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Background: Current treatment guidelines for stage IV non-small cell lung cancer
(NSCLC) with brain metastases recommend brain treatments, including surgical
resection and radiotherapy (RT), in addition to resection of the primary lung tumor. Here,
we investigate the less-studied impact of treatment sequence on the overall survival.
Methods: The National Cancer Database was queried for NSCLC patients with brain
metastases who underwent surgical resection of the primary lung tumor (n = 776).
Kaplan-Meier survival curves with log-rank test and propensity score stratified Cox
regression with Wald test were used to evaluate the associations between various
treatment plans and overall survival (OS).
Results: Compared to patients who did not receive any brain treatment (median OS
= 6.05 months), significantly better survival was observed for those who received brain
surgery plus RT (median OS = 26.25 months, p < 0.0001) and for those who received
brain RT alone (median OS = 14.49 months, p < 0.001). Patients who received one
upfront brain treatment (surgery or RT) before lung surgery were associated with better
survival than those who received lung surgery first (p < 0.05). The best survival outcome
(median OS 27.1 months) was associated with the sequence of brain surgery plus
postoperative brain RT followed by lung surgery.
Conclusions: This study shows the value of performing upfront brain treatments
followed by primary lung tumor resection for NSCLC patients with brain metastases,
especially the procedure of brain surgery plus postoperative brain RT followed by
lung surgery.
Keywords: brain metastases, National Cancer Database, treatment sequencing, surgery, non-small cell lung
cancer
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INTRODUCTION

and RT) relative to lung surgery were analyzed to investigate
the potentially optimal treatment plan not yet specified in the
NCCN guidelines.

Lung cancer is one of the most frequent sources of brain
metastases (1). For non-small cell lung cancer (NSCLC), about
7–10% patients present with brain metastases at the time of
diagnosis, and 20–40% of patients will develop brain metastases
during their illness (2). The incidence of brain metastases is
increasing with the improved availability of diagnostic imaging
technology (1). Presence of brain metastases indicates stage IV
NSCLC, for which the 5-year survival rate is only 5.5% (3).
Patients with metastatic NSCLC are generally candidates for
systemic therapy, including chemotherapy, targeted therapy, and
immunotherapy (4). However, the efficacy of chemotherapy in
treating brain metastases is largely limited due to the blood-brain
barrier (5). On the other hand, the potential benefit of brain-local
treatments, such as surgical resection and radiation therapy (RT),
has been established for appropriately selected cases of stage IV
NSCLC with brain metastases.
According to the National Comprehensive Cancer Network
(NCCN) guidelines, stage IV NSCLC patients with limited
oligometastatic disease (e.g., a single brain or adrenal metastasis)
and otherwise limited-stage disease in the chest may benefit
from aggressive local treatments to both the primary lung cancer
and metastatic sites. Aggressive local treatment may include
surgical resection and definitive RT to each site, and may
be preceded or followed by chemotherapy (6). For resectable
single brain metastasis, high level evidence supports category
1 recommendations for either surgical resection or stereotactic
radiosurgery (SRS), followed by whole brain RT (WBRT),
whereas SRS alone or following surgical resection is also a
reasonable option (6–8). For single adrenal metastasis, it is only
a category 2B recommendation for adrenalectomy or definitive
RT (6). For solitary metastasis in organs other than the brain
and adrenal glands, surgical resection to the metastatic site is still
under debate.
For patients with synchronous NSCLC and brain metastases,
survival benefit from resection of the primary lung tumor has
been demonstrated over the past decades (9–11). Although
recommended for its potential benefits, surgical intervention to
the brain metastases remains a disputable option, as reflected
by the frequent revisions to the guidelines (12–15). In practice,
management for such a severe disease stage should be based
on multidisciplinary planning. There is limited research on
prognosis associated with different brain treatment options
by which clinicians can plan the therapy precisely. Previously
published therapeutic outcomes related to this scenario were
largely based on retrospective single institution studies of highly
selected cases. In the real-world clinical settings, the decision of
using brain surgery in a stage IV NSCLC case is largely influenced
by personal opinions and/or institutional experiences. In the
present study, a total of 776 patients were carefully selected from
43,024 cases of synchronous NSCLC and brain metastases in
the National Cancer Database (NCDB), generating a relatively
homogenous cohort of patients who (1) had brain metastases at
the diagnosis of stage IV NSCLC and (2) eventually underwent
surgical resection of the primary lung tumor. Survival outcomes
associated with the timing of brain-local treatments (surgery

