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Abstract

Objective: To investigate the clinicopathological characteristics and prognostic factors of early-stage breast

cancer patients with indications for breast cancer susceptibility genes 1/2 (BRCA1/2) genetic testing in China.

Methods: Based on the indication criteria for BRCA genetic testing specified in the National Comprehensive

Cancer Network (NCCN) clinical practice guidelines in oncology, genetic/familial high-risk assessment: Breast and

ovarian (Version 2. 2019), a retrospective analysis was performed on patients with early-stage invasive breast cancer

treated at Breast Disease Center, Peking University First Hospital between January 2008 and December 2016.

Clinicopathological characteristics of all patients were analyzed, and prognoses were calculated using the Kaplan-

Meier method and a Cox proportionate hazards model.

Results: A total of 906 early-stage breast cancer patients who had indications for BRCA genetic testing and had

complete clinicopathological data and follow-up information were included in the study group, accounting for

34.7% of all breast cancer patients treated in Breast Disease Center, Peking University First Hospital during the

study period. Compared with breast cancer patients without indications for BRCA genetic testing, the overall

survival (OS) and disease-free survival (DFS) of patients with indications were not significantly different. In the

study group, patients with premenopausal status, high T stage, lymph node positive, estrogen receptor (ER)

negative, Ki-67>20% and presence of a vascular tumor thrombus had worse prognosis. There were more family

histories of gastrointestinal cancer in patients with related indications than in patients without such indications.

Conclusions: Single-center data showed that more than 30% of patients with early-stage breast cancer had

indications for BRCA genetic testing. There was no prognostic difference in patients with or without indications for

BRCA genetic testing. Premenopausal status, high T stage, lymph node positive, ER negative, Ki-67>20%, and

presence of a vascular tumor thrombus were associated with poor prognosis.
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Introduction

The breast cancer susceptibility (BRCA) genes comprise an
important group of tumor suppressor genes (1,2). Germline
BRCA mutations have been confirmed to be closely related
to familial breast cancer and ovarian cancer (3,4). Studies
have shown that the cumulative risk of breast cancer before

the age of 70 in women with BRCA1 and BRCA2 mutations
is  57%−60%  and  49%−55%,  respectively  (5).  The
clinicopathological features and prognosis of patients with
BRCA  mutation-related  breast  cancer  have  received
extensive  attention  in  clinics.  BRCA  genetic  testing  for
patients with related indications in China has just started
being implemented. To promote the standardized process
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of clinical detection, this study, referring to the indication
criteria for BRCA genetic testing specified in the National
Comprehensive Cancer Network (NCCN) clinical practice
guidelines  in  oncology,  genetic/familial  high-risk
assessment:  Breast  and  ovarian  (Version  2.  2019)  (6),
retrospectively analyzed patients with early-stage invasive
breast cancer treated at the Breast Disease Center , Peking
University  First  Hospital  from  January  1,  2008  to
December 31, 2016. This study focused on investigating
the clinicopathological features and prognosis of patients
with indications for BRCA genetic testing.

Materials and methods

Ethical approval

Ethical approval from the Institutional Ethics Examining
Committee of Human Research of Peking University First
Hospital  (No.  2018-19)  was  obtained  prior  to  patient
recruitment.  All  participants  signed a  written informed
consent  form  after  a  full  explanation  of  the  study  was
provided, including the schematic procedures and potential
benefits and complications.

