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A b s t r a c t

Introduction: To analyze the appropriate treatment methods or timing to 
use epidermal growth factor receptor (EGFR) tyrosine kinase inhibitors 
(TKIs) and brain radiation treatment (RT) for symptomatic and asymptomat-
ic brain metastases (BM) in patients with EGFR mutation non-small cell lung 
cancer (NSCLC).
Material and methods: We retrospectively studied patients diagnosed with 
EGFR gene mutated NSCLC who developed brain metastasis between June 
2006 and December 2015 at Zhejiang Cancer Hospital. Treatment data were 
assessed in 181 patients with 49 symptomatic BM and 132 asymptomatic 
BM retrospectively.
Results: In 49 symptomatic BM patients, the median OS of the stereotactic 
radiosurgery (SRS)-treated group was longer than in the whole brain radio-
therapy (WBRT) group (37.7 vs. 21.1 months) (p = 0.194). In the group of 
132 asymptomatic brain metastasis patients, the median overall survival 
(mOS) was longer in upfront brain radiotherapy compared with the upfront 
TKI group (24.9 vs. 17.4 months) (p = 0.035). In further analysis regarding 
the timing of using radiotherapy, out of all 74 patients, 33 underwent concur-
rent TKI and brain radiation, 13 received TKI after first-line RT treatment and  
28 patients received radiotherapy after TKI failure. The intracranial progres-
sion free survival (iPFS) of the three groups was 11.1 months, 11.3 months 
and 8.1 months (p = 0.032), respectively. The mOS of the three groups was 
21.9 months, 26.2 months and 17.1 months, respectively (p = 0.085).
Conclusions: Our research indicated that delayed brain RT may result in in-
ferior iPFS in EGFR mutated NSCLC patients with asymptomatic brain metas-
tases, but no OS benefit was obtained. In addition, our study revealed that 
patients treated with SRS had a significantly longer OS for symptomatic BM. 
Future prospective study of the optimal management strategy with WBRT or 
SRS and TKI for this patient cohort is urgently needed.

Key words: brain metastases, epidermal growth factor recptor tyrosine 
kinase inhibitors, non-small cell lung cancer, radiotherapy.

Introduction

Lung cancer is the most common causes of cancer death throughout 
the world [1, 2]. Brain metastases (BM) are manifest in 10–30% of non-
small cell lung cancer (NSCLC) patients at diagnosis [3, 4]. Approximately 
30–50% of NSCLC patients will develop BM during their disease course 
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[5]. Patients with brain metastases commonly have 
poor prognoses and untreated patients have a me-
dian survival of just 2 months [6]. Whole brain ra-
diotherapy (WBRT) improves median survival to 4–6 
months [7]. Along with the finding of the epidermal 
growth factor receptor (EGFR) gene, some studies 
further demonstrated that patients with activating 
EGFR mutated had higher risk than EGFR wild type 
brain metastasis patients [8, 9]. Also, EGFR mutation 
positive patients with BM tend to do significantly 
better as compared to those with wild type EGFR, 
when treated with EGFR tyrosine kinase inhibitors 
(TKIs) and brain irradiation [10, 11]. Current cranial 
radiotherapy treatment options include stereotactic 
radiosurgery (SRS) and whole brain radiation ther-
apy (WBRT) depending on the characteristics of 
patients’ brain metastases [12]. The SRS is a newer 
treatment option, applied in selected conditions of 
relatively limited brain disease [13, 14].

EGFR TKIs have been approved as first-line ther-
apy in EGFR gene mutated patients of advanced 
NSCLC [15]. Compared with standard chemothera-
pies used for advanced NSCLC patients, EGFR-TKIs 
are much more effective at crossing the blood 
brain barrier [16]. In this context, the combina-
tion of brain radiotherapy and targeted therapies 
seems relevant. Brain metastases of NSCLC pa-
tients will manifest either symptomatically or not; 
the management will depend on the circumstanc-
es of diagnosis. Some studies indicated that EGFR 
TKIs plus brain radiotherapy (RT) showed greater 
efficacy than radiotherapy plus chemotherapy 
treatment or brain radiotherapy alone [17–19]. 
Other studies suggested that TKIs combined with 
brain RT treatment showed no superiority in intra-
cranial progression-free survival or overall survival 
[20]. However, in some studies, it was demonstrat-
ed that EGFR TKIs plus radiotherapy would have 
a negative impact on survival time and many more 
side reactions [21]. Moreover, among patients with 
asymptomatic brain metastasis who do not re-
quire symptom relief immediately, the appropriate 
therapy program is still controversial. On the other 
hand, the time of using brain irradiation, such as 
upfront TKI, combination with TKI or after TKI re-
sistance, is not well established.

