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ABSTRACT

Objective: To identify clinicopathologic and genomic features associated with
brain metastasis after resection of lung adenocarcinoma (LUAD) and to evaluate
survival after brain metastasis.

Methods: Patients who underwent complete resection of stage I-IIIA LUAD
between 2011 and 2020 were included. A subset of patients had broad-based panel
next-generation sequencing performed on their tumors. Fine-Gray models for the
development of brain metastasis were constructed, with death without brain
metastasis as a competing risk.

Results: A total of 2660 patients were included. The median duration of follow-up
was 71 months (95% confidence interval [CI], 69-73 months). The cumulative inci-
dence of brain metastasis at 10 years was 9.8%. Among patients who developed a
brain metastasis, the median time from surgery to brain metastasis was 21 months
(interquartile range, 10-42 months). Higher maximum standardized uptake value of
the primary tumor, neoadjuvant therapy, lymphovascular invasion, and stage III
disease were associated with the development of brain metastasis. Among pa-
tients who underwent next-generation sequencing, a multivariable analysis identi-
fied neoadjuvant therapy, pathologic stage, and TP53mutations as associated with
development of brain metastasis. The median survival after brain metastasis was
18 months (95% CI, 13-24 months). Better performance status, lack of extracranial
metastasis, stereotactic radiosurgery, and targeted therapy were associated with
better survival after brain metastasis.

Conclusions: Brain metastasis is common after complete resection of LUAD and
often occurs within 2 years. Markers of aggressive tumor biology, including higher
maximum standardized uptake value, lymphovascular invasion, and TP53mutations,
and neoadjuvant therapy are associated with brain metastasis. (JTCVS Open
2024;22:458-69)
From the aThoracic Service, Department of Surgery, bCenter for Molecular Oncology,
cDepartment of Epidemiology and Biostatistics, dDruckenmiller Center for Lung

Cancer Research, eDepartment of Medicine, and fDepartment of Radiation

Oncology, Memorial Sloan Kettering Cancer Center, New York, NY.

Funding was provided by National Institutes of Health/National Cancer Institute

Grants R01 CA217169 and R01 CA240472 (to D.R.J.) and Cancer Center Support

Grant P30 CA008748 to Memorial Sloan Kettering Cancer Center.

Approved by the Memorial Sloan Kettering Cancer Center Institutional Review

Board (18-391; September 7, 2018), with a waiver of individual consent.

Read at the 104th Annual Meeting of The American Association for Thoracic

Surgery, Toronto, Ontario, Canada, April 27-30, 2024.

Received for publication A

publication Aug 5, 202

Address for reprints: Davi

Chair of Lung Cancer R

Cancer Center, 1275 Yo

mskcc.org).

2666-2736

Copyright � 2024 The Au

ican Association for Thor

BY-NC-ND license (http:

https://doi.org/10.1016/j.x

458 JTCVS Open c December 2024
Years Since Surgery

C
u

m
u

la
ti

ve
 In

ci
d

en
ce

 o
f 

B
ra

in
 M

et
as

ta
si

s

0%

0

5%

10%

15%

1 2 3 4 5 6 7 8 9

2660At Risk 2598 2526 2177 1741 1335 977 701 481 144294

0Events 54 109 138 163 178 191 199 202 206206

10

Cumulative incidence of brain metastasis after sur-
gical resection of lung adenocarcinoma.
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CENTRAL MESSAGE

Brain metastasis is common after
complete resection of primary
lung adenocarcinoma and occurs
more frequently in patients with
aggressive pathology and patients
who have received neoadjuvant
therapy.
PERSPECTIVE
Despite the high incidence of brain metastasis after
surgical resection of lung adenocarcinoma, National
Comprehensive Cancer Network guidelines do not
recommend surveillance of the brain or prophylac-
tic treatment. Identifying patients at high risk of
brain metastasis may select those who could
benefit from postoperative brain imaging or pro-
phylactic treatment.
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Abbreviations and Acronyms
CI ¼ confidence interval
CNS ¼ central nervous system
HR ¼ hazard ratio
IQR ¼ interquartile range
LUAD ¼ lung adenocarcinoma
LVI ¼ lymphovascular invasion
NCCN ¼ National Comprehensive Cancer

