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Multigene germline and somatic testing
for epithelial ovarian cancer in China
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This study investigated BRCA1/2 and homologous recombination repair (HR) pathway gene variants
in Chinese epithelial ovarian cancer (EOC) patients. Germline and somatic variants in 21 HR-related
genes were analyzed in 229 patients using a 21-gene ovarian panel and in 141 patients using a 508-
gene pan-cancer panel. BRCA1, BRCA2, and HR-related gene mutation rates were 17.9%, 3.5%, and
23.1%, respectively, with TP53 as the most frequent somatic mutation (66.4%). Combined germline
and somatic BRCA1/2 mutation rates rose to 23.6 and 6.1%. Survival analysis (n = 200) demonstrated
longer overall survival (OS) in patients carrying BRCA1/2 or HR mutations. Notably, strategies
including likely pathogenic (LP) and variants of uncertain significance (VUS) showed improved OS,
especially in BRCA2 and BRCA1/2 somatic carriers. These findings suggest that integrating germline,
somatic, and VUS data enhances survival prediction and guides treatment decisions in Chinese EOC

patients.

Ovarian cancer (OC) is one of the leading causes of female cancer world-
wide. According to GLOBOCAN 2020, there were 313,959 new cases and
207,252 deaths globally. In China, the incidence of OC has shown a stable
increase from approximately 52,100 cases in 2015 to 57,090 cases in 2022,
with an alarming rise in death cases from about 22,500 in 2015 to 39,306 in
2022, OC exhibits the highest mortality rate among female cancers, with a
5-year survival rate of only 38.9%".

Epithelial ovarian cancer (EOC) represents the majority (approxi-
mately 60%) of OC cases’, with about 22-25% of EOC attributed to the
inheritance of germline mutations in cancer predisposing genes™'’. Ovarian
cancer predisposing genes include BRCAI, BRCA2, other homologous
recombination repair (HR) genes'', mismatch repair (MMR) genes', and
ovarian cancer-related tumor suppressor genes such as TP53". Guidelines
from the National Comprehensive Cancer Network (NCCN) emphasize the
importance of screening high-risk populations for OC and BC (breast

cancer) predisposition genes, as this provides carriers with opportunities to
reduce their OC and BC risks'*". Individuals high or moderate penetrance
mutations in BRCAI, BRCA2, or other HR genes should consider clinical
interventions such as regular physical examinations, mammograms or MRI
scans, and risk-reducing surgeries such as risk-reducing salpingo-oophor-
ectomy (RRSO)'’. Furthermore, patients with ovarian cancer who carry
mutations in BRCAI/2 or other HR-related genes can potentially benefit
from platinum-based agents and PARP inhibitors based on genetic testing
results” . BRCA1/2 genes have also demonstrated value in prognosis
prediction, as several studies suggest that BRCA1/2 carriers may experience
longer survival times™.

There is a considerable diversity of mutations in BRCAI, BRCA2,
and other genes observed in different populations, indicating the need
for comprehensive studies worldwide’*****°. While germline mutation
spectrum studies have been conducted in Chinese populations, the
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Table 1 | Clinicopathological characteristics of the EOC
patients

Characteristics 508 genes panel

cohort (N =141)

21 genes panel
cohort (N =229)

Age
Median (IQR), years

Distribution, no. (%)

54.0 (48.0, 62.0) 55.0 (48.0, 62.0)