Therefore, we retrospectively evaluated the 
efficacy of EGFR-TKI plus irradiation or TKI alone 
to treat NSCLC brain metastasis EGFR-mutant pa-
tients. We also assessed the efficacy of upfront 
EGFR-TKI, combined with TKI and deferral of RT, in 
asymptomatic brain metastasis patients.

Material and methods

Patient characteristics

482 patients were diagnosed with lung cancer 
with EGFR mutated between June 2006 and De-

cember 2015 at Zhejiang Cancer Hospital. It ret-
rospectively enrolled and analyzed 181 patients 
with brain metastases at preliminary diagnosis. 
At the time of diagnosis, every patient underwent 
laboratory tests and imaging examinations. Pa-
tient information included computed tomography 
(CT) scans of chest and upper abdomen, emission 
computed tomography (ECT), and magnetic res-
onance imaging (MRI) of the brain. Because the 
primary purpose of the research was to evaluate 
TKI-naive patients with newly diagnosed BM, we 
excluded all patients who developed BM after tak-
ing an EGFR-TKI, or did not receive EGFR-TKI after 
SRS or WBRT. Patients who underwent surgical re-
section at the time of initial BM were excluded to 
remove a potentially confounding variable. Finally, 
those with insufficient information in the medical 
records and less than 6 months of follow-up were 
also excluded.

Clinical information included age, gender, 
smoking history, histopathology, EGFR mutation 
status, number of brain metastatic lesions, extra-
cranial metastases situation, prior chemotherapy 
before TKIs, EGFR-TKIs drug, brain radiotherapy 
methods, data on 4 graded prognostic assess-
ment (GPA), Eastern Cooperative Oncology Group 
(ECOG) performance status.

Treatment response assessment

A  total of 181 patients all received EGFR-TKI 
oral treatment (icotinib 125 mg/day, tid; gefitinib 
250 mg qd; erlotinib 150 mg qd). The total dose 
of WBRT was 30 Gy administered in 10 fractions 
(3 Gy fractions once a  day, 5 days a  week). All 
metastatic tumors in the brain were treated with 
SRS using Leksell Gamma Knife model C (Elek-
ta, Stockholm, Sweden). To irradiate the tumor  
margins, the median peripheral dose of 18.2 Gy 
(range: 15.5–20.5 Gy) was prescribed at the me-
dian 45.9% isodose line (range: 40–70%). All 
patients underwent imaging examinations after 
two courses of chemotherapy or every 4 ±1 week 
for the first 2 months of EGFR-TKI treatment. Pa-
tients underwent chest, abdomen, and pelvic CT 
and brain MRI every 3 months until disease pro-
gression. The tumor response was assessed by 
the Response Evaluation Criteria in Solid Tumors 
(RECIST) 1.1, including complete remission (CR), 
partial remission (PR), stable disease (SD), and 
progression of disease (PD). 

Follow-up and statistical analysis

The last follow-up date was 30 April, 2016. No 
patient evaluated for OS was lost to follow-up. 
Intracranial progression-free survival was defined 
as the time from using RT or EGFR-TKI until in-
tracranial progression (iPFS). Overall survival (OS) 
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time was calculated from the day of diagnosis NS-
CLC with brain metastases to the date of death or 
the last follow-up. Survival analysis was conduct-
ed with a  Kaplan-Meier analysis. The impact of 
the potential variables affecting PFS and OS was 
assessed by univariate analysis with the log-rank 
test. Multivariate testing was done by the Cox 
regression analyses. Statistical analysis was per-
formed using SPSS software, version 19.0 (SPSS 
Inc., Chicago, IL, USA).

