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Prevalence of germline BRCA1/2 pathogenic variants in
unselected Korean patients with HER2-negative metastatic
breast cancer: a nationwide prospective study (KCSG BR19-10)
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Summary

Background Assessment of germline (g) BRCA1/2 status is recommended for all patients with HER2-negative metastatic
breast cancer (MBC) to identify candidates for poly(ADP-ribose) polymerase (PARP) inhibitor therapy, which is not
always possible in clinical practice due to limited testing resources. In this study, we investigate the cross-sectional
prevalence of gBRCA1/2 pathogenic variant (PV) carriers in unselected Korean patients with HER2-negative MBC.

Methods Patients diagnosed with HER2-negative metastatic BC receiving palliative systemic treatment were eligible
for inclusion in the study. Peripheral blood was prospectively drawn from each patient and gBRCA1/2 status was
assessed by next-generation sequencing using an NGeneBio BRCAaccuTest.

Findings A total of 586 patients were enrolled between October 2019 and March 2022, and the prevalence of
gBRCA1/2 PV was analyzed in 570 patients. The median age at enrollment was 54 years (interquartile range, 48—61)
and 567 patients were female. Among the 570 patients with gBRCA1/2 analysis, 481 had hormone receptor-positive/
HER2-negative breast cancer (BC) and 89 had triple-negative breast cancer (TNBC). The overall prevalence of
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gBRCA1/2 PV carriers was 7.4% (42/570, 95% confidence interval (CI) 5.4%-9.8%) in unselected patients with
HER2-negative MBC [gBRCA1, 1.8% (95% CI 0.8%-3.2%), 10/570; gBRCA2, 5.6%(95% CI % - 7.8%), 32/570].
The overall prevalence of gBRCA1/2 PV carriers in Korean patients with HER2-negative MBC and a low risk of
hereditary breast ovarian cancer syndrome (HBOC) was 5.7% [19/332, 95% confidence interval 3.5%-8.8%;
TNBC 10.5% (95% CI 1.3%-33.1%), 2/19; HR-positive/ HER2-negative 5.4%(95% CI 3.2%-8.6%), 17/313].

Interpretation Our study measured the size of the current underestimation of gBRCA1/2 PV carriers in unselected
Korean patients with HER2-negative MBC, particularly in patients without high risk factors for HBOC. An active
screening strategy for unselected HER2-negative MBC should be pursued to avoid missing potential candidates

for systemic treatment with PARP inhibitors.

Funding Pfizer.

Copyright © 2025 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Keywords: Breast cancer; BRCA1; BRCA2; Prevalence; Chemotherapy

Research in context

Evidence before this study

Two phase 3 trials, OlympiAD and EMBRACA, established
poly(ADP-ribose) polymerase (PARP) inhibitors as a standard
treatment option for patients with HER2-negative metastatic
breast cancer (MBC) and germline BRCA1/2 (gBRCA1/2)
pathogenic variants (PVs). A gBRCA1/2 assessment is
therefore recommended for every patient with HER2-
negative MBG, however the supporting evidence on the
prevalence of gBRCA1/2 PV carriers in an unselected Korean
population with this indication is lacking.

The prevalence of the gBRCA1/2 carrier was 15.7% in the
Korean Hereditary Breast Cancer study and 14.5% among
unselected Korean patients <60 years of age with stage I-IlI
triple-negative breast cancer (TNBC). In a subgroup analysis
of the BREAKOUT prospective cohort study, the overall
prevalence of the carrier was 6.7% among 45 Korean patients
with HER2-negative MBC receiving first-line chemotherapy.

Added value of this study
This is the largest prospective study on the prevalence of
gBRCA1/2 PVs in unselected Korean patients with HER2-

Introduction
Breast cancer is the most common type of cancer and
the leading cause of cancer-related deaths among
women, both globally and in Korea.' The BRCAI and
BRCA2 genes regulate the homologous recombination-
repair pathway, and dysfunctional mutations in these
genes are associated with increased risks of breast,
ovarian, prostate, and pancreatic cancer.’
Poly(ADP-ribose) polymerase (PARP) inhibition in
BRCA-deficient tumor cells results in chromosomal
instability and subsequent apoptosis. Two PARP in-
hibitors, olaparib and talazoparib, have shown signifi-
cant progression-free survival (PFS) benefits in patients
with HER2-negative MBC in phase 3 trials comparing

