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Abstract
Background: For lung adenocarcinoma patients with epidermal growth factor recep-
tor (EGFR) sensitive mutation and synchronous brain metastasis (syn-BM), when and
how to apply radiotherapy (RT) during first-line tyrosine kinase inhibitor (TKI) treat-
ment remains debatable.
Methods: From a real-world multicenter database, EGFR-mutant patients with syn-
BM diagnosed between 2010–2020 and treated with first-line TKIs were enrolled and
divided into upfront TKI + RT and upfront TKI groups. Median intracranial
progression-free survival (mIC-PFS), median overall survival (mOS), and their risk
factors were estimated.
Results: There were 60 and 186 patients in the upfront TKI + RT group and upfront
TKI group, respectively. Their mIC-PFS were 28.9 months (m) and 17.5 m
(p = 0.023), and mOS were 42.7 m and 40.1 m (p = 0.51). Upfront brain RT
improved mIC-PFS in patients ≤60-year-old (p = 0.035), with symptomatic BM
(p = 0.002), and treated with first-generation TKIs (p = 0.012). There was no

†Contributed equally.

Received: 27 August 2021 Accepted: 11 September 2021

DOI: 10.1111/1759-7714.14169

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium,
provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2021 The Authors. Thoracic Cancer published by China Lung Oncology Group and John Wiley & Sons Australia, Ltd.

Thorac Cancer. 2021;12:3157–3168. wileyonlinelibrary.com/journal/tca 3157

https://orcid.org/0000-0003-3278-7285
https://orcid.org/0000-0002-2832-2664
https://orcid.org/0000-0003-1500-5608
https://orcid.org/0000-0002-9763-7424
https://orcid.org/0000-0001-5598-763X
mailto:liang.dr@163.com
mailto:caobaoshan0711@aliyun.com
mailto:caobaoshan0711@aliyun.com
mailto:mengzhaowang@sina.com
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://wileyonlinelibrary.com/journal/tca


Funding information
Peking University Third Hospital, Grant/Award
Number: Grant Number BYSYFY2021050; the
Beijing Cancer Prevention and Treatment
Research Association, Grant/Award Number:
CAPTRALung2019010

significant difference in mOS in any subgroup. Upfront brain stereotactic radiosurgery
(SRS) showed a trend of better mIC-PFS and mOS. mIC-PFS was independently cor-
related with symptomatic BM (HR = 1.54, p = 0.030), EGFR L858R mutation
(HR = 1.57, p = 0.019), and upfront brain RT (HR = 0.47, p = 0.001). mOS was
independently correlated with being female (HR = 0.54, p = 0.007), ECOG 3–4
(HR = 10.47, p < 0.001), BM number>3 (HR = 2.19, p = 0.002), and third-generation
TKI (HR = 0.54, p = 0.044) or antiangiogenic drugs (HR = 0.11, p = 0.005) as first/
second-line therapy.
Conclusions: Upfront brain RT based on first-line EGFR-TKI might improve IC-PFS
but not OS in EGFR-mutant lung adenocarcinoma patients, indicating potential sur-
vival benefit from brain SRS and early application of drugs with higher intracranial
activity.
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INTRODUCTION

About 20% of patients diagnosed with non-small cell lung
cancer (NSCLC) present with brain metastasis (BM) at first
diagnosis (synchronous), while about 25% to 50% of
patients will develop BM during the disease course
(metachronous).1 BM can have a detrimental influence on
overall survival (OS) and quality of life.2,3 According to the
PIONEER study, over 50% of advanced lung adenocarci-
noma patients in Asia present with epidermal growth factor
(EGFR) mutations.4 EGFR mutant NSCLC is more likely to
metastasize to the brain, with a higher incidence for muta-
tions in exon 21 L858R than in exon 19 deletion.5,6 Thus,
synchronous BM (syn-BM) is fairly common in NSCLC
with EGFR mutations.

Traditionally, upfront whole-brain irradiation (WBI)
has been used to treat BM in these patients. Although
WBI provides better local control when compared with
chemotherapy, it can impair brain function. Therefore,
stereotactic radiosurgery (SRS) is increasingly used. SRS
involves the precise delivery of high radiation doses to the
metastatic lesions, thus resulting in less brain toxicity
when compared with WBI. However, the number of meta-
static lesions might limit its application. Furthermore,
tyrosine kinase inhibitors (TKI) used to target EGFR
mutations provide a similar local control for both extra
and intracranial lesions.3,7–12 New third-generation TKIs
and antiangiogenic drugs with higher intracranial activity
could further improve the local control for intracranial
lesions. As a result, there is still no consensus on the use of
upfront brain radiotherapy (RT) for patients with syn-BM
treated with first-line therapy of EGFR-TKI, especially
when either a SRS or third-generation TKI regimen is
used.9–14 Several retrospective studies concluded that the
use of first-generation TKIs with upfront brain RT
improved intracranial progression-free survival (IC-PFS)
but did not always result in an improvement in OS when
compared with the use of TKIs alone.15–20 Studies based
on second and third-generation EGFR-TKIs are

limited.21,22 The results of current meta-analyses are also
still controversial. The meta-analysis by Dong and
colleagues was based on 12 retrospective studies and iden-
tified a significant improvement in IC-PFS and OS for
treatment with EGFR-TKI with upfront brain RT.23