<50 42 (29.8) 72 (31.4)
>50 99 (70.2) 157 (68.6)
Histology, no. (%)
Serous 125 (88.7) 200 (87.3)
HGSC 122 (86.5) 194 (84.7)
LGSC 3(@2.1) 6(2.6)
Clear cell 7 (5.0) 13 (5.7)
Endometrioid 4(2.8) 7(3.1)
Mucinous 1(0.7) 3(1.3)
Other® 4(2.8) 6(2.6)
FIGO stage, no. (%)
| 12 (8.5) 219.2)
I 19 (13.5) 27 (11.8)
n 90 (63.8) 148 (64.6)
1\ 20 (14.2) 33 (14.4)
Cancer site, no. (%)
Ovary 128 (90.8) 214 (93.4)
Fallopian tube 8(5.7) 9(3.9)
Peritoneum 5 (3.5) 6 (2.6)
Disease status at panel testing, no. (%)
Primary 126 (89.4) 201 (87.8)
Recurrent 15(10.6) 28 (12.2)
Response to platinum-based chemotherapy, no./total no. (%)
Sensitive 117/139 (84.2) 190/227 (83.7)
Resistant 20/139 (14.4) 30/227 (13.2)
Refractory 2/139 (1.4) 7/227 (3.1)
Initial chemotherapy with 13/74 (17.6) 17/138 (12.3)
bevacizumab—Yes, no./total
no. (%)
PARPI therapy —Yes, no./total 21/124 (16.9) 26/207 (12.6)
no. (%)
PFS status-Recurrence/ 107/140 (76.4) 183/228 (80.3)
Progression, no./total no. (%)
OS status-Death, no./total 46/140 (32.9) 83/228 (36.4)
no. (%)
Follow up-Median (IQR), years 40.5 (34.0, 49.3) 46.2 (37.2, 54.9)
Personal history of cancer—Yes, 7 (5.0) 15 (6.6)
no. (%)
Personal history of breast 2(1.4) 9 (3.9)
cancer—Yes, no. (%)
Family history of cancer—Yes, 60 (42.6) 97 (42.4)
no. (%)
Family history of cancer for 12 (8.5) 20 (8.7)

HBOC testing—Yes, no. (%)°

EOC epithelial ovarian cancer, QR interquartile range, HGSC/LGSC high/low-grade serous
carcinoma, FIGO International Federation of Gynecology and Obstetrics, PFS progression-free
survival, OS overall survival, HBOC hereditary breast and ovarian cancer.

#Other EOC histological subtypes include mixed carcinoma (508: n =2, 21: n = 3), squamous
carcinoma (21: n=1), carcinosarcoma (508: n=2,21: n=2).

°Family history of cancer for HBOC testing criteria was according to NCCN Guidelines for “Genetic/
Familial High-Risk Assessment: Breast and Ovarian, Version 1.2015”.

mutation spectrum in Chinese populations differs from that of Western
populations” . In contrast, there are relatively few reports on the somatic
mutation spectrum’".

Since deleterious mutations often indicate pathogenic or likely
pathogenic alterations, variants of uncertain significance, which are less
harmful, have received less attention’*. There remains a lack of systematic
evaluation regarding the overall impact of all HR-related gene mutations on
drug sensitivity and prognosis in EOC patients.

In this study, we present a comprehensive analysis of the germline and
somatic mutation spectra in HR-related genes in Chinese ovarian cancer
patients. Our primary objective is to explore the correlations between these
mutations, drug sensitivity, and prognosis, thereby shedding light on
potential implications for clinical management and treatment strategies.

Results

Recruitment and clinical information

A total of 229 ovarian cancer patients were recruited for this study, all of
whom underwent panel sequencing of 21 genes. Among them, 141 patients
also received panel sequencing of 508 cancer-related genes.

The median age of the patients was 55, ranging from 24 to 62 years. The
majority of patients (194, 84.7%) had the pathological subtype of High-grade
serous ovarian cancer (HGSOC), while the remaining subtypes included
Clear Cell Carcinoma (CCC), Endometrioid Carcinoma (EC), Low-grade
serous ovarian cancer (LGSOC), Mucinous Carcinoma (MC), SCC, mixed
carcinoma, and unspecific carcinoma. Approximately 21% (48/229) of the
patients were in the early stage (I or II), while 79% (181/229) were in the late
stage (IIT or IV). It is worth noting that 42.4% (97/229) of the patients had a
family history of cancer. All patients received chemotherapy, and 26 of them
also received additional PARP inhibitor treatment. Patients under follow-up
for a median time of 46.2 months (IQR, 37.2-54.9 months). A total 7 (3.1%)
patients were lost to follow-up for PFS, and 89 (39%) patients were lost to
follow-up for OS (Table 1).

Somatic mutation landscape in 141 patients

Somatic single nucleotide variants (SN'Vs) and insertions/deletions (Indels)
were detected through panel sequencing of both the 21 genes and the 508
genes panel. Among the 141 patients who underwent Oseq-T pan-cancer
panel sequencing, TP53 mutations were observed in 72% of patients, fol-
lowed by BRCA I mutations in 11% of patients, BRCA2 mutations in 6% of
patients, and PIK3CA mutations in 10% of patients (Supplementary
Fig. 2A). Within the PIK3CA mutations, specific mutations such as
p-E542K, p.E545K, and p.H1047R were detected in 2, 2, and 3 patients,
respectively (Supplementary Fig. 2B). Additionally, mutations in ARIDIA
(7% of patients) and NFI (5% of patients) were also identified.

