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Cancer risk in relatives of BRCA1/2 pathogenic variant 
carriers in a large series of unselected patients with 
breast cancer
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ABSTRACT	 Objective: The spectrum and risk of cancer in relatives of BRCA1/2 pathogenic variant carriers in the Chinese population have not 

been established.

Methods: A family history of cancer in 9903 unselected breast cancer patients was retrospectively analyzed. BRCA1/2 status was 

determined for all patients and relative risks (RRs) were calculated to evaluate cancer risk in relatives of the patients.

Results: The incidences of breast cancer in female relatives of BRCA1 carriers, BRCA2 carriers, and non-carriers were 33.0%, 32.2%, 

and 7.7%, respectively. The corresponding incidences of ovarian cancer were 11.5%, 2.4%, and 0.5%, respectively. The incidences 

of pancreatic cancer in male relatives of BRCA1 carriers, BRCA2 carriers, and non-carriers were 1.4%, 2.7%, and 0.6%, respectively. 

The corresponding incidences of prostate cancer were 1.0%, 2.1%, and 0.4%, respectively. The risks of breast and ovarian cancers in 

female relatives of BRCA1 and BRCA2 carriers were significantly higher than female relatives of non-carriers (BRCA1: RR = 4.29, P 

< 0.001 and RR = 21.95, P < 0.001; BRCA2: RR = 4.19, P < 0.001 and RR = 4.65, P < 0.001, respectively). Additionally, higher risks 

of pancreatic and prostate cancers were noted in male relatives of BRCA2 carriers than non-carriers (RR = 4.34, P = 0.001 and RR = 

4.86, P = 0.001, respectively).

Conclusions: Female relatives of BRCA1 and BRCA2 carriers are at increased risk for breast and ovarian cancers, and male relatives 

of BRCA2 carriers are at increased risk for pancreatic and prostate cancers.
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Introduction

Germline pathogenic variants in BRCA1/2 genes result in 

increased risks of various cancers via an autosomal dom-

inant pattern of inheritance1. A series of studies on the 

spectrum and risk of cancer in BRCA1/2 pathogenic variant 

carriers (hereafter referred to BRCA1/2 carriers) have been 

conducted2-18. It is well-known that BRCA1 and BRCA2 

carriers are at increased risk for breast and ovarian cancers, 

and BRCA2 carriers are at increased risk for pancreatic and 

prostate cancers2,6,7,9-11,16-18. The cancer risks and spectra 

appear to differ between BRCA1 and BRCA2 carriers; spe-

cifically, the risk for ovarian cancer in BRCA1 carriers is 

higher than BRCA2 carriers2,7,17, and the risks for pancreatic 

and prostate cancers in BRCA2 carriers may be higher than 

BRCA1 carriers7,9-11,18. The associations between BRCA1/2 

carriers and other cancers, such as colorectal and gastric 

cancers, have not been established, thus warrant further 

investigation3-6,11-15,17,18.

Most previous studies involving BRCA-associated cancer 

have focused on BRCA1/2 carriers; however, a limited number 

of studies have examined the cancer risk and spectrum in rela-

tives of BRCA1/2 carriers. One study reported that relatives of 

BRCA1 and BRCA2 carriers have an increased risk for breast 

and ovarian cancers, and relatives of BRCA2 carriers also have 

an increased risk for pancreatic cancer19.

In addition, the data regarding the cancer risks in relatives 

of BRCA1/2 carriers are largely based on Western popula-

tions; scant data exists that pertains to Chinese populations. 
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Chinese individuals have significantly different cancer spec-

tra and risks compared with Western individuals, with rela-

tively lower risks of breast and prostate cancers and relatively 

higher risks of gastric, esophageal, and liver cancers20,21. 

Moreover, the spectrum of BRCA1/2 variants in Chinese 

women is different from Western women, with approxi-

mately 30% of variants not present in Caucasian women22-24. 