Network
NGS ¼ next-generation sequencing
NSCLC ¼ non–small cell lung cancer
SRS ¼ stereotactic radiosurgery
SUVmax ¼ maximum standardized uptake value

Dunne et al Thoracic: Lung Cancer
Despite a decreasing incidence of metastatic disease at the
time of diagnosis, lung cancer remains the leading cause of
cancer-related death in the United States.1 Even among pa-
tients with surgically resected non–small cell lung cancer
(NSCLC), 30% to 76% will develop a recurrence and die
of their disease.2 The brain is one of the most common sites
of NSCLC metastasis; 20% to 40% of patients with
NSCLC develop a brain metastasis during their disease
course.3 Brain metastases impart a decreased life expec-
tancy, with prior studies showing a median post–brain
metastasis survival of only 3 to 12 months.3-5

Furthermore, patients with brain metastases have
significantly worse quality of life than patients with
metastases to other sites.6

Despite the high incidence of brain metastasis and the
associated morbidity and mortality, Current National
Comprehensive Cancer Network (NCCN) guidelines7 do
not recommend central nervous system (CNS) surveillance
after resection of NSCLC. If patients with a high risk of
brain metastasis after surgical resection can be identified,
surveillance or CNS-directed therapies may prove benefi-
cial. Several studies have shown that lung adenocarcinoma
(LUAD) histology is a significant risk factor for the devel-
opment of brain metastasis in patients with NSCLC; howev-
er, to date no studies have investigated risk factors in
patients with resectable LUAD alone.3-5 Consequently, we
sought to determine the incidence of brain metastasis after
complete resection of LUAD, identify clinicopathologic
and genomic features associated with brain metastases,
and elucidate factors that affect survival after detection of
brain metastases in this population.
METHODS
After approval from our Institutional Review Board (approval 18-931;

approved September 7, 2018, with a waiver of individual consent), we per-

formed a retrospective review of a prospectively maintained database. Pa-

tients who underwent complete resection of clinical stage I-IIIA LUAD

(according to the eighth edition of the American Joint Committee on
Cancer staging manual) between 2011 and 2020 were included. Exclusion

criteria included incomplete resection; minimally invasive, in situ, or

mucinous adenocarcinoma; and combined histologic types. Patients who

did not have a recurrence in the brain with less than 2 years of follow-up

also were excluded (Figure E1).

Information on patient demographics, staging, surgery, pathology,

recurrence, and survival was collected. All charts were reviewed manually

to confirm the presence or absence of brain metastasis throughout the dis-

ease course. Brainmetastasis was defined as a metastasis to the brain or lep-

tomeningeal disease and was identified with imaging and/or molecular

profiling.

As part of their clinical care, a subset of patients had next-generation

sequencing (NGS) performed on their primary tumor using MSK-IMPACT,

a broad-based NGS panel consisting of 341 to 505 cancer-related genes.8

The Wilcoxon rank-sum test was used to compare distributions of tumor

mutational burden, fraction of genome altered, andmutations between groups.

Only genes mutated in at least 2% of the population were included in the

mutational analysis. P values were adjusted to correct for multiple compari-

sons using the false-discovery rate.

The primary endpoint was development of a brain metastasis, measured

by cumulative incidence to account for the competing event of death, which

would preclude the subsequent development of a brain metastasis. The sec-

ondary endpoint was survival after brain metastasis. Patient demographic

and treatment details were summarized using median and interquartile

range (IQR) for continuous variables and count and percentage for categor-

ical variables. Fine-Gray models were used to estimate the association be-

tween clinicopathologic characteristics and development of a brain

metastasis. Death without a brain metastasis was treated as a competing

event. Characteristics that were significant on univariable analysis were

included in the multivariable analysis. Survival after brain metastasis

was calculated from the date of diagnosis of the brain metastasis to the

date of death and was estimated using the Kaplan-Meier approach. Patients

were censored on the date of the last available follow-up. Univariable and

multivariable Cox models were constructed to estimate the association be-

tween patient factors and survival after brain metastasis. All statistical tests

were 2-tailed, with a type I error rate (a) of 0.05. Statistical analyses were

conducted using R version 4.3.2 (R Core Development Team).

