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resection of solitary brain metastasis from non-small cell lung
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Background: Neurosurgery is the standard of care for resectable solitary brain metastasis (BM) from non-
small cell lung cancer (NSCLC), but still with a poor outcome. Postoperative whole-brain radiotherapy
(WBRT) was reported to reduce local recurrence, whether it could prolong survival was uncertain. In this
study, we attempted to evaluate WBRT and other prognostic for overall survival (OS) in these patients.
Methods: In this retrospective study, NSCLC patients with a solitary BM and controlled primary tumor
who underwent neurosurgical resection were selected from the medical records database between January
2014 and December 2018. Clinical data, disease control/progression results and survival outcomes were
obtained from the medical records, regular outpatient follow-up and telephone interviews. Univariable
and multivariable Cox analyses of potential prognostic factors including patients’ characteristics, BM
features, tissue-based parameters and postoperative treatments were conducted. OS was illustrated using
Kaplan-Meier curves, and group differences were assessed using the log-rank test. The subgroup analysis
compared each variable between the WBRT group and the untreated control by the hazard ratio and its 95%
confidence interval (CI).

Results: A total of 94 patients were included, with a median OS of 812 days. Univariable analysis
showed that postoperative WBRT and targeted therapy were associated with OS. Multivariable analysis
demonstrated that postoperative WBRT [P<0.001, hazard ratio (HR) 0.357], chemotherapy (P=0.008, HR
0.512), targeted therapy (P<0.001, HR 0.265), and smaller tumor size (P=0.018, HR 0.553) were independent
prognostic factors for prolonged OS. However, tissue-based parameters (Ki67 tumor cell proliferation index,
epidermal growth factor receptor, and checkpoint levels) were identified as statistically insignificant factors.
In the subgroup analysis, the beneficial effect of WBRT was only observed in patients that did not receive
systematic treatments.

Conclusions: Postoperative WBRT and systematic treatments after solitary BM resection improve the
prognosis of NSCLC patients with a controlled primary tumor. Postoperative WBRT could be considered,
especially for those who not receive systematic chemotherapy or targeted therapy treatments, as they might

be more likely to benefit from it.
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Introduction

Non-small cell lung cancer (NSCLC) is the most common
malignancy that metastasizes to the brain. Brain metastasis
(BM), which is considered to be terminal and has a poor
prognosis, occurs in about 20-56% of NSCLC patients
(1,2). Owing to advancements in imaging technologies
and novel treatment regimens, including targeted therapy
and immune therapy, primary tumors are generally well
controlled and patient survival has been prolonged. Yet, the
incidence of BM in NSCLC patients will still increase and
BM could be the most significant disease associated with
patient morbidity and mortality (3,4).

The treatment of BM in NSCLC patients is still
controversial. Neurosurgical extirpation of metastatic
lesions is the standard of care in cases where the BM is
large and symptomatic or where histological confirmation
is required (5). In particular, for patients with solitary or
limited BM that can be surgically accessed, intracranial
tumor resection can improve prognosis (6). Unfortunately,
resection alone generally results in a high BM recurrence
rate and poor outcomes, with a reported median
postoperative survival time of 10-13.3 months (6,7).

To avoid local and distant intracranial recurrences,
postoperative radiotherapy is traditionally recommended.
Two randomized controlled trials have demonstrated that
postoperative Whole-brain radiotherapy (WBRT) results
in a marked decrease in local recurrence in patients with
1-3 BMs (8,9). However, whether adjuvant radiotherapy
following BM resection can improve the overall survival
(OS) of these patients remains unclear. Limited data from
early randomized trials have indicated that postoperative
radiotherapy has no significant effect on OS (8). A recent
retrospective study demonstrated that in NSCLC patients
with resected BM, those who received postoperative
radiotherapy mainly of WBRT had markedly longer
survival (10).