Therefore, the cancer risks in relatives of BRCA1/2 carriers in 

Chinese women might be different from Caucasian women. 

In the present study we aimed to clarify and characterize the 

spectra and risks of cancers in relatives of BRCA1/2 carriers 

in a large series of unselected Chinese patients with breast 

cancer.

Materials and methods

Study population

Between October 2003 and May 2015, a total of 10,341 consec-

utive patients with breast cancer who were treated at the Breast 

Center of Peking University Cancer Hospital & Institute were 

enrolled in a breast cancer database. All patients were con-

firmed to have breast cancer based on preoperative biopsy or 

postoperative histologic examination. BRCA1/2 germline var-

iants were determined in all patients by next-generation and/

or Sanger sequencing, or multiplex ligation-dependent probe 

amplification, as described previously25-27. All of the BRCA1/2 

variants have been listed in detail in previous studies25-27. The 

BRCA1/2 status in 438 patients could not be determined due 

to insufficient quantity or poor quality of genomic DNA. 

Therefore, 9903 patients with breast cancer were ultimately 

enrolled in this study. Among these patients, four carried 

pathogenic variants in both the BRCA1 and BRCA2 genes, and 

were considered BRCA1 carriers at the time of analysis.

Variables, including demographics, clinicopathologic char-

acteristics, and a family history of cancers, were extracted from 

the breast cancer database, and uncertain family history was 

confirmed and supplemented through telephone calls or out-

patient visits.

Written informed consent was obtained during hospitali-

zation from all patients whose clinical information and blood 

samples could be used for research, including genetic testing. 

The study was performed in accordance with the Declaration 

of Helsinki. Ethical approval for this study was obtained from 

the Ethics Committee of Peking University Cancer Hospital & 

Institute (Approval No. 2011KT12).

Definitions

BRCA1/2 variants are considered pathogenic when classified 

as pathogenic or likely pathogenic. Variants with uncertain 

significance (VUS) or likely benign or benign are consid-

ered non-pathogenic based on current American College of 

Medical Genetics and Genomics guidelines. Only patients 

with pathogenic variants were defined as carriers; other 

patients were considered to be non-carriers. A family his-

tory of cancers referred to cancers that occurred in first-, 

second- and third-degree relatives of the participants in 

our study. The cancer history of the participants and fur-

ther relatives were not included in the analysis. A history 

of cancer in any relative that corresponded to the cancer 

in a study participant was regarded as a positive family his-

tory. Considering data accessibility, we used the family of 

the participants but not individuals as the unit with which 

to analyze the cancer risks of relatives; thus, cancer risks in 

relatives were calculated based on the family history of the 

study participants. Of note, a very small fraction of patients 

may have come from the same family, and such families may 

have been counted more than once. For convenience, related 

cancers with a low incidence were merged together for the 

analysis. For example, lymphoma included Hodgkin’s lym-

phoma and non-Hodgkin’s lymphoma, and urothelial carci-

noma included bladder cancer and cancers of the ureter and 

urethra. Furthermore, fallopian tube cancer was considered 

ovarian cancer.

Statistical analysis

We analyzed all types of cancer with positive family history 

counts equal to or greater than five among BRCA1/2 car-

riers, and those with counts less than five were summarized 

as “other cancers”. Continuous and categorical variables are 

described as the means ± standard deviations (SD) and fre-

quencies with a percentage (%), respectively. Student’s t-test 

was performed to analyze differences in continuous variables, 

the Wilcoxon rank-sum test was used to analyze differences in 

ordered categorical variables, and the Pearson chi square test 

or Fisher’s exact test was used to analyze differences in unor-

dered categorical variables. In addition, we calculated relative 

risks (RRs) with 95% confidence intervals (CIs) for compari-

son of cancer risks in relatives of BRCA1 carriers, BRCA2 car-

riers, and non-carriers. All statistical analyses were performed 

using StataSE 15 (StataCorp LP, College Station, TX, USA). 
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Only two-tailed P values < 0.05 were considered statistically 

significant.

