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Abstract

Background: Lung cancer is the common cause of cancer-related deaths throughout

the world, and brain is a frequent metastatic site of lung cancer.

Aim: This research sought to evaluate the impact of the number of brain metastases

in prognosticating non-small cell lung cancer (NSCLC) patients accounting to the role

of epidermal growth factor receptor (EGFR) mutations.

Methods and Results: NSCLC patients with brain metastases diagnosed/treated in West

China Hospital, Sichuan University between 2009 and 2017 were identified retrospec-

tively. Kaplan–Meier approach was adopted to estimate OS. And we performed univariate

and multivariate Cox proportional hazards regression analyses of characteristics related to

overall survival (OS) in both EGFR-mutated and wild-type cohorts. In total, this study

included 611 eligible NSCLC patients with brain metastases. Extracranial metastases and

chemotherapy were independent prognostic factors of OS in both cohorts. As the disease

progressed, EGFR-mutated patients had brain metastasis significantly earlier (P < .0001),

but they also had notably better survival outcomes than wild-type patients (P < .0001).

And the number of brain metastases impacted the survival incidence in the progression

significantly in both EGFR-mutated and wild-type groups (P= .0087/.037, respectively).

Conclusion: The number of brain metastases was a prognostic factor for lung cancer

patients either with EGFR mutations or with wild-type EGFR, with larger number indicating

more unfavorble clinical outcomes. Patients with EGFR mutations had a better survival.

K E YWORD S
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1 | INTRODUCTION

Patients of lung cancer are confronted with a poor prognosis, with a

5-year overall survival less than 20% in most countries.1 In 2018,

1 761 000 deaths were attributed to lung cancer throughout the

world, among which 690 000 deaths were in China.2 Non-small cell

lung cancer (NSCLC) cases constitute 85% of all lung cancer cases and
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thus most studies to date have focused on this group.3 According to

the eighth edition of Cancer Staging Manual proposed by the Ameri-

can Joint Committee (AJCC),4 the most common pathologic staging

for NSCLC is the tumor-node-metastases (TNM) staging strategy, con-

sidering mainly tumor size, tumor invasiveness in the regional nodes,

and extra-thoracic metastases. With such multifarious objectives, the

TNM staging is a critical tool in the diagnosis and treatment of NSCLC

patients.

Brain is a frequent metastatic site of primary tumors. Brain metas-

tasis was reported to influence around 20%–40% of cancer patients.5

Lung cancer was also reported as the most frequent primary site of

brain metastases in solid tumors, responsible for approximately 60%

of brain metastases in all cases.6 The incidence of brain metastasis of

NSCLC patients was suggested to be over 20% at diagnosis, and as

the disease progresses, a significant percentage of patients would fur-

ther develop brain metastasis.7 Around 54% of NSCLC patients might

be diagnosed with metastasis in central nervous system during their

disease course.8 As was validated, brain metastasis was correlated

with an unfavorable quality of life and a poor prognosis,9 implying that

the tumor was invasive and the disease deteriorated into a later

period. With the presence of brain metastasis, lung cancer patients

would have a median overall survival of 4–11 weeks if untreated and

of 4–15 months if treated.10

The Iressa Pan-Asia Study (IPASS) established the crucial role of

epidermal growth factor receptor (EGFR) in the progression of lung

cancer,11 which has initiated a new direction to individualize and

design clinical treatment of lung cancer patients. Lung cancer patients

with a higher expression of EGFR have a higher mortality risk.8 And

EGFR is easily mutated in lung cancer patients. Roughly 20% of lung

adenocarcinoma patients in western countries carry genetic alter-

ations in EGFR, while 40%–60% of patients in East Asia are EGFR

mutation positive.12 EGFR mutations are suggested to have a signifi-

cant association with brain metastasis and overall survival. A cumula-

tive increase in the incidence rate of brain metastasis over time was

reported in EGFR-mutated patients.13 Despite of that, patients with

EGFR alternations showed a markedly better survival in a multi-

institutional research covering 2186 NSCLC patients.14

As the incidence of brain metastasis is correlated with EGFR

mutation status,15 there is debate over whether the number of brain

metastases affects survival of NSCLC patients accounting for EGFR

mutation status. With the adjustment of EGFR mutation status, the

number of brain metastases was suggested to remain a prognostic

factor for all patients, but no statistically significance was found.14

Further, Balasubramanian and colleagues. reported that the number

of brain metastases merely influenced survival outcomes in the wild-

type NSCLC group but had no impact for EGFR-mutated patients.16

However, there still is a paucity of literature regarding this issue.