Conversely, a meta-analysis by Tancherla and colleagues,
based on 15 retrospective studies, did not find a significant
difference between TKI plus cranial RT and TKI on OS
and PFS.24 A Bayesian network study pooled the outcomes
of 1710 NSCLC with BM and mostly TKI naïve patients
from 18 prospective, phase II, or III studies. The study
compared 10 different treatment strategies, including three
generations of TKI, first-generation TKI combined with
upfront brain RT (SRS or WBI), antivascular endothelial
growth factor receptor (bevacizumab), and deferred brain
RT.25 The findings of this study indicate that third-
generation EGFR-TKIs alone and the combined use of
first-generation TKIs with upfront SRS or WBI were more
effective at balancing OS and PFS.25 However, about 50%
to 90% of long-term survivors (above 6 months) developed
disabling cognitive dysfunction after brain radiotherapy.26

The influence of impaired brain function could have
become more apparent as the EGFR-TKI treatment
improved the OS.

In clinical practice, patients diagnosed with
treatment-naïve EGFR-mutant NSCLC without severe BM
symptoms tend to choose EGFR-TKI as first-line therapy
and defer brain RT. However, the benefit on OS for
upfront RT based on specific patient characteristics,
EGFR-TKIs regimens, and radiation techniques remains
unclear, highlighting the need for further research to
identify the appropriate timing for brain RT. We, there-
fore, performed a multicenter real-world study to investi-
gate the local control and survival outcomes in patients
with EGFR-mutant lung adenocarcinoma with syn-BM
treated with first-line TKI therapy with or without
upfront brain radiotherapy. A risk analysis was also per-
formed to identify the impact of clinical and treatment
variables on treatment outcomes.
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METHODS

Patient recruitment

Patients were either retrospectively or prospectively enrolled
in the study. The CAPTRA-Lung study database was used to
prospectively identify eligible patients. The CAPTRA-Lung
study is a multicenter observational study that captures real-
world data of patients with advanced or metastatic NSCLC
across China, in which both treatment-naïve and pretreated
patients were enrolled since January 2018.27 The retrospec-
tive cohort included patients treated between January 2010
and December 2017. The demographic and clinical informa-
tion of these patients was first documented in designated
case report form (CRF). They were then anonymized and
transcribed into an electronic data capture system by the
clinical research coordinators (CRC). A total of 5952
patients were available in this database up to December
31, 2020.

The CAPTRA-lung study database was searched to iden-
tify patients who had a pathologically diagnosed lung adeno-
carcinoma with EGFR sensitive mutation and a
radiologically-confirmed syn-BM between January 2010 and
December 2020. The EGFRmutations included exon 19 dele-
tions, exon 21 L858R, and the nonclassic gene mutations
including exon 18 G719X and exon 21 L861Q. These
patients should be treated with EGFR-TKIs as first-line ther-
apy with at least one record of efficacy evaluation. The
EGFR-TKI treatment regimens included first-generation
TKIs (gefitinib, erlotinib, and icotinib), second-generation
TKIs (afatinib and dacomitinib), and third-generation TKIs
(osimertinib and almonertinib). Patients who had one or
two cycles of chemotherapy before treatment with TKIs, or
a combination of EGFR-TKIs with antiangiogenic drugs
or chemotherapy were also included in the study. Patients
were excluded from the study if they had a mixed pathology
with squamous cell or small cell cancer components, EGFR
de novo resistant mutations, such as T790M, or a medical
history of other malignancies. Patients without genetic test-
ing, who were treated blindly with EGFR-TKI and those
who received EGFR-TKI treatment for less than 1 month,
were also excluded.

Ethical considerations

The present study was conducted as part of the CAPTRA-
Lung study (NCT03334864) and was approved by the
institutional ethics committee for medical science
researches of Peking University’s Third Hospital (serial
number: IRB00006761-M2018019), in line with the decla-
ration of Helsinki. Written informed consent was
obtained from all prospectively recruited patients. The
institutional ethics committee exempted the need for
written informed consent from the retrospectively rec-
ruited patients.