Results

Distributions of cancers in relatives of patients 
with breast cancer

There were 538 germline BRCA1/2 pathogenic variant 

carriers (209 for BRCA1 and 329 for BRCA2) and 9365 

non-carriers in this study. The distribution of cancers in 

the relatives of the patients with breast cancer are presented 

in Table 1. The incidences of BRCA1 and BRCA2 carriers 

among relatives with 1, 2, and ≥3 cancer types were signifi-

cantly higher than non-carriers (Table 1). Additionally, the 

proportion of BRCA1 and BRCA2 carriers with 1, 2, and 

≥3 affected family members was significantly greater than 

non-carriers (Table 1). Differences in the number of cancer 

types and cancer-affected members among relatives between 

BRCA1 and BRCA2 carriers, however, were not significant 

(Table 1).

Cancer risks in female relatives of BRCA1 and 
BRCA2 carriers

The most common cancers in female relatives of BRCA1 car-

riers were breast (33.0%), ovarian (11.5%), and liver (3.8%) 

cancers, followed by lung and cervical cancers (2.4% each; 

Table 2). The risks for breast and ovarian cancers in female rel-

atives of BRCA1 carriers were significantly higher than the risks 

in female relatives of non-carriers (breast cancer: RR = 4.29, 

95% CI = 3.50-5.27; P < 0.001 and ovarian cancer: RR = 21.95, 

95% = CI 13.73-35.07; P < 0.001). Furthermore, the risks for 

liver (RR = 3.73, 95% CI = 1.84-7.58; P = 0.002) and cervical 

cancers (RR = 2.99, 95% CI = 1.22-7.31; P = 0.030) in female 

relatives of BRCA1 carriers were significantly higher than female 

relatives of non-carriers. The cancer risks in female relatives of 

BRCA1 carriers and non-carriers were not significantly differ-

ent with respect to gastric, pancreatic, and colorectal cancers 

(Table 2). The most frequent cancer sites in female relatives of 

BRCA2 carriers were the breast (32.2%), lung (3.7%), and ovary 

(2.4%), followed by the cervix and pancreas (1.5% each; Table 

2). The risks for breast (RR = 4.19, 95% CI = 3.53-4.98; P < 

Table 1  Demographics of patients with breast cancer and distributions of cancers in their relatives according to BRCA status

Variables   BRCA1 (n = 209)  BRCA2 (n = 329)  Non-carriers (n = 9,365)   P1 value   P2 value   P3 value

Gender            

  Male   1 (0.5)   1 (0.3)   19 (0.2)   0.357†   0.499†   1.000†

  Female   208 (99.5)   328 (99.7)   9,346 (99.8)      

Age, years (mean ± SD)   44.7 ± 10.1   47.8 ± 10.5   51.3 ± 11.6   <0.001‡   <0.001‡   0.001‡

Cancer types            

  0   76 (36.4)   146 (44.4)   6,529 (69.7)   <0.001§   <0.001§   0.063§

  1   87 (41.6)   124 (37.7)   2,071 (23.1)      

  2   35 (16.8)   45 (13.7)   574 (6.1)      

  ≥3   11 (5.3)   14 (4.3)   191 (1.3)      

Affected members            

  0   76 (36.4)   146 (44.4)   6,529 (69.7)   <0.001§   <0.001§   0.094§

  1   76 (36.4)   109 (33.1)   2,071 (22.1)      

  2   40 (19.1)   42 (12.8)   574 (6.1)      

  ≥3   17 (8.1)   32 (9.7)   191 (2.0)      

P1, BRCA1 vs. non-carriers; P2, BRCA2 vs. non-carriers; P3, BRCA1 vs. BRCA2. †Data comparison between two groups using the Fisher’s exact 
test. ‡Data comparison between two groups using the Student’s t-test. §Data comparison between two groups using the Wilcoxon rank-sum 
test. Data are shown as n (%), unless otherwise specified, which refers to patients with breast cancer.