This research sought to evaluate the impact of the number of brain

metastases in prognosticating NSCLC patients accounting for the role of

EGFR mutations. We conducted the investigation on the number of

brain metastases from various perspectives including Cox proportional

hazards regression analyses and time trends illustration. Also, we added

to the real-world evidence of EGFR mutations influencing the survival

outcomes in NSCLC patients with brain metastases. And we innovatively

took the different subtypes of EGFR mutations into consideration.

2 | PATIENTS AND METHODS

2.1 | Study population

NSCLC patients with at least one brain metastasis, known EGFR

mutation status, and complete follow-up information who were diag-

nosed/treated in West China Hospital between 2009 and 2017 were

identified and included in our study. Before enrollment, patient

informed consent was achieved. This research was conducted with

the approval of the Institutional Review Board in West China Hospi-

tal, Sichuan University (NO 2018.420), and confidentiality was

ensured throughout our research.

2.2 | Characteristics

Demographical and clinical characteristics were downloaded from the

Lung Cancer Database of West China Hospital, Sichuan University,

including patient age, sex, smoking status, carcinoembryonic antigen

(CEA) level, histology subtypes, pathologic TNM stage of the primary

lung tumor, EGFR mutation details, presence of extracranial metasta-

ses, metastatic sites, exact number of brain metastases, and treatment

history. In our study, all patients underwent real-time PCR to evaluate

their EGFR mutation status (including mutations, deletions and inser-

tions). Exon 19 deletion, L858R, G719X, and L861Q were the main

mutations we focused on, with the rest of subtypes labeled together

as “other.” Erlotinib, gefitinib, and afatinib were the mainly considered

TKIs, used commonly in patients with EGFR mutations. Histology sub-

types were based on pathological or cytologic results, classified into

lung adenocarcinoma (LUAD), lung squamous carcinoma (LUSC), lung

adenosquamous carcinoma (LASC), and others. As an indicator, brain

imaging can clearly show the occurrence of brain metastasis and cal-

culate the exact number of brain metastases.

New incidence of brain metastasis was calculated from the initial

diagnosis of lung cancer for each individual subjects. The outcome

variable, overall survival (OS), was measured from the initial time of

brain metastasis to the day of reported death due to any cause

according to follow-ups. If the exact date of death was not known,

the date of the patient's last available follow-up would be used for

further survival analyses.

2.3 | Data examination

Data retrieved directly from the online database were to be examined

by two authors independently. Mistakes, outliers, or any other incon-

sistent information were corrected before univariate analysis. Any dis-

agreement was carefully dealt with and finally resolved by a

consensus.
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2.4 | Statistical analyses

Kaplan–Meier approach was adopted to estimate OS. And we further

performed univariate and multivariate Cox proportional hazards

regression analyses of characteristics related to OS in both EGFR-

mutated and wild-type cohorts separately. Two-tailed P-values less

than .05 were deemed as significant. All analyses in our research were

completed using R version 3.6.0.

Variables entering multivariate analysis were the ones in a poten-

tially significant relationship with OS, carefully chosen according to

their results in univariate analysis. And to avoid missing any clinically

important variables, we loosened the criteria to include variables with

P-values less than .1 in our multivariate analysis.

3 | RESULTS

3.1 | Univariate and multivariate analyses

A total of 611 NSCLC patients who harbored information on

EGFR mutation status (304 EGFR-mutated patients and 307 EGFR

wild-type patients) and developed brain metastasis in their dis-

ease progression were identified for the present analysis. As dis-

ease progressed, all patients included in our research developed

metastatic lesions in brains. The results of our univariate and mul-

tivariate analyses to recognize possible risk factors of OS are

shown in Table 1 and a comparison on the influential factors

between the EGFR-mutated cohort and the wild-type cohort is

also exhibited.

On univariate analysis, more brain metastases (P = .010 in the

EGFR-mutated group; P = .039 in the wild-type group) and occur-

rence of extracranial metastases (P ≤ .001 in both groups) were

suggested to be shared risk factors. And on multivariate analysis,

extracranial metastases condition and chemotherapy adoption condi-

tion (absence of chemotherapy: HR = 1.497, 95% CI: 1.100–2.039,

P = .010 in EGFR-mutated group; HR = 1.473, 95% CI: 1.038–2.091,

P = 0.030 in wild-type group) impacted OS in both cohorts

independently.