negative MBC. In Korea, assessment of gBRCA1/2 variant is
reimbursed for patients with breast cancer who have risk
factors for hereditary breast ovarian cancer syndrome
(HBOC). In this study, the overall prevalence of gBRCA1/2 PVs
in Korean patients with HER2-negative MBC was 7.4% (42/
570) overall and 5.7% (19/332) in patients without risk
factors for HBOC. Forty-five percent (19/42) of diagnosed
gBRCA1/2 PV cases would not have been identified under the
existing reimbursement criteria in Korea. The current
reimbursement strategy therefore misses a diagnosis of
gBRCA1/2 PV carrier in a considerable number of patients
with HER2-negative MBC.

Implications of all the available evidence

The present study supports current global guidelines that
every patient with HER2-negative MBC should be tested for
gBRCA1/2 mutation, as approximately 5.7% (19/332) of
patients with HER2-negative MBC without risk factors for
HBOC are missing treatment opportunities with PARP
inhibitors in current practice strategies in Korea.

them with chemotherapy.** Global guidelines recom-
mend that gBRCAI/2 mutation status should be
assessed as part of routine clinical practice in every
patient with human epidermal growth factor receptor 2
(HER2)-negative metastatic breast cancer (MBC).”*
However, in Korea gBRCAI1/2 testing is reimbursed
only for patients at high risk of hereditary breast and
ovarian cancer.

The prevalence of deleterious germline mutations in
BRCA1/2 among patients with breast cancer differs
according to ethnicity, age, and medical or family his-
tories.” Most of the available evidence regarding
gBRCA1/2 variants are from Caucasian populations,
and data for Asian or Korean patients are lacking. In a
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Chinese multicenter cohort of unselected breast cancer
(BC), the overall prevalences of gBRCA1/2 pathogenic
variants (PVs) were 5.5% and 9.4%.°" In a Korean
study, the overall prevalence was 15.7% among 2403
patients with BC."? However, populations in these
studies included patients with stage I-III BC irre-
spective of subtype and at high risk of carrying
gBRCA1/2 PVs, which does not align with the popu-
lation that may potentially require PARP inhibitor
treatment. In another Korean study, prevalence of
gBRCA1/2 PV was 13.1% in 999 patients with stage I-
IIII triple negative breast cancer.” It is unknown how
many populations with HER2-negative MBC and
without high risk factors of gBRCA1/2 PVs are poten-
tial candidates of PARP-inhibitor treatment. In the
screening phase of the OlympiAD study, the prevalence
of gBRCA1/2 PV was 13.5% among Asian patients."
In the BREAKOUT study, one of the first to investi-
gate the prevalence of gBRCA1/2 in unselected patients
with HER2-negative MBC starting first-line systemic
chemotherapy, the prevalence was 9.0% in European
patients and 10.6% in Asian patients."

The aim of this study was to estimate the size of the
patient population that comprises candidates for palli-
ative PARP inhibitors among unselected Korean pa-
tients with HER2 MBC, including patients without high
risk factors for gBRCA mutations and who are not
indicated for gBRCA testing under the Korean medical
insurance system.

Methods

This observational, cross-sectional study included a
prospective cohort component. Patients were prospec-
tively enrolled from 22 institutions in Korea.

Eligible patients were those older than 19 years at
the time of enrollment, who had received a diagnosis of
unresectable or metastatic HER2-negative BC, and who
are not amenable to curable aim of treatment. HER2
status was determined locally, using immunohisto-
chemistry (IHC) and in situ hybridization according to
the American Society of Clinical Oncology and College
of American Pathologist guidelines on HER?2 testing.
Hormone receptor status was determined by IHC of
estrogen receptors and/or progesterone receptors.
Allred scores of >3 by IHC were defined as positive
hormone receptor (HR) expression. When patients had
undergone multiple tumor biopsies and the HR status
was changed, the final subtype was determined in the
following order: subtype at initial diagnosis of recurrent
BC, at curative surgery, and biopsy before neoadjuvant
chemotherapy. Patients were not selected based on
clinical characteristics, presence of risk factors for
gBRCA1/2 pathogenic mutation, or number of prior
lines of treatment, and those with previously known
gBRCA1/2 pathogenic mutation status were eligible.
Each patient should have been regarded as a good
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candidate for active palliative systemic treatment at
time of enrollment, and those who with terminal cancer
were deemed unsuitable for further systemic treatment
due to any reason were excluded.