Frontiers in Surgery | www.frontiersin.org

MATERIALS AND METHODS
This study was approved by the Institutional Review
Board at University of Texas Southwestern Medical
Center (STU 072016-028).

Cohort Selection and Variable Definitions
De-identified data for patients with stage IV NSCLC and brain
metastases were obtained from the National Cancer Database
(NCDB). The overall cohort selection procedure is summarized
in Figure 1. Variables describing metastases, staging, the type
and timing of treatments were used for patient selection and
grouping (Supplementary Table 1). Specifically, histologic types
of NSCLC were selected based on the 3rd edition of the
International Classification of Diseases for Oncology (ICD-O-3),
including squamous cell (8051–8052, 8070–8076, 8078, 8083–
8084, 8090, 8094, 8120, 8123), adenocarcinoma (8015, 8050,
8140–8141, 8143-8145, 8147, 8190, 8201, 8211, 8250–8255, 8260,
8290, 8310, 8320, 8323, 8333, 8401, 8440, 8470–8471, 8480–
8481, 8490, 8503, 8507, 8550, 8570–8572, 8574, 8576), large
cell (8012–8014, 8021, 8034, 8082), non-small cell carcinoma
(8046), and other specified carcinomas (8003–8004, 8022, 8030,
8031–8033, 8035, 8200, 8240-8241, 8243–8246, 8249, 8430, 8525,
8560, 8562, 8575) (2). The cohort was then confined to patients
who had brain metastases and underwent resection of the
primary lung tumor. This step effectually excluded all cases
from 2004 to 2009, since the collection of brain metastases
information in NCDB started in 2010. In this study, treatments
of interest were limited to lung surgery, brain surgery, and brain
RT. Patients were further excluded if (1) there was missing
information on treatment approaches or time intervals; (2)
they received only palliative surgery on either lung or brain
lesions, or radioactive implants or radioisotopes; (3) they had
extracranial metastases or uncertain metastatic involvement; or
(4) they had inconsistent M1a staging. The metastasis staging
according to the 8th edition of the American Joint Committee on
Cancer (AJCC)/Union for International Cancer Control (UICC)
lung cancer staging system was derived as previously described
(16). Stage M1b is expected for NSCLC patients with brain
metastases. Fifteen patients were excluded because they instead
had M1a stage and no evidence for brain treatment, which was
inconsistent with the condition of brain metastases. In addition,
the variable for identifying the anatomic target of regional
RT (RAD_TREAT_VOL, Supplementary Table 1) only recorded
the primary site of RT if more than one region were treated.
Therefore, by selecting the cases with brain RT or without any
RT, patients who received lung RT were naturally excluded.

Patient Grouping
Variables describing the type and timing of the three
treatments (lung surgery, brain surgery, and brain RT) were
used for patient grouping (summarized in Table 1; see also
Supplementary Figure 1). In this study, lung was the primary

2

October 2021 | Volume 8 | Article 649531

He et al.

Brain Metastasis Treatment in NSCLC

FIGURE 1 | Patient cohort selection.

