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ABSTRACT

Introduction: Molecular profiling is considered a standard
of care in advanced NSCLC. A comprehensive next-
generation sequencing panel can discover somatic or
germline BRCA1/2 mutations that are new druggable
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NSCLC were enrolled in the SAFIR02-Lung trial. Molecular
profiling was done at study entry on archival tissue or
frozen tissue collected from a new biopsy specimen before
the third cycle of platinum-based chemotherapy. The
prevalence of BRCA1/2 variants and its biological relevance
were assessed. A homologous recombinant deficiency
(HRD) score was based on the copy number variation data,
and the germline status was determined by blood analysis.
The BRCA Share database and the French CGG consortium
were the references for the variant classification.

Results: Of 379 patients with a molecular profile discussed
in a tumor molecular board, BRCA1/2 variants were iden-
tified in 20 patients (5.3%), including eight patients (2.1%)
with a confirmed pathogenic BRCA mutation. Two patients
(0.5%) harbored a germline BRCA2 mutation, and for six
others, a somatic BRCA mutation was identified (1.6%). All
were men and mainly smokers (88%). The overall response
rate to chemotherapy was 13%. BRCA variants of unknown
significance were detected in 12 patients (3.2%), achieving
an 8.3% overall response rate with chemotherapy. One-
third of tumors carrying pathogenic BRCA mutations or
variants of unknown significance had biallelic inactivation
and high HRD score. Overall survival of this cohort was 12.8
months.

Conclusions: Pathogenic BRCA1/2 mutations occur in 2.1%
of patients with advanced NSCLC. The predictive role of
BRCA mutation for making treatment decisions in NSCLC
seems limited based on clinical response (low platinum
sensitivity) and molecular features (discrepancy between
biallelic inactivation and high HRD score).

Copyright � 2020 by the International Association for the
Study of Lung Cancer. This is an open access article under
the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).

Keywords: BRCA mutation; Advanced non–small cell lung
cancer; PARP inhibitors; Next-generation sequencing; SAFIR
trial

Introduction
Since the discovery of driver oncogenic alterations

in advanced NSCLC, mainly in adenocarcinoma, the
therapeutic treatment landscape has grown exponen-
tially. Specific tyrosine kinase inhibitors targeting
different genomic alterations, such as EGFR, BRAF mu-
tations, and ALK or ROS11-4 fusions, have impressively
improved the outcomes of patients with advanced
NSCLC,5 and genomic profiling is proposed as the
standard of care in this population.6 The emergence of
additional genomic alterations, such as NTRK fusions,
found in a small subset of patients with cancer,
including NSCLC, is also a strong predictor of response
to targeted agents irrespective of tumor type, called
agnostic agents.7,8 Genomic profiling has led to an in-
crease in the percentage of patients with NSCLC suit-
able for matched therapies and the number of patients
with molecular screening is increasing over time. It is
speculated that the broader and earlier testing for
molecular alterations that have not yet been recognized
as standard-of-care predictive biomarkers of drug
response in specific malignancies could accelerate the
development and approval of targeted agents that could
result in improved clinical outcomes,9 increasing the
percentage of patients suitable for personalized
treatment.

The breast and ovarian cancer genes 1 and 2 (BRCA1/
2) are multifunctional tumor suppressor genes mainly
involved in DNA double-strand break repair by homol-
ogous recombination (HR). Recently, overall BRCA1/2
alterations (pathogenic or variants of unknown signifi-
cance [VUS]) were observed in 4.7% of cancers, espe-
cially in BRCA1/2-associated cancers (ovarian, breast,
prostate, pancreatic). Across non–BRCA1/2-associated
cancers, BRCA1/2 alterations were observed at a 3.0%
frequency overall and greater than 1% frequency in each
individual cancer type assessed.10 Germline and somatic
BRCA1/2 mutation occur in 2.7% and 1.8% of advanced-
stage cancers, respectively.11 The most common germ-
line BRCA1/2 tumor carriers are 5% to 10% of breast
cancers,12 10% to 15% of ovarian cancers,13,14 4% to 7%
of pancreatic cancers,15 and 6% of patients with meta-
static prostate cancer;16 cancer in BRCA1/2 germline
carriers occurs at a younger age than in patients with
germline wild-type cancer.11 Contrary to this, somatic
BRCA mutations are reported in 2% to 5% and 3% of
ovarian and breast cancers, respectively.15,17 The BRCA
families have not exhibited considerable increase in the
risk of NSCLC.17 Moreover, BRCA1/2-mutant tumors are
often deficient in the repair of double-stranded DNA
breaks by HR and consequently exhibit increased ther-
apeutic sensitivity to platinum-based chemotherapy, and
to inhibitors of poly(ADP-ribose) polymerase (PARP)11