Results

Patient characteristics

The baseline characteristics are shown in Table I.  
The study included 181 EGFR mutation patients 
with brain metastases at the initial diagnosis of 
advanced NSCLC, with 99 females and 82 males. 
74 patients had an EGFR exon 19 deletion and  
58 had EGFR exon 21. The median age of patients 
was 59.0 years (range: 31–77 years). In patients 
with the initial diagnosis of brain metastases,  
49 patients showed symptomatic brain metas-
tasis and the remaining patients (n = 132) were 
asymptomatic. After diagnosis and general eval-
uation, 181 patients received either chemothera-
py or a TKI as first line systemic treatment. The 
regimens included pemetrexed, paclitaxel, gemcit-
abine, docetaxel or vinorelbine combined with cis-
platin or carboplatin. Ninety-six patients received 
TKI as first-line therapy when the diagnosis was 
BM. The remaining 85 patients were administered 
a TKI as second-line or more therapy. 

Treatment characteristics

One hundred and nineteen received radiation 
therapy (102 received WBRT and 17 SRS). In all  
49 symptomatic BM patients received radiother-
apy, except 4 patients who refused treatment. 
There were 45 patients who had brain radiother-
apy, 39 received WBRT and 6 SRS. Among 132 
asymptomatic brain metastasis patients, 74 re-
ceived radiotherapy (63 WBRT and 11 SRS). 26 
patients were still stable after TKI alone by the fol-
low-up time. Twenty-two patients treated with TKI 
alone did not get information about brain RT after 
intracranial progression until the last follow-up. 
Ten patients refused brain RT treatment. Among  
74 patients, 33 underwent concurrent TKI and 
radiation therapy. Thirteen were given TKI after 
failure of radiotherapy. Twenty-eight patients 
received radiotherapy when they developed pro-
gression of disease after TKI.

Response rates

The response of treated brain lesions was eval-
uated at 4–8 weeks after initiation of therapy us-

ing RECIST criteria. All of 181 patients, 91 patients 
received brain radiotherapy before or concurrently 
with TKI. The remaining 90 patients did not receive 
radiotherapy before TKI therapy during the whole 
course of treatment including those who received 
it after the failure of TKI. Although the objective 
response rate (CR and PR) was slightly higher in 
the upfront RT group, the difference was not sta-
tistically significant (62.6% vs. 55.6%; p = 0.333). 

Survival outcomes

The median follow-up for all patients was 16.8 
months (range: 3.6–63.4 months), and the me-
dian OS from used TKI was 20.3 months (95% 
confidence interval (CI): 17.3–23.4 months). The 
median progression-free time to iPFS for the en-
tire cohort was 10.63 months (95% CI: 9.3–11.8 
months). The iPFS in the before or concurrent RT 
(group B) and the upfront TKI (group A) group 
were 11.7 months and 9.7 months (p = 0.037), 
respectively. Overall survival was significantly lon-
ger in the before or concurrent RT group compared 
with the upfront TKI group (23.2 vs. 17.4 months, 
p = 0.042; Figure 1). 

In all 49 symptomatic BM patients, 45 received 
RT including 39 WBRT and 6 SRS. Among 6 SRS 
recipients, only 1 patient received WBRT after in-
tracranial progression. The iPFS for patients treat-
ed with SRS and WBRT was 12.4 and 9.5 months  
(p = 0.895), respectively. Although median OS in 
the SRS group was also greater than in those treat-
ed with WBRT (37.7 vs. 21.1 months), this finding 
was not statistically significant (p = 0.194).

In the group of 132 asymptomatic brain metas-
tasis patients, 74 patients received radiotherapy 
(63 WBRT and 11 SRS) and the median OS was 
18.3 months in WBRT and 24.1 months in SRS  
(p = 0.696). There were 86 patients who did not 
receive brain radiotherapy before TKI (group A) 
and 46 received RT whether upfront or concurrent 
TKI (group B). Patient and treatment characteris-
tics are presented in Table II. Group B had more 
patients with 1–3 BM than group A  (p = 0.035). 
The iPFS in group A and group B was 9.6 months 
and 11.3 months (p = 0.172), respectively. The me-
dian OS in group B was also longer than in group A  
(24.9 vs. 17.4 months); this finding was statisti-
cally significant (p = 0.035) (Figure 2). By univar-
iate and multivariate analysis, PS (p < 0.001) and 
whether RT was before TKI (p = 0.026) were in-
dependent prognostic factors (Table III). In further 
analysis with subgroups according to the timing 
of using radiotherapy, among the 74 patients,  
33 underwent concurrent TKI and radiation ther-
apy, 13 were given TKI after failure of first-line 
radiotherapy plus chemotherapy and 28 patients 
received radiotherapy after TKI. The iPFS of the  
three groups was 11.1 months, 11.3 months and 