Meanwhile, Tendulkar et a/. evaluated the prognostic
factors for surgically-resected single BM and concluded
that age, primary tumor/extracranial metastases, and SRS
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(but not WBRT) were independent factors for OS (11).
Studies also identified other possible prognostic factors,
including BM number, BM location, resection extent,
pathology of adenocarcinoma, Recursive Partitioning
Analysis classification, Karnofsky performance scale (KPS)
score, postoperative treatment, etc. (12,13). In clinical trials
investigating systemic treatments, the presence of BM was
often an exclusion criterion, and in studies where it was
not, included patients without neural symptoms were not
routinely considered for BM diagnosis, as baseline brain
imaging was not always performed (14-17). Moreover,
tissue-based parameters in BM, such as the Ki67 tumor cell
proliferation index (PI), were reportedly associated with
OS (18). The positive expression of immune checkpoints
in tumor cells and infiltrating immune cells might suggest
an immunosuppressive microenvironment, which may also
influence tumor growth and survival outcomes (19,20).
We conducted immunohistochemical (IHC) staining in
resected BM samples to examine the Ki67 PI and molecular
expression levels of relevant targets and checkpoints,
including epidermal growth factor receptor (EGFR),
programmed death-1 (PD-1) and its ligand (PD-L1),
cytotoxic 'I' lymphocyte-associated antigen-4 (CTLA-4),
and the T cell immunoglobulin domain and mucin
domain-3 (TIM3), which were also analyzed as potential
prognostic factors.

The present study aims to evaluate postoperative
WBRT and other potential prognostic factors including
patients’ demographic characteristics, clinical features,
histopathological indicators and supplementary systemic
treatments for OS after solitary BM resection in NSCLC
patients with a controlled primary and extracranial disease.
We present the following article in accordance with the
STROBE reporting checklist (available at https://jtd.
amegroups.com/article/view/10.21037/jtd-22-1279/rc).

Methods

This is a retrospective cohort study. After approval by the
Institutional Review Board of Huashan Hospital, Fudan
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University (approved No. 2020-670), the study was registered
in the Chinese Clinical Trial Registry (ChiCTR2000036922)
in August 2020. Informed consent was taken from all
patients. The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013).

From the medical records database, we retrospectively
scanned all NSCLC patients with BM undergoing surgical
resection of metastatic brain tumors in the Neurosurgery
Department of our institute between January 2014 and
December 2018. This period was chosen because targeted
therapy was becoming more widely accepted and routinely
recommended during this interval. Patients were recruited
according to the following inclusion criteria: (I) patients
with a confirmed diagnosis of BM from NSCLC; (II)
patients with a solitary BM lesion; (III) patients receiving
neurosurgery of complete excision for BM; (IV) cases in
which the precise survival time was available, or those
with a follow-up time of at least 2 years for patients whose
survival time was censored; and (V) patients with stable
or controlled primary lung tumor for more than 1 year
after neurosurgery, unless they died of BM recurrence
or neurological causes in the first year. The exclusion
criteria were as follows: (I) patients with other tumors;
(IT) patients with other brain diseases, such as brain
trauma, massive cerebral infarction, cerebral hemorrhage,
encephalitis, or parasitic infection; (III) patients with severe
cardiopulmonary diseases, including chronic obstructive
pulmonary disease, interstitial pneumonia, coronary heart
disease, or heart failure; and (IV) patients with liver or renal
failure.

The demographic and clinical data of patients were
collected from the medical records, outpatient follow-up
records and telephone interviews (if necessary). Patients
were usually followed up every 3-6 months in the outpatient
clinic of the neurosurgery and/or respiratory departments.
Brian and pulmonary imaging examinations were performed
as required by physicians, and the electronically stored
results could be easily retrieved according to the patient’s
name and identification (ID). For those followed up in other
hospitals, clinical data including postoperative treatments
and regular imaging examinations were also obtained by
contacting the patients and their relatives. Patients with
insufficient follow-up time or unclear outcome were not
included for analysis. Some patients were initially diagnosed
with NSCLC via the pathological reports of resected
BM tissues due to asymptomatic or silent primary lung
cancer. After undergoing surgical extirpation of BM, these
patients were also transferred to a lung cancer specialties
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department for further evaluation and standard treatment
according to the accepted treatment guidelines. Other
patients with original lung onset were found to have BM
during or after lung-based treatments. Thus, postoperative
local or systemic treatments were given as needed in this
real-world cohort. Typically, WBRT was performed 1
month after neurosurgery with a dose of 30 Gy in ten daily
fractions or 40 Gy in twenty daily fractions. The primary
endpoint was OS, which was calculated as the time from
the day of neurosurgical resection of BM to death or last
follow-up. The second endpoint was brain progression-free
survival (PFS), which was defined as the period from the
day of neurosurgery to the day that local or distal relapse
was seen on brain computer tomography (CT) or magnetic
resonance imaging (MRI) scans.

