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Gastric cancer is the fifth most common cancer worldwide and 
the most common tumor in Korea [1,2]. Many patients with 
gastric cancer require chemotherapy, and platinum-based che-
motherapy is one of the widely used regimens [3-7]. Although 
many combinations of cytotoxic chemotherapy have been devel-
oped, none of them could achieve satisfactory clinical outcomes. 
Thus, many molecularly targeted therapies have been tested; how-
ever, the efficacy of those drugs was quite limited in gastric can-
cer, except for anti-ERBB2 therapies [1-8].

The BReast CAncer (BRCA) gene performs a homology-di-
rected repair, which is one of the repair systems for double-strand 
DNA breaks [9]. Thus, pathogenic or likely pathogenic BRCA1 

or BRCA2 mutations (p-BRCA) lead to homologous recombi-
nation deficiency (HRD). Patients with ovarian cancers showing 
HRD respond to platinum-based chemotherapy or poly(ADP-
ribose) polymerase (PARP) inhibitors through synthetic lethality 
action [10]. The association between HRD and responsiveness 
to platinum-based chemotherapy or PARP inhibitors has been 
reported in several tumor types, namely, ovary, prostate, pancreas, 
and breast cancers [11,12]. For other tumor types, the clinical 
significance of HRD is poorly understood. 

Even if gastric cancer is the most common cancer among germ-
line p-BRCA mutation carriers [13], the significance of germline 
p-BRCA mutations in this context is also poorly investigated. 
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Furthermore, the clinical significance of somatic p-BRCA mu-
tations in gastric cancer is poorly understood, which is probably 
because the zygosity of p-BRCA mutations was not considered 
in most previous studies and gastric cancer is a heterogeneous 
disease in which four distinct molecular subtypes have been re-
ported [12,14,15]. To solve this issue, we analyzed next-genera-
tion sequencing (NGS) data focusing on the presence of p-BR-
CA mutations and their zygosity in conjunction with the degree 
of chromosomal instability (CIN) and microsatellite instability 
(MSI) status. Then, we investigated whether the presence of 
p-BRCA mutations is associated with responsiveness to plati-
num-based chemotherapy in the context of molecular subtypes.

MATERIALS AND METHODS

Case selection and mutation analysis

Overall, 1,820 patients who were pathologically diagnosed 
with adenocarcinoma of the stomach and underwent clinical NGS 
of the tumor tissues between January 2017 and July 2022 were 
initially included. Among them, 65 patients with gastric adeno-
carcinoma harboring p-BRCA mutations were identified (Fig. 1). 
The functional effects of BRCA1 or BRCA2 mutations were pre-
dicted using the BRCA mutation database of the Department 
of Pathology, University of Utah (https://arup.utah.edu/database/
BRCA/) (Supplementary Table S1). For BRCA wild-type cases, 
301 of 1,751 patients with BRCA wild-type tumors were ran-
domly selected. The MSI status was determined by our validated 

NGS as described previously [16]. Ambiguous cases were con-
firmed by immunohistochemistry of MLH1, MSH2, MSH6, 
and PMS2. Finally, Epstein-Barr virus (EBV) in situ hybridiza-
tion results were reviewed, when available. 

 
NGS analysis

The NGS study was performed using our clinically validated 
OncoPanel AMC v4.3 panel, which is a DNA-based hybrid cap-
ture targeted gene panel using the NextSeq 550Dx Sequencing 
System (Illumina, San Diego, CA, USA) as described previously 
[16]. Briefly, this panel was approximately 1.2 Mbp with 33524 
probes targeting 382 genes, including entire exons of 199 genes, 
184 hot spots, and partial introns for eight genes often rear-
ranged in cancer. For DNA extraction, the tumor area was mac-
rodissected from formalin-fixed, paraffin-embedded tissue blocks 
to achieve > 20% tumor purity. Sequenced reads were processed 
and variants were called as described previously [17]; briefly, se-
quenced reads were processed by GATK (ver.4.2.6.1) pipeline, 
and variant calling was performed using VarDict (ver. 1.6). Com-
mon and germline variants from somatic variant candidates were 
filtered out with the common dbSNP build 141 (found in > 1% 
of samples), Exome Aggregation Consortium release 0.3.1 (http://
exac.broadinstitute.org), and Korean Reference Genome database 
(http://152.99.75.168/KRGDB) and an in-house panel of nor-
mal variants except BRCA1 and BRCA2.