Efficacy of brain radiotherapy plus EGFR-TKI for EGFR-mutated non-small cell lung cancer patients who develop brain metastasis 

Arch Med Sci 6, October / 2018 1301

Table I. Clinical and molecular characteristics of patients (n = 181)

Characteristics All patients  
(n = 181)

Symptomatic brain  
metastasis (n = 49)

Asymptomatic brain 
metastasis (n = 132)

Gender:

Male 82 (45.3%) 22 (44.9%) 60 (73.2%)

Female 99 (54.7%) 27 (55.1%) 72 (54.5%)

Age [years]:

< 65 127 (70.2%) 36 (73.5%) 91 (70.2%)

≥ 65 54 (29.8%) 13 (26.5%) 41 (29.8%)

ECOG PS:

0–1 141 (77.9%) 25 (51.0%) 116 (87.9%)

2 40 (22.1%) 24 (49.0%) 16 (12.1%)

Smoking status:

Yes 60 (33.1%) 19 (38.8%) 41 (31.1%)

No 121 (66.9%) 30 (61.2%) 91 (68.9%)

Pathological type:

Adenocarcinomas 174 (96.1%) 44 (89.8%) 130 (98.5%)

Non-adenocarcinomas 7 (3.9%) 5 (10.2%) 2 (1.5%)

Number of intracranial lesions:

1–3 95 (52.5%) 24 (49.0%) 71 (53.8%)

≥ 3 86 (47.5%) 25 (51.0%) 61 (46.2%)

RTOG GPA:

0–1 50 (27.6%) 15 (30.6%) 35 (26.5%)

1.5–2.5 104 (57.5%) 27 (55.1%) 77 (58.3%)

3.0 17 (9.4%) 4 (8.2%) 13 (9.8%)

3.5–4.0 10 (5.5%) 3 (6.1%) 7 (5.3%)

EGFR mutation:

Exon 19 99 (54.7%) 29 (59.2%) 70 (53.0%)

Exon 21L858R 75 (41.4%) 17 (34.7%) 58 (43.9%)

Others 7 (3.9%) 3 (6.1%) 4 (3.1%)

Type of EGFR-TKIs:

Icotinib 153 (84.5%) 37 (75.5%) 116 (87.9%)

Gefitinib 19 (10.5%) 9 (18.4%) 10 (7.6%)

Erlotinib 9 (5.0%) 3 (6.1%) 6 (4.5%)

Line of treatment of EGFR-TKI:

First line 96 (53.0%) 25 (51.0%) 71 (53.8%)

Second line or more 85 (47.0%) 24 (49.0%) 61 (46.2%)

Brain treatment:

WBRT 103 (56.9%) 40 (81.6%) 63 (47.7%)

SRS 16 (8.8%) 5 (10.2%) 11 (8.3%)

No 62 (34.3%) 4 (8.2%) 58 (44.0%)

Extracranial metastases:

Yes 90 (49.7%) 16 (32.7%) 74 (56.1%)

No 91 (50.3%) 33 (67.3%) 58 (43.9%)
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8.1 months (p = 0.032), respectively. The mOS of the 
three groups was 21.9 months, 26.2 months and 
17.1 months, respectively (p = 0.085) (Figure 3).  
The univariate and multivariate analysis both 
showed that PS (p < 0.001) was the only prognos-
tic significant factor with OS of these patients.

