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Abstract

Objectives: We aimed to describe the behavior among Chinese ovarian cancer patients with RAD51D germline
mutations at our institution.

Methods: Next-generation sequencing (NGS) was conducted for the entire coding regions and exon/intron bounda-
ries of the RAD51D genes in 781 Chinese ovarian cancer patients treated at our institution from January 1, 2015 to
August 1, 2021. Clinicopathological characteristics, treatment modalities, and outcomes were assessed for ovarian
cancer patients with RAD51D germline mutations.

Results: RAD51D germline pathogenic mutations were detected in 1.7% (13/781) of patients in this cohort. RAD51D
€. 270_271dup (p. Lys91fs) mutation was the most common mutation which was found in 7 patients (7/13, 53.1%).
Patients median age at diagnosis was 58 years (range: 45-69years). 46.2% (6/13) of them were diagnosed after
60vyears. Only 1 patient (1/13, 7.7%) had a family history of ovarian or breast cancer. And 1 patient (1/13, 7.7%) had

a personal history of breast cancer. The FIGO 2014 distribution by stage was: stage Il in 1 patient (7.7%), stage lll in 9
patients (69.2%) and stage IV in 3 patient (23.1%). 92.3% (12/13) patients had high-grade serous carcinoma. 2 patients
(2/13, 15.4%) had a primary peritoneal cancer. The majority of patients in the entire cohort were reported to be plati-
num sensitive (92.3%, 12/13) with a platinum-free interval (PFI) of >6 months.

For patients who received PARPiIs for 2nd line maintenance treatment (n =5), 2 patients discontinued PARPis
treatment after 33.5 and 8.1 months of duration. Other 3 patients are still on therapy with a duration of 2.4, 13.8
and 30.1 months at the date of data cutoff. 1 patient received PARPI as salvage treatment with a duration of only
1.2months.

Nine patients (9/13, 69.2%) relapsed during follow up and all of them relapsed within 2 years after diagnosis, among
which 88.9% (8/9) were classified as platinum-sensitive recurrence (PSR), and only 1 patient was classified as platinum-
resistant recurrence (PRR). Median PFS for the entire cohort was 17.3 months. Median PFS for the PSR subgroup was
15.9months. 2 patients died during follow-up. The OS of these 2 patients was 17.2 and 39.6 months. The 5-year OS
rate was 67.5%.

Conclusions: RAD51D germline mutations are more frequent in Chinese ovarian cancer patients than other popu-
lation. Few patients have a family history of ovarian or breast cancer, and personal history of breast cancer. Most
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patients are diagnosed after 50years. The sensitivity to PARP inhibitors of patients with RAD51D germline mutations

need a further analysis.
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Introduction

Epithelial ovarian cancer (EOC) is a major cause of
death in women worldwide [1]. In 2016, there were
approximately 57,200 new cases of ovarian cancer diag-
nosed and 27,200 ovarian cancer deaths in China [2].

RAD51 paralogs (RAD51B, RAD51C, RAD5I1D,
XRCC2, and XRCC3) have recently been involved in
breast and ovarian cancer predisposition [3]. RAD51
family members are known to be involved in the homol-
ogous recombination and repair of DNA. RAD51D is
an ovarian cancer predisposition gene. The frequencies
of RAD51D germline pathogenic variants varies from
0.2 to 0.57% in EOC [4-13]. RAD51D has a mutation
frequency of 1.8% (5/273) in EOC in China [14].

RADS51D is a moderate ovarian cancer susceptibility
gene [5]. A recent meta-analysis of approximately 23,000
ovarian cancers ranked RAD51D as a relatively high
cancer risk gene [13]. The estimated cumulative risks of
developing tubo-ovarian carcinoma and breast cancer
to age 80years were 13% (95% CI: 7-23%) and 20% (95%
CI: 14-28%) for RAD51D pathogenic variant carriers
[12]. RAD51D mutation testing may have clinical utility
in individuals with ovarian cancer and their families [4].
RAD51D analysis should be implemented into the multi-
gene testing for high-risk ovarian cancer patients [15, 16].