in different tumor types, such as olaparib (in patients
with ovarian,18 pancreatic,15 and breast cancer19 with
BRCA mutation and metastatic castration–resistant
prostate cancer with HR gene alterations20), niraparib
(reporting higher efficacy in homologous recombinant
deficiency [HRD]–positive patients with ovarian can-
cer21), rucaparib (in patients with BRCA-mutant ovarian
cancer22), and talazoparib (in patients with BRCA-
mutant breast cancer).23

However, the phenotypic and therapeutic relevance
of mutations in BRCA1/2 remains poorly defined in most
other cancer types. Both, BRCA mutations9,11 and
BRCAness phenotype (deficiency of HR with or without
BRCA mutation)24 have been reported in patients with
NSCLC. However, the clinicopathologic characteristics of
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these patients and the pathogenic relevance of these
mutations have not been clearly described. As in other
tumors, preclinical work revealed that defects in BRCA
and in other tumor suppressors that control DNA repair
processes, such as ERCC1 defects in NSCLC models,
cause PARP inhibitor sensitivity,25,26 initially suggesting
the biological relevance of these alterations. However,
for lung cancer with germline BRCA mutations, a higher
frequency of loss of heterozygosis (LOH) of the mutated
allele was reported, suggesting that it was not implicated
in the tumorigenesis of lung cancer.11 Therefore, it is
relevant to assess this response with all the molecular
features in tumors harboring a BRCA mutation.

We aimed to prospectively investigate in a clinical
setting the prevalence of germline and somatic BRCA
mutations in patients with advanced NSCLC enrolled in
the phase II UNICANCER SAFIR02-Lung/IFCT1301 trial
(NCT02117167). In addition, we sought to evaluate the
biological relevance of these mutations by determining
whether these mutations were associated with biallelic
inactivation, a high HRD score, or platinum sensitivity.
We also analyzed the clinicopathologic characteristics of
this subgroup of patients with NSCLC.
Materials and Methods
Patients

UNICANCER SAFIR02-Lung/IFCT1301 (NCT02117167)
is an open-label, ongoing French multicentric phase II
randomized trial. Biopsy specimens were obtained from
treatment-naive and EGFR-activating mutation or ALK-
rearranged–negative patients with advanced NSCLC at
baseline or within the two initial platinum-based chemo-
therapy cycles. A single nucleotide polymorphism (SNP)
array and next-generation sequencing tests are performed
and the results analyzed during the two subsequent cycles
as a therapeutic decision tool. If fresh frozen tissue was not
available, the test was carried out on paraffin-embedded
tissue, and in case of failure, on circulating tumor DNA.
Only patients with objective response or stable disease
(SD) after four cycles of platinum-based chemotherapy, as
assessed by the investigator according to the Response
Evaluation Criteria in Solid Tumors (RECIST) 1.1 criteria,
are randomized. The study aims to evaluate, in the main-
tenance setting, the improvement in progression-free sur-
vival in the targeted drug arm guided by the molecular
anomalies of the tumor compared with the standard-of-
care maintenance treatment as per guidelines. Patients
with no molecular profile available are randomized to
durvalumab versus the standard of care. All the patients
signed the informed consent document of the SAFIR02-
Lung trial.

On the basis of the molecular profile of this popula-
tion in the SAFIR02-Lung trial, the study aimed to
evaluate the following: (1) the frequency of pathogenic
BRCA mutations in treatment-naive patients with
advanced NSCLC; (2) the response rate to platinum-
based chemotherapy as assessed by the investigator
according to the RECIST 1.1 criteria; and (3) the clini-
copathologic characteristics of this subgroup of patients.
We also report the overall survival (OS) of patients with
BRCA mutation reported in this cohort.

Outcomes
OS (mo) was defined as the time from platinum-

based treatment initiation to death because of any
reason or last follow-up. Median follow-up was
computed using the reverse Kaplan-Meier method. The
outcomes were described separately for BRCA VUS and
pathogenic mutation.

