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ABSTRACT

Introduction: There is no consensus on whether immune
checkpoint inhibitors (ICIs) would offer comparable benefit
in mutant-BRAF NSCLC. We, therefore, conducted a study to
ascertain the role of ICIs in mutant-BRAF NSCLC.

Methods: Records of 4178 patients and 4462 samples from
15 studies were collected using the database from www.
cbioportal.org. The role of BRAF mutation on the overall
survival (OS) was analyzed in patients with NSCLC treated
with ICIs. Kaplan-Meier analysis was used to calculate OS and
the log rank test was used to compare the survival.

Results: Of the patients, 6.1% had the BRAF mutation. Mu-
tations and copy numbers differed by sex. The programmed
death ligand 1 expression was higher in patients with the
wild-type BRAF compared with those with the BRAF muta-
tion. BRAF mutation is linked with higher tumor mutational
burden (p = 0.009). OS for patients with the ICI-treated
mutant-BRAF and wild-type-BRAF NSCLC was 10 months
and 11 months, respectively (p = 0.334). Subgroup analyses
revealed that the median survival was 14 months in the non-
V600E group and 5 months in the V600E group (p = 0.017).

Conclusions: Our results revealed that mutant-BRAF NSCLC
was associated with high tumor mutational burden. How-
ever, for patients with NSCLC receiving ICIs, OS was pro-
longed in those who had no V600E mutation compared with
those who had V600E mutation.

© 2020 The Authors. Published by Elsevier Inc. on behalf of
the International Association for the Study of Lung Cancer.
This is an open access article under the CC BY-NC-ND li-
cense (http://creativecommons.org/licenses/by-nc-nd/

4.0/).
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Introduction

Management of patients with advanced NSCLC is
currently undergoing significant transformation. It has
become a clinical routine to determine precise molecular
subsets to make optimized decisions. Immune check-
point inhibitors (ICIs) now represent a promising
treatment option, which could influence survival among
patients with NSCLC. However, it has been generally
acknowledged that ICIs would not provide significant
benefit to patients with NSCLC harboring EGFR muta-
tion." Whether ICIs would offer comparable benefit in
mutant-BRAF NSCLC remains to be checked.
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Figure 1. Mutation and CNA among patients with mutant-BRAF NSCLC using data collected from cBioPortal. A total of 4178
patients and 4462 samples were included in the database. (A) Waterfall plots showing different mutational forms and their
alteration frequency among mutant-BRAF NSCLC. (B) Volcano plots exhibiting the mutational disparity between female and
male patients with NSCLC harboring BRAF mutations. (C) Volcano plots exhibiting the copy number disparity between female
and male patients with NSCLC harboring BRAF mutations. Blue dots represent those with p < 0.05 and g < 0.05, whereas gray
dots represent those with p > 0.05 and g > 0.05, as shown in B and C. CNA, copy number alteration; cBioPortal, cBio Cancer

Genomics Portal.

Materials and Methods

We collected the records of 4178 patients and 4462
samples from the cBio Cancer Genomics Portal (cBio-
Portal) database. All mutation data including fusion,
amplification, deep deletion, and multiple alterations in all
cancer types were detected. We then analyzed the prob-
ability of mutation and copy number alteration (CNA) in
the BRAF-mutant group. Data from the Memorial Sloan
Kettering-Integrated Mutation Profiling of Actionable
Cancer Targets (MSK-IMPACT), including 1661 tumor-
normal pairs from 1661 patients, were employed to
ascertain the association between overall survival (0S)
and ICIs in BRAF-mutant and wild-type groups. Kaplan-
Meier analysis was used to calculate OS and the log rank
test was used to compare the survival curves. Institutional
approval and patient consent were not needed because
the data came from an open-access public database.

