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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 
c. 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: 45–69 years). 46.2% (6/13) of them were diagnosed after 
60 years. 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 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. 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 PARPis 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 
1.2 months.

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 
15.9 months. 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 50 years. The sensitivity to PARP inhibitors of patients with RAD51D germline mutations 
need a further analysis.

Keywords:  RAD51D, Germline mutations, Ovarian tumor, Clinical characteristics, Survival.

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, RAD51D, 
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].

RAD51D 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 80 years 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 18 years 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 
(PFS) 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. Arg186Ter) 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.Gln192Ter; c.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: 45–69 years). 46.2% (6/13) 
of them were diagnosed after 60 years. 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 R0/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 

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 PARPi1 (niraparib) as 2nd main-
tenance treatment with a duration of 33.5 months. After 
PARPi1 progression, the patient received PARPi2 (olapa-
rib ± apatinib) as subsequent salvage treatment with a 
duration of 33.5 months and discontinued PARPi2 treat-
ment because of the toxicity. The other patient received 
PARPi1 (olaparib) as 2nd maintenance treatment with 
a duration of 8.1 months. After PARPi1 progression, 
the patient received cytoreduction surgery and PARPi2 
(fluzoparib) as 3rd maintenance treatment with a dura-
tion of 4.9 months and discontinued because of disease 
progression.

Survival analysis
The median follow-up was 30.5 months (range: 11.4–
89.9 months). Nine patients (9/13, 69.2%) relapsed dur-
ing follow up and all of them relapsed within 2 years 
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.

RAD51D 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 



Page 4 of 8Yao et al. BMC Cancer         (2022) 22:1337 

Ta
bl

e 
1 

C
lin

ic
op

at
ho

lo
gi

ca
l c

ha
ra

ct
er

is
tic

s 
an

d 
ty

pe
 o

f P
A

RP
i, 

th
er

ap
y 

du
ra

tio
n,

 re
as

on
s 

fo
r t

re
at

m
en

t d
is

co
nt

in
ua

tio
n 

am
on

g 
pa

tie
nt

s 
w

ho
 re

ce
iv

ed
 P

A
RP

i t
re

at
m

en
t

A
bb

re
vi

at
io

ns
: F

IG
O

 In
te

rn
at

io
na

l F
ed

er
at

io
n 

of
 G

yn
ec

ol
og

y 
an

d 
O

bs
te

tr
ic

s, 
H

G
SC

 h
ig

h-
gr

ad
e 

se
ro

us
 c

ar
ci

no
m

a,
 N

ED
 n

o 
ev

id
en

ce
 o

f d
is

ea
se

, P
D

 p
ro

gr
es

si
ve

 d
is

ea
se

ID
RA

D
51

D
 m

ut
at

io
n

A
ge

Pr
im

ar
y 

tu
m

or
 

lo
ca

tio
n

H
is

to
lo

gy
FI

G
O

 s
ta

ge
PF

S 
(m

on
th

s)
Fo

llo
w

-u
p

PA
RP

i t
yp

e
PA

RP
i s

et
tin

g
PA

RP
i 

du
ra

tio
n 

(m
on

th
s)

Re
as

on
s 

fo
r 

tr
ea

tm
en

t 
di

sc
on

tin
ua

tio
n

1
c.

27
0_

27
1d

up
, p

.L
ys

91
fs

63
Pe

rit
on

ea
l

H
G

SC
III

C
14

.1
Re

cu
rr

en
ce

O
la

pa
rib

2 
L 

m
ai

nt
en

an
ce

2.
4

St
ill

 o
n 

th
er

ap
y

2
c.

27
0_

27
1d

up
, p

.L
ys

91
fs

62
Pe

rit
on

ea
l

H
G

SC
III

C
17

.4
Re

cu
rr

en
ce

O
la

pa
rib

2 
L 

m
ai

nt
en

an
ce

30
.1

St
ill

 o
n 

th
er

ap
y

3
c.

27
0_

27
1d

up
, p

.L
ys

91
fs

69
O

va
ria

n
H

G
SC

III
C

12
.8

Re
cu

rr
en

ce
N

ira
pa

rib
2 

L 
m

ai
nt

en
an

ce
33

.5
PD

4
c.