Two pathologists manually reviewed NGS data to remove 
false positives or false negatives and curated functional effects of 
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Fig. 1. Patient selection process. CTx, platinum-based chemotherapy; EBV ISH, Epstein-Barr virus in situ hybridization stain; MSI, microsat-
ellite instability; MSI-H, high microsatellite instability; MSS, microsatellite stable; p-BRCA mutation, pathogenic or likely pathogenic BRCA1 or 
BRCA2 gene mutation; RECIST, modified Response Evaluation Criteria in Solid Tumors.
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annotated BRCA1 or BRCA2 mutations. All detected single nu-
cleotide variant and Indel types, including synonymous and non-
synonymous mutations in all exonic regions and splice sites, were 
used to calculate tumor mutation burden (TMB) [18].

 
Copy number analysis

Copy number burden was calculated by the fraction of copy 
number altered regions across the human genome. The copy 
number altered regions were detected using CNVkit [19] with 
default parameters without normal tissue. Then, we classified 
tumors into CN-high (CIN) and CN-low (genomically stable) 
based on the relative copy number burden within EBV-negative/
microsatellite stable (MSS) tumors. Briefly, we first sorted EBV-
negative/MSS tumors in ascending order according to copy num-
ber burden, and then tumors with more than 25 percentile values 
were classified as CN-high tumors. This method was based on 
the previously published the Cancer Genome Atlas (TCGA) data 
where the frequency of the CN-high tumors was 72% while that 
of the CN-low (genomically stable) tumors was 28%, respec-
tively, among the EBV-negative/MSS tumors [15].

 
Inference of the zygosity of p-BRCA mutations 

Because BRCA1 and BRCA2 are tumor suppressors, complete 
loss of protein function might be biologically important. Thus, 
the zygosity of p-BRCA mutations or the loss of heterozygosity 
(LOH) of the p-BRCA–mutant allele in tumor tissues was nec-
essary. To achieve this, tumor purity information was re-estimat-
ed through an analysis of variant allelic fraction (VAF) patterns of 
the detected variants rather than through pathologists’ estima-
tion, as described previously [20] with slight modification. Brief-
ly, truncal mutations were carefully chosen. Truncal mutations 
are well-known oncogenes that are usually heterozygous. How-
ever, such oncogenes undergo LOH or mutant allele amplifica-
tion on some occasions because of tumor-specific biology or se-
lective pressure. Thus, we also considered local copy-number 
profiles and re-reviewed tumor slides from which DNA had been 
extracted. 

As a simplified model, if the truncal mutation is heterozygous 
(or LOH–), tumor purity (T) would be two times of VAF (V): 
T = 2V. If the truncal mutation is biallelic (or LOH+), tumor 
purity (T) would be equal to VAF (V): T = V. Based on the calcu-
lated tumor purity, the zygosity of p-BRCA mutations could be 
determined.

If the reported VAF of the p-BRCA mutation was T/2, such 
a mutation was thought to be heterozygous (or LOH–). If it was 
the same as T, the p-BRCA mutation was thought to be biallelic 

(or LOH+). If the reported VAF of the p-BRCA mutation was 
similar to T+(1–T)/2, the p-BRCA mutation was suggested to 
be a germline plus somatic LOH. The distinction between bial-
lelic somatic and germline with or without LOH was not always 
possible. Thus, we grouped biallelic somatic and germline with 
or without LOH into the biallelic (or LOH+) category. 

 
Evaluation of response to platinum-based chemotherapy

To evaluate responsiveness to platinum-based chemotherapy, 
we further selected 40 patients with BRCA-mutated gastric can-
cer and 150 with BRCA wild-type gastric cancer who underwent 
more than 3 cycles of platinum-based palliative chemotherapy 
and had valid response evaluation data (Fig. 1). Response to plati-
num-based chemotherapy was evaluated according to the modi-
fied Response Evaluation Criteria in Solid Tumors (RECIST ver. 
1.1) [21]. When multiple combinations of chemotherapy were 
given, the initial response to the first platinum-based chemo-
therapy was used.