TABLE 1 | Patient grouping.
Treatment combination

Treatment sequence

Level I

Level II

Level III

Level IV

Brain surgery

Brain surgery + RT

Upfront brain treatment

1. Brain surgery → Brain RT → Lung surgery

153

2. Brain surgery → Lung surgery → Brain RT

60

Subsequent brain treatment
Brain surgery

Group size

3. Brain RT → Brain surgery → Lung surgery

3

4. Brain RT → Lung surgery → Brain surgery

6

5. Lung surgery → Brain surgery + RT

50

6. Brain surgery → Lung surgery

2

7. Lung surgery → Brain surgery
No brain surgery

Brain RT

Upfront brain RT
Subsequent brain RT

No brain treatment

2

8. Brain RT → Lung surgery

123

9. Lung surgery → Brain RT

278

10. Lung surgery

99

The symbol “→” denotes “earlier than.” The symbol “+” indicates the order of two treatments is not specified.

Statistical Analysis

surgery site and the distant surgery site was confined to the brain.
We derived the sequence of treatments using time intervals
referenced to the time of diagnosis (Supplementary Table 1).
One particular group (Group 5, Table 1) included patients who
received all three treatments, with lung surgery as the first
treatment. In this case, the exact order of the subsequent brain
treatments (surgery and RT) could not be derived based on
the existing variables in NCDB. For this group, the combined
brain treatments (without definite order) were denoted as
Brain Surgery + RT. Details of group definitions are shown in
Table 1.

Frontiers in Surgery | www.frontiersin.org

Kaplan-Meier survival curves were generated and compared
using log-rank test. A multivariate Cox regression model was
used to evaluate the impact of treatments. In addition to the
treatment group, we considered age at diagnosis, gender, race,
facility volume, pathologic stage, type of surgical resection
(sub-lobar vs. lobar) and the receipt of chemotherapy as
covariates. Facility volumes were split into high and low
groups by the median treatment volume of lung surgery
(45 cases per year). Pathologic stage was defined based
on pathologic T and N categories. Sublobar resection was
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groups being compared. Propensity scores were estimated
by logistic regression as a function of baseline age, gender
and Charlson/Deyo Score. Five strata were formed based on
quantiles of the estimated propensity scores. In Figures 3, 4, a
Tarone-Ware test was used for comparing survival outcomes
between treatment groups. The Tarone-Ware test has been
shown to have greater power than the standard log-rank test
when the proportional hazards assumption does not hold (17).
All statistical tests were considered significant as p < 0.05.
Survival analyses were implemented with R packages “survival”
(version 2.43–3) and “survminer” (version 0.4.3) in RStudio
(version 3.5.3).

TABLE 2 | Demographic and clinical characteristics of the study cohort.
Characteristic

Brain surgery

No brain surgery

(n = 276)

(n = 500)

≤75

267 (96.74%)

444 (88.8%)

>75

9 (3.26%)

56 (11.2%)

Age (year)

Sex
Male

144 (52.17%)

250 (50%)

Female

132 (47.83%)

250 (50%)

White

237 (85.87%)

425 (85%)

Black

30 (10.87%)

50 (10%)

Other

9 (3.26%)

25 (5%)

<$38,000

42 (15.22%)

103 (20.6%)

$38,000–$62,999

147 (53.26%)

257 (51.4%)

≥$63,000

84 (30.43%)

136 (27.2%)

Unknown

3 (1.09%)

4 (0.8%)

Race

RESULTS

Income (USD)

Characteristics of the Study Cohort
In total, 43,024 cases with NSCLC and brain metastases
were identified in the NCDB, among which 1,637 cases were
recommended for lung surgery by the physician. After excluding
those who did not eventually receive lung surgery or did not meet
other data quality criteria described above, the finalized study
cohort included 776 patients (Figure 1). Table 2 summarizes
the characteristics of the study cohort, separated according to
whether brain surgery was performed.