Inclusion criteria

The study was performed to investigate early-stage invasive
breast cancer patients with complete clinicopathological
information and follow-up data from January 1, 2008 to
December 31,  2016,  seen in the Breast  Disease Center,
Peking  University  First  Hospital.  According  to  the
indication criteria for BRCA genetic testing specified in the
NCCN  clinical  practice  guidelines  in  oncology,
genetic/familial high-risk assessment: Breast and ovarian
(Version 2. 2019), patients who had indications for BRCA
testing were included in the study group, while patients
without  such  indications  were  included  in  the  control
group. The inclusion criteria were as follows: 1) diagnosed
at ≤45 years old; 2) diagnosed at 46−50 years old with an
additional primary breast cancer at any age; 3) diagnosed at
≤60 years  old with triple-negative breast  cancer;  4)  had
family history: (a) diagnosed at 46−50 years old, with one
or  more  close  relatives  with  breast  cancer  or  prostate
cancer (Gleason score ≥7 points); (b) diagnosed at any age,
with one or more close relatives with breast cancer (≤50
years old) or ovarian cancer,  metastatic prostate cancer,
male breast cancer, or pancreatic cancer; (c) diagnosed at
any age, with ≥2 additional diagnoses of breast cancer in
close  relatives;  and  (d)  confirmed  familial  BRCA1/2

mutation;  5)  male  breast  cancer  patients;  and  6)
complicated with ovarian cancer and/or pancreatic cancer.
The diagnosis and treatment of all included patients met
the  criterion  of  Chinese  guidelines  for  diagnosis  and
treatment of breast cancer 2018 (English version) (7).

Clinical staging and molecular subtyping

Clinical staging and prognostic staging of all patients were
determined referring to the American Joint Committee on
Cancer (AJCC) tumor-node-metastasis (TMN) staging for
breast cancer (8th edition) (8), while molecular subtyping
was  confirmed based on the  2011 St.  Gallen consensus
criteria (9).

Histopathological immunohistochemistry and histological
grades and interpretation criteria

Estrogen receptor (ER)/progesterone receptor (PR) status
was determined according to the 2010 American Society of
Clinical  Oncology/American  Society  of  Pathology
(ASCO/CAP) recommended breast cancer ER/PR receptor
immunohistochemical  detection standards (10).  Human
epidermal  growth factor  receptor  2  (HER2)  expression
status was determined according to the 2013 ASCO/CAP
recommendations for  the HER2 (11).  According to the
2013 St. Gallen consensus recommendations, we defined
Ki-67≤20%  as  low  expression  and  Ki-67>20%  as  high
expression (12). Referring to the Nottingham Combined
Histologic Grade grading standard (13), the invasive breast
cancer  histological  grading  indicators  included  tubule
formation,  nuclear  pleomorphism  and  mitotic  activity,
which were divided into grades 1, 2 and 3.

Follow-up

Follow-up was carried out by outpatient visit, telephone
and mail.  The follow-up was performed once each year,
with a median follow-up time of 60 months. Disease-free
survival (DFS) was defined as the time from the completion
of radical surgery to the diagnosis of local or contralateral
breast  cancer  recurrence  or  distant  metastasis.  Overall
survival (OS) was defined as the time from the completion
of radical surgery to death from any cause.

Statistical analysis

Statistical  analysis  was  performed  using  IBM  SPSS
Statistics  (Version  20.0;  IBM Corp.,  New York,  USA).
Groups were compared by Student’s t-test for continuous
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data,  the  Pearson  χ2  test  and  Fisher’s  exact  test  for
categorical  variables  and the  Mann-Whitney U  test  for
grading variables. The Kaplan-Meier method was used to
calculate DFS and OS, and the log-rank test was used for
comparisons  between  groups.  Variables  found  to  be
significant in the univariate analysis were included in the
Cox regression model using the forward method to exclude
interfering  factors  among  variables  and  to  identify
independent factors that affect survival. The significance
level was 0.05. All analyses involved bilateral tests.

Results

General information

From January 1, 2008 to December 31, 2016, the Breast
Disease  Center  at  Peking  University  First  Hospital
admitted and treated a total of 2,611 patients with early
invasive breast cancer with complete clinicopathological
and follow-up data. The patients had a median age of 53
(range: 21−92) years old, and 2,594 patients were female,
and 17 patients were male.