RAD51D involves in homologous recombination
(HR) in the repair of double-strand breaks. The pres-
ence of germline and somatic HR mutations was
highly predictive of primary platinum sensitivity and
improved survival [17]. In addition, clinical trials have
demonstrated promising response rates among patients
receiving PARP inhibitors (PARPi), especially for
BRCA1 or BRCA2 mutation carriers [18—27]. RAD51C
and RAD51D mutations predict response to PARPis,
similar to BRCA1/2 mutations [28, 29].

Currently, given the rarity of RAD51D mutations, the
clinical characteristics and survival of RAD51D germline
mutations carriers are not fully elucidated in Chinese ovar-
ian cancer population. In the current study, we investigated
the clinical characteristics and survival of Chinese ovarian
cancer patients with RAD51D germline mutations.

Patients and methods

Patients

Eligible patients were 18years of age or older and had
diagnosed epithelial ovarian cancer, primary peritoneal
cancer, or fallopian-tube cancer. Following Institutional

Review Board approval, we performed a retrospec-
tive analysis of all patients with RAD51D germline
pathogenic mutations from January 1, 2015 to August
1, 2021 who received treatment in the Department of
Gynecological Oncology of Cancer Hospital, Chinese
Academy of Medical Sciences, National Cancer Center.
Only patients with a diagnosis of primary EOC con-
firmed by an experienced gynecologic pathologist in
our hospital were included. The patients’ full medical
records were included in this study. Clinical and path-
ologic variables, treatment modalities, and outcomes
were assessed. Stage was retrospectively assigned using
the 2014 International Federation of Gynecology and
Obstetrics (FIGO) staging classification for cancer of
the ovary, fallopian tube, and peritoneum. All methods
were performed in accordance with the relevant guide-
lines and regulations (Declaration of Helsinki).

Methods

A total of 781 Chinese women with primary ovarian
cancer treated at our institution from January 1, 2015 to
August 1, 2021 were included in our study. All patients
had genomic DNA extracted from blood samples of
sufficient quantity and quality for RAD51D mutation
analysis. Next-generation sequencing (NGS) was con-
ducted for the entire coding regions and exon/intron
boundaries of the RAD51D genes. All the testing was
done in the department of pathology of our hospital.

Statistical analyses

For the survival analyses, progression-free survival
(PES) was defined as the time from the date of diagno-
sis to the earliest date of disease progression, or death
from ovarian cancer without a recorded relapse. Over-
all survival (OS) was defined as the time from the date
of diagnosis to death for which ovarian cancer was the
primary or underlying cause. Survival was estimated
using the Kaplan—Meier product-limit method, and dif-
ferences were tested for statistical significance using the
log-rank test. Two-sided P values less than 0.05 were
considered to be statistically significant. All analyses
were performed using the SPSS Statistics 20.0 software.

Results

RAD51D germline pathogenic mutations

RAD51D germline pathogenic mutations were detected
in 1.7% (13/781) of patients in this cohort, of which 7
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(53.8%) were frameshift indels, 6 (46.2%) were nonsense
substitutions. RAD51D c. 270_271dup (p. Lys91fs) muta-
tion was found in seven patients (7/13, 53.1%; Table 1).
c. 556C>T (p. Argl86Ter) mutation was detected in
three patients (3/13, 23.1%; Table 1). Other three path-
ogenic mutations were observed once each in either
case (c.574C>T, p.GIn192Ter; ¢.757C>T, p.Arg253Ter;
c.898C> T, p.Arg300Ter; Table 1).

Clinicopathological characteristics

13 patients who carried RAD51D germline mutations
came from 13 unrelated families. Patients median age at
diagnosis was 58 years (range: 45—-69years). 46.2% (6/13)
of them were diagnosed after 60years. Only 1 patient
(1/13, 7.7%) had a family history of ovarian or breast can-
cer. And 1 patient (1/13, 7.7%) had a personal history of
breast cancer. Other 11 patients (84.6%) had no family
history of ovarian or breast cancer, and no personal his-
tory of breast cancer. Four patients (30.8%) had a family
history of pancreatic, prostate, gastric and colorectal can-
cer in relatives (Table 2).