Tumor Tissue DNA Analysis
As a primary quality control measure, tumor cellu-

larity was assessed by a senior pathologist on a hema-
toxylin and eosin slide from the same biopsy core as the
one used for nucleic acid extraction and molecular
analysis. When tumor cellularity was greater than or
equal to 30%, both an SNP array test and targeted
sequencing were performed. When the tumor cellularity
ranged from 10% to 30% for formalin-fixed, paraffin-
embedded samples, both techniques were engaged, or
priority was given to next-generation sequencing when a
low DNA quantity was extracted. Targeted sequencing
was performed using either Personal Genome Machine
(Ion Torrent PGM, ThermoFisher Scientific) or NextSeq
(Illumina) with Ion AmpliSeq multiple gene panels,
based on the multiplex polymerase chain reaction. The
biallelic inactivation was assessed either by demon-
strating the presence of LOH by the SNP array or by the
absence of the SNP array data, which determined the
imbalance of the allelic fraction.

The targeted gene panel consisted of the Ion Ampli-
Seq Cancer Panel, which covers 65 critical oncogenes or
tumor suppressor genes (Supplementary Table 1) using
Ion AmpliSeq custom design. The library preparation
and the sequencing analysis were performed according
to the manufacturer’s recommendation for Ion AmpliSeq
Workflow. The bioinformatic analysis was performed
with Torrent Suite software variantCaller (ThermoFisher
Scientific), completed by homemade filtering and anno-
tation pipeline. Each retained variant was reviewed by a
molecular geneticist and classified as pathogenic variant,
variant of unknown pathogenicity, or probably
nonpathogenic variant. The median coverage depth on
retained variants was over 700 reads, offering sensitivity
down to 5% of allelic frequency.

The SNP array scanning was performed on the Affy-
metrix platform with CytoScan HD assays for DNA
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extracted from frozen samples and OncoScan copy
number variation (CNV) assays for formalin-fixed,
paraffin-embedded DNA. Default parameters and quan-
tification from the devices were used. Scans were then
analyzed and annotated with our own bioinformatic
pipeline. The SNP array analysis was mainly used
to detect tumor gene amplifications as well as deletions
(amplifications > �0.7 log2 ratio and deletions <0.5
log2 ratio) and was discussed during the tumor board
review.

In addition, for this study, an HRD score was calcu-
lated from the CNV data. This genomic instability score
was calculated as the number of altered segments su-
perior to 15 Mbp and inferior to chromosome arm, and
samples were classified into three categories using un-
supervised machine learning (K-means python scikit).
The scores have been validated retrospectively in an
unpublished ovarian cancer cohort and in a published
endometrial cancer cohort reports.27

The germline BRCA1/2 status was based on blood
analysis for all variants. The BRCA Share database was
the reference for the variant classification and experi-
ence of the French Cancer Genetic Group consortium,
which is the curator of this national database.28,29 All
variants were reported from class 3 (of unknown sig-
nificance) to class 5 (pathogenic mutation).
Results
From April 2014 to data cutoff for this analysis in

March 2017, 600 advanced, newly diagnosed, patients
with NSCLC were enrolled in the SAFIR02-Lung trial.
Among the enrolled patients, tissue biopsy analysis
failed as a consequence of low tumor cellularity in 177
patients (30%), and in 44 additional patients (7%), the
analysis was ongoing without results being declared at
the time of our analysis. A molecular profile was suc-
cessfully performed and discussed in a tumor molecular
board for 379 patients (63%).

BRCA variants were reported in 20 of 379 patients
(5.3%), all observed on a genomic profile of the tumor
tissue. Baseline patient characteristics are provided in
Table 1, and the specific information about the BRCA
variants is reported in Supplementary Table 2.

Eight of the 379 patients (2.1%) were diagnosed as
having a pathogenic BRCA mutation, with six and two
patients having somatic and germline BRCA mutations,
respectively. BRCA mutations occurred in BRCA2 genes
in 75% of cases (six of eight). Median age was 61.8 years
(range, 48–68 y); all patients were men, mainly smokers
(88% smokers) with a median of 48 packs/year. All but
one tumor were adenocarcinomas, and bone and brain
metastases were reported in 63% and 25% of the pa-
tients, respectively. All cases had additional oncogenic
alterations (Fig. 1 and Supplementary Table 2), with
38% (N ¼ 3 of 8) and 25% (N ¼ 2 of 8) of concurrent
TP53 and KRAS mutations, respectively.