Resected BM tissue samples were obtained for each
patient. After formalin-fixation and paraffin-embedding
according to standard laboratory practice, tissue blocks were
stored and later cut into 3-pm-slices. IHC was performed
using an automated slide processing and staining system.
For the EGFR and immune checkpoints of PD-1, CTLA-4,
and TIM3, colored staining within the anticipated
expression sites was determined in contrast to the positive
and negative controls. For PD-L1, a tumor proportion score
<1% was regarded as negative; otherwise, it was considered
positive. All of the above tissue-based parameters were
estimated and confirmed by two pathologists. The Ki67 PI
result, which was calculated according to the assessment
method that counted 500 cells within the area of strongest
staining to determine the percentage of positive cells (0-
100%), was directly obtained from the routine pathological
report of each patient. Protein expression was considered
positive when Ki67 PI was more than 20%.

Statistical analysis

The baseline characteristics between the WBRT group
(patients who received WBRT after surgical resection of
BM) and the control group (patients who did not receive
postoperative WBRT or other radiotherapy) were compared
using the y test. The OS of patients was estimated with the
Kaplan-Meier product limit method, and group differences
were assessed using the log-rank test. Univariate and
multivariate analyses of potential prognostic factors were
conducted using the Cox proportional hazards model. In
the subgroup analysis, the hazard ratio (HR) and its 95%
confidence interval (CI) were calculated for each variable
comparing WBRT treatment with the untreated control.
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Figure 1 The overall survival curve of the entire patient cohort.

P<0.05 (two sided) was considered statistically significant.
All statistical analyses were performed using the R software
package (version 4.0.3, https://cran.r-project.org/bin/
windows/base/o0ld/4.0.3/, The R Foundation for Statistical
Computing).

Results

A total of 105 eligible patients diagnosed as NSCLC with
a single BM who underwent BM resection were screened.
Among them, 11 patients were excluded due to a loss of
follow-up (three cases), extracranial disease progression
in the first year after neurosurgery (four cases), and
concomitant disorders (two cases of brain diseases, one case
of heart disease, and one case of thyroid tumor). Finally,
a total of 94 patients were recruited and analyzed. The
median OS of this cohort was 812 days (Figure 1), with 1-,
2-, 3-, and S-year survival rates of 76.6%, 56.4%, 42.6%,
and 14.0%, respectively.

The patients’ baseline characteristics at the research
starting point (the day of surgical treatment of BM) are
listed in Table 1. Our cohort comprised 41 female and
53 male patients. Among them, 21 cases were elderly patients
(=65 years old) and 72 cases were independent with a KPS
score >70. Most of the patients had a large BM (=3 c¢m) that
was located supratentorially. In the resected BM specimens,
KI67 PI >20 was seen in 39.3% of patients. The percentages
of patients with positive staining for EGFR, PD-L1, PD-
1, CTLA-4, and TIM3 were 88.3%, 42.6%, 25.5%, 16.3%,
and 87.2%, respectively. Examples of positive staining were
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illustrated in Figure 2. There were 34 patients (36.2%) who
received postoperative WBRT, 46 patients (48.9%) who
received postoperative chemotherapy, and 31 patients
(33.0%) who received postoperative targeted therapy.
Targeted therapy, according to the gene-sequencing test of
the BM or primary lung samples, included EGFR tyrosine
kinase inhibitors (Gefitinib, Erlotinib, and Afatinib) and an
anaplastic lymphoma kinase (ALK) tyrosine kinase inhibitor
(Crizotinib). Twenty-four patients also underwent lung
cancer surgery either before or after craniotomy depending
on the onset disease, while the remaining patients did not
(Tible 1).