150� Liu et al. Cancer risk in relatives of BRCA1/2 carriers

Ta
bl

e 
2 

Ca
nc

er
 ri

sk
s 

in
 fe

m
al

e 
re

la
tiv

es
 o

f g
er

m
lin

e 
BR

CA
1 

an
d 

BR
CA

2 
pa

th
og

en
ic

 v
ar

ia
nt

 c
ar

rie
rs

Ca
nc

er
s

 
BR

CA
1 

 
(n

 =
 2

09
)
 

BR
CA

2 
 

(n
 =

 3
29

)
 

N
on

-c
ar

rie
rs

  
(n

 =
 9

,3
65

)
 

RR
1 

(9
5%

 C
I, 

P 
va

lu
e)

 
RR

2 
(9

5%
 C

I, 
P 

va
lu

e)
 

RR
3 

(9
5%

 C
I, 

P 
va

lu
e)

Br
ea

st
 c

an
ce

r
 

69
 (3

3.
0)

 
10

6 
(3

2.
2)
 

72
0 

(7
.7

)
 

4.
29

 (3
.5

0-
5.

27
, <

0.
00

1† )
 

4.
19

 (3
.5

3-
4.

98
, <

0.
00

1† )
 

1.
02

 (0
.8

0-
1.

31
, 0

.8
48

† )

O
va

ria
n 

ca
nc

er
 

24
 (1

1.
5)

 
8 

(2
.4

)
 

49
 (0

.5
)

 
21

.9
5 

(1
3.

73
-3

5.
07

, <
0.

00
1‡ )

 
4.

65
 (2

.2
2-

9.
73

, 0
.0

01
‡ )

 
4.

72
 (2

.1
6-

10
.3

1,
 <

0.
00

1† )

Lu
ng

 c
an

ce
r

 
5 

(2
.4

)
 

12
 (3

.7
)

 
24

4 
(2

.6
)

 
0.

92
 (0

.3
8-

2.
20

, 0
.8

48
† )

 
1.

40
 (0

.7
9-

2.
47

, 0
.2

47
† )

 
0.

66
 (0

.2
3-

1.
83

, 0
.4

17
† )

Li
ve

r c
an

ce
r

 
8 

(3
.8

)
 

2 
(0

.6
)

 
96

 (1
.0

)
 

3.
73

 (1
.8

4-
7.

58
, 0

.0
02

‡ )
 

0.
59

 (0
.1

5-
2.

40
, 0

.7
75

‡ )
 

6.
30

 (1
.3

5-
29

.3
6,

 0
.0

16
‡ )

Ce
rv

ic
al

 c
an

ce
r

 
5 

(2
.4

)
 

5 
(1

.5
)

 
75

 (0
.8

)
 

2.
99

 (1
.2

2-
7.

31
, 0

.0
30

‡ )
 

1.
90

 (0
.7

7-
4.

66
, 0

.1
98

‡ )
 

1.
57

 (0
.4

6-
5.

37
, 0

.5
21

‡ )

G
as

tr
ic

 c
an

ce
r

 
3 

(1
.4

)
 

4 
(1

.2
)

 
11

3 
(1

.2
)

 
1.

19
 (0

.3
8-

3.
71

, 0
.7

42
‡ )

 
1.

01
 (0

.3
7-

2.
71

, 1
.0

00
‡ )

 
1.

18
 (0

.2
7-

5.
22

, 1
.0

00
‡ )

Pa
nc

re
at

ic
 c

an
ce

r
 

2 
(1

.0
)

 
5 

(1
.5

)
 

56
 (0

.6
)

 
1.

60
 (0

.3
9-

6.
51

, 0
.3

62
‡ )

 
2.

54
 (1

.0
2-

6.
30

, 0
.0

55
‡ )

 
0.

63
 (0

.1
2-

3.
22

, 0
.7

11
‡ )

En
do

m
et

ria
l a

de
no

ca
rc

in
om

a 
4 

(1
.9

)
 

2 
(0

.6
)

 
86

 (0
.9

)
 

2.
08

 (0
.7

7-
5.