Two of the 379 patients (0.5%) harbored a germline,
pathogenic BRCA2 mutation (one with breast and
pancreas cancer familial history). All had biallelic inac-
tivation on tumor analysis (Table 2); however, the HRD
score was unknown for these two patients as a conse-
quence of low DNA quality. Both patients also had co-
occurrence of other oncogenic mutations (one STK11
and KRAS mutation, and one EGFR exon 20 insertion)
and achieved SD as the best response with platinum
chemotherapy (Fig. 1).

Somatic pathogenic BRCA mutation was identified in
six of the 379 patients (1.6%, 2 BRCA1 mutations and 4
BRCA2 mutations, respectively). Biallelic inactivation
was successfully assessed in four of the six cases, and
only one case among the evaluable cases had a biallelic
inactivation (Table 2). Somatic BRCA mutations were
accompanied with co-occurring genomic alterations,
such as BRAF non-V600 and KRAS mutations and am-
plifications (Fig. 1 and Supplementary Table 2). Patients’
responses to chemotherapy were as follows: SD in four
patients, partial response (PR) in one patient, and one
progressive disease. Three of six tumors with somatic
BRCA mutations had SNP array data for CNV profiling
and were evaluable for HRD score analysis; all three had
a high HRD score (Table 2). The tumor with known
biallelic inactivation had also high HRD, but response to
platinum-based chemotherapy was SD (Fig. 1).

BRCA VUS were detected in 12 patients (3.2%), with a
median age of 62.4 years (range, 47–73 y); 50% were
women, mainly current smokers (67%) with different
histologic subtypes (N ¼ 7 adenocarcinoma, 58%; N ¼ 3
large cell carcinoma, 25%; and N ¼ 2 squamous cell
carcinoma, 17%). Four patients (33%) had familial
cancer history (two prostate cancer, one breast cancer,
and one malignant pleural mesothelioma). Concurrent
genomic alterations were reported in all except one pa-
tient (Fig. 1 and Supplementary Table 2), with 50% (N ¼
6) and 25% (N ¼ 3) of cases with concurrent TP53 and
KRAS mutations, respectively. Patients’ responses to
chemotherapy were as follows: seven SD, one PR, and
four progressive disease. LOH status was successfully
assessed in 10 samples, with biallelic inactivation in 50%
of the cases (five of 10). CNV profile was evaluable for
HRD in six samples, and 50% (three of six) had a high
score (Table 2). Two BRCA VUS carrier patients had
matched biallelic inactivation and high HRD with PR and
SD to platinum-based chemotherapy, respectively
(Fig. 1).

With a median follow-up of 30.4 months (95% con-
fidence interval: 13.7–33.2), 14 of the 20 patients died,
and the median OS was 12.8 months (95% confidence



Table 1. Characteristics of Patients With Advanced NSCLC With BRCA Alterations at the Time of Enrollment in SAFIR02-Lung
Trial

Patient
Sex
M/F Age

Smoking
(packs/y) Histology

Cancer
Family
History

BRCA
origin Mutation Status Metastatic Sites

Best
RRa

1 M 67 CS (40) ADC N S BRCA1 D Bone, lymph nodes PD
2 M 60 CS (40) ADC UK S BRCA1 D Muscle, lung SD
3 M 65 CS (47) ADC N S BRCA2 D Suprarenal, bone,

CNS, liver, lymph
nodes

SD

4 M 48 CS (30) ADC UK S BRCA2 D Suprarenal, bone,
liver, lymph nodes

SD

5 M 62 CS (88) SCC UK S BRCA2 D Bone,
carcinomatous
lymphangitis,
lung, lymph
nodes, muscle,
pleura

PR

6 M 65 CS (45) ADC Y
Colon
Breast

S BRCA2 D Bone, lung, lymph
nodes, pleural

SD

7 M 60 CS (30) ADC UK G BRCA2 D Bone, liver, lung,
lymph nodes

SD

8 M 68 NS ADC Y
Pancreas
Breast

G BRCA2 D Suprarenal, CNS,
lung

SD

9 F 47 FS (12) ADC N U BRCA1
BRCA2
BRCA2

VUS Bone, lymph nodes,
muscle

SD

10 F 52 CS (25) ADC N S BRCA1 VUS Suprarenal, lung,
lymph nodes

SD

11 M 68 CS (60) ADC Y
Prostate

G BRCA1 VUS Pleural SD

12 F 73 FS (7) LCC N G BRCA1 VUS Bone PD
13 F 67 NS SCC UK G BRCA2 VUS NR PR
14 M 68 CS (53) ADC N G BRCA2 VUS Lung PD
15 F 61 FS (17) ADC Y