1 patient with c. 270_271dup mutation was diagnosed
with a breast cancer at 56 years of age and an metachro-
nous ovarian cancer at 63 years.

The FIGO 2014 distribution by stage was: stage II in
1 patient (7.7%), stage III in 9 patients (69.2%) and stage
IV in 3 patient (23.1%). 92.3% (12/13) patients had high-
grade serous carcinoma. Two patients (2/13, 15.4%) had a
primary peritoneal cancer (Table 2).

Treatment

11 patients (11/13, 84.6%) received neoadjuvant chemo-
therapy. All patients received cytoreduction surgery and
12 patients (12/13, 92.3%) achieved RO/R1 resection.
All patients received paclitaxel + carboplatin regimen
chemotherapy after cytoreduction surgery. The majority
of patients in the entire cohort were reported to be plati-
num sensitive (92.3%, 12/13) with a platinum-free inter-
val (PFI) of >6 months after completing first-line therapy.

PARPis treatment
6 patients (6/13, 46.2%) received poly (adenosine diphos-
phate [ADP]-ribose) inhibitors (PARPis) treatment.
Among these patients (n=6), 83.3% (5/6) patients
received olaparib, 16.7% (1/6) patients received nira-
parib (Table 1). 83.3% (5/6), 16.7% (1/6) patients received
PARPis for first relapsed maintenance treatment, and
salvage treatment, respectively (Table 1). Three patients
discontinued PARPis treatment because of disease
progression.

For patients who received PARPis for 2nd line mainte-
nance treatment (n=>5), 2 patients discontinued PARPis
treatment after 33.5 and 8.1 months of duration. Other 3
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patients are still on therapy with a duration of 2.4, 13.8
and 30.1 months at the date of data cutoff. One patient
received PARPI as salvage treatment with a duration of
only 1.2 months (Table 1).

Two patients received two lines of PARPis treatment.
One patient received PARPil (niraparib) as 2nd main-
tenance treatment with a duration of 33.5 months. After
PARPil progression, the patient received PARPi2 (olapa-
rib £ apatinib) as subsequent salvage treatment with a
duration of 33.5months and discontinued PARPi2 treat-
ment because of the toxicity. The other patient received
PARPil (olaparib) as 2nd maintenance treatment with
a duration of 8.1 months. After PARPil progression,
the patient received cytoreduction surgery and PARPi2
(fluzoparib) as 3rd maintenance treatment with a dura-
tion of 4.9months and discontinued because of disease
progression.

Survival analysis
The median follow-up was 30.5months (range: 11.4—
89.9 months). Nine patients (9/13, 69.2%) relapsed dur-
ing follow up and all of them relapsed within 2years
after diagnosis, among which 88.9% (8/9) were classi-
fied as platinum-sensitive recurrence (PSR), and only 1
patient was classified as platinum-resistant recurrence
(PRR). Median PFS for the entire cohort was 17.3 months
(Fig. 1A). Median PFS for the PSR subgroup was
15.9 months.

Two patients died during follow-up. The OS of these
2 patients was 17.2 and 39.6 months. The 5-year OS rate
was 67.5% (Fig. 1B).

Discussion

To our knowledge, the current study is one of the larg-
est studies to report the clinical characteristics and sur-
vival of Chinese ovarian cancer patients with RAD51D
germline mutations. We found that RAD51D germline
mutations are more frequent in Chinese ovarian can-
cer patients and these patients may derive benefit from
PARPis treatment.