In our cohort of 229 patients, a significant proportion (23.6%, 54/229)
exhibited the presence of germline pathogenic or likely pathogenic variants
in 21 genes, while 29.7% (68/229) carried variants of uncertain significance
(VUS). Specifically, 17.9% of patients carried BRCAI mutations, 3.5% car-
ried BRCA2 mutations, and 23.1% carried mutations in HR-related genes
(Fig. 1A, G). Among these genes, a total of 56 mutations were identified, with
BRCA1I (73.2%,41), BRCA2 (14.3%, 8), and PALB2 (3.6%, 2) being the most
prevalent (Fig. 1A). Furthermore, 98.2% (55/56) of the mutations were
harbored in homologous recombination repair (HR) genes, while 1.8%
(1/56) occurred in STK11 (Fig. 1B). The main mutation types observed in
BRCA1 and BRCA2 were both frameshift mutations (Fig. 1C).

Regarding somatic mutations, 66.4% of patients carried pathogenic or
likely pathogenic level mutations (Tier I and II). Among the 207 somatic
mutations identified, 73.9% (153) were deleterious mutations in TP53, 6.3%
(13) in BRCAI, and 3.4% (7) in BRCA2 (Fig. 1D). Additionally, 8.7% (18) of
the deleterious mutations were found in other HR-related genes (Fig. 1E).
The main mutation type observed in TP53 was missense mutations (Fig. 1F).

By considering both germline and somatic pathogenic or likely
pathogenic variants, the carrier rates of deleterious BRCAI and BRCA2
mutations increased to 23.6% and 6.1%, respectively. Moreover, 35.4% of
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Fig. 1| Deleterious variant type and frequency in EOC patients. A Distribution of
pathogenicity of germline mutation carriers. B Distribution of genes with germline
deleterious mutations. C Distribution of mutation types of BRCAI and BRCA2.

D Distribution of pathogenicity of somatic mutation carriers. E Distribution of genes

with deleterious somatic mutations. F Distribution of mutation types of TP53 and
BRCAI. G proportion of germline, somatic, and germline + somatic mutation
carriers in genes, HRo refers to HR-related genes other than BRCAI and BRCA2.

patients carried at least one germline/somatic deleterious variants in HR-
related genes (Fig. 1G).

Ovarian cancer susceptibility gene and prognosis

To assess the clinical significance of variants of uncertain significance
(VUS), we implemented two distinct classification strategies. The
initial approach, referred to as “LP+” classification, involved cate-
gorizing carriers with germline pathogenic or likely pathogenic var-
iants and somatic Tier I/II variants as having deleterious mutations,
while the remaining patients were classified as non-pathogenic. The
second strategy, known as “VUS+” classification, expanded upon the
LP+ classification by including germline VUS and somatic Tier III
variants as additional deleterious mutations. Carriers were assigned
to the mutation group (Mut, means VUS+/Tier III+), while non-
carriers were classified as the wildtype group (WT) (Supplementary
Table 4).

Survival analyses were conducted in 200 patients with primary epi-
thelial ovarian cancer (EOC) who had complete follow-up and covariate
information. Only genes or gene sets with mutation frequencies greater than
2% were analyzed (Supplementary Table 4). Univariate analysis revealed
that under the LP+ grouping strategy, patients with deleterious mutations
in BRCAI/2 and HR-related genes (somatic + germline) exhibited pro-
longed overall survival (OS) (Fig. 2A for HR, Supplementary Fig. 3A for
BRCA1/2, p-value: 0.016,0.027), and a similar but non-significant trend was
observed in progression-free survival (PFS) (Fig. 2D for HR, Supplementary
Fig. 3B for BRCA1/2, p-value: 0.071, 0.16) compared to non-carriers. In the
VUS+ grouping strategy, carriers of HR related genes (Fig. 2B), BRCA2
(Supplementary Fig. 3C) and BRCA1/2 (Fig. 2C) deleterious mutations
(somatic + germline) demonstrated extended OS (p-value: 0.002, 0.018,
and 0.006, respectively) compared to non-carriers. A similar trend was
observed in PFS, although the log-rank test did not reach statistical sig-
nificance (Fig. 2E for HR, Supplementary Fig. 3D for BRCA2 and Fig. 2F for
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Fig. 2 | OS and PFS by mutation status. Five-year Kaplan-Meier curve for OS and
PFS in EOC patients stratified by A, D germline 4 somatic mutation carriers of HR
genes under LP+ strategy, B, E germline + somatic mutation carriers of HR genes
under VUS+- strategy, and C, F germline + somatic mutation carriers of BRCA1/2

