving combined therapy (Figure S3E). 

Direct subgroup analyses

We also conducted subgroup analysis about iPFS with 
available information in several aspects: EGFR mutation 
subtype (mainly exon 21 L858R and exon 19del), age 
(>65 years old and ≤65 years old), sex (male and female), 
number of brain metastasis (≤3 vs. >3). There were 
only two studies [Zhu (23) and Jiang (26)] available for 
subgroup analyze. The results suggested that 21 L858R 
(HR =0.67, 95% CI: 0.19–2.40) intend to favor combined 
therapy while 19deletion (HR =1.35, 95% CI: 0.88–2.09) 
incline to another direction. Nevertheless, P-value of 
subgroup difference was 0.31 (Figure 3A). In addition, 
patients>65 years old (HR =0.74, 95% CI: 0.37–1.48) 
seemed to benefit more from combination of EGFR-TKI 
plus brain RT compared with patients ≤65 years old (HR 
=4.47, 95% CI: 4.47–70.13) (Figure 3B), but the subgroup 
difference also remained insignificant (P=0.21). Though 
our results suggested that asymptomatic patients (HR 
=1.16, 95% CI: 0.75–1.80) tend to favor EGFR-TKIs 
alone compared to patients with BM-related symptom, the 
difference between groups was not statistically significant 
(P=0.72) (Figure 3C), As for gender, HRs of female and 
male patients were similar.

Discussion

This study was mainly focused on the comparison of clinical 
efficacy between EGFR-TKIs plus brain RT and EGFR-
TKIs alone in EGFR mutant NSCLC patients with BM. 
And furtherly intend to figure out advantage subgroup 
which benefit more from combined therapy. The study 
included 12 studies enrolling 1,553 NSCLC patients 
harboring EGFR mutation and BM. This pooled analysis 
demonstrated a significant difference in terms of OS (HR 
=0.64, 95% CI: 0.52–0.78; P<0.001) and iPFS (HR =0.62, 
95% CI: 0.50–0.78; P<0.001) between combined therapy 
group and EGFR-TKIs alone group, indicating that the 
combined therapy may be a favorable option for the first-
line treatment of these patients. Notably, the current 
comparisons were not based on randomization clinical trials. 
In addition, the adverse events (AEs) could not be assessed. 

Therefore, whether we should choose combination EGFR-
TKI and radiotherapy over EGFR-TKI alone remained 
inconclusive. 

BM was reported frequently occurred in EGFR mutated 
NSCLC, with approximately 8–49% happened at the initial 
diagnosis and about 24% during treatment course (35,36). 
An Diagnosis-Specific Graded Prognostic Assessment 
(DS-GPA) demonstrated that factors including patients 
age, Karnofsky Performance Status (KPS), extracranial 
metastases (ECM), number of BMs and gene status (EGFR 
and ALK) were prognostic index for NSCLC patients 
with BM (37). However, the DS-GPA cannot be used to 
assess the effect of diverse treatment due to its inherent 
selection bias. Since the pooled analysis has suggested 
that the combination therapy is superior to single therapy, 
we furtherly seek to figure out the advantage groups by 
subgroup analysis.

For iPFS, our subgroup results showed that for EGFR 
mutated BM patients with combined therapy of brain RT 
and EGFR-TKI, symptomatic patients (HR =0.47, 95% 
CI: 0.38–0.58) apparently have a longer iPFS compared 
to asymptomatic patients (HR =0.80, 95% CI: 0.68–0.93) 
(P<0.0001). To our knowledge, it was valid optimal for 
asymptomatic patients with EGFR mutation and BM 
to choose EGFR-TKIs, and patients with BM-related 
symptom are more inclined to received brain RT plus 
EGFR-TKIs compared to EGFR-TKIs alone, these 
may interference the results. We also found that exon 21 
L858R mutation (HR =0.67, 95% CI: 0.19–2.40) might 
benefited more from EGFR-TKIs + RT, though there was 
no statistical difference between two groups (P=0.31). The 
possible reasons were as follows. Firstly, from the aspect 
of clinical characteristics between mutation subtypes, a 
retrospective study on 1,063 patients has demonstrated 
that exon 19 deletion rather than exon 21 mutation was 
associated with high incidence of developing BM during 
the course of therapy (38), which complied with the results 
founded in Li et al. in 2015 (39). Another study further 
demonstrated that BM lesions with L858R mutation were 
located significantly closer to the brain surface (including 
preferential involvement of the caudate, cerebellum, and 
temporal lobe) than lesions with exon 19 deleted or wild-
type EGFR (40). Both clinical features would have an 
impact on the treatment outcome. Secondly, the drug 
concentration affecting iPFS differed between these two 
mutations. Okuda et al. found that the plasma concentration 
of gefitinib was associated with the difference in PFS 
between subtypes of EGFR mutation, and showed that 
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Figure 3 The subgroup analyses of intracranial progression-free survival (iPFS) depend on EGFR mutation subtype (A), patients age (B) and 
BM-related (symptomatic vs. asymptomatic) (C); HR, hazard ratio; BM, brain metastases; RT, radiotherapy; TKIs, tyrosine kinase inhibitors; 
EGFR, epidermal growth factor receptor.