Results

Mutation and CNA Among Patients With Mutant-
BRAF NSCLC

Mutation and CNA among patients with mutant-BRAF
NSCLC were measured using data collected from cBio-
Portal. A total of 4178 patients and 4462 samples were
included in the study. Different mutational forms (deep
deletion, multiple alterations, fusion, and amplification)
and their alteration frequency among mutant-BRAF
NSCLC are exhibited in waterfall plots (Fig. 14). Further-
more, mutational disparity between female and male

patients with NSCLC harboring BRAF mutations are dis-
played in Figure 1B. The copy number disparity between
female and male patients with NSCLC harboring BRAF
mutations are likewise exhibited in volcano plots (Fig. 1C).

Programmed Death Ligand 1, Tumor Mutational
Burden, and OS in Patients With Mutant-BRAF
and Wild-Type-BRAF NSCLC

Genomic and survival data were obtained from 1661
patients with various cancer types sequenced with the
MSK-IMPACT assay. There were no significant differences
in programmed death ligand 1 (PD-L1) expression be-
tween the BRAF-mutant group and the BRAF-wild-type
group (p = 0.198) (Fig. 24). Tumor mutational burden
(TMB) was evaluated in patients with both mutant-BRAF
and wild-type-BRAF NSCLC. Results revealed higher
levels of TMB in the BRAF-mutant group (p = 0.009)
(Fig. 2B). Further analyses revealed that there was no
difference in OS between the BRAF-mutant and BRAF-
wild-type groups treated with ICIs (p = 0.334) (Fig. 2C).
We then evaluated OS in patients with BRAF V600E and
non-V600E NSCLC administered with ICIs. For patients
with BRAF mutation subject to ICIs, OS was 14 months in
the non-V600E group, significantly longer than 5 months
in the V600E group (p = 0.017) (Fig. 2D).

Discussion
Dudnik et al.” recently conducted a retrospective
study wusing a database encompassing seven
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Figure 2. PD-L1, TMB, and OS were evaluated in patients with mutant-BRAF and wild-type-BRAF NSCLC using data collected
from cBioPortal. Genomic and survival data were obtained from 1661 patients with various cancer types sequenced with the
MSK-IMPACT assay. (A) PD-L1 expressions were evaluated in patients with mutant-BRAF and wild-type-BRAF NSCLC. (B) TMB
was evaluated in patients with mutant-BRAF and wild-type-BRAF NSCLC. (C) OS was measured in patients with mutant-BRAF
and wild-type-BRAF NSCLC treated with ICls. (D) OS were tested in patients with BRAF V600E and non-V600E NSCLC treated
with ICls. cBioPortal, cBio Cancer Genomics Portal; ICls, immune checkpoint inhibitors; MSK-IMPACT, Memorial Sloan
Kettering-Integrated Mutation Profiling of Actionable Cancer Targets; OS, overall survival; PD-L1, programmed death ligand 1;

TMB, tumor mutational burden.

participating Israeli cancer centers. A total of 39 patients
with mutant-BRAF NSCLC were enrolled, 22 of whom
were exposed to ICIs. They were divided into either the
V600E and non-V600E group, or the PD-L1-high and PD-
L1-low or intermediate group. Results revealed that
progression-free survival and OS were associated with
either the BRAF-mutant subtype or PD-L1 expression.
The study also revealed that patients with mutant-BRAF
NSCLC treated with ICIs had more favorable benefits
than those not exposed to ICIs. The results were
consistent with previous studies reporting that BRAF-
mutant patients benefited more from ICIs than patients
harboring EGFR and MET mutation.>*

A large amount of data has confirmed that immuno-
therapy markers such as PD-L1 expression, TMB, and
microsatellite instability are potentially helpful markers
for predicting response to ICIs.””’

In the study Efficacy of ICI in patients with NSCLC
Harboring Activating Molecular Alterations (Immuno-
Target),® results revealed that progression-free survival
was correlated with smoking status among 43 patients with
mutant-BRAF NSCLC receiving ICls, whereas the association
between outcomes and PD-L1 expression was not eluci-
dated. Therefore, it is possible that ICIs may be an optional
strategy after targeted therapy and chemotherapy.