Clinical data collection

The demographic and clinical information was obtained
from the CAPTRA-Lung database. The data collected
included age, gender, Eastern Cooperative Oncology Group
(ECOG) performance status, EGFR mutations, TNM stage
according to American joint cancer committee (AJCC), the
BM, BM symptoms, number of BM lesions, sites of other
metastases, regimens of each line of treatment, and the start
and end times of each treatment line, treatment efficacy
according to the response evaluation criteria in solid tumors
(RECIST) version 1.1, time and site of each progression,
time and technique of brain RT, and survival. Patients who
started brain RT within 1 month before or after starting
first-line EGFR-TKIs were grouped as “upfront TKI + RT”,
while patients who deferred brain RT for at least 1 month
were grouped as “upfront TKI”. Some of the patients in the
“upfront TKI” group had no brain RT until death or until
the last follow-up.

Outcomes

The primary outcomes were IC-PFS and OS. The IC-PFS
was defined as the interval from the start of the first antican-
cer treatment (EGFR-TKI or brain RT) to the radiological
detection of BM progression or BM symptom deterioration,
leading to a change in medication and/or starting brain RT,
or death. OS was defined as the interval with the same
starting point of IC-PFS until death from any cause.

The secondary outcomes were extracranial PFS (EC-
PFS), systemic PFS (sys-PFS), and brain RT postponed sur-
vival. The EC-PFS was defined as the interval from the start
of the first-line EGFR-TKIs until the progression of extra-
cranial lesions or death. The sys-PFS was defined as the
interval with the same starting point of intracranial PFS
until the first progression, regardless of site, or death. Brain
RT was performed when the BM progressed radiologically
and/or medications could not control the BM symptom.
The brain RT postponed survival was defined as the interval
from the start of EGFR-TKI to the beginning of salvage
brain RT, or the last follow-up if no brain RT was performed
in the upfront TKI group.

Follow-up

The patients were followed up by CRC every 3 months via
inpatient or outpatient visits and/or telephone calls.
According to the actual situation, each patient’s physician
determined the frequency of the brain and other imaging
examinations for efficacy evaluation. Enhanced magnetic
resonance imaging (MRI) for the brain was recommended
unless the patient had contraindications. The follow-up
information was confirmed by the subprimary investigators
of each center and by the data manager. In addition, before
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statistical analysis, we performed an extra follow-up of all
the patients recruited in the current study on April 22, 2021.

Statistical analysis

We used the statistical software R version 3.5.3 for data ana-
lyses. Categorical variables were summarized using descrip-
tive statistics and compared by Pearson’s Chi-squared test
or Fisher’s exact test. The cumulative incidences of PFS and
OS were estimated by the Kaplan–Meier method and com-
pared by the log-rank test. The univariate and multivariate
analyses of intracranial PFS and OS were conducted using
Cox proportional hazard regression, and the hazard ratio
(HR) with a 95% confidence interval (95% CI) was calcu-
lated. All the assessments were considered statistically signif-
icant when the two-sided p-value was below 0.05.

RESULTS

Patient characteristics

A total of 246 patients from 12 medical centers met the
inclusion and exclusion criteria and were enrolled in this
study (Figure 1). As of April 22, 2021, the median follow-up
after diagnosis was 40.0 months (range, 1.0–135.0), and the
follow-up loss rate was 4.9% (12/246). At the last follow-up,
52% (126/246) of the patients had intracranial disease pro-
gression, 67.5% (166/246) had extracranial disease progres-
sion, and 32.5% (80/246) died.

There were 60 patients in the upfront TKI + RT group
and 186 patients in the upfront TKI group. The clinical
characteristics of the groups are summarized in Table 1. The
upfront TKI + RT group had a significantly higher propor-
tion of patients with symptomatic BM (68.3% vs. 33.3%,
p < 0.001) and with more than three metastatic brain lesions
(43.3% vs. 23.1%, p < 0.001), but a significantly lower pro-
portion of patients with pleural metastasis or pleural

effusion (1.7% vs. 15.1%, p < 0.001). No statistically signifi-
cant differences were observed between the two groups for
all other variables (p > 0.05).

Influence of brain RT timing on PFS and OS

The median IC-PFS for the upfront TKI + RT group was
28.9 months (95% CI: 17.3–40.5), significantly longer than
that of the upfront TKI group with an IC-PFS of
17.5 months (95% CI: 13.8–21.2), with log-rank test
p = 0.023 (Figure 2a). On the other hand, the median EC-
PFS did not differ significantly between the upfront TKI
+ RT group (16.3 months, 95% CI: 13.1–19.6) and the
upfront TKI group (13.7 months 95% CI: 11.4–15.9) with
log-rank test p = 0.24 (Figure 2b). The median sys-PFS was
also significantly better for the upfront TKI + RT group
(12.8 months, 95% CI: 9.3–16.3) when compared with the
upfront TKI group (9.5 months, 95% CI: 8.2–10.7) with log-
rank test p = 0.031 (Figure 2c). The median OS was
42.7 months (95% CI: 35.1–50.4) and 40.1 months (95% CI:
29.6–50.6) for the upfront TKI + RT group and the upfront
TKI group, respectively, which had no statistically signifi-
cant difference (log-rank test p = 0.510) (Figure 2d).