Insurance type
None

15 (5.43%)

21 (4.2%)

Private

129 (46.74%)

195 (39%)

Public

130 (47.1%)

278 (55.6%)

2 (0.73%)

6 (1.2%)

≤45

151 (54.7%)

263 (52.6)

>45

125 (45.3%)

237 (47.4%)

0

184 (66.66%)

311 (62.2%)

1

72 (26.09%)

119 (23.8%)

2

20 (7.25%)

70 (14%)

Unknown

Benefit of Brain Treatments

Facility volume (cases/year)

The cohort was first divided according to whether brain surgery
was performed (Table 1). The patients who received brain
surgery had significantly better survival than those who did
not (median survival time 26.2 vs. 13.3 months, log-rank test p
< 0.0001; Figure 2A). The survival benefit from brain surgery
was also shown by propensity score stratified multivariate Cox
regression (p < 0.0001), after accounting for the effect of age at
diagnosis, gender, race, facility volume, pathologic stage, type of
surgical resection and the receipt of chemotherapy.
The Level II grouping in Table 1 allows for assessing the
therapeutic effects of two major brain treatment regimens: brain
surgery in conjunction with RT, and brain RT alone. Patients
who received only brain surgery in addition to lung surgery (n =
4) were not included due to the small sample size. The median
survival time gradually increased with the addition of brain
treatments: from 6.05 months for the No Brain Treatment group,
to 14.49 months for the Brain RT group, and 26.25 months for the
Brain Surgery + RT group (three-group log-rank test p < 0.0001;
Figure 2B). All three pair-wise log-rank tests show significant
differences in the overall survival within the pair. Multivariate
Cox regression showed significant survival benefit for the Brain
Surgery + RT group when compared with the Brain RT group (p
< 0.001) and the No Brain Treatment group (p < 0.001), but no
significant survival difference between the Brain RT group and
No Brain Treatment group (p = 0.08).

Charlson-Deyo score

Chemotherapy
Yes

189 (68.48%)

263 (52.60%)

No

87 (31.52%)

237 (47.40%)

Sublobar resection

43 (15.58%)

174 (34.8%)

Lobectomy or larger resection

214 (77.54%)

290 (58%)

19 (6.88%)

36 (7.2%)

T1

79 (28.62%)

116 (23.2%)

T2

112 (40.58%)

173 (34.6%)

T3

37 (13.41%)

75 (15%)

T4

12 (4.35%)

24 (4.8%)

Unknown

36 (13.04%)

112 (22.4%)

N0

154 (55.8%)

189 (37.8%)

N1

40 (14.49%)

68 (13.6%)

N2

31 (11.23%)

72 (14.4%)

N3

0 (0%)

5 (1%)

51 (18.48%)

166 (33.2%)

Type of surgical resection

Unknown
Pathologic T stage

Pathologic N stage

Unknown

Benefit of Upfront Brain Treatments
The Level III patient grouping (Table 1) was used to study the
effect of the timing of brain treatments relative to the resection of
primary lung cancer. When brain RT was applied in conjunction
with brain surgery, patients receiving either brain surgery or

identified as the surgical procedure of the primary site code
ranging from 20 to 24. To further eliminate confounding, we
employed propensity score stratification so that the distributions
of covariates within each stratum were the same for the
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FIGURE 2 | Benefit of brain treatments. (A) Survival curves for patients with (blue) and without (black) brain surgery. Median survival time: 26.2 months for Brain
Surgery group; 13.3 months for No Brain Surgery group (p < 0.0001, log-rank test). (B) Survival curves for patients who received, in addition to lung surgery, brain
surgery and RT (green), brain RT alone (blue), and no brain treatment (black). Median survival time: 26.25 months for Brain Surgery + RT group; 14.49 months for
Brain RT group; 6.05 months for No Brain Treatment group. Three group comparison: log-rank test p < 0.0001. Pair-wise log-rank test: p < 0.0001 for Brain Surgery
+ RT vs. Brain RT; p < 0.0001 for Brain Surgery + RT vs. No Brain Treatment; p < 0.001 for Brain RT vs. No Brain Treatment. Number of patients with available
survival data: n = 198 in Brain Surgery group; n = 389 in No Brain Surgery group; n = 196 in Brain Surgery + RT group; n = 307 in Brain RT group; n = 82 in No
Brain Treatment group.