RESULTS
During the study period, a total of 2660 patients met the

inclusion criteria. Most were white, ever-smokers, and had
stage I disease (Table 1). Ten percent of the patients
(n ¼ 260 of 2660) received neoadjuvant therapy, and 26
of these patients had a pathologic complete response
(ypT0N0) after therapy and were staged as pathologic stage
0. Adjuvant therapy was administered to 19% (n ¼ 503 of
2660); the most common regimen for both was chemo-
therapy alone (Table E1). Most patients underwent lobec-
tomy (61%; n ¼ 1617 of 2660), and 37% of the tumors
(n ¼ 959 of 2612) had lymphovascular invasion (LVI)
(Table 1).
The median follow-up was 71 months (95% confidence

interval [CI], 69-73 months). The cumulative incidence of
brainmetastasis was 4.1% (95%CI, 3.4%-4.9%) at 2 years
and 9.8% (95%CI, 8.4%-11%) at 10 years (Figure 1). This
differed significantly by stage, as the 2-year cumulative
incidence was 2.0% (95% CI, 1.5%-2.7%) for patients
with stage I disease but 25% (95% CI, 20%-30%) for pa-
tients with stage III disease. Among the 206 patients who
developed a brain metastasis, the median time from surgery
JTCVS Open c Volume 22, Number C 459



TABLE 1. Patient demographic characteristics (N ¼ 2660)

Characteristic Value

Age at surgery, y, median (IQR) 68 (62-74)

Sex, n (%)

Female 1728 (65)

Male 932 (35)

Race, n (%)

White 2257 (85)

Asian 192 (7)

Black 109 (4)

Other 102 (4)

Smoking history, n (%)

Ever 2075 (78)

Never 585 (22)

Smoking pack-years, median (IQR) (N ¼ 2656) 23 (2-42)

Initial clinical stage, n (%)

I 2102 (79)

II 329 (12)

IIIA 229 (9)

SUVmax of the primary tumor, median (IQR) 3.5 (1.8-7.7)

Neoadjuvant therapy, n (%) 260 (10)

Procedure, n (%)

Lobectomy 1617 (61)

Pneumonectomy or bilobectomy 59 (2)

Segmentectomy 356 (13)

Wedge 628 (24)

Lymphovascular invasion, n (%) (N ¼ 2612) 959 (37)

Visceral pleural invasion, n (%) (N ¼ 2338) 441 (19)

Pathologic stage, n (%)

0 26 (1)

I 1994 (75)

II 331 (12)

III 309 (12)

Adjuvant therapy, n (%) 503 (19)

IQR, Interquartile range; SUVmax, maximum standardized uptake value.

Thoracic: Lung Cancer Dunne et al
to detection of the brain metastasis was 21months (IQR, 10-
42 months).

Preoperative brain imaging was performed in 37% of the
patients (n¼ 992 of 2660) in the overall cohort and in 65%
(n¼ 134 of 206) of those who developed a brain metastasis;
rates of imaging increased with disease stage (Table E2).
Furthermore, one-half (n ¼ 74 of 158) of the patients who
did not undergo preoperative brain imaging and whose dis-
ease was upstaged at the time of surgery underwent postop-
erative brain imaging; of these patients, 4% (n ¼ 3 of 74)
had a brain metastasis diagnosed on postoperative imaging.

Of the patients who had disease recurrence after surgery,
36% (n ¼ 206 of 573) had a recurrence in the brain during
their disease course. The brain was the site of first recur-
rence in 58% of patients (n ¼ 119 of 206) who had a recur-
rence in the brain. Most of the patients with recurrence
460 JTCVS Open c December 2024
(n¼ 132 of 206) were symptomatic at the time of diagnosis,
and nearly one-half of these patients (n ¼ 89 of 206) had
isolated brain metastases and did not have recurrence in
any extracranial location during subsequent follow-up
(Tables E3 and E4). The median number of brain metastases
at diagnosis was 2 (IQR, 1-3), and the median size of these
metastases was 1.6 cm (IQR, 0.9-2.7 cm) (Table E5).

On multivariable analysis, a higher maximum standard-
ized uptake value (SUVmax) of the primary tumor on pre-
operative positron emission tomography scan, receipt of
neoadjuvant therapy, LVI, and pathologic stage III disease
were associated with the development of a brain metastasis
(Table 2). A subset analysis of patients who developed brain
metastases within 2 years of surgery showed similar results,
except that visceral pleural invasion, and not LVI, was a sig-
nificant pathologic risk factor (Table E6). Additional subset
analyses of patients who developed isolated brain metasta-
ses had similar results (Table E7).