In the upfront TKI group, 54 patients received salvage
brain RT (the salvage brain RT group), and 132 patients had
no brain RT until death or until the last follow-up (the no
brain RT group). The median brain RT postponed survival
of the upfront TKI group was 25.8 months (95% CI: 19.6–
32.1). The IC-PFS for the salvage brain RT group, the no
brain RT group, and the upfront TKI + RT group were
8.2 months (95% CI: 6.3–10.1), 41.0 months (95% CI: 25.0–
57.0), and 28.9 months (95% CI: 17.3–40.5), respectively.
The difference among the three groups was statistically sig-
nificant (log-rank test p < 0.0001) (Figure 3a). Further anal-
ysis revealed a statistically significant difference between the
salvage brain RT group and the upfront TKI + RT group
(log-rank test p < 0.001), but not for the no brain RT group
and the upfront TKI + RT group (log-rank test p = 0.885).

F I G UR E 1 Flowchart of patient
enrollment. EGFR, epidermal growth
factor receptor; TKI, tyrosine kinase
inhibitor
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T A B L E 1 Clinical characteristics of patientsa

Upfront TKI + RT (n = 60) Upfront TKI (n = 186) Xb p-value

Age

Median [min, max] 61.0 [36.0, 82.0] 62.0 [31.0, 83.0]

≤60 29 (48.3%) 70 (37.6%) 2.159 0.142

>60 31 (51.7%) 116 (62.4%)

Gender

Male 29 (48.3%) 80 (43.0%) 0.521 0.47

Female 31 (51.7%) 106 (57.0%)

Smoking status

Never 36 (60.0%) 118 (63.4%) 0.744 0.689

Present/before 17 (28.3%) 53 (28.5%)

Unknown 7 (11.7%) 15 (8.1%)

ECOG performance status

0–2 59 (98.3%) 179(96.2%) 0.591 0.684

3–4 1 (1.7%) 7(3.8%)

EGFR mutation typeb

19del 21 (35.0%) 69 (37.1%) 1.958 0.376

L858R 31 (51.7%) 97 (52.2%)

Nonclassic 5 (8.3%) 7 (3.8%)

No detail 3 (5.0%) 13 (7.0%)

AJCC stage

IVA 12 (20.0%) 43 (23.1%) 0.366 0.833

IVB 40 (66.7%) 122 (65.6%)

Relapsed 8 (13.3%) 21 (11.3%)

BM symptom

No 19 (31.7%) 124 (66.7%) 22.833 <0.001

Present 41 (68.3%) 62 (33.3%)

BM number

≤3 34 (56.7%) 114 (61.3%) 16.125 <0.001

>3 26 (43.3%) 43 (23.1%)

No detail 0 (0%) 29 (15.6%)

Pleural metastasis/effusion

No 59 (98.3%) 158 (84.9%) 7.818 <0.001

Present 1 (1.7%) 28 (15.1%)

Bone metastasis

No 26 (43.3%) 73 (39.2%) 0.315 0.575

Present 34 (56.7%) 113 (60.8%)

TKI regimenc

First-generation 54 (90.0%) 162 (84.4%) 0.357 0.550

Second-generation 3 (5.0%) 11 (5.9%)

Third-generation 3 (5.0%) 13 (7.0%)

Third-generation TKI as first- or second-line therapy

No 39 (65.0%) 131 (70.4%) 0.627 0.429

Yes 21 (35.0%) 55 (29.6%)

Antiangiogenesis as first- or second-line therapy

No 56 (93.3%) 169 (90.9%) 0.355 0.551

Yes 4 (6.7%) 17 (9.1%)

(Continues)
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There was no significant difference in the OS between the
salvage brain RT group (40.1 months, 95% CI: 31.1–49.1),
the no brain RT group (52.8 months, 95% CI: 30.6–75.0),
and the upfront TKI + RT group (42.7 months, 95% CI:
35.1–50.4) (log-rank test p = 0.801) (Figure 3b).