RT) had a trend of survival benefit within the first 19 months,
although not statistically significant over the whole follow-up
period (Figure 4). If Groups 1 (Brain Surgery → Brain RT →
Lung Surgery) and 2 (Brain Surgery → Lung Surgery → Brain
RT) are combined to represent patients receiving brain surgery
as the first treatment, they also had better survival compared to
Group 5 (median survival time 26.6 vs. 19.2 months; TaroneWare test p < 0.05).

RT as the first treatment (the Upfront Brain Treatment group)
had better survival than those receiving lung surgery as the first
treatment (median survival time 26.6 vs. 19.2 months; TaroneWare test p < 0.05; Figure 3A). A similar pattern was also
observed for patients who only received brain RT in addition
to lung surgery: the Upfront Brain RT group had better survival
than the Subsequent Brain RT group (median survival time 16.0
vs. 13.4 months; Tarone-Ware test p < 0.05; Figure 3B).
To further study the sequence of three local treatments, three
Level IV groups in Table 1 were studied: Group 1 (Brain Surgery
→ Brain RT → Lung Surgery), Group 2 (Brain Surgery →
Lung Surgery → Brain RT), and Group 5 (Lung Surgery →
Brain Surgery + RT). Patients who received brain RT as the
first treatment (Groups 3 and 4; n = 9 in total) were excluded
due to the small sample size. The group that received upfront
brain surgery followed by brain RT and lung surgery (Group 1)
had longer median survival time (27.1 months) than the other
two groups, respectively (median survival time 19.2 months for
both Groups 2 and 5). Significant difference in overall survival
(Tarone-Ware test p < 0.05) was observed for Group 1 (Brain
Surgery → Brain RT → Lung Surgery) vs. Group 5 (Lung Surgery
→ Brain Surgery + RT) but not in other pair-wise comparisons.
When compared with Group 5 (Lung Surgery → Brain Surgery
+ RT), Group 2 (Brain Surgery → Lung Surgery → Brain

Frontiers in Surgery | www.frontiersin.org

DISCUSSION
This retrospective study of NCDB data investigates the benefit
of brain-local treatments and their optimal timing relative to
resection of primary lung tumor for stage IV NSCLC patients
with brain metastases. Management strategy for such a severe
stage is underdeveloped and still lacks consensus in terms of
surgical intervention to the brain. While in most circumstances
the treatments at stage IV are palliative and the prognosis is
very poor, survival benefit from surgical resection of primary
lung tumor and brain metastasectomy has been demonstrated in
patients with synchronous NSCLC and brain metastases over the
past decades (9–11, 18). These findings suggest that aggressive
local treatments, such as surgical resection and definitive RT,
can be beneficial to appropriately selected patients, at least those
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FIGURE 3 | Benefit of upfront brain treatments. (A) Survival curves for patients who received all three local treatments with one brain treatment (surgery or RT) as the
first treatment (blue) and lung surgery as the first treatment (black). Median survival time: 26.6 months for Upfront Brain Treatment group; 19.2 months for Subsequent
Brain Treatment group (p < 0.05, Tarone-Ware test). (B) Survival curves for patients who received only brain RT and lung surgery (blue: upfront brain RT; black:
subsequent brain RT). Median survival time: 16.0 months for Upfront Brain RT group; 13.4 months for Subsequent Brain RT group (p < 0.05, Tarone-Ware test).
Number of patients with available survival data: n = 159 in Upfront Brain Treatment group; n = 37 in Subsequent Brain Treatment group; n = 92 in Upfront Brain RT
group; n = 215 in Subsequent Brain RT.