Peripheral blood was drawn prospectively, and
gBRCA1/2 mutational status were determined in a
central laboratory by next-generation sequencing (NGS)
using an NGeneBio BRCAaccuTest (PLUS), irre-
spective of existing local germline BRCA mutation
(gBRCAm) test results. All gBRCA1/2m variants were
classified as pathogenic or likely pathogenic (delete-
rious gBRCAI and/or gBRCA2 mutation; genetic
variant suspected deleterious), benign or likely benign
(wild-type; genetic variant favoring polymorphism; no
mutation/deleterious mutation detected), or genetic
variant of uncertain significance. All gBRCA1/2 vari-
ants were classified for pathogenicity according to the
American College of Medical Genetics and Genomics
(ACMG) standards and guidelines. Clinical evidence for
variant interpretation was sourced from ClinVar,
ENIGMA, and the Korean Hereditary Breast Cancer
(KOHBRA) study. The databases used for population
frequency annotation were gnomAD (release 2.1.1),
Korean Variant Archive (KOVA), Korean Reference
Genome Database (KRGDB) (phase 2).

Archival tumor specimens available from either a
primary or metastatic tumor were obtained from a
subset of patients when possible to test for somatic
BRCA1/2 mutations, PALB2, homologous recombina-
tion deficiency (HRD) gene mutations, and other co-
mutations based on SOLIDaccuTest HRD platform.
The evaluated HRD genes included ATR, BARDI,
BLM, BRIP1, CHEK2, EMSY, ERCCI, FANCA,
FANCD2, FANCF, FANCI, FANCM, MAD2L2, MRE11,
NBN, RAD50, RAD51, RAD51B, RAD51C, RAD51D,
RBBP8, SLFN11, TP53BP1, XRCC1, XRCC5, and
XRCCo6.

Clinical data, including patient demographics and
disease characteristics, medical history, treatment his-
tory, type of current and subsequent treatment, and
treatment outcome including survival were retrospec-
tively and prospectively collected from a review of
medical records. Risk factors for gBRCA1/2 PVs,
including a history of bilateral BC, a family history of
BC or ovarian cancer in first-or second-degree relatives,
and age at first diagnosis of BC were also collected.

This study was approved by the institutional review
board at Samsung Medical Center (approval number
2019-06-027-001), at each participating site (Appendix p.6)
and the Korean Cancer Study Group (KCSG-BR19-10).
Written informed consent was obtained from each
patient prior to enrollment.

The primary objective was to assess the prevalence
of gBRCA PVs in unselected Korean patients with
HER2-negative MBC. Secondary objectives were the
prevalence of each gBRCA1 and gBRCA2 PV according
to tumor subtype (HER2-negative or TNBC) and other
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clinical characteristics, treatment patterns by line of
therapy at metastatic setting, clinical outcomes
including distant metastases-free survival (DMFS) from
the first diagnosis, PFS by line of therapy, and overall
survival (OS) according to gBRCA pathogenic mutation
status and tumor subtype.

We assumed that the annual number of patients
with HER-negative unresectable/metastatic BC in Ko-
rea is approximately 20,000. To estimate the prevalence
of gBRCA1/2 pathogenic mutations in this population
with a 95% CI and 4% of margin error, a sample size of
537 patients was needed.

The full analysis set (FAS) comprised all enrolled,
eligible patients who were tested for gBRCA1/2. The
prevalence of gBRCAI/2 PVs was defined as the
number of patients who had gBRCA1/2 pathogenic or
likely pathogenic mutations divided by the size of the
FAS. No gBRCA1/2 variants of unknown significance
were included in the pathogenic variants. The preva-
lence of gBRCA1/2 PVs according to demographic and
clinical characteristics was presented by descriptive
statistics. The CI for proportions was calculated by
binomial exact calculation.

We compared the DMFS, PFS, and OS according to
the gBRCA1/2 PV status. DMFS was defined as the
time from the date of first diagnosis of early breast
cancer to the date of first diagnosis of distant recur-
rence. PFS was defined by the line of treatment esti-
mated from the date of the first date of the treatment to
the date of disease progression or death, whichever
came first. OS was the time from the date of diagnosis
of metastatic disease to the date of death from any
cause. Survival was estimated by the Kaplan-Meier
method and compared using a log-rank test; a signifi-
cance level of <0.05 was used for the analysis. All sta-
tistical analyses were conducted using R software
version 4.3.