RADS51D is a member of the RAD51 protein family
which plays an important role in DNA damage repair. The
frequencies of RAD51D germline pathogenic mutations
varied from 0.2 to 0.57% in EOC [4—13]. The frequency
of RAD51D mutations in our study was 1.7% which was
higher than that of the reports in other studies. It’s worth
noting that the frequency of RAD51D mutations was
0.38% among a large series of unselected breast cancer
patients in the Chinese population which was also higher
than that of the reports in Caucasian women [30, 31].
The exact role of RAD51D in hereditary breast and ovar-
ian cancer may be different in Chinese and Caucasian
women. Previous study showed that RAD51D mutation
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Table 2 Clinicopathological characteristics of patients with
RAD51D mutation in the entire cohort

Clinical Characteristics RAD51D mt carriers
n %

Median age (Range), years 58 (45-69)
Age at diagnosis (year)

<50 3 23.1

50-59 4 30.8

>60 6 46.2
Family history of ovarian or breast cancer

Yes 1 7.7

No 12 923
Personal history of breast cancer

Yes 1 7.7

No 12 923
Type of surgery

Primary cytoreductive surgery 2 154

Interval cytoreductive surgery 11 84.6
FIGO stage

I 0 0.0

Il 1 7.7

Il 9 69.2

vV 3 23.1
Primary tumor location

Ovary M 84.6

Peritoneal 2 154
Tumor histopathology

High-grade serous 12 923

Clear cell 1 7.7
Postoperative residual disease status

Optimal (RO/R1) 12 92.3

Suboptimal (>R2) 1 77
Recurrence

Platinum-sensitive recurrence 8 615

Platinum-resistant recurrence 1 7.7

None 4 30.8
PARPi treatment

Olaparib 5 385

Niraparib 1 7.7

None 7 538

Abbreviations: BMI body mass index, FIGO International Federation of
Gynecology and Obstetrics

predispose to ovarian carcinoma but not to breast carci-
noma in Caucasian women [32, 33]. RAD51D may play
more important role in Chinese hereditary breast and
ovarian cancer patients.

In our large cohort of Chinese ovarian cancer patients,
RADS51D ¢.270_271dup was the most frequency patho-
genic variant, accounting for 53.8% of all RAD51D patho-
genic variants. This variant was observed in 14/18394
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chromosomes in the East Asian population according
to the Genome Aggregation Database which was rare in
Caucasian women [34]. RAD51D c. 270_271dup muta-
tion may be suspected founder mutations in our study.
However, owing to the small number of mutation carri-
ers, therefore, further studies involving more mutation
carriers are needed to confirm whether these recurrent
pathogenic variants are founder or recurrent mutations.
The RAD51D ¢.556C>T recurrent pathogenic variants
was found in 3 unrelated cases in our study. This vari-
ant was identified in one family previously, where it was
found to segregate with the phenotype across 4 family
members [4]. The variant was observed in 6/10256 chro-
mosomes in the Ashkenazi Jewish population [34].

Given the rarity of RAD51D mutations, there is lim-
ited data about the clinical characteristics and survival of
mutation carriers. RAD51D mutation carriers were more
likely to suffer from premenopausal ovarian tumors [35].
Song et al. found more mutation carriers were diagnosed
at ages 40 to 49years than noncarriers, and no mutation
carrier was diagnosed with ovarian cancer before age
40vyears [5]. Our present observations are in agreement
with these findings. The median age of ovarian cancer
diagnosis in our study was much older than others. Car-
riers of a mutation in any of the RAD51 genes were more
likely than noncarriers to have a family history of ovar-
ian cancer, although this difference was not statistically
significant [5]. However, we found only 1 patient (1/13,
7.7%) had a family history of ovarian or breast cancer. We
also found several other cancers were present in relatives,
such as pancreatic, prostate, gastic and colorectal cancer,
which was in accordance with other studies [4].

Emerging evidence showed homologous recombina-
tion (HR) is required to maintain genomic integrity in
response to DNA-damaging agents and replication stress
[36]. Similarly, RAD51D mutation carriers had a better
response to first-line platinum chemotherapy. It is worth
noting that, all patients who progressed after first line
platinum based chemotherapy relapsed within two years
after diagnosis and no patients received PARPis treat-
ment as first line maintenance. Cells deficient in RAD51D
are sensitive to treatment with a PARPi, suggesting a
possible therapeutic approach for cancers arising in
RAD51D mutation carriers [4]. Patients with mutations
in RAD51C and RAD5I1D, are extremely vulnerable to
PARP inhibition [28, 29]. Our present observation is in
agreement with these findings. Investigator-assessed
median PFS was (19.1 months [95% CI 16.3-25.7]) and
(5.5months [5.2-5.8]) respectively, for patients who
received olaparib or placebo treatment in SOLO2 [26].
In our study, patients who received PARPis for 2nd line
maintenance treatment (n=5), 2 patients progressed
after 33.5 and 8.1 months of PARPis treatment. Other 3