Postoperative brain PFS was evaluated in 49 patients
with precise brain progression imaging records. The median
brain PFS was 809 (interquartile range, 562-1,079) days in
the WBRT group (n=20) and 378 (interquartile range, 162—
691) days in the non-WBRT control group (n=29), and the
difference was statistically significant (P<0.001). The 1-year
brain control rates (without local or distal intracranial
relapse) were 85% in the WBRT group and 52% in the
control group, and their 3-year control rates were 20% and
10%, respectively.

Using the Cox proportional hazards model, potential
prognostic factors for OS were analyzed in 87 patients,
due to missing data in 7 patients (Tazble 2). Univariable
analysis showed that postoperative WBRT and targeted
therapy were associated with OS (P<0.05). According
to the backward linear regression multivariable analysis,
postoperative WBRT (P<0.001, HR 0.357, 95% CI:
0.207-0.615), chemotherapy (P=0.008, HR 0.512, 95% CI:
0.313-0.839), targeted therapy (P<0.001, HR 0.265, 95%
CI: 0.148-0.475), and smaller tumor size (P=0.018, HR
0.553, 95% CI: 0.338-0.904) were independent prognostic
factors associated with prolonged OS. However, Ki67 PI,
EGFR level, and each checkpoint level were found to be
statistically insignificant factors.

Kaplan-Meier curves were respectively drawn for
the independent prognostic factors (Figure 3). The log-
rank analyses demonstrated a statistically significant OS
difference for postoperative adjuvant WBRT (P<0.05) and
targeted therapy (P<0.01). For evaluating the confounding
effects of other clinical factors on prognostic value of
WBRT, the baseline variables were comparable between
the WBRT and the control group, with no statistical
significance for each variable (Table I).

In the subgroup analysis, variable-related survival
outcomes were compared between the WBRT treatment
group and the untreated controls using the univariable
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Table 1 Baseline characteristics between the WBRT and control groups
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Variables Level WBRT (n=34) Control (n=60) P value
Gender (%) Female 11 (32.4) 30 (50.0) 0.149
Male 23 (67.6) 30 (50.0)
Age (%) <65 years 26 (76.5) 47 (78.3) 1
>65 years 8 (23.5) 3(21.7)
KPS (%) <70 7 (20.6) 5 (25.0) 0.817
>70 7 (79.4) 45 (75.0)
Tumor size (%) <3.0cm 11 (32.4) 21 (35.0) 1
>3.0 cm 22 (64.7) 38 (63.3)
Unknown 1(2.9) 1(1.7)
Tumor location (%) Infratentorial 6(17.6) 14 (23.3) 0.7
Supratentorial 28 (82.4) 46 (76.7)
Pathology (%) Adenocarcinoma 21 (61.8) 38 (63.3) 1
Squamous carcinoma 8 (23.5) 14 (28.3)
Large cell carcinoma 2 (5.9) 2(3.3)
Other 3(8.8) 6 (10.0)
Status (%) Censor 7 (20.6) 1(18.3) 1
Dead 27 (79.4) 49 (81.7)
Ki67 Pl (%) <20 23 (67.6) 31(51.7) 0.163
>20 9 (26.5) 26 (43.3)
Not reported 2 (5.9) 3(5.0)
EGFR (%) Negative 4(11.8) 7(11.7) 1
Positive 0(88.2) 53 (88.3)
PD-L1 (%) Negative 9 (55.9) 35 (58.3) 0.989
Positive 5 (44.1) 25 (41.7)
PD-1 (%) Negative 5 (73.5) 45 (75.0) 1
Positive 9 (26.5) 15 (25.0)
CTLA-4 (%) Negative 25 (73.5) 52 (86.7) 0.212
Positive 8 (23.5) 7(11.7)
Unknown 1(2.9 1(1.7)
TIM3 (%) Negative 4(11.8) 8(13.3) 1
Positive 0 (88.2) 2 (86.7)
Post-operative chemotherapy (%) No 5(44.1) 3 (55.0) 0.424
Yes 9 (55.9) 7 (45.0)
Post-operative targeted therapy (%) No 5(73.5) 38 (63.3) 0.434
Yes 9 (26.5) 2 (36.7)
Lung cancer surgery (%) No 24 (70.6) 6 (76.7) 0.687
Yes 10 (29.4) 4 (23.3)