Role of the funding source

The funder of the study had no role in study design,
data collection, data analysis, data interpretation, or
writing of the report.

Results

Patient population

Between October 2019 and March 2022, a total of 586
Korean patients from 22 medical institutions were
screened and provided consent for study enrollment.
During screening, seven patients were excluded (3 due
to a diagnosis of HER2-positive BC; 3 due to consent
withdrawal; and 1 due to death) before undergoing any
study procedures. The gBRCA1/2 mutational status was
assessed in the remaining 579 patients; 9 were further
excluded from the final analysis for not meeting pre-
specified eligibility criteria (4 patients due to diagnosis
of stage I-III BC; 3 patients due to a diagnosis of

HER2-positive BC; 2 patients due to a diagnosis of
ovarian cancer). As a result, 570 patients with HER2-
negative MBC were included in the FAS (Fig. 1).
Patients’ characteristics are presented in Table 1.

Prevalence of gBRCA1/2 pathogenic variants

Of the 570 unselected patients with HER2-negative
MBC, 42 (7.4%; 95% confidence interval [CI], 5.4%-
9.8%) harbored a gBRCA1/2 PV (Fig. 2A). The BRCAI
PV was detected in 10 patients (1.8%; 95% CI, 0.8%—
3.2%) and BRCA2 PV was detected in 32 (5.6%; 95% CI,
3.9%-7.5%) of 570 patients. No patients had both
gBRCAI and gBRCA2 PVs. Of the 332 patients without
risk factors for HBOC, the prevalence of gBRCA1/2 PV
was 5.7% (19/332, 95% CI 3.5%-8.8%).

The overall prevalence of gBRCA1/2 PVs in TNBC
patients was 6.7% (6/89, 95% CI, 2.5%-14.1%). Among
TNBC patients, the prevalence of a gBRCA1 pathogenic
mutation was 3.4% (3/89, 95% CI, 7.0%-9.5%)., and for
gBRCA2 the prevalence was 3.4% (3/89, 95% CI, 7.0%—
9.5%). In patients with TNBC and at high risk for
gBRCA1/2 PVs as determined by the Korean Health
Insurance Review and Assessment Service guidelines,
which include an age younger than 60 years at first
TNBC diagnosis, a family history of breast cancer,
ovarian cancer, pancreatic cancer, or MBC within third-
degree relatives, a history of bilateral breast cancer,
ovarian cancer and/or pancreatic cancer, the prevalence
of a gBRCA1/2 pathogenic mutation rate was 5.7%
(4/70,95% CI, 1.6%-14.0%) overall. For gBRCAIm, the
rate was 4.3% (3/70, 95% CI 0%-12.0%) and for
gBRCA2m 1.4% (1/70, 95% CI 0%-7.7%). In 19 pa-
tients with TNBC who do not have a high risk factor for
gBRCA1/2 PVs and are not indicated for a gBRCA1/2
test under Korean insurance system, the prevalence of
gBRCA1/2 PV variants was 10.5% (2/19, 95% CI, 1.3%-—
33.1%) overall; both patients had gBRCA2 PVs.

In 481 patients with HR-positive, HER2-negative
MBC, the overall prevalence of gBRCA1/2 PVs was
7.5% (36/481, 95% CI, 5.3%-10.2%), for gBRCA1 it was
1.5% (7/481, 95% CI, 0.6%-3.0%) and for gBRCA2
6.0% (29/481, 95% CI, 4.1%-8.5%). In patients with
high-risk features (males those, aged younger than 40
years at first diagnosis, a family history of BC, ovarian
cancer, pancreatic cancer, or metastatic prostate cancer
within third-degree relatives, or a history of BC, ovarian
cancer and/or pancreatic cancer), the prevalence of
gBRCA1/2 PVs was 11.3% (19/168, 95% CI, 7.0%—
17.1%) overall; for gBRCA1 it was 3.0% (5/168, 95% CI,
1.0%—6.8%) and for gBRCA2 8.3% (14/168, 95% CI,
4.6%-13.6%). In 313 patients with HR-positive, HER2-
negative subtypes who do not have high risk factors for
gBRCA1/2 pathogenic variants and were not eligible for
gBRCA1/2 test reimbursement by the Korean insur-
ance system, the prevalence of gBRCA1/2 PVs was
5.4% (17/313, 95% CI, 3.2%-8.6%) overall; gBRCA1
0.6%(2/313) and gBRCA2 4.8% (15/313), respectively.
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586 patients were enrolled

Screening failure in 7 patients
3 patients: HER2-positive breast cancer
3 patients : consent withdrawal
1 patient : death before blood sampling

Peripheral blood was drawn
in 579 patients

9 patients were excluded from final analysis
4 patients : stage I-lll
3 patients: HER2-positive breast cancer
2 patients : ovarian cancer

570 patients with stage IV
HERZ2-neg breast cancer
were included in final
analysis

Fig. 1: Consort diagram.