genes under VUS+- strategy. The p values were calculated with the log-rank test. WT
wild-type (including no variants, benign and likely benign variants), LP+ likely
pathogenic and pathogenic variants. VUS+, LP+, and VUS variants. Tier IT+, class I
and IT somatic variants, Tier III+, class I, II, and III somatic variants.

BRCA1/2, p-value: 0.099, 0.1, and 0.41, respectively). Notably, carriers of
somatic BRCA1/2 mutations exhibited significantly longer OS than non-
carriers (Supplementary Fig. 3E, p-value: 0.047). However, BRCAI muta-
tions did not significantly impact survival time in terms of OS or PFS under
either classification strategy.

Subsequently, we conducted multivariate survival analysis, adjusting
for age, histology, and FIGO stage. In both the LP+ and VUS+ groups,
carriers of germline + somatic HR-related mutations demonstrated pro-
longed OS (Fig. 3A; LP+: p-value = 0.005, VUS+: p-value < 0.001) and PFS
(Fig. 3B; LP+: p-value = 0.018, VUS+: p-value = 0.009). Moreover, germ-
line 4 somatic BRCA1/2 carriers exhibited extended OS (Fig. 3A; LP+: p-
value =0.011, VUS+: p-value =0.002). Notably, the hazard ratio for
BRCA1/2 and HR-related mutation carriers appeared lower in the VUS+
group compared to the LP+ group, a trend that warrants confirmation in
independent studies (Fig. 3). For BRCA1/2, the hazard ratio of OS was 0.46
(95% CI: 0.25-0.84) in the LP+ group and 0.41 (95% CI: 0.24-0.72) in the
VUS+ group. For HR, the hazard ratio of OS was 0.46 (95% CI: 0.26-0.79)
in the LP+ group and 0.43 (95% CI: 0.26-0.70) in the VUS+ group. The
hazard ratio of PFS was 0.66 (95% CI: 0.47-0.93) in the LP+ group and 0.65
(95% CI: 0.47-0.90) in the VUS4 group.

Notably, only in the VUS+ group, carriers with germline + somatic
BRCA2 or somatic BRCA1/2 mutations demonstrated a significant pro-
tective effect on OS (Fig. 3A). The hazard ratio of germline + somatic

BRCA2 was 0.27 (95% CI: 0.08-0.85, p-value: 0.026), and for somatic
BRCA1/2, it was 0.30 (95% CI: 0.09-0.96, p-value: 0.042). Carriers with
germline + somatic ATM exhibited a protective effect on PES, with a hazard
ratio of 0.54 (95% CI: 0.030-1.00, p-value: 0.049), while CDH1I and STK11
showed a hazard effect on PFS (Fig. 3B). The hazard ratio of CDHI was 3.53
(95% CI: 1.42-8.77, p-value: 0.007), and for STK11, it was 3.11 (95% CIL:
1.17-8.22, p-value: 0.022). Additionally, it can be observed that germ-
line 4 somatic mutation carriers of HR-related genes without BRCA1/2 in
the VUS4 group displayed a narrower 95% CI range compared to the LP+
group in terms of overall survival (Fig. 3A; 95% CI: 0.30-1.02 vs. 0.25-1.69,
p-value: 0.057 vs. 0.372) and progression-free survival (Fig. 3B; 95% CI:
0.42-0.89 vs. 0.33-1.21, p-value: 0.011 vs. 0.165).