Forty-one percent of patients in the overall cohort
(n ¼ 1085 of 2660) had targeted NGS performed on their
primary tumor. Tumors that metastasized to the brain had
a higher tumor mutational burden, higher fraction of
genome altered, and more commonly had TP53 and
NKX2-1 mutations compared with tumors that did not
metastasize to the brain (Tables E8 and E9). When genomic
features were combined with statistically significant clini-
copathologic features, neoadjuvant therapy, pathologic
stage, and TP53 mutations were independently associated
with development of a brain metastasis (Table 3).

The median overall survival after diagnosis of a brain
metastasis was 18 months (95% CI, 13-24 months)
(Figure 2), and 5-year overall survival after diagnosis of a
brain metastasis was 22% (95% CI, 17%-30%). Patients
underwent a variety of treatments for their brain metastases;
most patients (57%; n¼ 118 of 206) underwent stereotactic
radiosurgery (SRS) (Table E5). On multivariable analysis,
higher performance status, lack of extracranial metastasis,
SRS, and targeted therapy were associated with better sur-
vival after diagnosis of a brain metastasis (Table 4).

DISCUSSION
To our knowledge, this is the largest study to examine risk

factors for brain metastasis after surgical resection of
NSCLC and the only study to analyze this topic after resec-
tion for LUAD specifically (Figure 3). Brain metastasis was
common after complete resection of LUAD, with a cumula-
tive incidence of 9.8% at 10 years, 30% for patients with
stage III disease. Previous studies have reported rates of
brain metastasis of 5% to 31% after resection of NSCLC,
with rates varying by differences in the initial stage and
duration of follow-up.5,9-12

In linewith previous studies, in the present study, LVI and
pathologic stage were associated with development of a
brain metastasis.5,9,13 Although SUVmax has not been
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FIGURE1. Cumulative incidence (with 95% confidence interval) of brainmetastasis (CIBM) after surgical resection of lung adenocarcinoma in the overall

cohort (A) and by pathologic stage (B).
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previously identified as a risk factor for brain metastasis in
patients with LUAD, it is a known factor in poor prognosis
for patients with NSCLC in several other settings.14

Our study also shows that neoadjuvant therapy was asso-
ciated with the development of a brain metastasis after
surgical resection of LUAD. Previous studies that investi-
gated risk factors for brain metastasis in similar cohorts
excluded patients who underwent neoadjuvant therapy,9,13

and thus this association has not been examined until
now. Furthermore, among patients in our cohort with the
JTCVS Open c Volume 22, Number C 461



TABLE 2. Clinicopathologic features associated with brain metastasis

Clinicopathologic feature

Univariable analysis Multivariable analysis

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

Age at surgery 0.97 (0.96-0.98) <.001 0.99 (0.97-1.00) .087

Smoking pack-y 1.00 (0.99-1.00) .7 — —

SUVmax of the primary tumor 1.08 (1.06-1.09) <.001 1.04 (1.01-1.06) <.001

Neoadjuvant therapy 6.12 (4.59-8.16) <.001 2.39 (1.62-3.53) <.001

Procedure (vs lobectomy)

Pneumonectomy or bilobectomy 1.93 (1.02-3.64) .042 0.92 (0.43-1.96) .8

Segmentectomy 0.29 (0.15-0.54) <.001 0.63 (0.32-1.25) .2

Wedge resection 0.34 (0.22-0.53) <.001 0.81 (0.49-1.33) .4

Lymphovascular invasion 3.05 (2.29-4.06) <.001 1.46 (1.02-2.10) .039

Visceral pleural invasion 2.37 (1.76-3.19) <.001 1.20 (0.86-1.67) .3

Pathologic stage (vs I)

0 4.59 (1.60-13.1) .005 1.09 (0.30-4.02) .9

II 3.66 (2.54-5.28) <.001 1.54 (0.94-2.71) .085

III 7.47 (5.47-10.2) <.001 2.21 (1.18-4.11) .013

EGFR mutation present 1.30 (0.95-1.78) .10 — —

Adjuvant therapy 4.37 (3.32-5.76) <.001 1.42 (0.89-2.28) .14

Bold type indicates statistical significance. HR, Hazard ratio; CI, confidence interval; SUVmax, maximum standardized uptake value.