The prevalence of gBRCA1/2 PVs was higher when the
patient was diagnosed with BC at a younger age.
The overall prevalence was 12.8% (13/102; gBRCAI,
2.9%, 3/102 and gBRCA2, 9.8%, 10/102) in those diag-
nosed with BC at before 40 years of age, 7.5% (16/213;
gBRCA1, 1.4%, 3/213 and gBRCA2, 6.1%,13/213) in
those in their 40s, 5.7% (10/174; gBRCA1, 2.3%,4/174
and gBRCA2, 3.5%,6/174) in those in their 50s, and
4.9% (4/81; all gBRCA2) in patients diagnosed with BC
who were older than 60 (Fig. 2B).

The median age at first diagnosis of BC was 43
[interquartile range(IQR), 37-42] and 42 (IQR, 39-51)
years in patients with gBRCAI and gBRCA2 PVs,
respectively, and younger than 48 (IQR, 42-55) years old
in patients without gBRCA1/2 PVs. The prevalence of
premenopausal BC at first diagnosis, the presence of a
family history of relevant cancer, and history of bilateral
BC were higher in patients with gBRCA1/2 PVs. The
frequency of TNBC was higher in patients with gBRCA1
PVs, and the patient group with gBRCA2 PVs was
enriched with HR-positive, HER2-negative subtypes.
Baseline patients’ characteristics are presented in Table 1.

Details of detected gBRCA1/2 pathogenic variants
Among 10 detected gBRCA1 PVs, four were single-
nucleotide variations (SNVs) and four were frameshift
indel mutations. Loss of copy number was suggested in
four patients by NGS and two were finally confirmed.
One patient had copy number loss in exon 1-13 and the
other in exon 8-12. Variants of unknown significance
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in gBRCA1 were detected in 25 patients. Twenty-three
types of gBRCA2 PVs were detected in 32 patients; 21
were SNVs and 14 were frameshift indel mutations.
Variants of unknown significance in gBRCA1 were
detected in 45 patients. Detailed mapping of gBRCA1/
2 PVs is presented in Table 2.

Assessment of somatic gBRCA1/2 mutation
Archival tumor tissue for analysis of somatic mutation
was obtained from 114 patients out of 570 patients in the
FAS; 11 were excluded because of quality control failure.
Among 103 patients who underwent NGS of a tumor, 8
with gBRCA1/2 PVs had same somatic BRCA1/2 mu-
tations, among which somatic BRCA2 ¢.1399A>T was
classified as a tier 3 mutation. Two patients had a tier 1
somatic BRCA1 mutation without a gBRCA1/2 muta-
tion. PALB2 somatic mutations were detected in five
patients; one was tier 2 and four were tier 3.

Clinical outcome according to gBRCA1/2
pathogenic variants

With 71 (IQR 38-125) months of median follow-up of
survival from first diagnosis, the median OS was 115.0
months (95% CI 95.5-134.5) in patients with HR-positive,
HER2-negagtive subtype and 60. Months (95% CI
26.5-93.5) in patients with TNBC (Appendix p.2). OS was
numerically longer in patients without a gBRCA1/2 PV in
patients with HR+/HER2— BC (median OS, 119 [95% CI
98.6-139.4 vs. 65 [95% CI 33.4-96.6] months, P = 0.083)
and in patients with TNBC (median OS, 60 [95% CI
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gBRCA1 PV N = 10 gBRCA2 PV N = 32 No gBRCA PV N = 528
Sex
Female 10 100% 32 100% 525 99%
Male 0 0% 0 0% 3 1%
Age at first diagnosis of breast cancer
Median (IQR) 43 (37-52) 42 (39-51) 48 (42-55)
Age at enrollment
Median (IQR) 50 (41-60) 48 (41-56) 54 (49-62)
Menopausal status at first diagnosis of BC
Post 1 10% 6 19% 195 37%
Pre 9 90% 24 75% 291 55%
Unknown 0 0% 2 6% 39 7%
Family history of relevant cancer
Yes 4 40% 6 19% 43 8%
No 6 60% 25 78% 471 89%
Unknown 0 1 3% 14 3%
Laterality of BC
Bilateral 2 20% 3 9% 24 5%
Unilateral 8 80% 28 88% 503 95%
Unknown 0 1 3% 1 0%
History of prior ovarian cancer
Yes 0 0% 0 0% 9 2%
No 10 100% 32 100% 514 97%
Unknown 0 0 4
De novo stage IV
De novo stage IV 1 10% 14 44% 161 30%
Recurrent 9 90% 18 56% 367 70%
Subtype
HR+/HER2- 7 70% 29 91% 443 84%
TNBC 3 30% 3 9% 83 16%
Multiple primary 0 0 2 0%
Table 1: Patient characteristics by gBRCA1/2 pathogenic variants status.