BRCAness mutation and drug sensitivity
We assessed the response rates of patients who underwent platinum-based
chemotherapy, comparing mutation carriers to non-carriers. Two patients
without information on drug response were excluded from the analysis. Out
of the 227 patients included, 190 showed sensitivity to platinum-based
chemotherapy, while 37 exhibited resistance or refractory response.
Under the LP+ grouping strategy, carriers of germline pathogenic
variants in HR-related genes demonstrated a significant association with
drug response (p-value: 0.029). However, the somatic status of these genes
alone did not show a correlation with chemotherapy response. Nevertheless,
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Fig. 3 | Forest plot of multivariate Cox regression with BRCA1, BRCA2, and other
HR related gene mutation status. Forest plot of hazard ratios for A OS and B PFS
associated with LP+ (blue) and VUS+ (red) mutations across individual genes and
gene sets. The Cox model was adjusted for age at diagnosis, FIGO stage, and

histological subtype. Non-carriers served as the reference group. Hazard ratios are
shown with 95% confidence intervals. CI confidence interval, *** p <0.001; * 0.01 <
p<0.05 p <0.1.

when germline and somatic pathogenic variants were combined, we
observed a significant association between deleterious mutations in BRCA1/
2and HR-related genes and a better treatment response (p-values: 0.015 and
0.004, respectively) (Table 2).

In the VUS+ classification, germline carriers of BRCAI and BRCA1/2,
as well as germline + somatic carriers of BRCA1, BRCA2, and BRCAI1/2

mutations, showed a significant correlation with a better treatment response
(p-values: 0.044 and 0.006 for germline mutations, 0.018, 0.026, and 0.001
for germline and somatic mutations). Notably, within the VUS+ grouping,
20 carriers of BRCAI/2 VUS were sensitive to platinum-based che-
motherapy, while none of the VUS carriers exhibited resistance. HR-related
somatic and germline + somatic carriers also exhibited a significant
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Table 2 | Effects of different classification of BRCA1/2 and all HR genes mutation on chemotherapy response

Genes Chemosensitivity p-value Chemosensitivity p-value
Sensitive, N =190 n (%) Non-sensitivet, N = 37 n (%) Sensitive, N =190 n (%) Non-sensitive, N = 37 n (%)
Germline LP+ VUS+
BRCAT1 38 (20.0) 3(8.1) 0.137 47 (24.7) 3(8.1) 0.044
BRCA2 8(4.2) 0(0.0 0.433 18(9.5) 0(0.0) 0.106
BRCAT1/2 45 (23.7) 3(8.1) 0.057 61 (32.1) 3(8.1) 0.006
HRo 6(3.2) 0(0.0) 0.593 40 (21.1) 9(24.3) 0.823
HR 50 (26.3) 3(8.1) 0.029 90 (47.4) 12 (32.4) 0.136
non-HR 0(0.0 1@2.7) 0.163 30 (15.8) 9(24.3) 0.307
Somatic
BRCA1 12 (6.3) 1@.7) 0.632 13(6.8) 12.7) 0.559
BRCA2 6(3.2) 0(0.0 0.593 10 (56.3) 0(0.0) 0.322
BRCA1/2 17 (8.9) 1@.7) 0.340 21 (11.1) 12.7) 0.205
HRo 15(7.9) 1@.7) 0.437 23 (12.1) 12.7) 0.159
HR 30 (15.8) 2(5.4) 0.161 40 (21.1) 2(5.4) 0.044
non-HR 131 (68.9) 23 (62.2) 0.538 131 (68.9) 24 (64.9) 0.768
Somatic + Germline
BRCA1 50 (26.3) 4(10.8) 0.069 60 (31.6) 4(10.8) 0.018
BRCA2 14 (7.4) 0(0.0) 0.183 28 (14.7) 0(0.0) 0.026
BRCA1/2 61 (32.1) 4(10.8) 0.015 80 (42.1) 4(10.8) 0.001
HRo 20 (10.5) 1@.7) 0.233 56 (29.5) 10 (27.0) 0.919
HR 76 (40.0) 5(13.5) 0.004 116 (61.1) 13(35.1) 0.006
non-HR 131 (68.9) 23 (62.2) 0.538 141 (74.2) 28 (75.7) 1.000

P-values were calculated using either the Chi-square test or Fisher’s exact test, depending on the expected cell counts. Degrees of freedom are based on 2 x 2 contingency tables. All tests were two-sided.

tNon-sensitive means patients with platinum-resistant or -refractory EOC.
Bold values identify statistical significance (p < 0.05).

association with a better response (p-value: 0.044 for somatic mutation,
0.006 for germline and somatic variants). In this context, the VUS+ clas-
sification identified 42 HR-related VUS carriers who showed sensitivity to
platinum-based chemotherapy, while introducing 8 carriers who exhibited
resistance (Table 2).