Thoracic: Lung Cancer Dunne et al
same disease stage, those who underwent neoadjuvant ther-
apy had significantly higher rates of brain metastases but
lower rates of extracranial metastases compared to those
who underwent surgery alone (Table 5). One possible expla-
nation for this association is the known poor penetrance and
efficacy of chemotherapy in the brain.3,15-17 Cox and
colleagues16 reported that the addition of chemotherapy to
definitive radiation in patients with unresectable or medi-
cally inoperable stage II-III NSCLC did not reduce the
rate of brain metastases despite significantly reducing me-
tastases to other sites. Moreover, in a randomized controlled
TABLE 3. Clinicopathologic and genomic features associated with

brain metastasis

Clinicopathologic or genomic

feature

Multivariable analysis

HR (95% CI) P value

SUVmax of the primary tumor 1.01 (0.98-1.05) .4

Neoadjuvant therapy 2.10 (1.19-3.70) .010

Lymphovascular invasion 1.73 (0.92-3.25) .088

Pathologic stage (vs I)

0 0 (0.00-0.00) <.001

II 2.00 (0.99-4.04) .054

III 2.67 (1.32-5.42) .006

TP53 mutation 1.67 (1.01-2.77) .046

NKX2-1 mutation 1.80 (0.85-3.78) .12

Fraction of genome altered 3.32 (0.81-13.6) .10

Tumor mutational burden 1.00 (0.98-1.02) >.9

Bold type indicates statistical significance. HR, Hazard ratio; CI, confidence interval;

SUVmax, maximum standardized uptake value.

462 JTCVS Open c December 2024
trial of neoadjuvant chemotherapy followed by surgery
versus surgery alone, the rate of brain metastasis was twice
as high in the neoadjuvant chemotherapy group compared
to the surgery alone group.15 Thus, patients who undergo
neoadjuvant therapy with poor CNS penetrance may have
a higher risk of brain metastasis, owing to delayed surgery.

Of note, CNS penetrance has been understudied in the
expanding use of neoadjuvant immunotherapy. Although
recent randomized trials18,19 have reported local versus
distant recurrence, site-specific recurrence is an important
outcome for evaluating the CNS penetrance of these mod-
ern agents, particularly as they are being used in patients
with earlier-stage disease. The PACIFIC trial may provide
some insight into the CNS efficacy of immunotherapy, as
the addition of durvalumab to definitive chemoradiation
decreased brain metastases from 12% to 7%.20 Addition-
ally, targeted therapies appear to have efficacy in the
CNS; the ADAURA trial showed an 85% decrease in
CNS disease or death with the use of adjuvant osimertinib.21

From a tumor genomic perspective, only TP53mutations
were associated with a higher risk of brain metastasis,
which are known to be more common in primary LUAD tu-
mors that metastasize.22 Contrary to findings from studies
performed primarily in Asian populations, EGFRmutations
were not associated with development of brain metastases
in our Western cohort of patients with early-stage dis-
ease.3,4,13 Differences in EGFR mutation rates between pa-
tients of Western and Asian populations may explain this
discrepancy, as the one other study analyzing brain metas-
tases in white patients also found no association with
EGFR mutations.23,24
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Survival after brain metastasis (median, 18 months) was
longer in our cohort than previous estimates of 3 to
12 months for patients with NSCLC of any stage.3-5

Because the NCCN guidelines do not recommend CNS
surveillance,7 the vast majority of brain metastases were
diagnosed when patients became symptomatic. Yokoi and
colleagues25 surveilled 128 patients with NSCLC with
brain computed tomography for 2 years after resection
TABLE 4. Clinicopathologic features associated with survival after brain

Clinicopathologic feature

Univariab

HR (95% CI)

Age at diagnosis of brain metastasis 1.02 (1.00-1.04)

Karnofsky performance status 0.97 (0.95-0.98)

Number of brain metastases 1.04 (1.02-1.07)

Location of brain metastasis (vs both

supratentorial and infratentorial)

Supratentorial 0.71 (0.48-1.05)

Infratentorial 0.69 (0.35-1.35)