In the no brain RT group, 46 patients did not receive
brain RT after intracranial disease progression, resulting in a
median OS of 31.1 months (95% CI: 8.1–54.1), which was
not significantly different from that of the salvage RT group
(log-rank test p = 0.466). Twenty-four patients (52.2%) in
the no brain RT group changed to second-line treatment,
including second-generation TKI (n = 2), third-generation
TKI (n = 16), previous TKI plus antiangiogenic drugs
(n = 4), and third-generation TKI plus antiangiogenic medi-
cation (n = 2). There were 19 patients (41.3%) who died
within 3 months after intracranial disease progression. The

first site of disease progression was intracranial in four cases,
extracranial in 11 cases, and simultaneously in both sites in
four cases.

Subgroup analysis of IC-PFS and OS

The subgroup analysis of IC-PFS showed that upfront TKI
+ RT was favored over upfront TKI in patients above
60 years old (HR = 0.527, 95% CI: 0.291–0.880, p = 0.012),
with symptomatic BM (HR = 0.413, 95% CI: 0.239–0.716,
p = 0.002), and those treated with first-generation TKI
(HR = 0.565, 95% CI: 0.363–0.957, p = 0.035) (Figure 4a).
However, the number of BM lesions and EGFR mutation
subtypes in the upfront TKI + RT group had no impact on
IC-PFS (p > 0.05). On the other hand, the OS subgroup

T A B L E 1 (Continued)

Upfront TKI + RT (n = 60) Upfront TKI (n = 186) Xb p-value

Salvage brain RT

No 57 (95.0%) 132 (71.0%) 14.243 <0.001

Yes 3 (5.0%) 54 (29.0%)

First site of disease progression

Intracranial 14 (23.3%) 46 (24.7%) 1.234 0.745

Extracranial 26 (43.3%) 75 (40.3%)

Simultaneous 6 (10.0%) 28 (15.1%)

Not yet 14 (23.3%) 37 (19.9%)

aAbbreviations: AJCC, American Joint Committee on cancer; BM, brain metastasis; ECOG, Eastern Cooperative Oncology Group; EGFR, epithelial growth factor receptor;
RT, radiotherapy; TKI, tyrosine kinase inhibitor.
bThe group of "no detail" was not used to perform statistical analysis.
cThe second- and third-generation groups were merged for statistical analysis.

F I G U R E 2 Kaplan–Meier curve for intracranial PFS, extracranial PFS, systemic PFS, and OS in patients treated in the upfront TKI + RT group and in
the upfront TKI group in total population (a–d), and in patients with the first-generation EGFR-TKI as first-line therapy (e–h). IC-PFS, intracranial
progression-free survival; ePFS, extracranial progression-free survival; sPFS, systemic progression-free survival; OS, overall survival; EGFR, epidermal growth
factor receptor; TKI, tyrosine kinase inhibitor; RT, radiotherapy
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analysis showed no difference in any subgroup between the
upfront TKI + RT and the upfront TKI groups, irrespective
of the presence of BM symptoms (HR = 0.762, 95% CI:
0.401–1.449, p = 0.408) and the number of BM lesions
(HR = 0.560, 95% CI: 0.264–1.188, p = 0.131) (Figure 4b).

In the largest subgroup treated with first-generation
EGFR-TKI as first-line therapy, the median IC-PFS was sig-
nificantly longer in the upfront TKI + RT group
(30.7 months, 95% CI: 18.7–42.7) when compared with the
upfront TKI group (15.5 months, 95% CI: 11.6–19.4), with
log-rank test p = 0.01 (Figure 2e). However, the median EC-
PFS did not differ significantly between the upfront TKI +
RT group (16.3 months, 95% CI: 13.4–19.3) and the upfront
TKI group (13.5 months, 95% CI: 10.0–16.9), with log-rank
test p = 0.29 (Figure 2f). Furthermore, the median sys-PFS
was also significantly longer in the upfront TKI + RT group
(12.8 months, 95%CI 9.5–16.1) when compared with the
upfront TKI group (8.6 months, 95% CI: 7.6–9.6), with log-
rank test p = 0.040 (Figure 2g). However, the median OS
did not differ significantly between the two groups (log-rank
test, p = 0.52) (Figure 2h).

There were 14 patients treated with second-generation
EGFR-TKI as first-line therapy, including three patients in

the upfront TKI + RT group, 11 patients in the upfront TKI
group, and two patients in the salvage brain RT group. On
the other hand, 16 patients received third-generation EGFR-
TKI as first-line therapy, with three patients in the upfront
TKI + RT group, 13 in the upfront TKI group, and two in
the salvage brain RT group. The median IC-PFS was
21.4 months (95% CI: 14.7–28.2) and 31.6 months (95% CI:
NR-NR) for the second- and third-generation TKI sub-
groups, respectively. Their OS results were not mature.