WBRT, whole-brain radiotherapy; KPS, Karnofsky Performance Scale; PI, proliferation index; EGFR, epidermal growth factor receptor;
PD-L1, programmed death-ligand 1; PD-1, programmed death-1; CTLA-4, cytotoxic T lymphocyte-associated antigen-4; TIM3, T cell

immunoglobulin domain and mucin domain-3.
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EGFR PD-L1 PD-1

Figure 2 Positive examples of the immunohistochemical staining of brain metastasis specimens (x100). EGFR, epidermal growth factor
receptor; PD-L1, programmed death-ligand 1; PD-1, programmed death-1; CTLA-4, cytotoxic T lymphocyte-associated antigen-4; TIM3,

T cell immunoglobulin domain and mucin domain-3.

Table 2 Univariable and multivariable Cox regression analyses of the prognostic factors for OS

Univariable Cox regression Multivariable Cox regression

Variables
P value HR (95% CI) P value HR (95% CI)

Gender 0.576 0.879 (0.559-1.382) - -
Age 0.373 1.279 (0.744-2.199) - -
KPS 0.338 0.772 (0.455-1.311) - -
Tumor size 0.096 0.669 (0.418-1.073) 0.018 0.553 (0.338-0.904)
Tumor location 0.330 0.768 (0.452-1.306) - -
Pathology (other) - -

Adenocarcinoma 0.626 0.830 (0.393-1.755)

Squamous carcinoma 0.427 0.708 (0.302-1.660)

Large cell carcinoma 0.484 0.575 (0.122-2.710)
Ki67 PI 0.080 1.513 (0.951-2.408) 0.719 1.092 (0.675-1.768)
EGFR 0.783 1.103 (0.547-2.224) - -
PD-L1 0.619 0.890 (0.562—-1.409) - -
PD-1 0.878 0.959 (0.562-1.636) - -
CTLA-4 0.688 0.877 (0.461-1.668) - -
TIM3 0.469 0.789 (0.415-1.500) - -
WBRT 0.044 0.615 (0.384-0.987) 0.000 0.357 (0.207-0.615)
Chemotherapy 0.180 0.733 (0.465-1.154) 0.008 0.512 (0.313-0.839)
Targeted therapy 0.000 0.344 (0.199-0.595) 0.000 0.265 (0.148-0.475)
Lung cancer surgery 0.286 0.745 (0.434-1.279) - -

OS, overall survival; HR, hazard ratio; Cl, confidence interval; KPS, Karnofsky Performance Scale; P, proliferation index; EGFR, epidermal
growth factor receptor; PD-L1, programmed death-ligand 1; PD-1, programmed death-1; CTLA-4, cytotoxic T lymphocyte-associated
antigen-4; TIM3, T cell immunoglobulin domain and mucin domain-3; WBRT, whole-brain radiotherapy.

© Journal of Thoracic Disease. All rights reserved. 7 Thorac Dis 2022;14(10):4113-4124 | https://dx.doi.org/10.21037/jtd-22-1279



Journal of Thoracic Disease, Vol 14, No 10 October 2022

A 1.00 4
>
= -+ No WBRT
Z 0.75 - - wear
©
sy
o
5 0.50 -
©
=
2 0.25 -
= e 1 = SR S SOu -
@ Log-rank P=0.042
0.00

T T T T T T T T T
0 360 720 1080 1440 1800 2160 2520 2880
Time in days

Number at risk
No WBRTq60 41 27 19 11 4 1 0 0
WBRT{34 31 27 21 10 4 4 3 0

0 360 720 1080 1440 1800 2160 2520 2880

Time in days
c 1.00 4 e,
E Bl == No chemotherapy
5 0.75 A -+ Chemotherapy
ks
Q
a 0.50
©
2
2 0.25
@ e YO .
Log-rank P=0.18
0.00

T T T T T T T T T
0 360 720 1080 1440 1800 2160 2520 2880
Time in days

Number at risk
No chemotherapy-{48 32 26 18 8 2 1 1 0
Chemotherapy-{ 46 40 28 22 13 6 4 2 0