 
Statistics

Chi-square test and Wilcoxon signed-rank test were performed 
for pairwise comparisons. For nonparametric analysis between 
groups and variants, the Kruskal-Wallis test was used. The Ka-
plan-Meier method was performed for survival analyses, and the 
Mantel-Cox log-rank test was used to evaluate whether certain 
factors affect survival. p-values of < .05 were considered statisti-
cally significant. All statistical analyses and data visualizations 
were performed using IBM SPSS Statistics ver. 28.0.1 (IBM 
Corp., Armonk, NY, USA) and R-Studio using R ver. 4.2.2 
(RStudio, Boston, MA, USA).

 
RESULTS

The presence of p-BRCA mutation is not associated with 
platinum chemotherapy response in gastric carcinoma 
when LOH of the p-BRCA mutant allele is not taken into 
consideration

Most clinicopathological variables for chemotherapy response 
were comparable between p-BRCA–mutant cases and BRCA 
wild-type cases (Table 1). Owing to the low prevalence of p-BR-
CA mutations, the finally selected patients were heterogeneous 
in terms of initial staging, treatment, and follow-up method. 
When zygosity of the p-BRCA mutations was not taken into 
consideration, the presence of p-BRCA mutations was not asso-
ciated with responsiveness to platinum-based chemotherapy 
(p = .833) (Supplementary Table S2). In addition, overall survival 
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and progression-free survival were not affected by the presence 
of p-BRCA mutations (log-rank test, p = .341, and p = .596, re-
spectively) (Fig. 2).

LOH of the p-BRCA mutant allele is an important predictor 
of responsiveness to platinum-based chemotherapy in 
gastric carcinoma 

We hypothesized that biallelic p-BRCA mutations may result 
in the complete loss of BRCA protein function and hence may 
show a stronger association with responsiveness to platinum-
based chemotherapy. Indeed, patients with gastric cancer harbor-
ing p-BRCA mutations accompanied by LOH showed a clear 
positive correlation with better responsiveness to platinum-based 
chemotherapy (relative risk, 1.74; 95% confidence interval, 1.136 
to 1.531; p = .001) (Table 2). Notably, all gastric cancers show-
ing p-BRCA mutations plus LOH showed objective responses. 
On multivariate analysis, MSI status, EBV in situ hybridization 
positivity, ERBB2 status, age, and sex were not associated with 

platinum-based chemotherapy (data not shown). In contrast to 
the initial response to platinum-based chemotherapy, overall and 
progression-free survivals were not different according to the 
LOH of the p-BRCA mutant allele (Fig. 2). 

The simultaneous p-BRCA mutation and LOH of the mutant 
allele is associated with increased copy number burden 
and CIN molecular subtype

Based on the association with responsiveness to platinum-
based chemotherapy, we hypothesized that gastric cancers har-
boring p-BRCA mutation and LOH of the mutant allele might 
be associated with HRD and might be a good candidate for PARP 
inhibitor therapy. Approximately 40% of the p-BRCA mutations 
were accompanied by the LOH (Fig. 3A). Positions of observed 
mutations were scattered throughout the entire exonic area with-
out any striking hotspot as usual tumor suppressors (Fig. 3B). 
VAFs were significantly higher in LOH+ group as expected (Fig. 
3C). Genomic landscape of the included patients was generally 
consistent with the previously published large scale sequencing 
studies with TP53 mutations being most frequent followed by 
ARID1A and CDH1 mutations (Fig. 4A) [15,22]. The relative-
ly frequent BRCA2 mutations were due to selection bias related 
to study design and BRCA2 mutations were far more frequent 
than BRCA1 mutations. Interestingly, all p-BRCA mutations, 
that were accompanied by LOH, were found in MSS tumors, 
while the vast majority of the p-BRCA mutations without LOH 
were in MSI-high (MSI-H) tumors (p < .001) (Fig. 4B). Genetic 
alterations involving homologous recombination (HR)–related 
genes other than the BRCA1 and BRCA2 were observed in 117 
samples (32%) but they did not show mutual exclusivity from 
those of BRCA1 and BRCA2 alterations (Supplementary Fig. S1).