For EGFR-mutated patients, it turned out that sex (P = .007),

extracranial metastases condition (P < .001), number of brain metasta-

ses (P = .047), and chemotherapy adoption condition (P = .010) were

independent prognostic factors. And the impact of TKI-targeted ther-

apy was insignificant (P = .732) in our patients. Surprisingly, the spe-

cific EGFR-mutated subtypes did not make a difference on the overall

survival (P = .958 in the univariate analysis).

In relation to EGFR wild-type patients, In the multivariate analy-

sis, ever-smoking (HR = 1.338, 95% CI = 1.006–1.779, P = .046), the

occurrence of extracranial metastases (HR = 2.468, 95% CI = 1.885–

3.230, P < .001), lack of chemotherapy (HR = 1.473, 95%

CI = 1.038–2.091, P = .030) were predictors of undesired OS inde-

pendently. The number of brain metastases narrowly had a statisti-

cally significant impact on the overall survival of wild-type

patients (P = .089).T
A
B
L
E
1

(C
o
nt
in
ue

d)

C
ha

ra
ct
er
is
ti
cs

E
G
FR

-m
ut
at
ed

co
ho

rt
(N

=
3
0
4
)

E
G
FR

w
ild

-t
yp

e
co

ho
rt
(N

=
3
0
7
)

U
ni
va

ri
at
e
an

al
ys
is

M
ul
ti
va

ri
at
e
an

al
ys
is

U
ni
va

ri
at
e
an

al
ys
is

M
u
lt
iv
ar
ia
te

an
al
ys
is

H
R
(9
5
%

C
I)

P
-v
al
ue

H
R
(9
5
%

C
I)

P
-v
al
ue

H
R
(9
5
%

C
I)

P
-v
al
u
e

H
R
(9
5
%

C
I)

P
-v
al
u
e

F
ir
st
-l
in
e
tr
ea

tm
en

t

SR
S
±
su
rg
er
y

1
0
.7
7
1

1
0
.3
2
5

W
B
R
T
±
su
rg
er
y

0
.6
5
4
(0
.2
4
6
–1

.7
3
5
)

0
.6
1
2
(0
.2
3
5
–1

.5
9
4
)

SR
S
+

W
B
R
T

0
.8
1
9
(0
.3
3
1
–2

.0
2
7
)

0
.9
6
2
(0
.5
6
1
–1

.6
5
1
)

C
he

m
o
th
er
ap

y

Y
E
S

1
0
.0
5
4

1
0
.0
1
0

1
0
.0
0
6

1
0
.0
3
0

N
O

1
.3
4
7
(0
.9
9
5
–1

.8
2
3
)

1
.4
9
7
(1
.1
0
0
–2

.0
3
9
)

1
.6
2
8
(1
.1
5
2
–2

.3
0
0
)

1
.4
7
3
(1
.0
3
8
–2

.0
9
1
)

T
K
I-
ta
rg
et
ed

th
er
ap

y

N
O

1
.1
2
3
(0
.7
1
2
–1

.7
7
2
)

0
.2
3
6

1
.0
8
5
(0
.6
8
0
–1

.7
3
3
)

0
.7
3
2

Y
E
S

1
1

A
bb

re
vi
at
io
ns
:C

E
A
,c
ar
ci
no

em
br
yo

ni
c
an

ti
ge

n;
E
C
M
,e

xt
ra
cr
an

ia
lm

et
as
ta
se
s;
E
G
F
R
,e

pi
de

rm
al
gr
o
w
th

fa
ct
o
r
re
ce
pt
o
r;
LA

SC
,l
un

g
ad

en
o
sq
ua

m
o
us

ca
rc
in
o
m
a;

LU
A
D
,l
u
n
g
ad

en
o
ca
rc
in
o
m
a;

LU
SC

,l
u
n
g

sq
ua

m
o
us

ca
rc
in
o
m
a;

N
o
.o

f
br
ai
n
m
et
as
ta
se
s,
nu

m
be

r
o
f
br
ai
n
m
et
as
ta
se
s;
SR

S,
st
er
eo

ta
ct
ic
ra
di
o
su
rg
er
y;

T
K
I,
ty
ro
si
ne

ki
na

se
in
hi
bi
to
rs
;W

B
R
T
,w

h
o
le

b
ra
in

ra
d
ia
ti
o
n
th
er
ap

y.

4 of 9 SHAO ET AL.