Leptomeningeal disease only 1.74 (0.88-3.41)

Size of largest metastasis 0.93 (0.81-1.08)

Extracranial metastasis present 1.73 (1.24-2.41)

Craniotomy 0.48 (0.33-0.70)

Stereotactic radiosurgery 0.41 (0.29-0.58)

Whole-brain radiation 1.58 (1.11-2.26)

Targeted therapy 0.63 (0.43-0.93)

Immunotherapy 1.11 (0.76-1.61)

Chemotherapy 1.03 (0.73-1.45)

Bold type indicates statistical significance. HR, Hazard ratio; CI, confidence interval.
and found better survival in patients with brain metastases
diagnosed on surveillance. In our cohort, patients who
had a high SUVmax on positron emission tomography, un-
derwent neoadjuvant therapy, had visceral pleural invasion,
and had stage III disease were at an increased risk of brain
metastases in the 2 years after their operation. Given the sur-
vival benefit of craniotomy and/or SRS in patients with
small, isolated brain metastases, CNS surveillance for
metastasis

le analysis Multivariable analysis

P value HR (95% CI) P value

.036 1.00 (0.98-1.02) >.9

<.001 0.98 (0.96-0.99) .008

.002 1.02 (0.99-1.05) .2

.086 — —

.3 — —

.11 — —

.3 — —

.001 1.52 (1.00-2.32) .049

<.001 0.75 (0.45-1.27) .3

<.001 0.35 (0.21-0.57) <.001

.012 1.12 (0.67-1.85) .7

.019 0.42 (0.26-0.70) <.001

.6 — —

.9 — —
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Methods

Results

Single-center retrospective
review from 2011 to 2020

58% of brain metastases were the
site of first recurrence

44% of patients had isolated
brain metastasis

Cumulative incidence of brain
metastasis at 10 years was 9.8%

Median survival after brain
metastasis: 18 months

Neoadjuvant treatment, high SUVmax,
lymphovascular invasion, and stage III

disease were risk factors
for brain metastasis

2660 patients with clinical
stage I to IIIA LUAD

Next-generation sequencing
performed on 41% of the cohort

LUAD, lung adenocarcinoma; SUVmax, maximum standardized uptake value.

R0 surgical resection

FIGURE 3. Design, results, and implications of our study.
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2 years postoperatively in these high-risk patients may be
beneficial.7,17

Limitations of this study include its retrospective nature,
which restricted the variables available to include in our an-
alyses. NGS was performed on less than one-half of the pa-
tients in our cohort, potentially obscuring the identification
of other genomic factors associated with brain metastases.
TABLE 5. Site of metastasis by neoadjuvant therapy and pathologic

stage

Pathologic

stage, site

of metastasis

Overall,

n/N (%)

Neoadjuvant

therapy,

n/N (%)

No

neoadjuvant

therapy,

n/N (%) P value

Stage I <.001

Brain 77/277 (28) 12/18 (67) 65/259 (25)

Extracranial

only

200/277 (72) 6/18 (33) 194/259 (75)

Stage II .018

Brain 45/128 (35) 13/23 (57) 32/105 (30)

Extracranial

only

83/128 (65) 10/23 (43) 73/105 (70)

Stage III .004

Brain 80/171 (47) 45/76 (59) 35/95 (37)

Extracranial

only

91/171 (53) 31/76 (41) 60/95 (63)

Bold type indicates statistical significance.
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Finally, we could not perform a subgroup analysis of the
impact of the type of neoadjuvant therapy on brain metas-
tasis development owing to an insufficient sample size.
CONCLUSIONS
Brain metastasis was common after surgical resection of

LUAD, even among a cohort of patients with predominantly
stage I disease. Brain metastases occurred more commonly
within 2 years of the operation; however, cases were diag-
nosed up to 10 years after the operation. The brain was
most commonly the site of first recurrence, and almost
one-half of patients developed isolated brain metastases.
Higher SUVmax, neoadjuvant therapy, LVI, and stage
were associated with the development of a brain metastasis
after surgical resection of LUAD. Further investigation of
the benefit of postoperative CNS surveillance in high-risk
populations is warranted.
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Patients Meeting
Inclusion Criteria

(n = 3733)

•  Lung adenocarcinoma
•  Clinical stage I to IIIA
•  R0 resection
•  2011 to 2020

Inclusion Criteria:

•  Less than 2 years of follow up without brain
   metastasis (n = 433)
•  Excluded Pathology (n = 640):

•  Minimally invasive adenocarcinoma - 192
•  Adenocarcinoma in situ - 38
•  Invasive mucinous adenocarcinoma - 259
•  Pleomorphic/combined histology - 151

Excluded:

Patients Analyzed
(n = 2660)

FIGURE E1. Consort diagram.