Clinicopathological characteristics

Among them, 906 patients had indications for BRCA testing
and  were  included  in  the  study  group,  accounting  for
34.7% of all patients. Other patients were included in the
control  group.  The  clinicopathological  features  of  the
patients in the study and control groups were as follows
(Table  1).  Among  patients  with  indications  for  BRCA
testing, 656 (72.4%) patients were equal or older than 45
years old, 12 (1.3%) patients were between 45−60 years old
with secondary primary breast cancer, 265 (29.2%) patients
were  equal  or  younger  than  60  years  old  with  triple
negative  breast  cancer,  71  (7.8%)  patients  had  family
history, 17 (1.9%) patients were male, 6 (0.7%) patients
meanwhile had ovarian and or pancreatic cancer, and 116
(12.8%) patients met two or more indications. Among the
patients in the study group, 17 (1.9%) had other tumors,
and 68 (7.5%) had a family history of other cancers. Among
patients in the control group, 50 (2.9%) had other tumors,
and 110 (6.5%) had a family history of other tumors (Table 2).

Prognostic analysis

All patients were followed up for 14−106 months (median
follow-up  duration,  60  months).  The  5-year  OS  was
92.3%, and the 5-year  DFS was  89.3%. Patients  in  the

study group were followed up for 16−106 months (median
follow-up time, 61 months); the 5-year OS was 92.6%, and
the 5-year DFS was 89.6%. The patients in the control
group  were  followed  up  for  14−106  months  (median
follow-up time, 60 months); the 5-year OS was 92.3%, and
the  5-year  DFS was  89.2%.  There  were  no  significant
differences in OS and DFS between the two groups (OS:
P=0.808; DFS: P=0.396) (Table 3, Figure 1).

A total of 217 patients had recurrence and metastasis: 82
(9.1%) patients in the study group and 135 (7.9%) patients
in the control group. There was no significant difference in
recurrence and metastasis rates between the two groups
(P=0.645).  Most  common metastatic  location was bone,
accounted for 41.5% and 38.5% in the study group and
control  group,  respectively.  Other  metastatic  locations
included  liver,  lung,  lymph  node,  breast,  brain  and
peritoneum. No statistically difference were observed in
metastatic sites.

A total of 103 patients died of breast cancer: 42 (4.6%) in
the  study  group  and  61  (3.6%)  patients  in  the  control
group. There was no significant difference in breast cancer-
related mortality between the two groups (P=0.301).

Prognostic factors of patients in study group

Clinicopathological  characteristics  such  as  age,  sex/
menstruation status, T stage, N stage, TNM stage, ER, PR
and HER2 expression,  Ki-67 index,  molecular  subtype,
prognostic  stage,  pathological  type,  histological  grade,
vascular tumor thrombus and neuroinvasion of the patients
in the study group were included in a unilateral survival
analysis (Table 4). Among them, sex/menstruation status, T
stage, lymph node involvement, TNM stage, ER and PR
expression,  Ki-67 index,  molecular  subtype,  prognostic
stage, histological grade, and vascular tumor thrombus had
significant effects on DFS and OS (P<0.05). TNM staging,
molecular  subtype  and  prognostic  staging  with
confounding  factors  were  excluded,  and  multivariate
analysis  was  performed  on  the  remaining  clinico-
pathological  characteristics  that  were  significant  in  the
univariate analysis. The results showed that high T stage,
positive axillary lymph node, negative ER expression, Ki-
67>20% and the presence of a vascular tumor thrombus
were  significantly  correlated  with  a  decrease  in  DFS;
premenopausal, T stage 3−4, positive axillary lymph node,
negative ER expression, Ki-67>20% and the presence of a
vascular tumor thrombus were significantly associated with
a reduction in OS (P<0.05) (Table 5).
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Table 1 Clinicopathological data of patients in study group and control group (N=2,611)

Clinicopathological characteristics No.
n (%)

P
Study group (n=906) Control group (n=1,705)

Gender* <0.001

　Female 2,594 889 (98.1) 1,705 (100)

　Male 17 17 (1.9) 0 (0)

Age (year) ( )** − 43.7±9.2 60.5±10.5 <0.001
Sex/menstruation status* <0.001

　Premenopausal 1,131 720 (79.5) 411 (24.1)

　Postmenopausal 1,463 169 (18.7) 1,294 (75.9)