Yao etal. BMC Cancer  (2022) 22:1337

Page 6 of 8

1.0

= g =
P =N o0
] ] |

Progression free survival

S
%}
]

0.0 , ,

!
0.0 12.0 24.0 36.0

0.8

T T T
48.0 60.0 72.0 84.0 96.0
Time since diagnosis (months)

Overall survival

0.2

0.0 , ,

!
0.0 12.0 24.0 36.0

| |
48.0 60.0 72.0 84.0 96.0
Time since diagnosis (months)
Fig. 1 Survival analyses by the Kaplan-Meier method in the entire cohort (n=13). (A) Progression-free survival (PFS) and (B) overall survival (OS)

patients are still on therapy with a duration of 2.4, 13.8
and 30.1 months at the date of data cutoff. We draw a
preliminary conclusion that patients with RAD51D ger-
mline mutations may derive benefit from PARPis treat-
ment. However, since the mutation spectrum of RAD51D
was different in Chinese and Caucasian women, the exact
role of RAD51D in hereditary breast and ovarian cancer
should be further explored. Kondrashova et al. found
that analyses of primary and secondary mutations in

RADS51D provide evidence for these primary mutations
in conferring PARPIis sensitivity and secondary mutations
as a mechanism of acquired PARPis resistance [37]. It is
important to identify the mechanism of PARPis resist-
ant at the time of subsequent treatment to provide the
best therapeutic options going forward in patients with
RAD51D mutations.

The age at ovarian cancer diagnosis is older for women
with mutations in RAD51D, suggesting that it is safe to
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delay risk-reducing salpingo-oophorectomy (RRSO)
until age 45-50 in RAD51D mutation carriers [38]. The
National Comprehensive Cancer Network (NCCN)
guidelines for breast and ovarian cancer recommend
that RRSO should be considered beginning at age 45
to 50years in women carriers of germline variants in
RAD51D. The median age at diagnosis was 58years and
nearly half of them were diagnosed after 60years in our
study.

There are three limitations to our study. The current
study was retrospective, and the primary treatment was
not assigned at randomized. All patients in this study
came from our single center and the sample size of the
patients with RAD51D mutation was relatively small.
Therefore, caution is required when interpreting our
results. Clinicopathological characteristics, treatment
modalities, and outcomes for ovarian cancer patients
with RAD51D germline mutations should be studied in
prospective manner and further independent studies are
warranted to confirm this observation.

Conclusion

RADS51D germline mutations are more frequent in Chi-
nese ovarian cancer patients than other population. Few
patients have a family history of ovarian or breast cancer,
and personal history of breast cancer. Most patients are
diagnosed after 50years. The sensitivity to PARP inhibi-
tors of patients with RAD51D germline mutations need a
further analysis.

Abbreviations

NGS: Next-generation sequencing; EOC: Epithelial ovarian cancer; FIGO:
International Federation of Gynecology and Obstetrics; PFS: Progression-free
survival; OS: Overall survival; PARPis: Poly (adenosine diphosphate [ADP]-
ribose) inhibitors; HR: Homologous recombination; RRSO: Risk-reducing
salpingo-oophorectomy; NCCN: National Comprehensive Cancer Network;
IRB: Institutional Review Board..

Acknowledgements
We are indebted to all gynaecologists and others of Department of Gyneco-
logic Oncology in our center for their support and their help in data collection.