TABLE E1. Neoadjuvant and adjuvant therapy

Therapy Neoadjuvant therapy* Adjuvant therapyy
Overall cohort (N ¼ 2660)

Chemotherapy alone 191 (73) 270 (54)

Chemoradiation 21 (8) 95 (19)

Radiation alone 0 88 (17)

Targeted therapy alone 14 (5) 36 (7)

Chemotherapy and targeted therapy 5 (2) 2 (0.4)

Targeted therapy and radiation 0 5 (1)

Immunotherapy alone 24 (9) 3 (0.6)

Chemotherapy and immunotherapy 5 (2) 3 (0.6)

Immunotherapy and radiation 0 1 (0.2)

Patients who developed brain metastasis (N ¼ 206)

Chemotherapy alone 56 (76) 44 (44)

Chemoradiation 8 (11) 16 (16)

Radiation alone 0 31 (31)

Targeted therapy alone 4 (5) 5 (5)

Chemotherapy and targeted therapy 4 (5) 0

Targeted therapy and radiation 0 2 (2)

Immunotherapy alone 2 (3) 1 (1)

*N ¼ 260 for the overall cohort; N ¼ 74 for patients who developed brain metastasis. yN ¼ 503 for the overall cohort; N ¼ 99 for patients who developed brain metastasis.
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TABLE E2. Preoperative brain imaging by stage and cohort

Clinical stage No. (%)

Overall cohort (N ¼ 2660)

IA (N ¼ 1859) 459 (25)

IB (N ¼ 242) 112 (46)

IIA (N ¼ 93) 56 (61)

IIB (N ¼ 237) 159 (67)

IIIA (N ¼ 229) 206 (90)

Patients who developed brain metastasis (N ¼ 206)

IA (N ¼ 80) 28 (35)

IB (N ¼ 18) 9 (50)

IIA (N ¼ 9) 5 (56)

IIB (N ¼ 35) 29 (83)

IIIA (N ¼ 64) 63 (98)

TABLE E3. Indications for brain imaging that resulted in a diagnosis

of brain metastasis (N ¼ 206)

Indication No. (%)

Symptomatic 132 (64)

Workup after first recurrence 42 (20)

Incidental 9 (4)

Workup after progression 10 (5)

Postoperative imaging 3 (1)

Unknown 10 (5)

TABLE E4. Sites of metastasis in patients with brain metastases

(N ¼ 206)

Site No. (%)

Brain only 89 (43)

Lung 59 (29)

Lymph node 61 (30)

Bone 58 (28)

Pleura 18 (9)

Liver 32 (16)

Adrenal 24 (12)

Other 14 (7)

TABLE E5. Characteristics and treatments for brain metastasis

(N ¼ 206)

Characteristic or treatment Value

Age at diagnosis of brain metastasis, y, median (IQR) 68 (61-76)

Karnofsky performance status, median (IQR) 80 (73-90)

Number of brain metastases, median (IQR) 2 (1-3)

Location of brain metastasis, n (%)

Supratentorial 121 (59)

Infratentorial 16 (8)

Both supratentorial and infratentorial 50 (24)

Leptomeningeal disease only 12 (6)

Unknown 7 (3)

Size of largest metastasis, cm, median (IQR) 1.6 (0.9-2.7)

Extracranial metastasis present, n (%) 87 (42)

Craniotomy, n (%) 66 (32)

Stereotactic radiosurgery, n (%) 118 (57)

Whole-brain radiation, n (%) 49 (24)

Targeted therapy, n (%) 53 (26)

Immunotherapy, n (%) 52 (25)

Chemotherapy, n (%) 71 (34)

IQR, Interquartile range.
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TABLE E6. Clinicopathologic features associated with brain metastasis within 2 years of surgery