Breast
G BRCA2 VUS Lung SD

16 M 61 CS (45) LCC N S BRCA2 VUS Pleural effusion SD
17 M 56 CS (40) ADC Y

Prostate
S BRCA2 VUS Lung SD

18 F 71 CS (42) LCC N G BRCA2 VUS Suprarenal, CNS,
lymph nodes

PD

19 M 62 CS (43) SCC N S BRCA2 VUS Bone, lung, lymph
nodes, pleural

PD

20 M 63 CS (50) ADC Y
MPM

S BRCA2 VUS Adrenal, Bone, liver,
lymph nodes

SD

aBest RR to chemotherapy is according to the RECIST 1.1 criteria by the investigator. BRCA origin: S, G, U, MPM.
ADC, adenocarcinoma; CS, current smoker; D, deleterious; FS, former smoker; G, germline; LCC, large cell carcinoma; M/F, male/female; MPM, malignant
pleural mesothelioma; NS, never smoker; PD, progressive disease; PR, partial response; RECIST, Response Evaluation Criteria in Solid Tumors, RR, response
rate; S somatic; SCC, squamous cell carcinoma; SD, stable disease; U, undetermined; UK, unknown; VUS, variants of unknown significance; Y/N: yes/no.
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interval: 5.6–22.9, Fig. 2). Pathogenic BRCA-mutant
tumors seem to have a shorter OS compared with
BRCA VUS tumors (11.1 mo versus 17.9 mo, log-rank
p ¼ 0.07; Fig. 3A). TP53 comutation in nine patients
seemed not to confer a poorer prognosis, with a
median OS of 17.9 months and 9.5 months for TP53
mutation and no TP53 mutation (p ¼ 0.3), respectively
(Fig. 3B).
Discussion
Pathogenic BRCA1/2 mutations occurred in 2.1% of

the 379 patients with advanced NSCLC included in the
SAFIR02-Lung trial, of which 75% were of somatic origin
(six of eight) and 75% targeted BRCA2 genes. However,
the proportion of BRCA1/2-mutant NSCLC, including
mutants with inactivation of the second allele, high HRD
score, and platinum sensitivity, is low, calling into the



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

RR to CT PD SD SD SD PR SD SD SD SD SD SD PD PR PD SD SD SD PD PD SD

Smoking status CS CS CS CS CS CS CS NS FS CS CS FS NS CS FS CS CS CS CS CS

Biallelic 

inactivation 

(LOH)

N N N U U Y Y Y N/Y U Y N Y N Y Y Y N N U

HRD score H U H U U H U U U U L U H U U L H L H U

BRCA VUS 1/2u 1s 1g 1g 2g 2g 2g 2s 2s 2g 2s 2s

BRCA mut. 1s 1s 2s 2s 2s 2s 2g 2g

TP53 mut.

KRAS mut.

STK11 mut.

PIK3CA mut.

EGFR mut.

BRAF mut.

FGFR4 mut.

KEAP1 mut.

NF1 mut.

TSC1 mut.

ROS1 mut.

NOTCH mut.

PIK3R2 mut.

EGFR amp.

KRAS amp.

FGFR amp.

NF1 amp.

MAP2K4 amp

Figure 1. Concurrence genomic alterations in patients with advanced NSCLC with BRCA alterations (for the specific subtype
mutations, see Supplementary Table 2). BRCA mutation (in green somatic/in purple germline mutation). 1/2, mutation in
BRCA1 or BRCA2; Amp, amplification; CS, current smoker; CT, chemotherapy; FS, former smoker; G, germline; H, high; LOH,
loss of heterozygosis; Mut, mutation; N, no; NS, never smoker; PD, progressive disease; PR, partial response; RECIST,
Response Evaluation Criteria in Solid Tumors; RR, response rate; S, somatic; SD, stable disease; U, undetermined; Wt, wild
type; Y, yes. aRR to CT is according to RECIST 1.1 criteria by the investigator.
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question the real relevance of this potential druggable
genomic alteration in NSCLC.