Rihawi et al.” carried out a retrospective study on the
[talian expanded-access program comprising patients
with advanced nonsquamous NSCLC treated with
second-line nivolumab. They divided a total of 1588
patients into three subgroups: (1) BRAF-mutated (n =
11), (2) BRAF-wild-type (n = 199), and (3) BRAF not
evaluated (n = 1378), with OS being 10.3 months, 11.2
months, and 11.0 months, respectively. They also re-
ported that only one patient had partial response; the

overall response rate was slightly lower than that ob-
tained by Dudnik et al.” and Mazieres et al.® Unfortu-
nately, PD-L1 and TMB were not assessed in the study.

To overcome the shortcomings in the studies per-
formed by Dudnik et al.? and Rihawi et al.,” we, therefore,
conducted a study encompassing 4178 patients and 4462
samples from 15 studies using the www.cbioportal.org
database to ascertain the role of ICIs in NSCLC."" Of the
patients, 6.1% were found to have the BRAF mutation in
different forms (deep deletion, multiple alterations, mu-
tation, fusion, and amplification), as exhibited in
Figure 14. We next sought to analyze the mutational and
copy number status in mutant-BRAF NSCLC. Results
revealed that most mutations that were detected differed
by sex, as seen in Figure 1B. Figure 1C exhibits the copy
number status among male and female patients.

One of the major flaws in the study conducted by
Dudnik et al.” was the lack of patients with wild-type-
BRAF NSCLC treated with ICIs as controls. We therefore
incorporated patients with wild-type-BRAF NSCLC into
our analysis. Of the 86 tumors that had tissue evaluated
for PD-L1 expression, six were found to have the BRAF
mutation. The mutant types were fusion, in-frame
(driver), missense (driver), and missense (variants of
uncertain significance). The results revealed that PD-L1
expression was higher in patients with the wild-type
BRAF compared with those with BRAF mutation (p =
0.198) (Fig. 24). To assess the association between TMB
and BRAF mutation status, we used the TMB and Immu-
notherapy database.'’ This database contains genomic
and survival data from 1661 tumor-normal pairs of 1661
patients with various cancer types sequenced with the
MSK-IMPACT assay. A total of 350 patients with NSCLC
were included in this database. BRAF mutation was linked
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with higher TMB compared with the wild-type BRAF (p =
0.009), as exhibited in Figure 2B. OS for patients with
mutant-BRAF NSCLC treated with ICIs was 10 months,
whereas OS in patients with wild-type-BRAF NSCLC
exposed to ICIs was 11 months (p = 0.334) (Fig. 2C).

To further ascertain the impact of ICIs on different
subsets of mutant-BRAF NSCLC, the 27 patients were
divided into V60OE and non-V600E groups. Five of the
six patients in the V60OE group died, the median sur-
vival being 5 months, and 12 of the 21 patients in the
non-V600E group died, the median survival being 14
months (p = 0.017) (Fig. 2D).

In summary, our results revealed that mutant-BRAF
NSCLC was associated with high TMB, which is consistent
with the results reported by Dudnik et al.” However, for
patients with NSCLC subjected to ICIs, we found that OS was
prolonged in patients with BRAF non-V600E compared with
patients with BRAF V600E, which was contradictory to what
Dudnik et al.” had previously reported. The observation that
0S was improved among patients with BRAF non-V600E
NSCLC compared with patients with BRAF V600E NSCLC
is generally in line with the study conducted by Rihawi et al.”
Nevertheless, it has to be noted that the patients enrolled
had nonsquamous NSCLC, which was distinguished from
NSCLC in our study cohort.

Smith et al.'” reported that a durable benefit to PD-1
blockade could be seen in a 76-year-old patient
harboring a BRAF N5811 mutation. The underlying
mechanisms could possibly be attributed to the T-cell
responses to oncogenic driver mutations.