Discussion

In recent years, researchers have utilized EG-
FR-TKIs to treat EGFR mutated patients with brain 
metastasis (BM) and EGFR mutated patients 
have a better prognosis than wild type [22, 23]. 
Currently, WBRT is still considered as a standard 
therapy option in patients with BMs from NSCLC 
[24]. And in patients with oligometastatic NSCLC, 
SRS and surgical resection are now approved by 
the National Comprehensive Cancer Network 
(NCCN) guidelines. In the EGFR-TKI era, TKIs 
such as gefitinib, erlotinib and icotinib have the 
possibility of penetrating the blood brain barrier 
(BBB) [25–27]. Some studies have demonstrated 
the efficacy of EGFR-TKIs alone for BM patients 
[28–30]. Therefore, the treatment strategy of ei-
ther TKI alone or combination of TKI and radio-
therapy remains a significant clinical controversy. 
Some studies have suggested that EGFR-TKIs can 
provide enough radio-sensitization to the brain 
to improve their antitumor efficacy [31, 32]. Ra-
diotherapy plus EGFR TKIs seems to have a prom-
ising anticancer effect. However, choosing which 
method of brain radiotherapy (WBRT or SRS) and 
the timing of radiotherapy remain questionable. 
Therefore we respectively analyzed the efficacy in 
the timing of using brain radiotherapy for EGFR 
mutated NSCLC patients who developed brain me-
tastasis.

Nowadays, WBRT is a standard treatment op-
tion for patients with brain metastases [33, 34]. 
However, some trials indicated that WBRT reduces 
intracranial relapse but does not prolong survival 
and may increase the risk of cognitive function im-
pairment [35, 36]. In order to enhance local tumor 
control and minimize radiation toxicity, employ-
ing definitive SRS is a modern movement to treat 
a  finite number of brain lesions. Xue et al. [37] 
found that WBRT resulted in a  higher incidence 
of radiation-related toxicities than SRS. In other 
words, SRS alone may provide an applicable ap-
proach in accordance with a limited number and 
size of metastases. Currently, the simultaneous 
presence of BMs and EGFR mutations is common 
[38, 39], and the clinical safety and efficacy of the 
additional optimal therapy of SRS or WBRT with 
TKI in NSCLC patients remains unclear. Sperduto 
et al. [40] carried out a prospective study which 
showed that the addition of erlotinib to WBRT + 
SRS in 126 NSCLC patients with 1 to 3 brain me-
tastases did not improve survival and may even 
have increased toxicity. The median survival times 
for WBRT + SRS and WBRT + SRS + TKI were quali-
tatively different (13.4 and 6.1 months, respective-
ly), although the differences were not statistically 
significant. And the N0574 study [41] showed that 
adjuvant WBRT to SRS did not improve OS despite 
better brain control in 213 patients with 1-3 brain 
metastases and each lesion < 3 cm. The median 
OS was 10.4 for SRS alone versus 7.4 months for 
SRS + WBRT respectively (p = 0.92). There was 
more deterioration in the WBRT + SRS arm in im-
mediate recall (30% vs. 8%, p = 0.0043), delayed 
recall (51% vs. 20%, p = 0.0009), and verbal fluen-
cy (19% vs. 2%, p = 0.0098). In addition, for mul-
tiple metastases, Yamamoto et al. [42] suggest 
that stereotactic radiosurgery might be a suitable 
alternative for patients with up to ten brain me-
tastases (largest tumor < 10 ml in volume and  
< 3 cm in longest diameter; total cumulative vol-
ume ≤ 15 ml). Median overall survival after ste-
reotactic radiosurgery was 13.9 months in the  
455 patients with one tumor, 10.8 months in the 
531 patients with two to four tumors, and 10.8 
months in the 208 patients with five to ten tu-
mors. In our study the median OS of the SRS group 
was longer than the WBRT group, but this finding 
was not statistically significant in either symp-
tomatic BMs (37.7 vs. 21.1 months, p = 0.329), 
or asymptomatic BMs (24.1 vs. 18.3 months,  
p = 0.696). Cai et al. [43] reported that 7 patients 
with symptomatic BMs and EGFR mutated NSCLC 
underwent SRS concurrent gefitinib therapy. The 
median PFS was 10 months and median OS was 16 
months. The study showed that improvement of KPS 
and survival was reliable by SRS with concurrent TKI 
therapy. Therefore, we surmised that treating with 

Figure 1. The iPFS of all 181 patients in the be-
fore or concurrent RT (group B) and the upfront TKI 
(group A) group was 11.7 months and 9.7 month  
(p = 0.037), respectively
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SRS had a  longer OS than with WBRT in clinical 
practice. In the era of EGFR-TKI, selecting SRS com-
bined with TKIs for symptomatic BMs on the basis 
of limited metastases and tumor volume would pro-
long survival and decrease the risk of neurocogni-
tive problems. Hence initial treatment with SRS and 

close monitoring is recommended to better preserve 
cognitive function in patients with newly diagnosed 
brain metastases that are amenable to SRS.