Influence of different techniques of brain RT on
IC-PFS and OS

We further divided the upfront TKI + RT group into the
upfront TKI + WBI � SRS group (41 cases) and the
upfront TKI + SRS group (19 cases), and then compared
them with the upfront TKI group (186 cases). The median
IC-PFS was 23.2 months (95% CI: 10.91–35.5), 34.9 months
(95% CI: 3.9–65.8), and 17.5 months (95% CI: 13.8–21.2),
respectively, but the difference was not statistically signifi-
cant (log-rank test p = 0.065) (Figure 3c). Furthermore,
there were 39.0% (16/41), 21.0% (4/19), and 32.3% (60/186)

F I G U R E 3 Kaplan–Meier curve for IC PFS and OS according to different timing of brain RT (a, b) and different technique of upfront brain RT (c, d).
TKI, tyrosine kinase inhibitor; RT, radiotherapy; IC PFS, intracranial progression-free surgery; OS, overall survival; WBI, whole-brain irradiation;
SRS, stereotactic surgery
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F I G U R E 4 Subgroup analysis of intracranial PFS (a) and OS (b). PFS, progression-free survival; OS, overall survival; TKI, tyrosine kinase inhibitor;
RT, radiotherapy; EGFR, epidermal growth factor receptor; BM, brain metastasis
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patients in each group who had reached the survival end-
point, resulting in a median OS of 40.8 months (95% CI:
31.8–49.8), not reached (95% CI: NR-NR), and 40.1 months
(95% CI: 29.6–50.6), respectively, with no significant differ-
ence (log-rank test, p = 0.414) (Figure 3d).

After taking upfront and salvage brain RT throughout
the whole course of the disease together into account, we
had 80 cases in the WBI � SRS group, 23 in the SRS group,
and 132 in the no brain RT group, with 42.5% (34/80),
23.5% (8/34), and 28.8% (38/132) of patients dying in each
respective group. The median OS for each of the three
groups, respectively was 36.7 months (95% CI: 31.3–42.2),
not reached (95% CI: NR-NR), and 52.8 months (95% CI:
30.6–75.0). The difference in the OS between the three
groups was statistically significant, with log-rank test
p = 0.056. However, further subgroup analysis showed a sta-
tistically significant difference in the median OS between the
SRS group and the no brain RT group (log-rank test
p = 0.041), but not between the WBI � SRS group and the
no brain RT group (log-rank test p = 0.480).

Univariate and multivariate analysis of IC-PFS
and OS

The independent risk factors for IC-PFS were symptomatic
BM (HR = 1.54, 95% CI: 1.04–2.26, p = 0.030) and EGFR
L858R mutation (HR = 1.57, 95% CI: 1.08–2.30, p = 0.019),
while the only independent protective factor was the upfront
TKI + RT (HR = 0.47, 95% CI: 0.29–0.75, p = 0.001)
(Table 2). The independent risk factors for OS were multiple
BM (>3) (HR = 2.19, 95% CI: 1.32–3.64, p = 0.002) and an
ECOG performance status of three or four (HR = 10.47,
95% CI: 4.17–26.32, p < 0.001); while the independent pro-
tective factors included the female gender (HR = 0.54, 95%
CI: 0.35–0.84, p = 0.007), the use of first- or second-line
therapy with third-generation EGFR-TKI (HR = 0.54, 95%
CI: 0.29–0.98, p = 0.044) or antiangiogenic drugs
(HR = 0.11, 95% CI: 0.02–0.51, p = 0.005). However, symp-
tomatic BM (HR = 1.26 [95%CI 0.75–2.11], p = 0.382) and
the upfront TKI + RT (HR = 0.81 [95%CI 0.44–1.48]
p = 0.496) were not correlated with OS (Table 2).

DISCUSSION

Numerous studies have evaluated the value of brain RT in
EGFR-mutant NSCLC patients with BM. However, the find-
ings of these studies are controversial.15–20 To the best of
our knowledge, this study provides the most extensive real-
world investigation on the benefit of using first-line EGFR-
TKI, with or without upfront brain RT, for EGFR-mutant
lung adenocarcinoma with synchronous BM. Our results
confirm that upfront brain RT at the beginning of first-
generation EGFR-TKI treatment could prolong the intracra-
nial PFS in lung adenocarcinoma patients with symptomatic
BM. However, the use of upfront brain RT had no

significant impact on OS in the total population or any sub-
groups evaluated, including patients with symptomatic BM
and multiple BM lesions. Our results also indicate a poten-
tial survival benefit of brain SRS and early use of drugs with
higher intracranial activity, such as the third-generation
EGFR-TKI and antiangiogenic drugs.