T T T T T T T T T
0 360 720 1080 1440 1800 2160 2520 2880
Time in days

4119

B 1001
2
£ | == More than 3 cm
% 0.75 “+ Less than 3 cm
o ",
o
G 0.50 - 1
©
2
2 0.25
gYel N TR
@ Log-rank P=0.093
0.00 A

T T T T T T T T T
0 360 720 1080 1440 1800 2160 2520 2880
Time in days
Number at risk
Morethan3cm-32 22 16 10 5 2 2 2 0
Lessthan3cm-60 49 38 30 16 6 3 1 0

0 360 720 1080 1440 1800 2160 2520 2880

Time in days
D 1004 :
> ________ -~ No targeted therapy
E 0.75 - -+ Targeted therapy
3
o
a 0.50
S = PR
=2
S .
% 0.25
Log-rank P<0.0001
0.00 A

T T T T T T T T T
0 360 720 1080 1440 1800 2160 2520 2880
Time in days
Number at risk

No targeted therapy41 63 43 28 20 10 2 1 1 0

Targeted therapy-4 31 29 26 20 11 6 4 2 0

T T T T T T T T T
0 360 720 1080 1440 1800 2160 2520 2880
Time in days

Figure 3 Kaplan-Meier curves of the independent prognostic factors. (A) Stratified by postoperative WBRT; (B) stratified by tumor size; (C)

stratified by postoperative chemotherapy; (D) stratified by postoperative targeted therapy. WBRT, whole-brain radiotherapy.

Cox model (Figure 4), with a HR <1 preferring WBRT. A
significance with P<0.05 was observed in selected patients
with the following characteristics: female, tumor size <3 cm,
Ki67 PI >20%, positive CTLA-4, negative TIM3, without
chemotherapy, without targeted therapy, and without lung
cancer resection. These results indicated that patients with
the aforementioned characteristics might be more likely
to benefit from postoperative WBRT. Specifically, for
the two systemic treatments, Kaplan-Meier analyses also
showed that postoperative WBRT significantly improved
the survival outcomes in the subgroup that did not receive
systemic treatments (chemotherapy and targeted therapy),
but not in the subgroup that did receive either of these
treatments (Figure 5).

Discussion

This retrospective study demonstrated that adjuvant WBRT

© Journal of Thoracic Disease. All rights reserved.

after resection of solitary BM improved the prognosis of
NSCLC patients with a stable or controlled extracranial
disease. Other positive prognostic factors for these patients
included the use of chemotherapy or targeted therapy
and BM tumor size less than 3 cm. The beneficial effect
of WBRT was especially seen in the patients who did not
receive the two systemic treatments (chemotherapy and
targeted therapy).

Radiotherapy can be delivered in the form of WBRT,
single-fraction stereotactic radiosurgery (SRS), or multiple-
fraction stereotactic radiation therapy (SRT). Prospective
trials have demonstrated that postoperative radiotherapy
using either WBRT or SRS resulted in a marked decrease
in local recurrence (8,9,21). Although WBRT was
associated with a long-term decline in cognitive function,
postoperative WBRT had a similar or marginally better
effect on local control compared to SRS/SRT (22,23). As
shown in this study, the beneficial local effect of WBRT
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Variable No. of patients No. of WBRT
Overall 95 34
Gender

Female 41 11

Male 53 23
Age

< 65 years 73 26

=65 years 21 8
KPS

<65 a2 7

=70 72 27
Tumor size

<3.0cm 32 11

=3.0cm 60 22
Location

Subtentorial 20 6

Supratentorial 74 28
Ki-67

<20% 54 23

=20% 35 9
EGFR

Negative 11 4

Positive 83 30
PD-L1

Negative 54 19

Positive 40 15
PD-1

Negative 60 25

Positive 24 9
CTLA-4

Negative 77 25

Positive 15 8
TIM3

Negative 12 4

Positive 82 30
Chemotherapy

No 48 18

Yes 46 19
Targeted therapy

No 63 25

Yes 31 9
Lung cancer resection

No 70 24

Yes 24 10
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Figure 4 Subgroup analyses of the survival benefit of postoperative WBRT. By univariable Cox regression, the HR and its 95% CI for each