In addition, for asymptomatic brain metasta-
ses, the relative benefits of radiation therapy (RT) 
and EGFR-TKI in EGFR-mutated patients have not 

Table II. Clinical and molecular characteristics of all asymptomatic patients (n = 132)

Characteristics Upfront or concurrent RT  
(n = 46)

No RT before TKI treatment 
(n = 86)

P-value

Gender: 0.484

Male 19 (41.3%) 41 (47.7%)

Female 27 (58.7%) 45 (52.3%)

Age [years]: 0.091

< 65 36 (78.3%) 31 (36.0%)

≥ 65 10 (21.7%) 55 (64.0%)

ECOG PS: 0.747

0–1 41 (89.1%) 75 (87.2%)

2 5 (10.9%) 11 (12.8%)

Smoking status: 0.910

Yes 14 (30.4%) 27 (31.4%)

No 32 (69.6%) 59 (68.6%)

Pathological type: 0.297

Adenocarcinomas 46 (100.0%) 84 (97.7%)

Non-adenocarcinomas 0 (0) 2 (2.3%)

Number of intracranial lesions: 0.035

1–3 19 (41.3%) 52 (73.2%)

≥ 3 27 (58.7%) 34 (39.5%)

RTOG GPA: 0.960

0–1 12 (26.1%) 23 (26.7%)

1.5–2.5 28 (60.9%) 49 (57.0%)

3.0 4 (8.7%) 9 (69.2%)

3.5–4.0 2 (4.3%) 5 (5.8%)

EGFR mutation: 0.416

Exon 19 28 (60.9%) 46 (53.5%)

Exon 21L858R 18 (39.1%) 40 (46.5%)

Line of treatment of EGFR-TKI: 0.170

First line 21 (45.7%) 50 (58.1%)

Second line or more 25 (54.3%) 36 (41.9%)

Extracranial metastases: 0.511

Yes 24 (52.2%) 50 (58.1%)

No 22 (47.8%) 36 (41.9%)
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been determined. Because brain RT is associated 
with potential neurocognitive long-term toxici-
ties, it is of significant clinical interest whether  
EGFR-TKI therapy is sufficient to manage BM in 
this population. Liu et al. [44] demonstrated that 
brain RT as first line therapy failed to prolong 
survival time in 96 TKI-naive EGFR gene mutat-
ed patients with asymptomatic BM. And univar-
iate analysis revealed that the timing of brain RT 
was not significantly related to OS (p = 0.246). 
Jiang et al. [45] carried out a  study to compare 
the therapeutic effect of WBRT plus EGFR TKIs  
(51 patients) versus EGFR TKI alone (116 patients) 
in 167 NSCLC patients with EGFR mutation and 
BM. The results showed the iPFS was similar in 

the two groups (6.9 vs. 7.4 months, p = 0.232). 
The OS was worse in patients who received EGFR 
TKIs plus WBRT than in those who received EGFR 
TKIs alone (21.6 vs. 26.4 months, p = 0.049). How-
ever, this study included asymptomatic and symp-
tomatic brain metastases. In contrast, Chen et al. 
[46] analyzed 132 EGFR mutated patients with 
BM (73.5% showed multiple intracranial lesions, 
and 50.8% had asymptomatic BM) to compare TKI 
alone with TKI plus WBRT. The results showed that 
the median intracranial time to progression (TTP) 
in patients who received WBRT was significantly 

Table III. Univariate predictors of overall survival in 132 patients with asymptomatic BM from non-small cell lung 
cancer