Similar to previous studies conducted in Asian
populations, our results show that the use of upfront TKI +
RT could improve IC-PFS but not OS, compared with the
upfront TKI.16,17,20,28–30 However, it is important to note
that some of the studies reporting an OS benefit from
upfront brain RT had a higher proportion of patients with
multiple BM,31 a relatively small sample size,18 or treated
patients with second-line EGFR-TKI.32 Although we found
multiple BM as an independent risk factor for OS, there was
still no OS benefit for upfront TKI + RT in this subgroup.
With a large sample size, a Bayesian network pooled study
concluded that upfront brain RT based on the first-
generation EGFR-TKI had a better OS than deferred brain
RT.25 However, the data were obtained from global phase II
and III clinical trials, which were not representative of the
real-world population. Moreover, this study still showed no
OS superiority for upfront TKI + RT when compared with
third-generation EGFR-TKI.25

In our study, salvage brain RT after intracranial disease
progression was performed in 54 patients in the upfront
TKI group. Although these patients had the shortest IC-PFS,
their OS was not inferior to patients treated with upfront
TKI + RT. Previous retrospective studies on the Asian pop-
ulation drew similar conclusions to our research.20,28,30

However, a retrospective study by Magnuson et al. found a
worse OS for upfront TKI with salvage brain RT when com-
pared with upfront brain RT in TKI naive EGFR-mutant
NSCLC patients with BM.33 On the other hand, 46 patients
did not receive salvage brain RT after intracranial disease
progression. These patients had a slightly shorter but not
statistically significant OS when compared with patients
treated with salvage brain RT. These findings are in contrast
with the results of Hyun and colleagues, probably because
no salvage RT was deteriorating general conditions.30 How-
ever, salvage RT may have also been omitted in our study
due to the deterioration of the patients’ general condition
caused by extensive disease progression. In fact, 19 patients
died within 3 months following intracranial disease progres-
sion, most of whom had extensive disease progression before
or simultaneously causing general deterioration. Another
reason for the omission of salvage brain RT in the present
study was the use of third-generation EGFR-TKI and anti-
angiogenic drugs as second-line treatment, providing sys-
temic control of the disease. These findings suggest that if
the intracranial progression did not cause severe symptoms,
switching to regimens with better intracranial activity might
be an appropriate option.

Our data demonstrated a trend towards better OS for
patients treated with EGFR-TKI and upfront brain SRS. This
study may have failed to reach statistical significance due to
the limited sample size, as was the case in another study.30 In a
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retrospective study with a larger population, the upfront SRS
group had the best OS compared with the upfront WBI and
upfront TKI groups.33 However, the potential confounding
variables, including the number of BM lesions and the prog-
nostic factors according to graded prognostic assessment
(GPA), were imbalanced in this study. Several Chinese expert
consensus and guidelines recommend the use of SRS to man-
age BM in NSCLC patients and saving WBI as a salvage mea-
sure.13,14 We hypothesize that SRS may have resulted in a
better OS due to the improved accuracy of the technique, lead-
ing to less brain toxicity when compared with WBI.

Our study paid extra attention to the influence on IC-
PFS and OS of the early application of medicines with
higher intracranial activity, including third-generation
EGFR-TKI and antiangiogenic regimen. In the total popula-
tion, extracranial disease progression occurred first in about
41% (101/246) of patients, while intracranial disease pro-
gression occurred first in about 24% (60/246), and simulta-
neously in about 13.8% (34/246). These findings suggest
that second-line treatment with third-generation EGFR-TKI

and antiangiogenic drugs not only limit extracranial dis-
ease progression but also could extend IC-PFS further. In
our study, although the application of these drugs as first-
and second-line treatment had no impact on IC-PFS, they
were independent protective factors of OS. Unfortunately,
due to the delays in approving third-generation TKIs for
clinical use and medical insurance coverage issues, only
31% (76/246) and 8.5% (21/246) of the patients received
the third-generation EGFR-TKI and antiangiogenic regi-
mens, respectively, as first- or second-line treatment. In
spite of this, their protective effect was still significant. In
the FLAURA study, the OS benefit of first-line osimertinib
over the first-generation EGFR-TKIs was identical in
patients with BM and the total population.3 In a retrospec-
tive study on EGFR-mutant NSCLC patients with multiple
syn-BM, the combination of bevacizumab with the first-
generation TKI also demonstrated a double benefit in IC-
PFS and OS.12 These findings further support the early
application of drugs with higher intracranial activity to
improve prognosis.