63
, 0

.1
34

‡ )
 

0.
66

 (0
.1

6-
2.

68
, 0

.7
71

‡ )
 

3.
15

 (0
.5

8-
17

.0
4,

 0
.2

14
‡ )

Ly
m

ph
om

a
 

1 
(0

.5
)

 
4 

(1
.2

)
 

36
 (0

.4
)

 
1.

24
 (0

.1
7-

9.
04

, 0
.5

59
‡ )

 
3.

16
 (1

.1
3-

8.
83

, 0
.0

46
‡ )

 
0.

39
 (0

.0
4-

3.
50

, 0
.6

53
‡ )

Es
op

ha
ge

al
 c

an
ce

r
 

4 
(1

.9
)

 
1 

(0
.3

)
 

11
7 

(1
.3

)
 

1.
53

 (0
.5

7-
4.

11
, 0

.3
40

‡ )
 

0.
24

 (0
.0

3-
1.

74
, 0

.1
92

‡ )
 

6.
30

 (0
.7

1-
55

.9
5,

 0
.0

78
‡ )

Co
lo

re
ct

al
 c

an
ce

r
 

2 
(1

.0
)

 
2 

(0
.6

)
 

17
4 

(1
.9

)
 

0.
52

 (0
.1

3-
2.

06
, 0

.5
96

‡ )
 

0.
33

 (0
.0

8-
1.

31
, 0

.1
35

‡ )
 

1.
57

 (0
.2

2-
11

.0
9,

 0
.6

44
‡ )

Ki
dn

ey
 c

an
ce

r
 

0 
(0

.0
)

 
3 

(0
.9

)
 

21
 (0

.2
)

 
0 

(-
, 1

.0
00

‡ )
 

4.
07

 (1
.2

2-
13

.5
6,

 0
.0

46
‡ )
 

0 
(-

, 0
.2

86
‡ )

U
ro

th
el

ia
l c

ar
ci

no
m

a
 

0 
(0

.0
)

 
1 

(0
.3

)
 

23
 (0

.3
)

 
0 

(-
, 1

.0
00

‡ )
 

1.
24

 (0
.1

7-
9.

14
, 0

.5
64

‡ )
 

0 
(-

, 1
.0

00
‡ )

O
th

er
 c

an
ce

rs
 

4 
(1

.9
)

 
9 

(2
.7

)
 

15
7 

(1
.7

)
 

1.
14

 (0
.4

3-
3.

05
, 0

.7
81

‡ )
 

1.
63

 (0
.8

4-
3.

17
, 0

.1
46

† )
 

0.
70

 (0
.2

2-
2.

24
, 0

.5
45

† )

An
y 

ca
nc

er
 

11
0 

(5
2.

6)
 

14
2 

(4
3.

2)
 

1,
74

6 
(1

8.
6)

 
2.

82
 (2

.4
7-

3.
23

, <
0.

00
1† )

 
2.

32
 (2

.0
3-

2.
64

, <
0.

00
1† )

 
1.

22
 (1

.0
2-

1.
46

, 0
.0

32
† )

RR
1,

 B
RC

A1
 v

s. 
no

n-
ca

rr
ie

rs
; R

R2
, B

RC
A2

 v
s. 

no
n-

ca
rr

ie
rs

; R
R3

, B
RC

A1
 v

s. 
BR

CA
2.

 † D
at

a 
co

m
pa

ris
on

 b
et

w
ee

n 
tw

o 
gr

ou
ps

 u
si

ng
 th

e 
Pe

ar
so

n 
Ch

i s
qu

ar
e 

te
st

. ‡ D
at

a 
co

m
pa

ris
on

 
be

tw
ee

n 
tw

o 
gr

ou
ps

 u
si

ng
 th

e 
Fi

sh
er

’s 
ex

ac
t t

es
t. 