Authors’ contributions

Conceptualization: YHW., LN, Y.H.; Methodology: Y.H.,, LN, Validation: Y.H,,
L.N,; Formal analysis and investigation: YH.W,, LN., YH.; Resources and data
curation: Y.H.; Writing - original draft preparation: YH.W.,, Y.H.; Writing - review
and editing: YHW, LN, Y.H,; Supervision: YHW., LN, Project administration:
YHW, YH, Funding acquisition: Y.H., LN.. All authors have read and approved
the manuscript.

Funding
None.

Availability of data and materials

The datasets generated and/or analysed during the current study are available
in the the ClinVar repository (https://www.ncbi.nlm.nih.gov/clinvar/) (Acces-
sion numbers: SCV002754422, SCV002754421, SCV002754417, SCV002605543,
SCV002605542).

Page 7 of 8

Declarations

Ethics approval and consent to participate

Written informed consent was obtained from all individuals. This study was
approved by the Cancer Hospital, Chinese Academy of Medical Sciences
Institutional Review Board (IRB).

Consent for publication
Not applicable.

Competing interests
No potential conflicts of interest were disclosed.

Received: 6 September 2022 Accepted: 16 December 2022
Published online: 21 December 2022

References

1. Siegel RL, Miller KD, Fuchs HE, Jemal A. Cancer statistics, 2021. CA Cancer
JClin. 2021;71:7-33.

2. ZhengR, Zhang S, Zeng H,Wang S, Sun K, Chen R, et al. Cancer incidence
and mortality in China, 2016. J Natl Cancer Center. 2022;2:1-9.

3. Golmard L, Castéra L, Krieger S, Moncoutier V, Abidallah K, Tenreiro H,
et al. Contribution of germline deleterious variants in the RAD51 paralogs
to breast and ovarian cancers. Eur J Hum Genet. 2017,25:1345-53.

4. Loveday C, Turnbull C, Ramsay E, Hughes D, Ruark E, Frankum JR, et al.
Germline mutations in RAD51D confer susceptibility to ovarian cancer.
Nat Genet. 2011;43:879-82.

5. Song H, Dicks E, Ramus SJ, Tyrer JP, Intermaggio MP, Hayward J, et al. Con-
tribution of germline mutations in the RAD51B, RAD51C, and RAD51D
genes to ovarian Cancer in the population. J Clin Oncol. 2015;33:2901-7.

6.  Norquist BM, Harrell MI, Brady MF, Walsh T, Lee MK, Gulsuner S, et al.
Inherited mutations in women with ovarian carcinoma. JAMA Oncol.
2016;2:482-90.

7. Kurian AW, Hughes E, Handorf EA, Gutin A, Allen B, Hartman A-R,
et al. Breast and ovarian Cancer penetrance estimates derived from
germline multiple-gene sequencing results in women. JCO Precis Oncol.
2017;1:1-12.

8. Lilyquist J, LaDuca H, Polley E, Davis BT, Shimelis H, Hu C, et al. Frequency
of mutations in a large series of clinically ascertained ovarian cancer cases
tested on multi-gene panels compared to reference controls. Gynecol
Oncol. 2017;147:375-80.

9. Castéra L, HarterV, Muller E, Krieger S, Goardon N, Ricou A, et al. Land-
scape of pathogenic variations in a panel of 34 genes and cancer risk
estimation from 5131 HBOC families. Genet Med. 2018;20:1677-86.

10. Suszynska M, Klonowska K, Jasinska AJ, Kozlowski P. Large-scale meta-
analysis of mutations identified in panels of breast/ovarian cancer-related
genes - providing evidence of cancer predisposition genes. Gynecol
Oncol. 2019;153:452-62.

11. LuH-M, Li S, Black MH, Lee S, Hoiness R, Wu S, et al. Association of Breast
and Ovarian Cancers with Predisposition Genes Identified by large-scale
sequencing. JAMA Oncol. 2019;5:51-7.

12. Yang X, Song H, Leslie G, Engel C, Hahnen E, Auber B, et al. Ovarian and
breast Cancer risks associated with pathogenic variants in RAD51C and
RAD51D. J Natl Cancer Inst. 2020;112:1242-50.