3.2 | Impact of EGFR mutation status on brain
metastasis incidence and survival

Almost all NSCLC patients had developed brain metastasis in 5 years.

As is demonstrated in Figure 1, EGFR-mutated patients had signifi-

cantly better overall survival compared with wild-type patients

(P < .0001). The median OS for the EGFR positive NSCLC was signifi-

cantly greater than the wild-type cohort.

3.3 | Prognostic value of the number of brain
metastases

Suggested in the univariate analysis, the number of brain metastases

had a statistically significant association with OS in both EGFR-mutated

patients (No. of brain metastases = 2: HR = 1.102, 95% CI = 0.680–

1.786; No. of brain metastases ≥3: HR = 1.632, 95% CI = 1.164–

2.286; P = .010) and EGFR wild-type patients (No. of brain metasta-

ses = 2: HR = 1.034, 95% CI = 0.639–1.365; No. of brain metastases

≥3: HR = 1.261, 95% CI = 0.973–1.634; P = .039).

We further divided both EGFR-mutated (N = 304) and wild-type

cohorts (N = 307) into three subgroups according to the number of

brain metastases and viewed the difference in survival incidence

among subgroups with one, two, and three or more brain metastases.

It turned out that the number of brain metastases had a crucial impact

on disease progression (for EGFR-mutated patients: P = .0087; for

EGFR wild-type patients: P = .037). Patients with three or more brain

metastases had the worst survival incidence regardless of their muta-

tion status (shown in Figures 2 and 3).

3.4 | Supplementary tables

There were significant differences between the clinical characteristics

of 304 patients with EGFR mutations and those of 307 patients

without. The characteristics of patients at the time of their initial lung

cancer diagnosis are shown in Table S1, while their characteristics at

the time of their initial brain metastasis diagnosis can be seen in

Table S2.

4 | DISCUSSION

Lung cancer accounts for 20% malignancy-related deaths world-

wide.19 Among the entire patient population, the adenocarcinoma

subtype is prevalent.18 Nearly 70% NSCLC patients are diagnosed at

an advanced stage17 and thus have a poor prognosis. The most com-

mon metastatic sites include brain, liver, and bones,20 consistent with

our baseline information (available in Table S1). In NSCLC patients,

the incidence of brain metastasis was above 20%, up to nearly
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50%.9,21,22 Patients included in our study were all harboring brain

metastases and there was no statistically significant difference in the

number of brain metastases between the EGFR mutation positive

cohort and the wild-type patient cohort when patients were first diag-

nosed with brain metastasis (P = .233). According to our known litera-

ture, brain metastasis was more frequent in EGFR-mutated patients,23

especially among never-smokers.24 Our study also vindicated that

EGFR-mutated patients had a notably better prognosis than wild-type

patients. Several studies showed similar results.12,14,16

Due to the fact that the number of brain metastases has been

found significantly related to the EGFR mutation status,15 whether

the number of brain metastases is an independent prognostic factor

or the impact is due to EGFR mutation is worthy of exploration. A pre-

vious study suggested that the number of brain metastases merely

impacted outcomes of wild-type patients,16 which was contrary to

our result. In our study, the number of brain metastases was found to

have a significant association with OS with both groups in the univari-

ate analysis. Although the number of brain metastases was not a sta-

tistically independent prognostic factor (P = .089) in the EGFR wild-

type cohort in the multivariate analysis, we still believe it might serve

as a considerable influential factor accounting for the EGFR mutation

status given its impact shown in later illustrations. Figures 2 and 3

show that patients with three or more brain metastases had the worst

survival incidence in both EGFR-mutated and wild-type groups. The

number of brain metastases served as a prognostic factor regardless

of their mutation status. In Figure 3, the impacts of extracranial

metastases and chemotherapy were excluded, which might have

masked the impact of the number of brain metastases on overall sur-

vival in the multivariate analysis of wild-type patients. Furthermore,

there were subjects who survived more than 3 years (> 36 months)

after brain metastasis among wild-type cohort. It is interesting to dis-

cuss potential treatment that might lead to their better survival, such

as immunotherapy or other treatment options.

In the current study, the numbers of patients in EGFR-mutated

group and wild-type group were nearly equal. This distribution was

consistent with the whole Asian NSCLC patients in which approxi-

mately 50% cases had EGFR mutations.25 As is known, EGFR, related

to cell proliferation and survival,7 plays an important role in the pro-

gression of lung cancer and is easily mutated. It is assumed that the

EGFR pathway has a crucial role in the metastasis process of

NSCLC.26 With an incidence of around 10% of all NSCLC patients,27

the EGFR mutation prevalence varies among different populations.