D
at

a 
ar

e 
sh

ow
n 

as
 n
 (%

), 
un
le
ss
 o
th
er
w
is
e 
sp
ec
ifi
ed
, w
hi
ch
 re
fe
rs
 to
 th
e 
nu
m
be
r o
f p
at
ie
nt
s 
w
ith
 a
 fa
m
ily
 h
is
to
ry
 o
f c
an
ce
rs
.



Cancer Biol Med Vol 20, No 2 February 2023� 151

0.001) and ovarian cancers (RR = 4.65, 95% CI = 2.22-9.73; P 

= 0.001) in female relatives of BRCA2 carriers were also signif-

icantly higher than female relatives of non-carriers. Moreover, 

the risks for lymphoma (RR = 3.16, 95% CI = 1.13-8.83; P = 

0.046) and kidney cancer (RR = 4.07, 95% CI = 1.22-13.56; P = 

0.046) in female relatives of BRCA2 carriers were significantly 

higher than female relatives of non-carriers. The pancreatic can-

cer risk for female relatives of BRCA2 carriers was marginally 

but not significantly higher than female relatives of non-carriers 

(RR = 2.54, 95% CI = 1.02-6.30; P = 0.055). Female relatives of 

BRCA1 carriers had significantly higher risks for ovarian (RR = 

4.72, 95% CI = 2.16-10.31; P < 0.001), liver (RR = 6.30, 95% CI 

= 1.35-29.36; P = 0.016), and any cancers (RR = 1.22, 95% CI 

= 1.02-1.46; P = 0.032) than female relatives of BRCA2 carriers 

(Table 2). Differences in the risks for other cancers (liver, gastric, 

and colorectal cancers) between female relatives of BRCA1 and 

BRCA2 carriers were not significant (Table 2).

Cancer risks in male relatives of BRCA1 and 
BRCA2 carriers

The most common cancers in male relatives of BRCA1 carri-

ers were lung (7.2%), esophageal (6.2%), and gastric cancers 

(4.8%), followed by liver cancer and lymphoma (2.4% each; 

Table 3). Male relatives of BRCA1 carriers had signifi-

cantly higher risks of esophageal cancer (RR = 2.33, 95% CI  

1= 0.36-4.00; P = 0.002) and lymphoma (RR = 4.77, 95% CI =  

1.92-11.86; P = 0.005) than male relatives of non-carriers. No 

significant differences in the risks of other cancers (gastric, 

liver, and colorectal cancers) between male relatives of BRCA1 

carriers and non-carriers were detected (Table 3). The most 

common cancers in male relatives of BRCA2 carriers were lung 

(4.9%), esophageal (4.9%), and liver cancers (4.3%), followed 

by gastric (2.8%) and pancreatic (2.7%) cancers (Table 3). In 

contrast, male relatives of BRCA2 carriers had significantly 

higher risks of pancreatic (RR = 4.34, 95% CI = 2.17-8.68; P = 

0.001) and prostate cancers (RR = 4.86, 95% CI = 2.20-10.75; 

P = 0.001) than male relatives of non-carriers. In addition, the 

risks of esophageal (RR =1.82, 95% CI = 1.11-2.98; P = 0.017), 

kidney (RR = 4.22, 95% CI = 1.48-11.98; P = 0. 020), and 

breast cancers (RR = 9.49, 95% CI = 1.92-46.83; P = 0.028) 

in male relatives of BRCA2 carriers were significantly higher 

than male relatives of non-carriers. Differences in cancer risks 

between male relatives of BRCA2 carriers and non-carriers, 

however, were not significant with respect to gastric, liver, and 

colorectal cancers. No significant differences in any type of 

Table 3  Cancer risks in male relatives of germline BRCA1 and BRCA2 pathogenic variant carriers

Cancers   BRCA1  
(n = 209)

  BRCA2  
(n = 329)

  Non-carriers  
(n = 9,365)

  RR1 (95% CI, P value)   RR2 (95% CI, P value)   RR3 (95% CI, P value)