　Male 17 17 (1.9) 0 (0)

Pathological type 0.179

　Duodenal carcinoma 2,323 819 (90.4) 1,504 (88.2)

　Lobular carcinoma 109 30 (3.3) 79 (4.6)

　Other types 179 57 (6.3) 122 (7.2)

T stage*** 0.456

　T1 1,342 454 (50.1) 888 (52.1)

　T2 1,131 396 (43.7) 735 (43.1)

　T3 108 44 (4.9) 64 (3.8)

　T4 30 12 (1.3) 18 (1.1)

Lymph node involvement 0.101

　No 1,760 592 (65.3) 1,168 (68.5)

　Yes 851 314 (34.7) 537 (31.5)

ER expression <0.001

　Positive 1,915 539 (59.5) 1,376 (80.7)

　Negative 696 367 (40.5) 329 (19.3)

PR expression <0.001

　Positive 1,839 547 (60.4) 1,292 (75.8)

　Negative 772 359 (39.6) 413 (24.2)

HER2 status 0.010

　Positive 540 162 (17.9) 378 (22.2)

　Negative 2,071 744 (82.1) 1,327 (77.8)

Ki-67 <0.001

　≤20% 868 224 (24.7) 644 (37.8)

　>20% 1,743 682 (75.3) 1,061 (62.2)

Histological grade*** <0.001

　1 605 158 (17.4) 447 (26.2)

　2 1,159 374 (41.3) 785 (46.0)

　3 847 374 (41.3) 473 (27.7)

TNM stage*** 0.249

　I 1,079 362 (40.0) 717 (42.1)

　II 1,183 416 (45.9) 767 (45.0)

　III 349 128 (14.1) 221 (13.0)

Table 1 (continued)
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Table 1 (continued)
 

Clinicopathological characteristics No.
n (%)

P
Study group (n=906) Control group (n=1,705)

Prognostic stage

　I 1,439 410 (45.3) 1,029 (60.4) <0.001

　II 512 195 (21.5) 317 (18.6)

　III 660 301 (33.2) 359 (21.1)

Molecular subtyping <0.001

　Luminal A 554 124 (13.7) 430 (25.2)

　Luminal B, HER2+ 315 99 (10.9) 216 (12.7)

　Luminal B, HER2− 1,155 355 (39.2) 800 (46.9)

　HER2 overexpression 225 63 (7.0) 162 (9.5)

　Triple negative 362 265 (29.2) 97 (5.7)

Vascular tumor thrombus 0.342

　No 2,389 825 (91.1) 1,564 (91.7)

　Yes 222 81 (8.9) 141 (8.3)

Neuroinvasion 0.001

　No 2,464 874 (96.5) 1,590 (93.3)

　Yes 147 32 (3.5) 115 (6.7)

ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth factor receptor 2; *, analyzed using the Fisher’s
exact test; **, analyzed using the Student’s t test; ***, analyzed using the Mann-Whitney U test; all others were analyzed using
Pearson’s χ2 test.

Table 2 Patients with medical history and family history of cancer in study group and control group (N=2,611)

Tumor type
History of malignancy [n (%)] Family history [n (%)]

Study group
(n=906)

Control group
(n=1,705) P Study group

(n=906)
Control group

(n=1,705) P

Gastrointestinal cancer 2 (0.2)   7 (0.4) 0.431 26 (2.9) 32 (1.9) 0.033

Urinary tract tumor − 10 (0.6) 0.188   6 (0.7)   5 (0.3) 0.166

Gynecological cancer 4 (0.4)   8 (0.5) 0.921   4 (0.4) 12 (0.7) 0.414

Thyroid cancer 5 (0.6) 14 (0.8) 0.441   1 (0.1)   2 (0.1) 0.960

Lung cancer 2 (0.2)   5 (0.3) 0.733 17 (1.9) 31 (1.8) 0.916

Hepatobiliary cancer −   1 (0.1) 0.465   4 (0.4) 14 (0.8) 0.264

Other 3 (0.3)   5 (0.3) 0.868 11 (1.2) 14 (0.8) 0.326

Patients with more than two
other cancers 1 (0.1)   2 (0.1) 0.960 17 (1.8) 24 (1.4) 0.359

Tumors shown in the Table do not include breast cancer, ovarian cancer, prostate cancer and pancreatic cancer.