For example, in Caucasian NSCLC patients, the proportion of harbor-

ing EGFR activating mutation was 10%–20% while around half of

Asian patients carried mutations.9 And it is more likely for patients

with adenocarcinoma to have an EGFR mutation than those with

other NSCLC subtypes.26 For lung adenocarcinoma patients in East

Asia, 40%–60% of them were EGFR mutation positive.12

In our study, there was no crucial difference in survival among het-

erogeneous EGFR mutation subgroups, and the impact of TKI therapy

on the survival outcome was not significant for EGFR-mutated patients,

which might result from the limitation of our sample size. The impact of

EGFR subtypes and the efficiency of TKIs are to be further defined. AsT
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was previously brought up, the specific EGFR mutation subtype might

result in different response to targeted therapy. When first-line treat-

ment fail, the advent of TKIs might provide new opportunities. Muta-

tions in exon 19 and exon 21, which together account for nearly 90% of

all EGFR mutations, lead to more sensitive response to TKI therapy

agents such as erlotinib, gefitinib, and afatinib.25 Further, among the two

main subtypes of EGFR mutations, it was previously suggested that

treated patients with exon 19 deletions had a longer survival than those

with the L858R mutation.28 The mechanisms remain to be uncovered.

A summary of representative research reports is shown in Table 2,

all of which were published between 2010 and 2020. EGFR mutation

status was a risk factor of survival in six studies,14,23,29,30,31 including

ours. The impact of extracranial metastases was suggested in four stud-

ies, the current research also included.14,30,31 Performance status was

influential to survival outcomes in three studies.14,17,31 The role of num-

ber of brain metastases was first brought up by Sperduto et al.,14 and

then further vindicated by Balasubramanian et al.16 The current study

has been the first to report its significant impact in both EGFR-mutated

and wild-type patients. Six studies included information regarding EGFR

mutation subtypes,11,23,29,31,32 in which four studies, ours

included,11,29,31 reported that no difference existed among different sub-

types. But Lee and co-workers found out that patients with Exon 19

deletion were more sensitive to treatment compared with those with

Exon 21 L858 and thus had a better PFS.32

Compared with other relative studies, the current study showed a more

comprehensive coverage of information, and investigated exclusive risk fac-

tors for both EGFR-mutated and wild-type patients separately. Our study

was among the first few pieces of research focusing on the impact of the

number of brain metastases on survival outcomes of NSCLC patients

accounting for EGFR mutation status. This research innovatively proposed

the significance of the number of brain metastases as a prognostic factor

for all patients regardless of their EGFR mutation status. In addition, we also

found out that sex was a risk factor exclusively for EGFR-mutated patients,

while smoking status and TKI-targeted therapy were merely influential

among wild-type patients. Simultaneously, taking the subtypes of EGFR

mutations into consideration, we focused on the major mutations of Exon

19 deletion, L858R, G719X, L861Q. And it finally turned out that the spe-

cific subtypes of EGFR mutations had no statistically important impact on

the overall survival of mutated patients. As studies focusing on Asian

populations were relatively lacking, the results of our study were crucial and

could offer potential guidance with real-world evidence to enhance the

diagnosis and treatment of Asian NSCLC patients. With follow-up up to

120 months, the reliability of our results was ensured.

This study had several limitations as follows. First, as a retrospec-

tive study, the inherent selection bias was inevitable. To further

explore the role of EGFR mutation status in the prognosis of NSCLC

patients with brain metastasis, prospective researches are needed.

Second, although this research included a large number of NSCLC

patients, these patients were all from West China Hospital, Sichuan

University. Results from larger-scale studies in multiple centers should

be more convincing. Third, all of the patients included were Asians.

Our results need to be validated regarding their relevance to patients

in other countries.

As the main cause of cancer-related deaths, lung cancer has cau-

sed numerous deaths in China and throughout the world.33 A lot more

researches still remain to be done to perfect its diagnosis and treat-

ment in clinical practice.

5 | CONCLUSION

Our study revealed the potential prognostic role of the number of

brain metastases with consideration of the EGFR mutation status, and

might help to establish the guidelines of individualizing treatment. It

turned out that the number of brain metastases served as a potential

prognostic factor in both EGFR-mutated and wild-type groups. We

also again validated the insight that EGFR-mutant patients had better

prognosis with reliable real-life evidence.
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