Lung cancer   15 (7.2)   16 (4.9)   417 (4.5)   1.61 (0.98-2.65, 0.061†)   1.09 (0.67-1.78, 0.723†)   1.48 (0.75-2.92, 0.262†)

Esophageal cancer   13 (6.2)   16 (4.9)   250 (2.7)   2.33 (1.36-4.00, 0.002†)   1.82 (1.11-2.98, 0.017†)   1.28 (0.63-2.60, 0.497†)

Gastric cancer   10 (4.8)   10 (3.0)   262 (2.8)   1.71 (0.92-3.17, 0.087†)   1.09 (0.58-2.02, 0.794†)   1.57 (0.67-3.72, 0.297†)

Liver cancer   5 (2.4)   14 (4.3)   244 (2.6)   0.92 (0.38-2.20, 0.848†)   1.63 (0.96-2.77, 0.068†)   0.56 (0.21-1.54, 0.254†)

Pancreatic cancer   3 (1.4)   9 (2.7)   59 (0.6)   2.28 (0.72-7.21, 0.153‡)   4.34 (2.17-8.68, 0.001‡)   0.52 (0.14-1.92, 0.384‡)

Prostatic cancer   2 (1.0)   7 (2.1)   41 (0.4)   2.19 (0.53-8.98, 0.241‡)   4.86 (2.20-10.75, 0.001‡)   0.45 (0.09-2.14, 0.493‡)

Lymphoma   5 (2.4)   4 (1.2)   47 (0.5)   4.77 (1.92-11.86, 0.005‡)   2.42 (0.88-6.68, 0.094‡)   1.97 (0.53-7.24, 0.320‡)

Colorectal cancer   3 (1.4)   5 (1.5)   155 (1.7)   0.87 (0.28-2.70, 1.000‡)   0.92 (0.38-2.22, 1.000‡)   0.94 (0.23-3.91, 1.000‡)

Urothelial carcinoma   3 (1.4)   3 (0.9)   42 (0.5)   3.20 (1.00-10.24, 0.075‡)   2.03 (0.63-6.53, 0.196‡)   1.57 (0.32-7.73, 0.682‡)

Kidney cancer   0 (0.0)   4 (1.2)   27 (0.3)   0 (-, 1.000‡)   4.22 (1.48-11.98, 0.020‡)   0 (-, 0.161‡)

Breast cancer   1 (0.5)   2 (0.6)   6 (0.1)   7.47 (0.90-61.76, 0.143‡)   9.49 (1.92-46.83, 0.028‡)   0.79 (0.07-8.63, 1.000‡)

Other cancers   5 (2.4)   9 (2.7)   166 (1.8)   1.35 (0.56-3.25, 0.426‡)   1.54 (0.80-2.99, 0.197†)   0.87 (0.30-2.57, 0.807†)

Any cancer   55 (26.3)   89 (27.1)   1,562 (16.7)   1.58 (1.25-1.99, <0.001†)   1.62 (1.35-1.95, <0.001†)   0.97 (0.73-1.30, 0.851†)

RR1, BRCA1 vs. non-carriers; RR2, BRCA2 vs. non-carriers; RR3, BRCA1 vs. BRCA2. †Data comparison between two groups using the Pearson 
Chi square test. ‡Data comparison between two groups using the Fisher’s exact test. Data are shown as n (%), unless otherwise specified, 
which refers to the number of patients with a family history of cancers.
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cancer or overall cancer risk existed between male relatives of 

BRCA1 and BRCA2 carriers.

Discussion

This is the first study to determine the cancer risks in relatives 

of BRCA1/2 carriers in the Chinese population. This study was 

based on a family history of cancer in 9903 unselected breast 

cancer patients. We found that the risks for breast and ovarian 

cancers in the female relatives of BRCA1 and BRCA2 carriers 

were significantly higher than non-carriers, and the risks for 

pancreatic and prostate cancers in male relatives of BRCA2 

carriers were also significantly increased.