Table 3 Prognostic analysis of study group and control group

Variables Study group (n=906) Control group (n=1,705) χ2 P*

Metastasis (n) 82 135 − −
5-year DFS (%)   89.6     89.2 0.720 0.396

Death (n) 51 101 − −
5-year OS (%)   92.6     92.3 0.059 0.808

DFS, disease-free survival; OS, overall survival; *, Log-rank test.
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Table 4 Univariate analysis of clinicopathological characteristics and prognosis of patients in study group (n=906)

Clinicopathological characteristics
DFS OS

5-year DFS (%) χ2 P 5-year OS (%) χ2 P

Age (year)   0.149   0.700   1.337   0.248

　≤40 90.7 93.8

　>40 88.7 91.8

Sex/menstruation status   8.467   0.015 13.898   0.001

　Premenopausal 90.9 94.1

　Postmenopausal 83.4 85.6

　Male 84.4 94.1

TNM stage 33.932 <0.001 28.364 <0.001

　I 95.1 98.4

　II 88.7 91.4

　III 75.8 79.5

Prognostic stage 53.021 <0.001 44.799 <0.001

　I 95.3 97.9

　II 94.4 97.3

　III 77.4 81.4

Molecular subtype 16.679   0.002 16.302   0.003

　Luminal A 97.2 97.7

　Luminal B HER2+ 93.2 98.6

　Luminal B HER2− 90.8 93.5

　HER2+ 79.9 88.3

　Triple negative 84.4 86.9

T stage 70.138 <0.001 56.078 <0.001

　1 94.1 97.2

　2 87.2 90.8

　3 68.3 62.4

　4 52.1 65.5

Lymph node involvement 20.898 <0.001 20.974 <0.001

　No 92.9 96.3

　Yes 83.0 85.7

ER expression 16.451 <0.001 14.851 <0.001

　Positive 93.5 95.8

　Negative 83.4 87.6

PR expression 11.228   0.001 11.570   0.001

　Positive 92.7 95.3

　Negative 84.0 87.8

HER2 status   0.213   0.644   0.614   0.433

　Positive 89.7 94.8

　Negative 88.1 92.1

Ki-67 15.082 <0.001 10.100   0.001

　≤20% 96.5 97.1

Table 4 (continued)
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Discussion

Breast cancer is one of the most common malignant tumor
in women. According to the data from National Central
Cancer Registry of China, in 2014 approximately 278,900
breast cancer were diagnosed, ranking the first place of all
cancer in Chinese women. The mortality of breast cancer
in Chinese women was 9.90/100,000, which placed fifth in
cancer mortality (14). Approximately 5%−10% of breast
cancer is monogenic in origin, and BRCA1/2  is the main
gene related to hereditary breast cancer (15). Data in China

showed that the detection rate of BRCA1/2  mutations in
high-risk populations could reach over 10% (16-18). To
study  the  basic  situation  of  BRCA1/2  mutation-related
breast  cancer  in  China,  this  study,  referring to  NCCN
guidelines (2019), performed a retrospective analysis of the
data  of  patients  with  early-stage  invasive  breast  cancer
treated in the Breast Disease Center at Peking University
First Hospital between January 2008 and December 2016.
In this study, a total  of  906 patients had indications for
BRCA genetic testing, accounting for 34.7% of all patients.