23.4-96.6] months vs. 17 [95% CI 12.1-21.9] months,
P =0.11) (Appendix p.3). Regarding DMFS, there was no
statistical difference according to gBRCA1/2 PV (53.5
[95% CI 47.0-60.0] months vs. 49.6 [95% CI 15.3-83.9]
months with gBRCA1/2 PV in HR+/HER2- BC,
P =0.16; 20.2 [95% CI 17.0-23.4] months vs. 16.0 [95% CI
11.7-20.3Jmonths with gBRCA1/2 PV in TNBC, P = 0.33)
(Appendix p.4).

Among 443 patients with HR-positive, HER2-
negative BC, 80% (n = 280) received CDK4/6 inhibitors
plus endocrine treatment in the first line; the median
PFS in patients with gBRCAI1 PVs was significantly
shorter (2.6[95% CI 1.7-3.6] months) than in those with
gBRCA2 PVs (24.6[95% CI 17.8-31.4] months) or
without a gBRCA1/2 PVs (median PFS, 22.5 [95% CI
21.0-28.1] months, P < 0.0001) (Appendix p.5). Median
follow-up duration from the diagnosis of MBC was 35
(IQR 21-59) months.

Discussion
In the present study, the overall prevalence of gBRCA1/
2 PVs in an unselected Korean patients with HER2-

negative MBC was 7.4% (42/570,95% CI, 5.4%-9.8%),
which is within the reported range of 1.2%-9.7% in
previous studies of gBRCA1/2 PVs in unselected
HER2-negative MBC."**?

In Korea, as of September 2024, gBRCA1/2 tests for
female patients with BC are approved and reimbursed
only for those with a family history of relevant cancer
within third-degree relatives, diagnosis of BC at
younger than 60 years old (in the case of TNBC) or than
40 years old (in other subtypes), bilateral BC, or a his-
tory of ovarian cancer or pancreatic cancer, while the
European Society for Medical Oncology (ESMO) and
the National Comprehensive Cancer Network recom-
mend a gBRCA1/2 test for every patient with HER2-
negative MBC regardless of risk factors for HBOC. In
our study, the prevalence of gBRCA1/2 PVs among
patients with HER2-negative MBC without these risk
factors was 10.5%(2/19) in TNBC patients and 5.4%(17/
313) in those with HR-positive, HER2-negative BC. In
the BREAKOUT study, the gBRCA1/2m prevalence was
5.8% in patients without any risk factors.”” Considering
the current Korean reimbursement guidelines and the
results of this study, the prevalence of gBRCA1/2 PVs
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= gggxlz TNBC High risk : age at diagnosis<60, family history of relevant cancer, or bilateral breast cancer
BRCA2 HR+/HER2- High risk : age at diagnosis<40, family history of relevant cancer, or bilateral breast cancer
Definition of high risk was determined according to the Korean reimbursement guideline.
B
14.0%
12.0%
10.0%
8.0%
6.0%
4.0%
2.0%
0.0%
Age 30’s 40’s 50’s 260
gBRCA2 9.8% 6.1% 3.5% 4.9%
(10/102) (13/213) (6/174) (4/81)
gBRCA1 2.9% 1.4% 2.3% 0
(3/102) (3/213) (4/174)