In our study breast cancer was the most common cancer 

among female relatives of both BRCA1 and BRCA2 carriers. 

Ovarian cancer was the second and third most common can-

cer among female relatives of BRCA1 (21.95-fold increased 

risk) and BRCA2 carriers (4.65-fold increased risk), respec-

tively. Additionally, our study demonstrated that relatives of 

BRCA1 carriers have a significantly higher risk for ovarian 

cancer (RR = 4.72) than relatives of BRCA2 carriers, suggest-

ing that relatives of BRCA1 carriers should be more aware of 

ovarian cancer than BRCA2 carriers.

Pancreatic cancer is another common BRCA-associated can-

cer; however, multiple studies have shown that BRCA2, but not 

BRCA1, predisposes individuals to pancreatic cancer3,7,11,19. 

Our study findings were in agreement to these reports. Indeed, 

the pancreatic cancer risk was significantly increased in male 

relatives of BRCA2 carriers (RR = 4.34) but not relatives of 

BRCA1 carriers. Although pancreatic cancer risks were not 

shown to be significantly elevated in female relatives of BRCA1 

or BRCA2 carriers, a trend toward risk for pancreatic cancer 

was still observed for female relatives of BRCA2 carriers (RR 

2.54, 95% CI 1.02-6.30; P = 0.055). Notably, an increased risk 

for pancreatic cancer was reported in female BRCA2 car-

riers in a previous study3. Prostatic cancer is also associated 

with BRCA3,6-11,17,18,28,29. Similarly, we found a significantly 

increased risk for prostate cancer in male relatives of BRCA2 

carriers (RR = 4.86; P = 0.001), but a non-significant risk in 

male relatives of BRCA1 carriers (RR = 2.19; P = 0.241); our 

finding is in agreement with previous studies3,7,9,11,17,18.

In addition, we also found that the risks for liver and cer-

vical cancers in female relatives of BRCA1 carriers, and lym-

phoma and kidney cancer in female relatives of BRCA2 carri-

ers were significantly increased compared with female relatives 

of non-carriers. Moreover, the risks of esophageal cancer and 

lymphoma were markedly elevated in male relatives of BRCA1 

carriers, and the risks of esophageal, kidney, and breast can-

cers in male relatives of BRCA2 carriers were also increased. 

It should be noted that the sample size of relatives with these 

cancers was small, and further studies are needed.

The cancer spectrum of relatives of non-carriers was sim-

ilar to the common cancer spectrum of the general Chinese 

population20,30, which may accurately reflect cancer risks in 

the Chinese population. Several common malignancies in the 

general population, such as gastric, colorectal, and endome-

trial cancers, were not significantly associated with BRCA1 

or BRCA2 variants in our study, even though correlations 

between these cancers and variants have been reported4,6,7,11,13. 

Our study findings did not rule out the possibility of increased 

risks for these cancers in relatives of BRCA1/2 carriers.

Several limitations should be considered when interpreting 

our study. Although the study involved a large cohort of unse-

lected patients with breast cancer, the BRCA1/2 carrier sample 

size was not sufficiently large, and some types of cancer were 

rare after stratification by gender and gene type. Familial can-

cers were based on a family history of cancers; recall bias was 

inevitable, especially for the cancer histories among second- 

and third-degree relatives.

Conclusions

In summary, this study investigated the cancer spectrum and 

risk in relatives of BRCA1/2 carriers in a Chinese population. 

Our findings indicated that female relatives of BRCA1 and 

BRCA2 carriers are at increased risks for breast and ovarian 

cancers. The risk for ovarian cancer in female relatives of 

BRCA1 carriers is even higher than female relatives of BRCA2 

carriers. In addition, male relatives of BRCA2 carriers have 

increased risks for pancreatic and prostate cancers. Our study 

may be useful for genetic counseling and cancer risk evaluation 

for relatives of BRCA1/2 carriers in the Chinese population.
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