with small primary tumors or without mediastinal nodal disease.
According to the NCCN guidelines, patients who have a single
brain metastasis and otherwise a stage I or possibly stage II lung
cancer may be advised for surgical resection and definitive RT to
both the primary lung and metastatic brain sites (6). However,
due to limited study under such conditions, clinical practices are
largely influenced by individual and/or institutional preferences.
In this study, we focused on the NSCLC patients who had
eventually undergone surgical resection of the primary lung
cancer, and we investigated the survival outcomes associated
with different treatment plans engaging the brain metastases. In
a clinical setting, individualized surgical planning is dependent
on the number, size, and location of tumors, histological type,
and the patient’s overall health. Among the 43,024 cases with
NSCLC and brain metastases in NCDB, 1,637 patients were
recommended for lung surgery by the physician (Figure 1). A
clear survival benefit was observed for those who eventually
received lung surgery (n = 1,002) compared with those who
did not (n = 262; median survival time 15.74 vs. 5.62 months;
log-rank test p < 0.0001; Supplementary Figure 2).
In principle, resection of the primary lung lesion should be
applied only to patients who have a single brain metastasis and
a lung tumor that is otherwise staged at T1-2, N0-1 or T3, N0
(i.e., resectable) (6, 19). Since the NCDB data set lacks detailed
information on the brain metastases (e.g., number, size, and
location), in order to form a relatively homogeneous cohort
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regarding brain metastasis, we selected only the patients who
eventually received surgical resection to the primary lung site.
The fact that these patients were indeed recommended for lung
surgery by the physician indicates they should have only a single
brain metastasis, assuming the NCCN guidelines were followed
(6). Even if considering only solitary brain metastasis, local
treatment plans can be different. For a single brain metastasis,
NCCN category 1 recommendations include (1) neurosurgical
resection followed by WBRT, and (2) SRS followed by WBRT.
SRS alone or following neurosurgery are also regarded as
reasonable options, essentially giving the same priority for brain
surgery plus postoperative RT and definitive RT alone (6–8).
However, if the brain lesion is determined unresectable, WBRT
and/or SRS can be used (7, 8). Therefore, to further minimize
bias in choosing brain surgery, we separated the cohort into
three major subcohorts: (1) those who received brain surgery
plus RT (SRS and/or WBRT), (2) those who received brain RT
(SRS and/or WBRT) without brain surgery, and (3) those who did
not receive any brain treatment (Table 1, Level II). Clear survival
benefits were observed for those who received brain surgery plus
RT and those who received RT alone, respectively, compared
to those who did not receive any brain treatments (Figure 2B).
In particular, the synergistic effect of brain surgery and RT is
observed as previously reported (7, 20–26). While brain surgery
with postoperative WBRT has become the standard of care for
solitary brain metastases (7, 20–22), similar local control of brain
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1 demonstrated the longest median survival time (27.1 months)
among all the groups that were tested. Performing lung surgery
after the complete resection of a single brain metastasis has been
advised previously (9–11). In a clinical setting, this sequence
is preferred likely to observe severe neurological complications,
which could render a lung surgery meaningless if it is performed
before the brain surgery. Our findings in this study provide
further evidence to support such clinical practices. The particular
effect of an upfront brain RT in a three-treatment scenario could
not be investigated due to the small sample size (n = 9, Table 1).
Chemotherapy is the cornerstone for the combined surgical
treatment of lung cancer with synchronous brain metastases.
In principle, aggressive treatment to each site may be preceded
or followed by chemotherapy (6, 29). In this study, the receipt
of chemotherapy was included with other covariates to avoid
selection bias (i.e., patients who had better survival might simply
be healthier patients, with unbalanced traits, or attributes).

STRENGTHS AND LIMITATIONS
FIGURE 4 | Comparison of sequences of three local treatments. Survival
curves for patients who received three local treatments in different sequences
(blue: brain surgery followed by brain RT and then lung surgery; green: brain
surgery followed by lung surgery and then brain RT; black: lung surgery
followed brain multitherapy). Median survival time: 27.1 months for Group 1;
19.2 months for Group 2; 19.2 months for Group 5. Three group comparison:
Tarone-Ware test p < 0.05. Pair-wise Tarone-Ware test: p < 0.05 for Group 1
vs. Group 5; p = 0.14 for Group 1 vs. Group 2; p = 0.33 for Group 2 vs.
Group 5. Number of patients with available survival data: n = 110 in Group 1;
n = 43 in Group 2; n = 37 in Group 5.