The prevalence of BRCA1/2mutations in our cohort is
comparable with the 1.2% previously reported in a
cohort of 860 lung adenocarcinomas; in that study,
Table 2. HRD Signature and LOH Status Relevant to the Inactiv

Status

BRCA VUS Mutation N ¼ 12/20

Somatic/unknowna

N ¼ 6/12
G
N

HRD
Cases with HRD score 3/6 3
High 2/3 1
Low 1/3 2

LOH
Cases with LOH status 4/6 6
Biallelic inactivation 3/4a 3
No biallelic inactivation 1/4 3

aCase 9: biallelic inactivation was considered for variants in the BRCA2 gene.
HR, homologous recombination; HRD, homologous recombinant deficiency; LOH
however, clinical data were not reported, and most BRCA
mutations, especially BRCA2, were somatic missense
mutations of uncertain significance.9 In our NSCLC
cohort, pathogenic germline BRCA mutations are a mi-
nority (0.5%), and this prevalence seems slightly lower
ation of the HR Pathway Related to the Mutation

BRCA Pathogenic Mutation
N ¼ 8/20

Total
ermline
¼ 6/12

Somatic
N ¼ 6/8

Germline
N ¼ 2/8

/6 3/6 0/2 9/20
/3 3/3 — 6/9
/3 0/3 — 3/9

/6 4/6 2/2 16/20
/6 1/4 2/2 9/16
/6 3/4 0/2 7/16

, loss of heterozygosis; VUS, variants of unknown significance.



Figure 2. OS of BRCA-positive patients with NSCLC. OS, overall survival.
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than reported by other authors (w1%), but ethnicity
differences cannot be excluded.30 Finally, our data
confirm higher incidence of BRCA2 than BRCA1 mutation
in the NSCLC population, concordant with previous data,
especially among germline BRCA mutations.11,30

Contrary to other NSCLC genomic alterations in
which female predominance exists as a consequence of
higher correlation with nonsmoking habits,5 in our
cohort, all patients with pathogenic BRCA mutations
were men and mainly heavy smokers, and up to one-
third of the patients presented with baseline brain me-
tastases. Although BRCA-deficient tumors are described
as more sensitive to platinum salts,31 only one patient
with BRCA mutation from our cohort achieved PR as the
best response to platinum-based chemotherapy. Of note,
according to the most recent studies, the expected RR to
platinum-based chemotherapy ranges from 32% to
38%.32,33 However, caution should be exercised, given
the low numbers that do not allow obtaining robust
conclusions. We also report 12 patients whose tumors
harbored 13 VUS, and again just one patient achieved PR
with platinum-based chemotherapy. In breast or ovarian
cancer, BRCA mutations are associated with better
prognosis. In our BRCA-positive NSCLC cohort, median
OS was 12.8 months, concordant with the median OS of
patients with advanced NSCLC treated with platinum-
based chemotherapy,34 probably implying that BRCA
status does not reflect higher platinum sensitivity in
NSCLC.

In the era of cancer-type agnostic approvals, it is
beneficial to assess the biological relevance of germline
or somatic BRCA1/2 mutations as tumor-agnostic bio-
markers in advanced cancers. In germline BRCA-associ-
ated cancer types (breast, ovary, prostate, and pancreas),
PARP inhibitors have been reported to have clinical
benefit regardless of tumor origin.15,18-20 However, data
from our NSCLC cohort revealed that pathogenic BRCA
mutation was more common in men and smokers and
without increased platinum sensitivity questioning the
predictive value of BRCA1/2 status. The HRD score and/
or the biallelic inactivation can be a point about the
putative actionability of BRCA mutation in NSCLC and
other tumors. Recently, it has been reported that biallelic
inactivation is higher in BRCA1/2-associated cancers
than in non–BRCA1/2-associated cancers (8.9% versus
1.3%), and up to 90% of germline or somatic BRCA1/2
mutations are biallelic in BRCA1/2-associated cancers,
whereas only 46% and 25%, respectively, of germline and
somatic BRCA1/2 mutations in non–BRCA1/2-associated
cancers are biallelic.10 In our cohort, a high HRD score
was present in three somatic pathogenic variants (only
one with biallelic inactivation) achieving SD as the best
response to platinum-based chemotherapy. The biallelic
inactivation occurred in three pathogenic variants, all
with SD response to chemotherapy. Globally, we identified
a percentage of discordance between the biallelic status
and HRD score, suggesting in some cases the mechanism
of inactivation might be caused by events other than LOH,
such as methylation or mutation. Probably the genomic
instability observed is not related to BRCA but to other
mechanisms of tumorigenesis, such as those induced by
tobacco.