Fig. 2: Prevalence of gBRCA1/2 pathogenic variants in unselected Korean patients with HER2-negative metastatic breast cancer. A. Overall
prevalence and prevalence by subtype and high risk factors (blue, gBRCA1/2 PV; orange, gBRCA1; yellow, gBRCA2; the definition of high risk
was determined according to the Korean reimbursement guideline; TNBC high risk was defined as age at diagnosis <60 years, family history
of relevant cancer, or bilateral breast cancer; HR+/HER2- high risk was defined as age at diagnosis <40 years, family history of relevant cancer,
or bilateral breast cancer). B. Prevalence by age at initial diagnosis of breast cancer (blue, gBRCA1 PV; green, gBRCA2 PV).

in patients with HER2-negative MBC is likely being
underestimated, both in TNBC and in HR-positive,
HER2-negative subtypes. Assessment of gBRCAI1/2
status is increasingly important, especially for those
with HER2-negative BC, as they are candidates for
PARP-inhibitor treatment, genetic counseling, and
surveillance. Olaparib and talazoparib have shown sta-
tistically improved PFS compared with physician’s
choice treatment for HER2-negative MBC in a phase 3
trial, respectively.** In Korea, a gBRCA1/2 test by
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Sanger sequencing is reimbursed and approved only for
BC patients with high-risk features for gBRCA1/2 PVs,
which is contrary to global guideline’s recommenda-
tions that gBRCA mutation status should be assessed in
every case of HER2-negative MBC, to identify candi-
dates for PARP-inhibitor therapy. In this study we
identified a subset of patients without high risk factors
who have gBRCA1/2 PVs and who are prone to being
neglected in clinics despite the possible potential

benefit from PARP

inhibitors.

Expansion of
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Exon/ HGVS nomenclature- HGVS nomenclature-  Effect Number
intron  cDNA level Protein Change

BRCA1 6 c.390C>A p-Tyr130Ter stop_gained 1
10 c.3020del p-Ser1007Ter frameshift 1
10 €.2048del p-Lys683SerfsTer18 frameshift 1
10 c.3627dup p.Glu1210ArgfsTer9 frameshift 1
14 c.4676-2A>C = splice_acceptor&intron 1
16 ¢.5030_5033del p-Thr1677llefsTer2 frameshift 1
17 ¢.5080G>T p-Glu1694Ter stop_gained 1
21 €.5339T>C p-Leu1780Pro missense 1
Exon/ HGVS nomenclature- HGVS nomenclature- Effect Number
intron  ¢DNA level Protein Change

BRCA2 2 c3G>A Start lost 1

5 C475+1G>T Splice_donor&intron 1
10 ¢.1888dup p-Thr630AsnfsTer6 frameshift 1
10 c1399A>T p.Lys467Ter stop_gained 4
10 ¢.1796_1800del p.Ser599Ter Frameshift 1
11 c.3744_3747del p.Ser1248ArgfsTer10 Frameshift 1
11 €.4829_4830del p-Val1610GlyfsTer4 Frameshift 1
1 €.2798_2799del p-Thr933ArgfsTer2 Frameshift 2
11 €.2983G>T p.Gly995Ter stop_gained 1
11 ¢.3195_3198del p.Asn1066LeufsTer10 Frameshift 1
11 €.2912T>G p.Leug71Ter stopfgained 1
11 ¢.5576_5579del p-lle1859LysfsTer3 Frameshift 1
11 €.3744_3747del p.Ser1248ArgfsTer10 Frameshift 1
11 ¢.5576_5579del p.lle1859LysfsTer3 Frameshift 1
11 c.4471_4474del p.Leu1491LysfsTer12 Frameshift 1
11 c.5344C>T p.GIn1782Ter frameshift 1
13 €.6952C>T p-Arg2318Ter stop_gained 2
15 c.7480C>T p-Arg2494Ter stop_gained 4
18 ¢.8009C>T p.Ser2670Leu missense 1
20 c.8572del p.GIn2858AsnfsTers frameshift 1
22 c.8909G>A p-Trp2970Ter stop_gained 1
23 c.8991T>G p-Tyr2997Ter stop_gained 2
23 €.9105T>G p-Tyr3035Ter stop_gained 1
23 c.9076CT p.GIn3026Ter stop_gained 1
stop_gained
25 c.9431del p.Ser3144LeufsTer19 frameshift 2
frameshift
Table 2: Details of detected gBRCA1/2 pathogenic variants.

reimbursement and approval of gBRCA1/2 tests should
be considered for this population in Korea. Although
the prevalence of gBRCA1/2 PVs in patients with HR-
positive, HER2-negative MBC without high-risk fac-
tors for gBRCA1/2 PVs was only 5.4%, the absolute
number of patients with HR-positive, HER2-negative
MBC without high-risk factors is not small. A more
active gBRCA1/2 screening strategy should therefore
reveal a larger number of gBRCA1/2 PV carriers. In our
study, 19 out of 42 patients with an identified gBRCA1/
2 PV did not meet the Korean reimbursement criteria
for the gBRCA1/2 test, and screening in the unselected
population nearly doubled the identified number of
patients with a gBRCA1/2 PV.