variable were listed. Patients with the following characteristics significantly preferred WBRT treatment (with a HR <1 compared to control):

female, tumor size less than 3 cm, Ki67 PI >20%, positive CTLA-4, negative TIM3, without chemotherapy, without targeted therapy,

without lung cancer resection (P<0.05). KPS, Karnofsky Performance Scale; EGFR, epidermal growth factor receptor; PD-L1, programmed

death-ligand 1; PD-1, programmed death-1; CTLA-4, cytotoxic T lymphocyte-associated antigen-4; TIM3, T cell immunoglobulin domain

and mucin domain-3; WBRT, whole-brain radiotherapy; HR, hazard ratio; CI, confidence interval.

could be further expanded to improve OS in patients with
controlled extracranial disease. A recent retrospective study
also found that in NSCLC patients with resected BM,
postoperative radiotherapy (65% with WBRT, 25% with
SRS, and 10% with both) had a significantly positive effect

on OS, while multiple brain metastases and extracerebral
metastases of NSCLC were negative prognostic factors (10).
Limited early data has indicated no significant effect of
WBRT on OS, probably because the survival time at that
time was relatively shorter due to the uncontrolled primary

© Journal of Thoracic Disease. All rights reserved. 7 Thorac Dis 2022;14(10):4113-4124 | https://dx.doi.org/10.21037/jtd-22-1279



Journal of Thoracic Disease, Vol 14, No 10 October 2022

A 1.00 4 s
> 1----: -+~No WBRT -+WBRT
Z 0.75 -
[%]
Q
o
& 0.50
)
2
£ 0.25
%)
Log-rank P=0.014
0.00 T T T T T T T T
0 360 720 1080 1440 1800 2160 2520
Time in days
Number at risk
NoWBRTH{ 33 18 13 7 4 1 0 0
WBRTH 15 14 13 11 4 1 1 1
0 360 720 1080 1440 1800 2160 2520
Time in days
C R0 0 [ —
> --No WBRT -+ WBRT
Z 0.75 -
©
Q
o
& 0.50
)
2
>
5 0.25 )
@ i
0.00 4 Log-rank P=0.0028 ~ — m==TTTTTTTTTT )
0 360 720 1080 1440 1800 2160 2520 2880
Time in days
Number at risk
NoWBRT{38 20 9 6 3 1 0 0 o0
WBRTH25 23 19 14 7 1 1 1 0

0 360 720 1080 1440 1800 2160 2520 2880
Time in days

4121

1.00 4 ey

=~No WBRT -+ WBRT

0.75

0.50

0.25

Survival probability

Log-rank P=0.68
0.00

0 360 720 1080 1440 1800 2160 2520 2880

Number at risk Time in days

NoWBRT- 27 23 14 12 7 3 1 0 0
WBRT4 19 17 14 10 6 3 3 2 0

1.00 -

-~No WBRT -+~ WBRT
0.75 - S ;

0.50 - A e

0.25 A

Survival probability

0.00 - Log-rank P=0.4
T T

0 360 720 1080 1440 1800 2160 2520
Time in days

Number at risk
No WBRT - 22 21 18 13 8 3 1 0
WBRT- 9 8 8 7 3 3 3 2

360 720 1080 1440 1800 2160 2520
Time in days

o

Figure 5 Kaplan-Meier curves for subgroups with or without systemic treatments stratified by postoperative WBRT. The group of patients

who did not receive postoperative chemotherapy (A); received postoperative chemotherapy (B); did not receive postoperative targeted

therapy (C); and received postoperative targeted therapy (D). A significant survival benefit of WBRT was seen in patients who did not

receive systemic treatments (chemotherapy and targeted therapy), but not in patients who did receive systemic treatments. WBRT, whole-

brain radiotherapy.

and metastatic disease. Considering the detrimental effect
of WBRT on cognitive function, postoperative SRS/SRT
for the residual cavity after BM resection was recently
discussed and recommended (24,25). Emerging data has
also suggested that SRT may provide superior local control
to SRS (25,26). However, whether adjuvant SRS/SRT
after BM resection could result in a prolonged survival
needs to be further investigated. With the development of
hippocampus-avoiding and other techniques, WBRT will
likely still be widely used as a standard of care, before SRS/
SRT could, if possible, replace WBRT.