Table 4 (continued)
 

Clinicopathological characteristics
DFS OS

5-year DFS (%) χ2 P 5-year OS (%) χ2 P

　>20% 87.0 91.0

Pathological type   5.422   0.066   4.026   0.134

　Duodenal carcinoma 90.1 92.9

　Lobular carcinoma 67.8 81.3

　Other type 89.5 93.0

Histological grade 13.809   0.001 10.987   0.004

　1 95.6 97.0

　2 91.0 93.8

　3 85.2 89.3

Vascular tumor thrombus 16.938 <0.001 15.287 <0.001

　Yes 80.3 79.4

　No 90.3 93.6

Neuroinvasion   0.609   0.435   0.095   0.758

　Yes 89.4 92.0

　No 89.4 92.6

HER2, human epidermal growth factor receptor 2; ER, estrogen receptor; PR, progesterone receptor; DFS, disease-free survival;
OS, overall survival.

 

Figure 1 Comparison of disease-free survival (DFS) (P=0.396) (A) and overall survival (OS) (P=0.808) (B) between study group and control
group.
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This finding suggested that approximately 1/3 of breast
cancer patients should receive BRCA1/2 testing. However,
due to the lack of qualified institutions and authoritative
test reports for BRCA testing in China, none of the patients
in  this  study  received  testing.  Such  a  lack  of  testing
indicates that a considerable number of patients with BRCA
mutation-related breast cancer do not receive reasonable
diagnosis  and  treatment  in  China.  Therefore,  the
establishment of standardized laboratories to promote and
regulate  BRCA1/2  testing  for  breast  cancer  patients  in
China should receive sufficient attention.

NCCN guidelines (2019) specify that, in addition to a
family history of cancer (especially breast cancer, ovarian
cancer and metastatic  prostate cancer),  age,  sex,  second

primary breast cancer and triple-negative breast cancer are
also indications for BRCA genetic testing. In this study, the
study  group  was  selected  according  to  the  specified
indications. Compared with the control group, patients in
the study group were predominantly premenopausal, and
the  cancer  exhibited  poor  differentiation  and  high
prognostic  staging,  which was  consistent  with  previous
reports (19-21). This study also analyzed the family history
of other tumors in the two groups and found that patients
in the study group often had family histories of  various
cancers,  for  which  a  family  history  of  gastrointestinal
cancers was more prevalent than that in the control group
(P=0.033). Similar findings have also been reported in other
studies  in  China  (22).  Based  on  the  above  clinico-

Table 5 Multivariate analysis of clinicopathological characteristics and prognosis of patients in study group