In this study, we conducted a somatic mutation test
using a multigene panel on 114 patients. We found that

2 patients without gBRCA PVs had somatic BRCA
(sBRCA) PVs, while 5 patients exhibited PALB2 muta-
tions. Recent studies have shown that PARP inhibitors
are effective in patients with sSBRCA or PALB2 muta-
tions.”*** Based on this, recent ESMO NGS guidelines
recommend testing for these genes in MBC using an
ESMO Scale for Clinical Actionability of molecular
Targets (ESCAT) score of IIB.” Our findings suggest
that somatic testing for HRD genes using NGS may be
valuable in Korean patients. All 7 patients with gBRCA
PVs showed the same BRCA mutation in somatic tests.
This indicates that somatic multigene sequencing could
serve as an alternative diagnostic tool for gBRCA in
patients who cannot undergo germline testing due to
local reimbursement issues in Korea, underscoring the
importance of somatic NGS testing, including for
HRD-related genes in MBC management.

The gBRCA2 mutation is associated with poor out-
comes in HR-positive, HER2-negative BC.”** In BRCA
carriers, prognosis of HR-positive BC was not superior
to that of HR-negative tumors.”* In our study, the
gBRCAI mutation was associated with worse outcomes
with CDK4/6-inhibitor treatment. Although our sample
size is very small, requiring cautious interpretation,
similar findings have been reported in previous
studies®** Safonov et al. reported that HRD promotes
RB1 loss-of-function mutations, causing resistance to
CDK4/6 inhibitors.”

A major limitation in this study is its cross-sectional
nature, despite enrolling patients prospectively. The
eligible patients were not limited to newly diagnosed
cases and included all patients with metastatic HER2-
negative BC receiving palliative systemic treatment. Se-
lection bias was therefore inevitable as patients with long-
term survival after diagnosis of metastatic disease were
enriched in this study. This selection bias and small size
influenced the suwvival results, warranting cautious
interpretation. The median survival of this study was
much longer than the median survival time of the general
population with same subtype. The exact prevalence of
gBRCA1/2 PVs may be influenced by this selection bias if
mutational status was associated with prognosis. A sec-
ond limitation is the selection bias from the reimburse-
ment policy of gBRCA1/2 tests in Korea, which changed
during the study period. Patients were enrolled during
October 2019 and March 2022. On June 2020, reim-
bursement for gBRCA1/2 mutation testing was expanded
to patients with TNBC diagnosed at the age of 40-60
years old. The investigators were not obligated to enroll
every consecutive patient with HER2-negative metastatic
cancer, and patients without known gBRCA1/2 results
would have tended to be enrolled more. Due to the
expanded reimbursement, TNBC patients with a known
gBRCA1/2 status may have been enrolled less often in
the current study, resulting in fewer TNBC patients and a
lower estimated prevalence of gBRCAI PVs. The pro-
portion of HR-positive, HER2-negative BC patients in this
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study is higher than that in the general population, and
gBRCA1 pathogenic mutation were found in only 10
patients. The relatively higher incidence (2 of 10 patients)
experiencing copy number loss in gBRCA1 in this study
reflected selection bias, particularly regarding TNBC
patients.

Our study demonstrated the size of the current un-
derestimation of gBRCA1/2 PVs in unselected Korean
patients with HER2-negative MBC, and particularly in
patients not a high risk of being an gBRCA1/2 PV
carrier. An active screening strategy in unselected
HER2-negative MBC and expanded reimbursement
policy should therefore be pursued to avoid missing a
potential candidate for systemic treatment with PARP
inhibitors. An exact role of HRD gene mutations,
including BRCA1/2, as biomarkers of endocrine treat-
ment outcomes, and the underlying mechanism be-
tween HRD and endocrine resistance should be
investigated further.
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