for the patients with exon 19 deletions, there was no 
significant difference in PFS between the high and low 
plasma concentration groups (median survival: 12.0 vs. 
17.0 months, P=0.9548), In contrast, the iPFS of 21 L858R 

mutated patients was significantly different between low 
and high concentrations of gefitinib (median survival: 
8.0 vs. 16.0 months, P<0.05) (41), which indicated that 
iPFS in patients with exon 21 mutation relied more on 
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concentration than 19deletion patients; and since combined 
WBRT was associated with elevated CSF concentration of 
EGFR-TKIs by breaking BBB, both of them seem to partly 
explain why exon 21 mutation favors combined therapy. 
Moreover, several previous studies demonstrated that exon 
19 and 21 mutations had different response to gefitinib or 
erlotinib, and patients with exon 19 deletion had longer 
progression-free survival than those with exon 21 L858R 
mutation when treated with EGFR-TKIs (42-44). This 
may explain the difference of additional value of brain RT 
as a complement to EGFR-TKIs. In addition, our results 
also suggested that patients aged more than 65 years old 
(HR =0.74, 95% CI: 0.37–1.48) achieved a potential better 
iPFS after combined therapy compared to patients aged 
less than 65 years old, while no statistically difference was 
observed (P=0.21). Moreover, male patients who received 
combined therapy were inclined to have a longer iPFS than 
woman (HR =0.59, 95% CI: 0.50–0.70, P=0.09). Kim et al.  
has demonstrated that the young cancer patients were 
characterized by more female, non-smokers and higher rate 
of distant metastasis compared with the older patients (45). 
It was also confirmed that younger cancer patients have a 
higher percentage of exon 19 deletion than L858R (45). 
Thus, it was rational that older patients and male may have 
a better iPFS after combined therapy. However, there still 
high heterogeneity existed in this analysis. The discrepancy 
may due to the limited number patients less than 65 years 
old enrolling in the retrospective studies.

As for OS, this study showed that the prognosis of older 
patients after the combined therapy were significantly better 
than that of younger patients. It was discordant with the 
findings that age >65 years old was a poorer prognosis factor 
for EGFR mutated NSCLC patients with BM following 
by WBRT and EGFR-TKI therapy (46). We supposed 
that may due to clinically more younger patients are tend 
to receive EGFR-TKIs alone because of the intolerance 
of potential side-effect of brain RT on the nervous system. 
Moreover, we found that patients with 19deletion achieved 
a significant improved OS than patients with 21 L858R 
after the combination therapy, which was consistence with 
previous study that 19deletion was a favorable prognosis 
factor for NSCLC patients with BM (44). 

Thus, we suggested that mutation subtype, patient 
age, and BM-related symptom should be considered 
when determining treatment option in EGFR positive 
NSCLC patients with BM and be considered as a crucial 
stratification factor when designing future studies.

Previous studies mainly concentrated on the safety of 

EGFR-TKIs plus radiotherapy in EGFR mutated patients 
with BM (47). There were limited investigations focusing 
on the comparison of clinical efficacy between EGFR-
TKIs plus radiotherapy and EGFR-TKIs; and most of the 
existing studies were conducted on patients without clear 
EGFR mutation status, which may affect the reliability of 
results. Our meta-analysis had several advantages. Firstly, all 
enrolled studies were conducted on the targeted population 
which are NSCLC patients harboring EGFR mutation 
and BM at the first diagnosis. Secondly, all of the included 
studies were comparative studies and the treatments were 
given as first-line therapy. Thus, the pooled results have 
certain value in guiding clinical treatment.

There were several limitations in this meta-analysis. 
Firstly, the number of included studies were relatively small 
and most of them were retrospective studies. Secondly, the 
insufficient of subgroup analysis data between two treatment 
groups abrogated further selection of dominant subgroups. 
Thirdly, patients involved in our meta-analysis were almost 
all Asians, hence further investigations on Caucasians and 
other races are required. Finally, the treatment toxicity, 
an important factor in choosing treatment options, was 
unavailable in this study. 

Conclusions

In the first-line management of NSCLC patients with 
EGFR mutation and BM at the first diagnosis, the 
combination therapy presents significant improvement in 
OS and iPFS. Patients with BM-related symptoms, older 
age and 19deletion might benefit more from combined 
therapy. However, more randomized clinical trials and 
additional fundamental researches are still needed to further 
clarify the beneficial population of different therapy and its 
possible mechanism, so as to better guide clinical treatment.
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Figure S3 dominant subgroup analysis of intracranial progression-free survival (iPFS) depending on BM-related symptom (symptomatic 
vs. asymptomatic) (A); iPFS based on gender, age, ECOG PS, EGFR mutation type, number of BMs, extra metastasis status (B); dominant 
subgroup analysis of overall survival (OS) depending on age (C) and EGFR mutation subtype (D); based on other parameters including 
gender, smoking status, ECOG PS, number of BMs, extra metastasis status (E). EGFR, epidermal growth factor receptor; HR, hazard ratio; 
BM, brain metastases; RT, radiotherapy; TKIs, tyrosine kinase inhibitors.