Clinicopathological
characteristics

DFS OS

Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis

HR (95% CI) P HR (95% CI) P HR (95% CI) P HR (95% CI) P

Sex/menstruation status   0.017   0.002   0.036

　Premenopausal − − −

　Postmenopausal 2.006
(1.242−3.239)   0.004 2.831

(1.597−5.017) <0.001 2.260
(1.212−4.212)   0.010

　Male 0.641
(0.341−5.734)   0.641 1.262

(0.172−9.249)   0.819 1.444
(0.188−11.081)   0.724

T stage <0.001 <0.001 <0.001   0.001

　1 − − − −

　2 2.261
(1.357−3.768)   0.002 1.734

(1.022−2.942)   0.041 2.448
(1.252−4.785)   0.009 1.672

(0.837−3.341)   0.145

　3 8.627
(4.363−17.062) <0.001 4.457

(2.126−9.343) <0.001 11.566
(5.063−26.421) <0.001 5.191

(2.136−12.612) <0.001

　4 12.765
(4.827−33.753) <0.001 7.818

(2.870−21.299) <0.001 11.852
(3.362−41.787) <0.001 4.831

(1.295−18.022)   0.019

Lymph node involvement 2.669
(1.722−4.135) <0.001 1.814

(1.134−2.904)   0.013 3.518
(1.981−6.250) <0.001 2.590

(1.407−4.768)   0.002

ER expression 2.423
(1.558−3.769) <0.001 2.026

(1.284−3.199)   0.002 2.937
(1.653−5.218) <0.001 2.001

(1.064−3.764)   0.031

PR expression 2.076
(1.342−3.212)   0.001 2.558

(1.461−4.480)   0.001

Ki-67>20% 4.124
(1.898−8.958) <0.001 2.785

(1.262−6.149)   0.011 4.539
(1.632−12.625)   0.004 2.990

(1.059−8.442)   0.039

Histological grade   0.002   0.008

　1 − −

　2 1.782
(0.776−4.092)   0.173 2.602

(0.763−8.882)   0.127

　3 3.329
(1.506−7.361)   0.003 4.918

(1.503−16.091)   0.008

Vascular tumor thrombus 3.069
(1.749−5.385) <0.001 2.577

(1.412−4.702)   0.002 3.658
(1.823−7.339) <0.001 2.831

(1.335−6.002)   0.007

ER, estrogen receptor; PR, progesterone receptor; DFS, disease-free survival; OS, overall survival; 95% CI, 95% confidence interval.
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pathological  features,  it  is  generally  believed  that  the
prognosis  of  BRCA1/2  mutation-related  breast  cancer
patients is worse than that of patients with sporadic breast
cancer. However, there is no evidence that the long-term
survival  of  BRCA1/2  mutation  breast  cancer  patients  is
worse (23). In this study, the recurrence rate and breast
cancer-related mortality of the patients in the study group
and  the  control  group  were  not  significantly  different
(recurrence and metastasis rate, P=0.645; breast cancer-
related mortality rate, P=0.301). In addition, there was no
significant  difference  in  OS and  DFS between  the  two
groups (OS: P=0.808; DFS: P=0.396), which is consistent
with findings in other reports.

Due to the late start of BRCA testing in China, none of
the  patients  in  this  study  received  BRCA1/2  testing.
Therefore,  univariate and multivariate survival  analyses
were performed only for the prognosis  of  breast  cancer
patients  with  indications  for  BRCA  testing.  Univariate
analysis  showed that  menstrual  status,  T stage,  positive
axillary  lymph  node,  TNM  stage,  ER  expression,  PR
expression,  Ki-67 index,  molecular  subtype,  prognostic
stage,  histological  grade,  and  vascular  tumor  thrombus
were closely related to OS and DFS. After variables with
confounding factors excluded, multivariate survival analysis
was performed on variables of significance in univariate
analyses and found that premenopausal status, T stage 3−4,
positive axillary lymph node, negative ER expression, Ki-
67>20% and vascular tumor thrombus were associated with
a poor prognosis. These results suggested that patients with
indications for BRCA gene testing, especially those who are
also premenopausal or have high T stage, positive axillary
lymph  node,  negative  ER  expression,  Ki-67>20%  and
vascular  tumor  thrombus,  should  be  selected  for
appropriate  treatment.  Further  studies  on  whether
BRCA1/2 gene testing indicated population with high risk
of  recurrence  benefit  from  intensive  treatment  are
expected.

The significance of cancer staging is to assess prognostic
information  and  provide  a  scientific  basis  for  the
development  of  cancer  treatment  decisions.  The AJCC
Cancer  Staging  Manual,  8th  Edition  (Breast  Cancer
chapter), first proposed the concept of prognosis staging.
By adding biomarkers such as histologic grade and HER2,
ER and PR expression as the basis for the evaluation of
prognostic stage, the 8th edition significantly improved the
tumor evaluation system. Our previous study found that the
prognostic stage was inconsistent with anatomic staging in
over 40% of breast cancer patients, wherein histological

grade 2 or above and triple-negative type are important
factors  for  a  worse  prognostic  stage  (24).  In  this  study,
there  was  no  significant  difference  in  TNM  staging
between the study group and the control group. However,
the prognostic stage of the study group was worse than that
of the control group (P<0.001). These results suggested
that the population with indications for BRCA testing had a
high  risk,  and  the  prognostic  stage  may  be  a  better
reference  for  making  clinical  treatment  decisions  for
patients with indications for BRCA testing compared with
anatomic stage.