We further conducted a similar analysis among patients who received
treatment with the PARP inhibitor Niraparib, leading to notable observa-
tions. Within the LP+ classification, individuals harboring germline and
somatic pathogenic mutations in BRCA1, and HR genes demonstrated a
pronounced increase in sensitivity to Niraparib (p-values: 0.008 and 0.040,
respectively). Within the VUS+ classification, a significant association
between BRCA1, BRCA1/2 mutations, and drug sensitivity was observed (p-
values: 0.040, 0.041) (Supplementary Table 5).

Discussion

The landscape of ovarian cancer in our cohort differs from that reported in
the The Cancer Genome Atlas (TCGA) cohort. One significant reason for
this discrepancy is the variation in histological types between the two
cohorts. While all samples in the TCGA cohort in report were of high-grade
serous ovarian cancer (HGSOC), our cohort comprised various histological
types, with HGSOC accounting for 84.7% of cases. Notably, non-HGSOC
samples exhibited a distinct mutation landscape, particularly in the PIK3CA
gene, where 67% of mutations occurred in non-HGSOC cases compared to
33% in HGSOC. Additionally, non-HGSOC samples displayed a relatively
lower frequency of TP53 mutations.

The distribution of BRCA1/2 mutations varied across different clinical
subgroups within our cohort (Supplementary Tables 6 and 7), which
included multiple histological types of ovarian cancer. Consistent with
previous studies, the prevalence of germline BRCA1/2 mutations ranged
from 16.7 to 28.5%, while somatic mutations ranged from 4.1 to 8.7%*"**,
Our data (20.4% germline, 7.8% somatic) falls within this range. The var-
iation in overall mutation rates across studies can be attributed to the

different histological types included in each study™**, as well as dis-
crepancies in variant interpretation among laboratories”**. Comparing the
rates of mutations in HR genes is challenging as well, as there is inconsistency
in the gene lists associated with HR-related mutations.

In our study, we observed that BRCA 1/2 germline + somatic mutation
carriers exhibited an extended OS and HR germline + somatic mutation
carriers showed prolonged OS and PFS. Combining germline and somatic
mutation information demonstrated improved predictive power compared
to using germline or somatic mutations alone. HR-related mutations
showed similar or even superior predictive ability compared to BRCAI/2
mutations. Mutations have better protective or worse hazard effect under
VUS+ grouping than LP+ grouping. However, it is important to note that
the relationship between BRCA1/2 mutations and survival outcomes in
ovarian cancer is complex. Studies have reported that BRCA1/2 mutation
carriers exhibit longer progression-free survival (PFS)”, or improved overall
survival (0S)*, or both. A meta-analysis of 23 studies indicated that BRCA1
mutations are associated with improved OS but not PFS, while BRCA2
mutations do not significantly impact OS or PFS*. Another study con-
ducted in Korea found no difference in OS or PFS between BRCA mutation
carriers and non-carriers, while BRCA2 mutation carriers had longer PFS*,
Factors such as histological type, treatment protocols, and variant inter-
pretation, which were not consistently reported in some studies, can sig-
nificantly influence survival predictions.

A key aspect of our study is the inclusion of VUS. According to the
American College of Medical Genetics and Genomics (ACMG)*', VUS
refers to variants with a 6-95% likelihood of being harmful. Previous studies
treated VUS carriers similarly to carriers of benign variants. However, our
results demonstrate that VUS in BRCA1/2 play a significant role in prog-
nosis and the prediction of platinum-based drug sensitivity. This dis-
crepancy can be attributed to the advancements made in the interpretation
of BRCA1/2 variants in recent years. Inter-laboratory comparison studies
conducted in 2016 revealed a 5% discrepancy in interpretation for all
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BRCA1/2 mutations™, whereas a 2020 interpretation comparison in China
demonstrated an interpretation accuracy of 99.97% for leading
laboratories™.