To the best of our knowledge, we have conducted the
largest series study to explore the possible impact of ICls
on the particular subset of patients with NSCLC
harboring BRAF mutations. Interestingly, we have found
that this subtype of BRAF mutations could possibly
determine the survival because of ICIs. In summary, ICI
treatment for BRAF-mutant subgroups deserves careful
evaluation in large prospective cohorts, the adoption of
which should be considered with discretion.

Acknowledgments
This study was supported jointly by special funds for
Taishan Scholars Project (Grant no. tsqn201812149) and
Academic promotion program of Shandong First Medical
University (2019RC004).

JTO Clinical and Research Reports Vol. 1 No. 1
References
1. Herbst RS, Baas P, Kim DW, et al. Pembrolizumab

10.

11.

12.

. Mazieres J,

. Rihawi K, Giannarelli

versus docetaxel for previously treated, PD-L1-
positive, advanced non-small-cell lung cancer (KEY-
NOTE-010): a randomised controlled trial. Lancet.
2016;387:1540-1550.

. Dudnik E, Peled N, Nechushtan H, et al. BRAF mutant

lung cancer: programmed death ligand 1 expression,
Tumor mutational burden, microsatellite instability sta-
tus, and response to immune check-point inhibitors.
J Thorac Oncol. 2018;13:1128-1137.

. Rittmeyer A, Barlesi F, Waterkamp D, et al. Atezolizu-

mab versus docetaxel in patients with previously treated
non-small-cell lung cancer (OAK): a phase 3, open-label,
multicentre randomised controlled trial. Lancet.
2017;389:255-265.

. Sabari JK, Leonardi GC, Shu CA, et al. PD-L1 expression,

tumor mutational burden, and response to immuno-
therapy in patients with MET exon 14 altered lung can-
cers. Ann Oncol. 2018;29:2085-2091.

. Daud Al, Wolchok JD, Robert C, et al. Programmed

death-ligand 1 expression and response to the anti-
programmed death 1 antibody pembrolizumab in mela-
noma. J Clin Oncol. 2016;34:4102-4109.

. Alexandrov LB, Nik-Zainal S, Wedge DC, et al. Signatures

of mutational processes in human cancer. Nature.
2013;500:415-421.

. Devarakonda S, Rotolo F, Tsao MS, et al. Tumor mutation

burden as a biomarker in resected non-small-cell lung
cancer. J Clin Oncol. 2018;36:2995-3006.

Drilon A, Lusque A, et al. Immune
checkpoint inhibitors for patients with advanced lung
cancer and oncogenic driver alterations: results from
the immunotarget registry. Ann Oncol. 2019;30:1321-
1328.

D, Galetta D, et al. BRAF
mutant NSCLC and immune checkpoint inhibitors:
results from a real-world experience. J Thorac Oncol.
2019;14:e57-e59.

Gao J, Aksoy BA, Dogrusoz U, et al. Integrative analysis
of complex cancer genomics and clinical profiles using
the cBioPortal. Sci Signal. 2013;6:pl1.

Samstein RM, Lee CH, Shoushtari AN, et al. Tumor
mutational load predicts survival after immunotherapy
across multiple cancer types. Nat Genet. 2019;51:202-
206.

Smith KN, Llosa NJ, Cottrell TR, et al. Persistent
mutant oncogene specific T cells in two patients
benefitting from anti-PD-1. J Immunother Cancer.
2019;7:40.