The morbidity and clinicopathological features of breast
cancer  patients  in  China  and  in  Western  countries  are
different. The latest GLOBOCAN 2018 data show that the
overall  age-standardized  incidence  in  East  Asia  is
39.2/100,000, lower than that in Western countries (25).
The literature  reports  that  in  the  United States,  breast
cancer patients with an onset age ≤40 years only account
for 4% while those ≤50 years only account for 19% of all
patients; luminal A type is the most common type (26). In
this study, 332 (12.7%) patients had an onset age ≤40 years,
1,075 (41.2%) had an onset age ≤50 years, and 1,470 (over
50%) had luminal B type breast cancer. Such differences in
clinicopathological  features  will  inevitably  affect  the
diagnosis, treatment and outcomes of patients in China and
in Western countries.

Studies abroad have shown that in addition to familial
breast cancer, BRCA1/2 mutations are also concentrated on
patients  with  early-onset,  triple-negative  and  second
primary breast cancer and in male patients. Studies have
shown that  the BRCA1/2  mutation rate in breast  cancer
patients with an onset age ≤45 years is 12% and that the
mutation rate in patients with an onset age >45 years is only
3%  (27).  The  mutation  rates  of  BRCA1  and  BRCA2  in
patients with triple-negative breast cancer are 7%−28%
and 1%−17%, respectively (28,29).  The ratio of BRCA2
mutations in male breast cancer is 5%−16% (30,31). The
risk of developing bilateral breast cancer in patients with
BRCA1 and BRCA2 mutations within 20 years is 40% and
26%, respectively (32). Because the proportions and types
of  BRCA  mutations  are  ethnically  and  geographically
specific, mutation proportions in Chinese populations are
different  from  those  in  European  and  American
populations. Chinese data show that the BRCA mutation
rates in patients with familial  breast  cancer,  early-onset
breast cancer,  triple-negative breast cancer,  male breast
cancer  and  bilateral  breast  cancer  are  12.7%−16.9%,
5.2%−8.9%, 10%−12%, 15.2% and 12.5%, respectively;
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furthermore, the BRCA mutation rate in patients with two
or  more  indications  is  as  high  as  16.6%  (16-18).  The
overall  trend  shows  that  the  rate  of  BRCA1/2  gene
mutations in patients with familial breast cancer is higher
than that in patients in foreign countries, whereas those in
patients with early-onset breast cancer and triple-negative
breast cancer were the opposite. In this study, patients with
an onset age ≤45 years and triple-negative breast cancer
patients ≤60 years old were the two largest groups with
indications for testing, accounting for more than 90% of
the  total  population  with  indications.  However,  the
detected mutation rates in these groups of patients were
not high. Patients who had two or more indications had
higher  detected  mutation  rates  but  only  accounted  for
12.8% of the total population with indications. Therefore,
we believe that the current NCCA indication guidelines for
BRCA1/2  genetic  testing  are  not  entirely  applicable  to
Chinese  patients.  Big  data  of  Chinese  population  are
required to improve the indication of BRCA gene testing in
China.

This study has several limitations. First, this was a single-
center  study  performed  in  a  first-class  hospital,  and  a
selective bias was inevitable. Second, BRCA1/2 gene testing
developed  late  in  China,  so  gene  detection  was  not
undertaken  in  this  cohort,  and  the  prognosis-related
analysis was performed only for patients with indications
for BRCA1/2  genetic testing. Finally, the follow-up time
was relatively short. Therefore, more detailed data with a
longer follow-up time on a  larger  multicenter  scale  are
encouraged.

The  clinical  diagnosis  and  treatment  of  BRCA  gene
mutation-associated breast cancer in China has not been
standardized. This study aimed to emphasize the necessity
of  implementing  BRCA  genetic  testing  in  clinics.  The
detected BRCA1/2 mutation rate in breast cancer patients
with indications in China only accounted for approximately
10%. Researchers should carry out multicenter prospective
studies to investigate standardizing and promoting BRCA
gene testing.

Conclusions

Single-center data showed that more than 30% of patients
with early-stage breast cancer had indications for BRCA
genetic  testing.  There  was  no  prognostic  difference  in
patients  with  or  without  indications  for  BRCA  genetic
testing. Premenopausal status, high T stage, lymph node
positive,  ER  negative,  Ki-67>20%  and  presence  of  a

vascular  tumor  thrombus  were  associated  with  poor
prognosis.
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