13. Suszynska M, Ratajska M, Kozlowski P. BRIP1, RAD51C, and RAD51D muta-
tions are associated with high susceptibility to ovarian cancer: mutation
prevalence and precise risk estimates based on a pooled analysis of
~30,000 cases. J Ovarian Res. 2020;13:50.

14. Yao Q, LiuY, Zhang L, Dong L, Bao L, Bai Q, et al. Mutation landscape of
homologous recombination repair genes in epithelial ovarian Cancer in
China and its relationship with Clinicopathlological characteristics. Front
Oncol. 2022;12:709645.

15. Barbosa A, Pinto P, Peixoto A, Guerra J, Pinto C, Santos C, et al. Gene panel
tumor testing in ovarian Cancer patients significantly increases the yield
of clinically actionable germline variants beyond BRCA1/BRCA2. Cancers
(Basel). 2020;12:E2834.

16. Guglielmi C, Scarpitta R, Gambino G, Conti E, Belle F, Tancredi M, et al.
Detection of germline variants in 450 breast/ovarian Cancer families with


https://www.ncbi.nlm.nih.gov/clinvar/

Yao etal. BMC Cancer  (2022) 22:1337

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34

35.

a multi-gene panel including coding and regulatory regions. Int J Mol Sci.
2021;22:7693.

Pennington KP, Walsh T, Harrell MI, Lee MK, Pennil CC, Rendi MH, et al.
Germline and somatic mutations in homologous recombination genes
predict platinum response and survival in ovarian, fallopian tube, and
peritoneal carcinomas. Clin Cancer Res. 2014;20:764-75.
Gonzalez-Martin A, Pothuri B, Vergote |, DePont CR, Graybill W, Mirza

MR, et al. Niraparib in patients with newly diagnosed advanced ovarian
Cancer. N Engl J Med. 2019;381:2391-402.

Ray-Coquard |, Pautier P, Pignata S, Pérol D, Gonzélez-Martin A, Berger

R, et al. Olaparib plus bevacizumab as first-line maintenance in ovarian
Cancer. N Engl J Med. 2019;381:2416-28.

Coleman RL, Fleming GF, Brady MF, Swisher EM, Steffensen KD, Fried-
lander M, et al. Veliparib with first-line chemotherapy and as maintenance
therapy in ovarian Cancer. N Engl J Med. 2019;381:2403-15.

Del Campo JM, Matulonis UA, Malander S, Provencher D, Mahner S,
Follana P, et al. Niraparib maintenance therapy in patients with recurrent
ovarian Cancer after a partial response to the last platinum-based chem-
otherapy in the ENGOT-OV16/NOVA trial. J Clin Oncol. 2019;37:2968-73.
Moore KN, Secord AA, Geller MA, Miller DS, Cloven N, Fleming GF,

et al. Niraparib monotherapy for late-line treatment of ovarian cancer
(QUADRA): a multicentre, open-label, single-arm, phase 2 trial. Lancet
Oncol. 2019;20:636-48.

Swisher EM, Lin KK, Oza AM, Scott CL, Giordano H, Sun J, et al. Rucaparib
in relapsed, platinum-sensitive high-grade ovarian carcinoma (ARIEL2
part 1): an international, multicentre, open-label, phase 2 trial. Lancet
Oncol. 2017;18:75-87.

Coleman RL, Oza AM, Lorusso D, Aghajanian C, Oaknin A, Dean A, et al.
Rucaparib maintenance treatment for recurrent ovarian carcinoma after
response to platinum therapy (ARIEL3): a randomised, double-blind,
placebo-controlled, phase 3 trial. Lancet. 2017;390:1949-61.

Moore K, Colombo N, Scambia G, Kim B-G, Oaknin A, Friedlander M, et al.
Maintenance Olaparib in patients with newly diagnosed advanced ovar-
ian Cancer. N Engl J Med. 2018;379:2495-505.

Pujade-Lauraine E, Ledermann JA, Selle F, GebskiV, Penson RT, Oza AM,
et al. Olaparib tablets as maintenance therapy in patients with platinum-
sensitive, relapsed ovarian cancer and a BRCA1/2 mutation (SOLO2/
ENGOT-Ov21): a double-blind, randomised, placebo-controlled, phase 3
trial. Lancet Oncol. 2017;18:1274-84.