The prognostic significance of BRCA mutations in platinum-based
therapy has been reported in several clinical trials*’. Our data corrobo-
rates the effects of these mutations in a real-world setting. While the
presence of somatic BRCAI/2 mutations alone did not reach statistical
significance in predicting chemotherapy response, considering both
germline and somatic mutations together demonstrated superior per-
formance. Mutations in HR-related genes also served as predictive
markers in chemotherapy. Although they have been reported as prog-
nostic markers in PARP inhibitor treatment, we lacked sufficient carriers
in our dataset for validation.

Finally, we acknowledge that p-values reported in our
mutation—clinical association and survival analyses were not adjusted for
multiple testing. Given the exploratory aim of the study and the limited
mutation frequencies in several genes, we prioritized sensitivity to uncover
potentially relevant associations. Nonetheless, this increases the possibility
of false-positive results, and our findings should be interpreted with
appropriate caution.

In conclusion, we observed that carriers of HR-related gene mutations
exhibited longer OS and PFS compared to non-carriers. Specifically,
BRCA1/2 mutation carriers showed prolonged OS compared to non-
carriers. Notably, BRCA2 mutation carriers had longer OS only when
variants of uncertain significance (VUS) were taken into consideration.
Furthermore, the combination of germline and somatic variants of BRCAI,
BRCA1/2,and other HR-related genes significantly improved the prediction
ability for prognosis and drug sensitivity in chemotherapy. The presence of
VUS in BRCA1/2 gene influenced both survival prediction and che-
motherapy sensitivity. Importantly, considering both germline and somatic
variants together enhanced the prediction ability for chemotherapy
response and PARP inhibitor therapy.

Methods

Ethics approval and patient recruitment

Prior to participation, all patients provided informed consent after being
fully informed about the study. The study was conducted in accordance with
ethical principles and guidelines. A total of 1411 ovarian cancer patients
were recruited for this study during February 24, 2017 and December 31,
2018. After excluding 1182 patients based on our criteria, a total of 229
patients were included for analysis. (Supplementary Fig. 1). These patients
received standard treatment and underwent genetic testing. Clinical infor-
mation, including age, pathological subtype, stage, tumor size and site, and
family history, was collected for analysis (Supplementary Table 1). The
Institutional Review Board of Peking Union Medical College Hospital
approved this study (No. HS-1245 and No. HS-1474). The registration
numbers are NCT03015376 and NCT03294343 (clinicaltrials.gov, regis-
tered on January 10, 2017 and on September 27, 2017, respectively). The
data the first patient was enrolled was February 24, 2017. The Chinese
Human Genetic Resources Management Office of the National Ministry of
Science and Technology approved this study (Registration no.: [2017] 1901,
http://www.most.gov.cn/bszn/new/rlyc/jgcx/index.htm). This study was
conducted in accordance with the principles of the Declaration of Helsinki.
Consents for publication have been obtained from all patients.

Treatment and pathological evaluation

Patients were diagnosed with epithelial ovarian cancer (EOC) through core
needle biopsy, laparoscopic biopsy, or debulking surgeries. Debulking sur-
geries, consisting of primary or interval surgeries combined with platinum-
based chemotherapy, were performed following established guidelines'.
Sensitivity to platinum-based chemotherapy was determined based on the
following criteria: sensitive or resistant, indicating recurrence beyond or
within 6 months after the completion of standard chemotherapy, respec-
tively; refractory, indicating recurrence within 4 weeks after the completion
of standard chemotherapy or disease progression during the chemotherapy

duration. Follow-up was conducted until March 1, 2022, with recurrence
and/or progression defined as the appearance of new lesions confirmed by
imaging evaluation or histology, or increased tumor markers as identified by
physicians. Mortality information was obtained from case reports and/or
death certificates.

A centralized pathological evaluation was conducted by two inde-
pendent pathologists to ensure consistency in the assessment of histological
subtypes and modification of International Federation of Gynecology and
Obstetrics (FIGO) stages. The analysis of drug sensitivity and survival
outcomes specifically focused on high-grade serous carcinoma (HGSC) and
clear cell/endometrioid subtypes, as different histological types are char-
acterized by distinct mutational spectra® .