 Next, we focused on the copy number burden, namely, rela-
tive genomic regions showing copy number alterations of both 
loss and gain because it may serve as a surrogate for HRD score. 
Indeed, gastric cancers harboring p-BRCA mutations showed a 
higher copy number burden than those without p-BRCA muta-
tions (p = .029) (Fig. 5A). Furthermore, within p-BRCA mutated 
tumors, tumors with concomitant LOH of the mutant allele 
were associated with a higher copy number burden than those 
without LOH (p = .041) (Fig. 5A). Then, when we classified 
cases with all required data, such as MSI status, EBV in situ hy-
bridization result, and relative copy number burden, into the 
previously published four molecular subtypes, all gastric cancers 
harboring p-BRCA mutations with LOH belonged to CIN sub-
type while those harboring p-BRCA mutations without LOH 
were highly enriched in MSI-H subtype (Table 3) [15]. For TMB, 

Table 1. Clinicopathological features of 366 patients with gastric 
cancer and complete NGS data

Variable
p-BRCA mutation

p-valueYes
(n = 65)

No 
(n = 301)

Age (mean) 61.3 58.5 .213
Sex .047
   Male 51 (78.3) 198 (65.7)
   Female 14 (21.7) 103 (34.3)
Initial stage .401
   I 8 (11.6) 13 (4.4) 
   II 5 (8.7) 33 (10.8)
   III 14 (23.2) 82 (26.9)
   IV 38 (56.5) 173 (57.9)
ERBB2 IHC positivity 2 (3.1) 40 (13.3) .019
Resectable at the time of diagnosis 27 (43.5) 129 (42.4) .845
Recurrence/metastasis after surgery 16 (30.3) 97 (32.7) .228
Histologic diagnosis .076
   Adenocarcinoma, NOS 52 (80.0) 240 (79.7)
    Signet ring cell/poorly cohesive  

  carcinoma
6 (9.2) 50 (16.6)

   Mucinous adenocarcinoma 1 (1.5) 4 (1.3)
    Medullary carcinoma with lymphoid  

  stroma
2 (3.1) 3 (1.0)

   Other special variants 4 (6.2) 4 (1.3)
Lauren classification .114
   Intestinal 20 (30.8) 93 (30.9)
   Diffuse 12 (18.5) 68 (22.6)
   Mixed 2 (3.1) 62 (20.6)
   Indeterminate 31 (47.7) 78 (25.9)

Values are presented as number (%) unless otherwise indicated.
NGS, next-generation sequencing; p-BRCA mutation, pathogenic or likely 
pathogenic BRCA1 or BRCA2 gene mutation; IHC, immunohistochemistry; 
NOS, not otherwise specified.
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MSI-H subtype showed a higher TMB as expected, and p-BRCA 
mutated tumors showed a trend toward higher TMB than non-
mutated tumors within MSS tumors (Fig. 5B). The representa-
tive copy number plots were depicted in Fig. 5C.

DISCUSSION

In this study, we showed that gastric cancer harboring p-BRCA 
mutations and LOH of the mutant allele is highly enriched in 
CIN molecular subtype and is associated with platinum-based 
chemotherapy. Although we could not directly evaluate HRD 
score and responsiveness to PARP inhibition, our findings sug-
gest that patients with gastric cancer harboring biallelic p-BRCA 

mutations constitute a distinct, genetically defined subgroup that 
shows HRD phenotype and, hence might be a potential candi-
date for PARP inhibitor therapy. Considering the fact that mo-
lecularly targeted therapies are pretty limited in gastric cancer, 
our findings shed light on potential PARP inhibitor therapy for 
patients with gastric cancer harboring biallelic p-BRCA muta-
tions. In addition, the absence of improvement in progression-
free survival by platinum-based chemotherapy implies that the 
PARP inhibitor therapy would be tried in an adjuvant setting 
rather than initially metastatic disease like high-grade serous 
carcinoma.

In terms of selecting patients who would benefit from PARP 
inhibitor therapy, the most validated criterion is the presence of 

Fig. 2. Survival rate according to the p-BRCA mutation status. (A) The presence of p-BRCA mutations is not associated with overall survival 
regardless of LOH of the mutant allele. (B) The presence of p-BRCA mutations is not associated with progression-free survival regardless of 
LOH of the mutant allele. LOH−, no loss of heterozygosity of p-BRCA mutation; LOH+, loss of heterozygosity of p-BRCA mutation; p-BRCA 
mutation, pathogenic or likely pathogenic BRCA1 or BRCA2 gene mutation.
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p-BRCA mutations. However, it has not been clearly defined 
whether the p-BRCA mutations should be accompanied by the 
LOH of the mutant allele. We found that the biological signifi-
cance of p-BRCA mutation differs depending on the general ge-
nomic context. Patients with gastric cancer harboring p-BRCA 
mutations and LOH of the mutant allele showed a clear positive 
correlation with responsiveness to platinum-based chemotherapy, 
while those with gastric cancer harboring heterozygous p-BRCA 