Clinicopathologic feature

Univariable analysis Multivariable analysis

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

Age at surgery 0.99 (0.97-1.01) .2 — —

Smoking pack-years 1.01 (1.00-1.01) .019 1.01 (1.00-1.01) .050

SUVmax of the primary tumor 1.08 (1.06-1.10) <.001 1.05 (1.03-1.08) <.001

Neoadjuvant therapy 4.76 (2.92-7.78) <.001 3.36 (2.05-5.52) <.001

Procedure (vs lobectomy)

Pneumonectomy or bilobectomy 1.93 (1.02-3.64) .042 — —

Segmentectomy 0.29 (0.15-0.54) <.001 — —

Wedge resection 0.34 (0.22-0.53) <.001 — —

Lymphovascular invasion 1.63 (1.00-2.67) .051 — —

Visceral pleural invasion 1.82 (1.17-2.81) .007 1.58 (1.02-2.44) .040

Pathologic stage (vs I)

0 8.37 (2.96-23.7) <.001 1.11 (0.30-4.11) .9

II 3.26 (1.92-5.52) <.001 1.53 (0.83-2.85) .2

III 7.61 (4.96-11.7) <.001 2.85 (1.70-4.80) <.001

EGFR mutation present 0.88 (0.54-1.41) .6 — —

Adjuvant therapy 1.11 (0.55-2.24) .8 — —

Bold type indicates statistical significance. HR, Hazard ratio; CI, confidence interval; SUVmax, maximum standardized uptake value.

TABLE E7. Clinicopathologic features associated with isolated brain metastasis

Clinicopathologic feature

Multivariable analysis

HR (95% CI) P value

Age at surgery 1.00 (0.98-1.03) .9

SUVmax of the primary tumor 1.04 (1.00-1.07) .044

Neoadjuvant therapy 1.76 (0.93-3.37) .085

Procedure (vs lobectomy)

Pneumonectomy or bilobectomy 1.08 (0.37-3.16) .9

Segmentectomy 0.95 (0.37-2.41) >.9

Wedge resection 0.47 (0.16-1.36) .2

Lymphovascular invasion 1.41 (0.81-2.46) .2

Visceral pleural invasion 1.22 (0.75-1.99) .4

Pathologic stage (vs stage I)

0 4.76 (1.08-21.0) .040

II 3.85 (1.71-8.67) .001

III 4.95 (1.74-14.1) .003

Adjuvant therapy 0.84 (0.44-1.60) .6

Bold type indicates statistical significance. HR, Hazard ratio; CI, confidence interval; SUVmax, maximum standardized uptake value.
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TABLE E8. Genomic differences between tumors that did and did not metastasize to the brain

Gene

Mutational analysis, number altered

Brain metastasis cohort (N ¼ 77) No brain metastasis cohort (N ¼ 1008) Q value

TP53 45 (58) 358 (36) .002

NKX2-1 8 (10) 34 (3.3) .041

RB1 5 (6.5) 22 (2.2) .19

ERBB2 5 (6.5) 32 (3.2) .53

MYC 5 (6.5) 32 (3.2) .53

SETD2 5 (6.5) 45 (4.5) .88

CDK4 5 (6.5) 47 (4.7) .88

STK11 11 (14) 123 (12) .88

EGFR 21 (27) 56 (31) .88

RBM10 9 (12) 145 (14) .88

TERT 6 (7.8) 68 (6.7) .88

KRAS 29 (38) 359 (36) .89

MDM2 5 (6.5) 63 (6.3) .93

CDKN2A 5 (6.5) 70 (6.9) 1

Bold type indicates statistical significance.

TABLE E9. Global genomic features

Feature Brain metastasis cohort, median (IQR) No brain metastasis cohort, median (IQR) P value

Tumor mutational burden 6.1 (3.5-11.8) 5.3 (2.6-8.8) .005

Fraction of genome altered 0.10 (0.02-0.25) 0.04 (0.01-0.13) <.001

Bold type indicates statistical significance. IQR, Interquartile range.

JTCVS Open c Volume 22, Number C 469

Dunne et al Thoracic: Lung Cancer


	Clinicopathologic and genomic features associated with brain metastasis after resection of lung adenocarcinoma
	Methods
	Results
	Discussion
	Conclusions
	Conflict of Interest Statement

	References