Another retrospective study including patients who
underwent resection of BM from different original
malignancies demonstrated that the significant factors
associated with improved OS included a higher KPS score,

© Journal of Thoracic Disease. All rights reserved.

use of targeted treatment, controlled primary disease, and
single BM (27). NSCLC with oncogenic driver mutations,
such as EGFR or ALK, had a high predilection for BM
compared to unselected patients (3,28). In this study,
targeted treatment was again identified as an independent
prognostic factor, which could be partly attributed to the
use of new generation targeted drugs with a higher blood-
brain barrier (BBB) penetrating rate and an improved
central nervous system (CNS) efficacy. Similarly, this study
also identified chemotherapy as a positive prognostic factor,
because cytotoxic therapy has a controlling effect on BM (29).
BM of lung cancer disrupts the structure of the BBB,
forming a blood-tumor barrier (BTB). Recent research
found that chemotherapeutic drugs can cross the BTB of
BM despite their difficulty in crossing the normal BBB (30).
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However, in the subgroup of patients who received either
targeted therapy or chemotherapy, we found that WBRT
did not demonstrate survival benefits, which is consistent
with the result of a meta-analysis that found no OS benefit
with the addition of targeted therapy to radiotherapy (31).
However, despite previous studies demonstrating that the
KPS score is associated with survival outcomes (27,32),
we did not observe this in the present study, which might
attributable to the high overall KPS scores of our patients.
Combining the beneficial features of high KPS, controlled
primary disease, and single BM, it is not surprising that the
median OS in this patient cohort was 27.1 months, which
was longer than that reported previously (11.6-21.1 months)
(10,22,27).

Unexpectedly, we failed to observe the effect of
pathological parameters on the OS. A previous retrospective
study reported that low Ki67 PI and administration of
adjuvant WBRT were independently associated with
a favorable OS (18); yet, such results were not fully
reproduced in our study. However, sub-group analysis
indicated that WBRT might be more beneficial for patients
with a high Ki67 PI. Although EGFR signaling is critical
for BM and aggressive NSCLC behavior, EGFR-targeted
therapies are effective for both primary and metastatic
lesions. In this cohort, patients with positive EGFR
expression in their BM tissue did not fully match those
receiving targeted therapy, which is due to the inconsistent
IHC staining and gene sequencing results (33) as well as
the heterogeneity between the primary lung cancer and
BM (34). This might partially explain why the EGFR
expression level was not identified as a prognostic factor.
Similarly, checkpoint levels, which can reflect the landscape
of tumor-infiltrating immune cells, were also not found to
be associated with prognosis.

This study has several limitations that should be noted.
Firstly, due to its single-center retrospective design, this
study has an inherent selection bias. Also, the sample
size might be not sufficient for discovering statistical
significance in certain factors. Secondly, the number of
variables with complete medical records that could be
included in the analysis was limited. Other possible factors,
such as concomitant disorders and immune checkpoint
therapy, were not taken into account. Furthermore, immune
therapy was still not routinely administrated for the patient
cohort in our institute during the study period. Moreover,
the effect of WBRT on the brain PFS was only evaluated
in some cases, and the WBRT-associated cognitive
decline was not investigated. Finally, by multivariable Cox

© Journal of Thoracic Disease. All rights reserved.
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regression, we could only identify independent prognostic
factors; however, the interaction between factors, such as
the synergistic anti-tumor effect of combined radiotherapy
and targeted therapy, was not evaluated. Therefore, more
studies are warranted to confirm our results.

Conclusions

This retrospective study demonstrated that postoperative
WBRT after BM resection resulted in a prolonged OS
for NSCLC patients with a single BM and the controlled
primary lung tumor. The adjuvant systemic treatments of
chemotherapy and targeted therapy after neurosurgery also
improved the prognosis for these patients. Postoperative
WBRT could be considered, especially for patients who
do not receive systemic treatments, as they might be more
likely to benefit from it.
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