27
0_

27
1d

up
, p

.L
ys

91
fs

62
O

va
ria

n
H

G
SC

IV
B

15
.9

Re
cu

rr
en

ce
O

la
pa

rib
2 

L 
m

ai
nt

en
an

ce
8.

1
PD

5
c.

27
0_

27
1d

up
, p

.L
ys

91
fs

49
O

va
ria

n
H

G
SC

III
C

11
.4

N
ED

N
on

e

6
c.

27
0_

27
1d

up
, p

.L
ys

91
fs

66
O

va
ria

n
H

G
SC

III
C

12
.1

N
ED

N
on

e

7
c.

27
0_

27
1d

up
, p

.L
ys

91
fs

47
O

va
ria

n
O

CC
C

​
IIA

39
.3

N
ED

N
on

e

8
c.

55
6C

 >
 T,

 p
.A

rg
18

6T
er

66
O

va
ria

n
H

G
SC

IV
B

17
.4

Re
cu

rr
en

ce
O

la
pa

rib
2 

L 
m

ai
nt

en
an

ce
13

.8
St

ill
 o

n 
th

er
ap

y

9
c.

55
6C

 >
 T,

 p
.A

rg
18

6T
er

45
O

va
ria

n
H

G
SC

III
C

13
.2

N
ED

N
on

e

10
c.

55
6C

 >
 T,

 p
.A

rg
18

6T
er

58
O

va
ria

n
H

G
SC

IV
B

15
.9

Re
cu

rr
en

ce
N

on
e

11
c.

57
4C

 >
 T,

 p
.G

ln
19

2T
er

54
O

va
ria

n
H

G
SC

III
B

9.
0

Re
cu

rr
en

ce
N

on
e

12
c.

75
7C

 >
 T,

 p
.A

rg
25

3T
er

52
O

va
ria

n
H

G
SC

III
C

22
.4

Re
cu

rr
en

ce
N

on
e

13
c.

89
8C

 >
 T,

 p
.A

rg
30

0T
er

58
O

va
ria

n
H

G
SC

III
C

17
.3

Re
cu

rr
en

ce
O

la
pa

rib
4 

L 
sa

lv
ag

e
1.

2
PD



Page 5 of 8Yao et al. BMC Cancer         (2022) 22:1337 	

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, 
RAD51D c.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 

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 c.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 49 years than noncarriers, and no mutation 
carrier was diagnosed with ovarian cancer before age 
40 years [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 RAD51D, 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 
(5.5 months [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 

Table 2  Clinicopathological characteristics of patients with 
RAD51D mutation in the entire cohort

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

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 92.3

Personal history of breast cancer
  Yes 1 7.7

  No 12 92.3

Type of surgery
  Primary cytoreductive surgery 2 15.4

  Interval cytoreductive surgery 11 84.6

FIGO stage
  I 0 0.0

  II 1 7.7

  III 9 69.2

  IV 3 23.1

Primary tumor location
  Ovary 11 84.6

  Peritoneal 2 15.4

Tumor histopathology
  High-grade serous 12 92.3

  Clear cell 1 7.7

Postoperative residual disease status
  Optimal (R0/R1) 12 92.3

  Suboptimal (≥R2) 1 7.7

Recurrence
  Platinum-sensitive recurrence 8 61.5

  Platinum-resistant recurrence 1 7.7

  None 4 30.8

PARPi treatment
  Olaparib 5 38.5

  Niraparib 1 7.7

  None 7 53.8



Page 6 of 8Yao et al. BMC Cancer         (2022) 22:1337 

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 

RAD51D provide evidence for these primary mutations 
in conferring PARPis 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 

A

B

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)
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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 50 years in women carriers of germline variants in 
RAD51D. The median age at diagnosis was 58 years and 
nearly half of them were diagnosed after 60 years 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
RAD51D 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 50 years. The sensitivity to PARP inhibi-
tors of patients with RAD51D germline mutations need a 
further analysis.
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