http://refhub.elsevier.com/S2666-3643(20)30006-0/sref1
http://refhub.elsevier.com/S2666-3643(20)30006-0/sref1
http://refhub.elsevier.com/S2666-3643(20)30006-0/sref1
http://refhub.elsevier.com/S2666-3643(20)30006-0/sref1
http://refhub.elsevier.com/S2666-3643(20)30006-0/sref1
http://refhub.elsevier.com/S2666-3643(20)30006-0/sref2
http://refhub.elsevier.com/S2666-3643(20)30006-0/sref2
http://refhub.elsevier.com/S2666-3643(20)30006-0/sref2
http://refhub.elsevier.com/S2666-3643(20)30006-0/sref2
http://refhub.elsevier.com/S2666-3643(20)30006-0/sref2
http://refhub.elsevier.com/S2666-3643(20)30006-0/sref3
http://refhub.elsevier.com/S2666-3643(20)30006-0/sref3
http://refhub.elsevier.com/S2666-3643(20)30006-0/sref3
http://refhub.elsevier.com/S2666-3643(20)30006-0/sref3
http://refhub.elsevier.com/S2666-3643(20)30006-0/sref3
http://refhub.elsevier.com/S2666-3643(20)30006-0/sref4
http://refhub.elsevier.com/S2666-3643(20)30006-0/sref4
http://refhub.elsevier.com/S2666-3643(20)30006-0/sref4
http://refhub.elsevier.com/S2666-3643(20)30006-0/sref4
http://refhub.elsevier.com/S2666-3643(20)30006-0/sref5
http://refhub.elsevier.com/S2666-3643(20)30006-0/sref5
http://refhub.elsevier.com/S2666-3643(20)30006-0/sref5
http://refhub.elsevier.com/S2666-3643(20)30006-0/sref5
http://refhub.elsevier.com/S2666-3643(20)30006-0/sref6
http://refhub.elsevier.com/S2666-3643(20)30006-0/sref6
http://refhub.elsevier.com/S2666-3643(20)30006-0/sref6
http://refhub.elsevier.com/S2666-3643(20)30006-0/sref7
http://refhub.elsevier.com/S2666-3643(20)30006-0/sref7
http://refhub.elsevier.com/S2666-3643(20)30006-0/sref7
http://refhub.elsevier.com/S2666-3643(20)30006-0/sref8
http://refhub.elsevier.com/S2666-3643(20)30006-0/sref8
http://refhub.elsevier.com/S2666-3643(20)30006-0/sref8
http://refhub.elsevier.com/S2666-3643(20)30006-0/sref8
http://refhub.elsevier.com/S2666-3643(20)30006-0/sref8
http://refhub.elsevier.com/S2666-3643(20)30006-0/sref9
http://refhub.elsevier.com/S2666-3643(20)30006-0/sref9
http://refhub.elsevier.com/S2666-3643(20)30006-0/sref9
http://refhub.elsevier.com/S2666-3643(20)30006-0/sref9
http://refhub.elsevier.com/S2666-3643(20)30006-0/sref10
http://refhub.elsevier.com/S2666-3643(20)30006-0/sref10
http://refhub.elsevier.com/S2666-3643(20)30006-0/sref10
http://refhub.elsevier.com/S2666-3643(20)30006-0/sref11
http://refhub.elsevier.com/S2666-3643(20)30006-0/sref11
http://refhub.elsevier.com/S2666-3643(20)30006-0/sref11
http://refhub.elsevier.com/S2666-3643(20)30006-0/sref11
http://refhub.elsevier.com/S2666-3643(20)30006-0/sref12
http://refhub.elsevier.com/S2666-3643(20)30006-0/sref12
http://refhub.elsevier.com/S2666-3643(20)30006-0/sref12
http://refhub.elsevier.com/S2666-3643(20)30006-0/sref12

	Patients With BRAF-Mutant NSCLC May Not Benefit From Immune Checkpoint Inhibitors: A Population-Based Study
	Introduction
	Materials and Methods
	Results
	Mutation and CNA Among Patients With Mutant-BRAF NSCLC
	Programmed Death Ligand 1, Tumor Mutational Burden, and OS in Patients With Mutant-BRAF and Wild-Type–BRAF NSCLC

	Discussion
	Acknowledgments

	References