mutations were more like those with BRCA wild-type tumors. 
Furthermore, the vast majority of the heterozygous p-BRCA 
mutations were found in microsatellite-unstable tumors, and all 
p-BRCA mutations found in MSI-H gastric cancers were hetero-
zygous. It can be explained by the biological characteristics of the 
MSI-H tumors that frameshift insertion or deletion mutations 
rapidly accumulate during tumor evolution, and those “passen-
ger” p-BRCA mutations may hit quite large BRCA1 or BRCA2 
genes [23]. As such, most p-BRCA mutations in MSI-H gastric 
cancers are just passengers that are not associated with the HRD 
phenotype. Finally, concomitant LOH of the p-BRCA mutant 
allele represents selection pressure toward HRD and may lead to 
complete loss of BRCA protein function and HRD phenotype. 
Indeed, the strong association between responsiveness to plati-
num-based chemotherapy and p-BRCA mutation plus LOH re-
mained significant within the MSS subgroup (p = .005) (Sup-
plementary Table S3).

Although inference of zygosity was done according to the 
methods described previously [20], it can be sometimes inaccu-
rate because of inherent limitations of tumor-only sequencing. 

Table 2. Response to platinum-based chemotherapy according to 
p-BRCA mutation in the tumor tissue 

Response
p-BRCA mutations and LOH status

p-value
LOH+ LOH– Wild

Complete response 1 (6.3) 1 (4.2) 5 (3.3) .001a

Partial response 15 (93.8) 8 (33.3) 86 (57.3)
Stable disease 0 12 (50.0) 52 (34.7)
Progressive disease 0 3 (12.5) 7 (4.7)
Total 16 24 150

Values are presented as number (%).
p-BRCA mutation, pathogenic or likely pathogenic BRCA1 or BRCA2 gene 
mutation; LOH, loss of heterozygosity.
aKruskal-Wallis test.
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Fig. 3. Details of p-BRCA mutations. (A) Among the p-BRCA mutations detected in gastric cancers of 65 patients, 39% show loss of het-
erozygosity of the mutant allele (LOH+). (B) The detected p-BRCA mutations are scattered throughout the entire exonic area without major 
hotspots. (C) The variant allelic fractions of p-BRCA mutations with loss of heterozygosity are significantly higher than those of p-BRCA mu-
tations without LOH (p < .001). p-BRCA mutation, pathogenic or likely pathogenic BRCA1 or BRCA2 gene mutation.
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Therefore, whole exome sequencing on matched tumor-normal 
pairs might be required for more accurate inference.

To further define molecular subgroups that can serve as a tar-
get population for HR-targeted therapies, we tried to classify our 
cases into the previously published four molecular subtypes [15] 
and found that gastric cancers harboring p-BRCA mutations plus 
LOH are exclusively CIN subtypes. Thus, we propose that poten-
tial targets for HR-targeted therapies should be screened in the 
CIN subtype of gastric cancers. During the assignment of mo-
lecular subtypes, we assumed that our study population is simi-
lar to that of the TCGA project rather than performing unsu-
pervised clustering. We admit that our assumption may not be 
true because our sample set has a profound selection bias due to 
the case-control study design. External validation using indepen-
dent sample sets with complete multi-omics and chemotherapy 
response data might be necessary to overcome this limitation. In 
addition, we could not directly measure HRD score for various 
reasons, and we used relative copy number burden as a surrogate 
marker. This may be a fundamental limitation because not all 
aneuploidies are associated with the HRD phenotype. Further-
more, we chose responsiveness to platinum-based chemotherapy 
as a clinical outcome because no patient has received PARP in-
hibitor therapy. To overcome those limitations, further studies 
involving direct measurement of HRD score or randomized clini-
cal trials of PARP inhibitor therapies in genomically defined pa-
tient populations are needed.

Because our study population has a selection bias and poten-
tial confounders, the prognostic significance is hard to determine. 

In a multivariate analysis including tumor stage, p-BRCA mu-
tation, MSI status, ERBB2 status, and age as covariates, only tu-
mor stage was independently associated with overall survival (data 
not shown). Notably, the p-BRCA mutation status plus LOH 
did not affect progression-free survival despite its association with 
good responses to platinum-based chemotherapy. Based on this 
observation, we propose that the efficacy of platinum-based che-
motherapy in gastric cancer harboring biallelic p-BRCA muta-
tions may be limited in the presence of measurable disease and 
that the potential use of PARP inhibition should be considered 
in an adjuvant setting after curative resection like high-grade se-
rous carcinoma [24]. 