To our knowledge, this is the first large cohort study of the joint
effect of local treatments to both the primary NSCLC and brain
metastases. Due to the relative rarity of NSCLC with synchronous
brain metastases and the lack of large prospective studies, clinical
practices in such case are still largely influenced by the subjective
opinions of clinicians and patients. This study analyzed a large
cohort of NSCLC patients with brain metastases (n = 776) and
demonstrates the particular value of performing brain treatments
(surgery and/or RT) before resection of the primary lung cancer.
Adjustment for confounders, as conducted herein, may
remove part but not all of the selection bias that might be
present in this observational study. Since the NCDB data set
lacks information about the number, size and location of brain
metastases, we selected the study cohort based on the receipt of
lung surgery, which should in principle apply only to patients
with a single brain metastasis. To compare survival outcomes
associated with different treatment sequences, we analyzed the
“Brain Surgery + RT” subcohort and the “Brain RT (alone)”
subcohort separately, which potentially minimizes the bias in
surgical eligibility of the brain metastasis. Although apparent
survival difference was observed if directly comparing these two
subcohorts (Figure 2B), we avoided attributing this difference
simply to the involvement of brain surgery, as patients in
the Brain RT (no brain surgery) subcohort might have had
brain metastasis that was not resectable. In fact, physicians
are more likely to recommend brain surgery to patients with
fewer, smaller, and/or more accessible brain lesions, which can
exist as confounders for survival outcome. Detailed information
describing the brain metastases would be desirable.
Furthermore, sample size was small for the groups receiving
upfront brain RT in the “Brain Surgery + RT” subcohort (Groups
3 and 4, Table 1). This may be explained by the fact that
physicians are more likely to strictly follow the NCCN guidelines
and perform brain surgery (when feasible) before brain RT. In
addition, sample size was small for patients who received brain
surgery without RT (Groups 6 and 7, Table 1). Performing brain

surgery paired with postoperative SRS has also been recognized
recently (23–26). On the other hand, for limited metastases,
studies of randomized trials have shown no survival benefit but
increased risk of cognitive decline when adding WBRT to SRS
(6, 27, 28). Interestingly, in this study only two cases involved
combined SRS and WBRT and were merged into the Brain RT
subcohort. The investigation of the independent benefit of brain
surgery was hindered by the limited number of patients who
received only brain surgery in addition to lung surgery (n = 4,
Table 1).
As a key focus of this study, treatment sequences were
investigated separately for the “Brain Surgery + RT” subcohort
and the “Brain RT” subcohort (Table 1, Level II). The precise
sequence of treatments was derived by analyzing the treatment
time intervals (Supplementary Figure 1), a new approach in this
subject. For the “Brain Surgery + RT” subcohort, where all
three local treatments were performed (brain surgery, brain RT
and lung surgery), an upfront brain treatment (either surgery
or RT) benefited the overall survival (Figure 3A). Similarly for
the “Brain RT” subcohort, where only brain RT was used in
addition to lung surgery, an upfront brain RT benefited the
overall survival (Figure 3B). Among the various sequences of
three local treatments, brain surgery with postoperative brain
RT followed by lung surgery (Group 1) appeared to be the
optimal treatment plan, especially when compared with the
sequence with upfront lung surgery (Figure 4). In fact, Group
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This study shows the benefit of upfront brain treatments for
patients with synchronous NSCLC and brain metastases. For the
patients who would eventually receive resection of the primary
lung cancer, performing brain treatments (either neurosurgery or
definitive RT) before the primary lung surgery yielded improved
prognosis. The best overall survival appears to be associated with
the procedure sequence of Brain Surgery → Brain RT → Lung
Surgery (n = 153), with a median survival time of 27.1 months.
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