T A B L E 2 Univariate and multivariate analysis of risk factors associated with intracranial PFS and OSa

IC PFS OS

Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis

HR (95% CI)
p-
value HR (95% CI)

p-
value HR (95% CI)

p-
value HR (95% CI)

p-
value

Age >60 vs. ≤60 0.77 [0.54,1.09] 0.141 0.71 [0.48,1.03] 0.072 0.79 [0.51,1.23] 0.298

Female vs. male 0.70 [0.49,0.99] 0.043 0.71 [0.50,1.03] 0.069 0.54 [0.35,0.84] 0.007 0.51 [0.31,0.82] 0.005

ECOG 3–4 vs. 0–2 0.77 [0.24,2.42] 0.652 3.55 [1.61,7.82] 0.002 10.47 [4.17,26.32] <0.001

Smoking status Yes vs. never 1.13 [0.77,1.67] 0.529 1.56 [0.97,2.51] 0.065

Brain metastasis

Number > 3 vs. ≤3 0.95 [0.63,1.43] 0.804 1.01 [0.66,1.54] 0.954 1.94 [1.22,3.08] 0.005 2.19 [1.32,3.64] 0.002

Symptom present vs. no 1.13 [0.80,1.60] 0.494 1.54 [1.04,2.26] 0.030 1.09 [0.70,1.69] 0.698 1.26 [0.75,2.11] 0.382

Pleural metastasis/effusion vs.
no

- - - - 0.94 [0.47,1.89] 0.865 1.58 [0.72,3.50] 0.256

Bone metastasis vs. no - - - - 1.40 [0.88,2.22] 0.155

EGFR mutation

L858R vs. 19 del 1.57 [1.08,2.30] 0.019 1.66 [1.10,2.50] 0.015 1.51 [0.93,2.46] 0.097 1.06 [0.60,1.85] 0.846

Nonclassic vs. 19 del 1.26 [0.56,2.80] 0.576 1.37 [0.60,3.12] 0.461 1.40 [0.49,4.03] 0.533 2.08 [0.70,6.20] 0.190

First-line TKI generation

Second vs. first 0.74 [0.30,1.81] 0.51 0.70 [0.17,2.88] 0.626

Third vs. first 0.60 [0.24,1.46] 0.26 0.75 [0.24,2.40] 0.633

Special drugs in first-/second-line therapy

Third-generation TKI Yes
vs. No

0.69 [0.47,1.01] 0.056 0.82 [0.54,1.24] 0.344 0.66 [0.40,1.06] 0.086 0.54 [0.29,0.98] 0.044

Antiangiogenesis Yes vs. No 0.82 [0.46,1.46] 0.500 0.19 [0.05,0.77] 0.020 0.11 [0.02,0.51] 0.005

Upfront TKI + RT vs. upfront
TKI

0.62 [0.41,0.94] 0.025 0.47 [0.29,0.75] 0.001 0.84 [0.51,1.40] 0.506 0.81 [0.44,1.48] 0.496

First site of disease progression

Extracranial vs. intracranial 0.74 [0.43,1.28] 0.288 0.91 [0.50,1.68] 0.771

Simultaneous vs. intracranial 1.53 [0.83,2.84] 0.176 1.53 [0.80,2.93] 0.199

aAbbreviations: ECOG, Eastern Cooperative Oncology Group; EGFR, epithelial growth factor receptor; IC PFS, intracranial progression-free survival; OS, overall survival;
RT, radiotherapy; TKI, tyrosine kinase inhibitor.
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The current multicenter real-world study was retro-
spectively analyzed and thus had the following limitations.
Despite the provision of training, discrepancies in the stag-
ing and treatment efficacy evaluation among medical cen-
ters could have potentially introduced inaccuracy in our
studies. In clinical practice, MRI is sometimes irregularly
prescribed to monitor disease progression in patients with
nonsymptomatic BM, resulting in an inaccurate IC-PFS
evaluation. Furthermore, due to the limited sample size,
the significance of our conclusions with regards to the use
of first-line third-generation EGFR-TKI and brain SRS
should be verified in a larger population. Finally, limited to
the incomprehensive retrospective medical records, we
could not provide an accurate incidence of long-term neu-
rological adverse effects such as cognitive brain function,
highlighting the need for further prospective studies to
assess neurological toxicity.

In conclusion, the findings of our study indicate that
first-line EGFR-TKI therapy, with additional upfront brain
RT, could reduce the IC-PFS for EGFR-mutant lung adeno-
carcinoma patients with syn-BM. This improvement was
more significant in patients with symptomatic BM and in
those treated with first-generation EGFR-TKI. Nevertheless,
upfront WBI did not result in an improvement in OS. These
findings suggest that RT treatment could be deferred, espe-
cially when using third-generation EGFR-TKI and other
regimens with higher intracranial activity as a first or
second-line treatment. The use of SRS as an upfront RT for
syn-BM seems promising. However, further research with a
larger sample is required to confirm its significance on OS
and brain neurological function.
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