Sample preparation and sequencing

DNA extraction from ovarian cancer tissue and blood samples of patients
was performed using the Qiagen DNA Mini Kit (Qiagen, Hilden,
Germany)*™. The DNA quantity and integrity were assessed using the
Qubit Fluorometer (Life Technologies). Qualified DNA samples were
subjected to capture-based targeted sequencing using the QseqT ovarian
cancer panel (21 genes) or the OseqT pan-cancer panel (508 genes), fol-
lowed by library construction for the BGISEQ-500 platform. Each sample
generated sequencing data with an average sequencing depth of over 500x
and target region coverage exceeding 99%.

Variants calling and data interpretation

The sequencing reads were filtered using SOAPnuke 1.5 and aligned to the
hg19 reference genome using BWA 0.7.12. Germline and somatic variants
were called using GATK 3.4 following the GATK best practice. Single
nucleotide variants (SNVs) were called using GATK Unified Genotyper,
while indels were called using GATK Haplotype. All variants were filtered
based on: quality depth >100x; mapping quality (MQ) > 5; no significant
strand bias (Fisher’s exact test, p > 0.05); and read position >7 bp from
fragment ends.

Variant classification

Variants were annotated using ANNOVAR. The focus of variant inter-
pretation was on 21 genes, including 11 homologous recombination repair
(HR) related genes (ATM, BARDI, BRCAI1, BRCA2, BRIPI, CHEK2,
MREIIA, NBN, PALB2, RAD50, and RAD51C), 5 mismatch repair related
genes (MLHI1, MSH2, MSH6, PMS1, and PMS2), and 5 ovarian cancer
related genes (CDHI, MUTYH, PTEN, STK11, and TP53). Germline var-
iants were classified into five categories according to the recommendations
of the American College of Medical Genetics (ACMG): pathogenic (P),
likely pathogenic (LP), variants of uncertain significance (VUS), likely
benign (LB), and benign (B). Somatic variants were classified into four
categories following the guidelines of the Association for Molecular
Pathology (AMP): tier I (variants with strong clinical significance), tier II
(variants with potential clinical significance), tier III (variants of unknown
clinical significance), and tier IV (variants deemed benign or likely benign).
To ensure consistency between germline and somatic variants, tier I, tier I,
and tier ITT were considered equivalent to P, LP, and VUS, respectively, while
tier IV corresponded to B and LB. Variants classified as P or LP were
confirmed using quantitative polymerase chain reaction (QPCR) or Sanger
sequencing. The interpretation of certain variants was updated in 2022
based on updated literature evidence. Variant details are included in Sup-
plementary Tables 2 and 3.

Statistical analysis

All statistical analyses were performed using R 3.5.1, with the use of the
following packages: “rstatix” for univariate statistical testing, “survival” for
Cox regression and Kaplan-Meier estimations, and “survminer” for survival
curve visualization and log-rank testing. The significance of the association
between mutation prevalence and clinical characteristics was assessed using
an appropriate method (Chi-square test or Fisher exact test) based on the
number of cases.
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Time-to-event endpoints included overall survival (OS) and
progression-free survival (PFS). OS was defined as the time from initiation
of first-line treatment to death from any cause. PFS was defined as the time
from treatment initiation to documented recurrence or progression.
Patients without an event were right-censored at the last follow-up or
administratively at 60 months, whichever occurred first. Follow-up time was
calculated from treatment initiation to censoring or event.

Survival probabilities were estimated using the Kaplan-Meier method
and compared using the log-rank test. Multivariable Cox proportional-
hazards models were applied to assess the association of genetic mutations
with OS and PFS. The explanatory variables included: (1) mutation status
(germline/somatic BRCA1, BRCA2, BRCA1/2 combined, HR-related
genes, non-HR-related genes), (2) age at diagnosis (continuous), (3) his-
tological subtype (serous vs non-serous), and (4) FIGO stage (I-II vs.
II-IV). These covariates were selected based on their established prognostic
relevance in epithelial ovarian cancer and the availability of complete data in
our cohort. The proportional hazards assumption was assessed and met for
all variables included in the final models. Given the limited number of
mutation-positive cases in certain FIGO and histological strata, interaction
terms (e.g., mutation x FIGO stage) were not included avoid model over-
fitting and instability; only main-effect estimates are reported.

For mutational grouping, germline and somatic variants were analyzed
independently to allow for overlapping categorization when both mutation
types were present.

Data availability
All data of this study have been contained in the supplementary files.
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