Because gastric carcinomas with p-BRCA mutation plus LOH 
are relatively infrequent, an efficient way of patient selection is 
needed. Our data suggest that potential candidates for PARP in-
hibitor therapy should be searched in the CIN subtype of gastric 
cancer because all gastric cancers harboring p-BRCA mutation 
and LOH of the mutant allele were exclusively found in the CIN 
subtype. However, identification of the CIN subtype is not easy 
in routine clinical practice. In this sense, the identification of 
histologic characteristics of those tumors might be helpful. Al-
though we could not clearly define morphologic characteristics 
of gastric carcinomas with p-BRCA mutation plus LOH, those 
tumors tended to have an expansile tumor border, central ne-
crosis, peri-tumoral Crohn-like lymphoid aggregates, and solid, 
cribriform, or papillary patterns (Supplementary Fig. S2). An ar-
tificial intelligence-based approach on a larger cohort may pro-
vide useful tools for the identification of those cases on a mor-
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Fig. 4. Genomic landscape of selected gastric cancer samples. (A) The most frequently mutated genes include TP53, ARID1A, and CDH1. 
BRCA2 mutations are far more frequent than BRCA1 mutations. (B) All gastric cancers harboring p-BRCA mutations plus LOH of the mutant 
allele are MSS while most cases harboring heterozygous p-BRCA mutations are MSI-H. p-BRCA mutation, pathogenic or likely pathogenic 
BRCA1 or BRCA2 gene mutation; LOH, loss of heterozygosity; MSS, microsatellite stable; MSI-H, high microsatellite instability; TMB, tumor 
mutation burden.
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phologic basis.  
Taken together, patients with gastric cancer harboring p-BR-

CA mutations plus LOH of the mutant allele were associated 
with a good initial response to platinum-based chemotherapy, 
and such patients might be effectively identified by screening 
gastric cancers of CIN molecular subtype. Because responsiveness 
to platinum-based chemotherapy are known to be associated with 
HRD and responsiveness to PARP inhibitors, further investiga-
tions for HRD in gastric cancer tissue through validated methods 
and randomized clinical trials involving PARP inhibitors are 
warranted in the future.
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Fig. 5. Comparison of copy number and tumor mutation burden. (A) Copy number alteration fraction is significantly higher in p-BRCA mutat-
ed group than in BRCA wild-type group. Within p-BRCA mutated group, concomitant LOH is associated with a higher copy number burden. 
(B) Tumor mutation burden is different depending on p-BRCA mutation and MSI status (Kruskal-Wallis test, p = 3.6e-12). Microsatellite-un-
stable tumors (MSI-H) are associated with high tumor mutation burdens. Within MSS subgroup, the p-BRCA mutated groups (MSS/LOH+ 
and MSS/LOH−) are associated with higher tumor mutation burdens than the BRCA wild-type group (Wild) (p = .003 each). The tumor muta-
tion burden is not different according to LOH of the p-BRCA mutant allele (p = .910). (C) Representative copy number plots for tumors with 
high or low copy number burden are shown. Gastric cancer sample harboring a p-BRCA mutation and a high copy number burden (left) 
shows multiple segments with copy number gains or losses (indicated by red bars) while the BRCA wild-type tumor (right) does not. p-BR-
CA mutation, pathogenic or likely pathogenic BRCA1 or BRCA2 gene mutation; LOH, loss of heterozygosity; MSI-H, high microsatellite in-
stability; MSS, microsatellite stable.

Table 3. Response to platinum-based chemotherapy according to 
p-BRCA mutation in the tumor tissue 

Response
p-BRCA mutations and LOH status

p-value
LOH+ LOH– Wild

Complete response 1 (6.3) 1 (4.2) 5 (3.3) .001a

Partial response 15 (93.8) 8 (33.3) 86 (57.3)
Stable disease 0 12 (50.0) 52 (34.7)
Progressive disease 0 3 (12.5) 7 (4.7)
Total 16 24 150

Values are presented as number (%).
p-BRCA mutation, pathogenic or likely pathogenic BRCA1 or BRCA2 gene 
mutation; LOH, loss of heterozygosity.
aKruskal-Wallis test.
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