Figure 3. (A) OS of BRCA-positive patients with NSCLC according to pathogenic BRCA mutation or VUS. (B) OS of BRCA-
positive (deleterious plus VUS) patients with NSCLC according to TP53 comutation present or absent. OS, overall survival;
VUS, variant of unknown significance.
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The analyses of the VUS were also concordant with
the result observed in the pathogenic variants. Of the
two BRCA VUS with both biallelic inactivation and high
HRD score, the BRCA2 c.5634C>G p.Asn1878Lys is now
considered as benign; this case is the only one achieving
a PR, which can be because of an undetected variant in
the same allele. The BRCA2 c.8893G>C p.Asp2965His is a
very conserved interspecies, and algorithms are in favor
of pathogenicity. The other two cases with biallelic
inactivation and low HRD score (BRCA1 p.Glu1576Lys
and BRCA2 p.Val2610Leu, and p.Asp189Asn) were
probably not implied in the tumorigenesis of those lung
cancers.

Altogether, these data suggest that in most patients
with NSCLC, the pathogenic BRCA mutation could be
considered an incidental event not related to tumori-
genesis and not suitable for consideration as an agnostic
biomarker for making treatment decisions. This obser-
vation is concordant with recent data suggesting that the
true phenotypic dependency on mutant BRCA in non–
BRCA1/2-associated cancers would be for tumors with
biallelic mutations; therefore, it is ultimately necessary
to incorporate methods to discriminate biallelic from
monoallelic BRCA 1/2 alterations,10,11 before proposing a
basket trial for non–BRCA1/2–associated tumors.
Although in lung cancer, preclinical evidence exists for
the efficacy of PARP inhibitors in deficient BRCA lung
cancers,25 the clinical efficacy remains unknown. In
patients with advanced NSCLC, the addition of PARP
inhibitors with chemotherapy35 as maintenance treat-
ment36 failed to reveal a sufficient level of efficacy, even
in the subset of squamous NSCLC with homologous re-
combinant repair deficiency.36 No patient from our
cohort enrolled in SAFIR02-Lung trial received PARP
inhibitor drugs, as olaparib was not yet offered in the
personalized treatment arm during the enrollment of our
first 600 patients.

It has been reported that BRCA1 and BRCA2 alter-
ations and POLE are significantly enriched with high
tumor mutational burden,37 and most pathogenic BRCA-
mutant patients in our cohort were smokers. Both fac-
tors have been correlated as potential predictive
markers for the efficacy of immune checkpoint inhibitors
(ICIs).38,39 Indeed, preclinical models have provided the
rationale for a potential synergism with a combination of
a PARP inhibitor and ICIs in NSCLC.40 Several clinical
trials are currently assessing this combination in pa-
tients with NSCLC (NCT03308942 in first line,
NCT02484404 in previously treated, and ORION trial
NCT03775486, as maintenance treatment), but inclusion
criteria for patients in all these trials include the BRCA
status. However, recently it has been reported that a
monoallelic event such as a BRCA mutation, in the
context of high TMB in a smoker patient, is probably a
passenger event and unlikely to be relevant for pre-
dicting the efficacy of ICIs.11

Our study has some limitations. The population was
selected and might not reflect the all-comer population
in the routine setting (cases of NSCLC with EGFR muta-
tions or ALK fusions were excluded as were patients
with history of cancer within 5 y). Another limitation of
our study is the tissue sample availability for all patients,
which limits the assessment of HRD score validation in
this population. Tumor response assessment to chemo-
therapy according to the RECIST 1.1 criteria in the
screening phase of the SAFIR02-Lung trial was not
centralized. Finally, no patients were treated with PARP
inhibitors. However, genomic analysis was performed
with a centralized technique, providing the same gene
coverage for molecular profiling.

In conclusion, our data provide prospective evidence
that pathogenic BRCA1/2 mutations occur in 2.1% of
patients with advanced NSCLC with mainly somatic
mutations. However, clinical data and biological charac-
teristics endorsing the agnostic biomarker value of this
mutation in NSCLC are scarce.
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