Variables P-value

Univariate Multivariate

Gender 0.558 0.811

Age 0.051 0.131

ECOG PS < 0.001 < 0.001

Smoking status 0.591 0.796

Number of intracranial lesions 0.651 0.418

RTOG GPA 0.421 0.595

EGFR mutation 0.078 0.106

Line of treatment of EGFR-TKI 0.569 0.531

Extracranial metastases 0.451 0.630

Whether RT before TKI 0.035 0.026

Figure 2. The median OS of 132 asymptomatic BM 
patients in the before or concurrent RT (group B) 
was also longer than in the upfront TKI (group A) 
(24.9 vs. 17.4 months) (p = 0.035)
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longer than that in those who received EGFR-TKI 
alone (24.7 months vs. 18.2 months, p = 0.004). 
There was no significant difference in overall sur-
vival (OS) between WBRT and EGFR-TKI alone 
groups (median: 48.0 vs. 41.1 months; p = 0.740). 
Likewise, Magnuson et al. [47] conducted a retro-
spective analysis of 50 patients with EGFR-mutant 
lung adenocarcinoma who developed BM in eval-
uating the efficacy of upfront EGFR-TKIs and up-
front radiation therapy (RT). The median OS was 
longer in the upfront RT group compared with the 
upfront EGFR-TKI group (34.1 vs. 19.4 months;  
p = 0.01). On further analysis, the SRS group had 
significant longer OS than the upfront EGFR-TKI 
group (58.4 vs. 19.4 months; p = 0.01), but the 
WBRT group did not (29.9 vs. 19.4 months;  
p = 0.09). It was found that patients who received 
upfront RT were far more likely to be symptomatic 
(54% vs. 6%, p < 0.001). It also did not distinguish 
symptomatic brain metastases from asymptomat-
ic BM. In our study, the upfront or concurrent RT 
group had 4 or more intracranial lesions (57.8% 
vs. 39.8%, p = 0.035). In our research, we found 
that asymptomatic BM patients who received up-
front or concurrent brain radiotherapy followed by 
TKI had longer median OS (24.9 months) than the 
upfront TKI group (17.4 months); this finding was 
statistically significant (p = 0.035). These findings 
suggest that the use of upfront or concurrent 
radiotherapy could improve survival time, par-
ticularly in multiple asymptomatic BM. We think 
it is controversial for this group of patients and  
it needs a prospective trial. To further address this 
issue, the randomized trial CTONG 1201 BRAIN is 
an ongoing study to compare icotinib alone with 
icotinib or chemotherapy plus WBRT for patients 
with BM and EGFR mutated patients. We look for-
ward to its results.

According to our subset analysis regarding the 
timing of using RT in association with the efficacy 
of TKI agents, we found that 33 underwent con-
current TKI and radiation therapy, 13 were given 
TKI after failure of first-line brain radiotherapy 
plus chemotherapy and 28 patients received ra-
diotherapy after TKI. The iPFS of the three groups 
was 11.1 months, 11.3 months and 8.1 months 
(p = 0.032), respectively. Median OS was 21.9 
months, 26.2 months and 17.1 months, respec-
tively (p = 0.085). The univariate and multivariate 
analysis both showed that PS (p < 0.001) was the 
only prognostic significant factor with median OS. 
These findings demonstrate that concurrent TKI 
and brain RT could improve survival time in good 
performance status patients. 

Although our results are significant, we recog-
nize that there are limitations to the study. First, our 
study’s major limitation was being retrospective. 
Second, the statistical power is diminished sec-
ondary to a small sampling of using SRS. Sixty-one 

patients were administered various chemotherapy 
regimens as first-line systemic therapy. And a num-
ber of the patients received chemotherapy and TKI 
crossover drugs treatment. However, there are now 
no randomized prospective clinical studies about 
the survival time of EGFR-TKI combined with or 
without RT treatment for asymptomatic BM.

In conclusion, this study revealed that patients 
treated with SRS might improve significantly 
overall survival time for symptomatic BMs. On 
the other hand, this study demonstrates that the 
deferral of brain RT may result in inferior OS in 
patients harboring EGFR activating mutations for 
asymptomatic brain metastases. For now, the 
standard-of-care treatment for newly diagnosed 
BM whether symptomatic or asymptomatic brain 
metastases should remain combination RT with 
EGFR-TKI therapy. Therefore, a  prospective, ran-
domized trial of EGFR-TKI with brain radiothera-
py at intracranial progression and overall survival 
versus TKI alone is urgently needed in asymptom-
atic and symptomatic brain metastases respec-
tively, and particularly in distinguishing treatment 
methods (WBRT or SRS) based on brain metasta-
sis numbers, size, and site of lesions. 
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