Penson RT, Valencia RV, Cibula D, Colombo N, Leath CA, Bidzinski M, et al.
Olaparib versus nonplatinum chemotherapy in patients with platinum-
sensitive relapsed ovarian Cancer and a germline BRCA1/2 mutation
(SOLO3): a randomized phase lll trial. J Clin Oncol. 2020;38:1164-74.
Swisher EM, Kwan TT, Oza AM, Tinker AV, Ray-Coquard |, Oaknin A, et al.
Molecular and clinical determinants of response and resistance to ruca-
parib for recurrent ovarian cancer treatment in ARIEL2 (parts 1 and 2). Nat
Commun. 2021;12:2487.

Chandran EA, Kennedy I. Significant tumor response to the poly (ADP-
ribose) polymerase inhibitor Olaparib in heavily pretreated patient with
ovarian Carcinosarcoma harboring a germline RAD51D mutation. JCO
Precis Oncol. 2018;2:1-4.

Sun J,Meng H, Yao L, Lv M, Bai J, Zhang J, et al. Germline mutations in
Cancer susceptibility genes in a large series of unselected breast Cancer
patients. Clin Cancer Res. 2017;23:6113-9.

Thompson ER, Rowley SM, Li N, McInerny S, Devereux L, Wong-Brown
MW, et al. Panel testing for familial breast Cancer: calibrating the tension
between research and clinical care. J Clin Oncol. 2016;34:1455-9.
Wickramanayake A, Wickramanyake A, Bernier G, Pennil C, Casadei S,
Agnew KJ, et al. Loss of function germline mutations in RAD51D in
women with ovarian carcinoma. Gynecol Oncol. 2012;127:552-5.
Thompson ER, Rowley SM, Sawyer S, KConfab N, Eccles DM, Trainer AH,
et al. Analysis of RAD51D in ovarian cancer patients and families with a
history of ovarian or breast cancer. Plos one. 2013;8:e54772.

Karczewski KJ, Francioli LC, Tiao G, Cummings BB, Alfoldi J, Wang Q, et al.
The mutational constraint spectrum quantified from variation in 141,456
humans. Nature. 2020;581:434-43.

Sanchez-Bermudez Al, Sarabia-Meseguer MD, Garcfa-Aliaga A, Marin-Vera
M, Macias-Cerrolaza JA, Henaréjos PS, et al. Mutational analysis of RAD51C
and RAD51D genes in hereditary breast and ovarian cancer families from
Murcia (southeastern Spain). Eur J Med Genet. 2018,61:355-61.

Page 8 of 8

36. Chen C-C, Feng W, Lim PX, Kass EM, Jasin M. Homology-directed repair
and the role of BRCA1, BRCA2, and related proteins in genome integrity
and Cancer. Annu Rev Cancer Biol. 2018;2:313-36.

37. Kondrashova O, Nguyen M, Shield-Artin K, Tinker AV, Teng NNH, Harrell
MI, et al. Secondary somatic mutations restoring RAD51C and RAD51D
associated with acquired resistance to the PARP inhibitor Rucaparib in
high-grade ovarian carcinoma. Cancer Discov. 2017;7:984-98.

38. Cummings S, Roman SS, Saam J, Bernhisel R, Brown K, Lancaster JM, et al.
Age of ovarian cancer diagnosis among BRIP1, RAD51C, and RAD51D
mutation carriers identified through multi-gene panel testing. J Ovarian
Res. 2021;14:61.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC




	Clinical characteristics and survival analysis of Chinese ovarian cancer patients with RAD51D germline mutations
	Abstract 
	Objectives: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Patients and methods
	Patients
	Methods

	Statistical analyses
	Results
	RAD51D germline pathogenic mutations
	Clinicopathological characteristics
	Treatment
	PARPis treatment
	Survival analysis

	Discussion
	Conclusion
	Acknowledgements
	References


