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Objective: We aimed to evaluate the prevalence of BRCA1 and BRCA2 mutations in Chinese populations with breast cancer. Factors
associated with BRCA1 and BRCA2 mutations are also evaluated.

Methods: This was a cross-sectional study, and patients with breast cancer were included. Data on clinical characteristics, information
of breast cancer, and BRCA1 and BRCA2 mutations were extracted. Patients were divided into the carrier and noncarrier groups.
Results: A total of 368 patients were included. Compared to the noncarrier group (n = 240), patients in the carrier group (n = 128) were
younger and more likely to have breast cancer at age <40 years. Of the overall 128 patients in the carrier groups, 58 had BRCA1 mutation
and 70 had BRCA2 mutation. Among patients with early onset breast cancer, there was no difference in the prevalence of BRCA1 and
BRCA2 (20.7% vs 17.1%, P = 0.35). While among patients with a family history of breast/ovarian cancer, BRCA2 mutation was more
prevalent than BRCA1 mutation (54.3% vs 44.8%, P = 0.01); and among patients with triple-negative breast cancer, BRCA1 mutation
was more prevalent than BRCA2 mutation (34.5% vs 28.6%, P = 0.04). After adjusting for covariates, factors associated with BRCA1
mutation included breast cancer diagnosed <40 years, tumor size >2 c¢m, and lymph node metastasis; and after adjusting for covariates,
factors associated with BRCA2 mutation included age, tumor size >2 c¢m, and triple-negative breast cancer.

Conclusion: The prevalence of BRCA1 and BRCA2 mutations varied according to three specific subgroups. Factors associated with
BRCA1 and BRCA2 mutations were differential.
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Introduction

Breast cancer is the most common cancer in women globally. Several recent studies have demonstrated that breast cancer
accounts for approximately 25% of the overall new-onset cancers worldwide.' > Furthermore, approximately 15% of
cancer-related mortality were attributed to breast cancer.' > Germline mutation is the major risk factor for breast cancer,
which accounts for 5-10% of the overall breast cancer.** Prior studies from western populations have demonstrated that
approximately 20—40% of inherited breast cancers are mainly due to the deleterious mutation of the breast cancer-
associated gene (BRCA), namely, BRCA1 and BRCA2.°® A recent meta-analysis further shows that individuals with
BRCAI1 and BRCA2 carriers have 57-65% and 45-49% probability of developing breast cancer over lifetime,
respectively.” Therefore, it is clinically important to screen for BRCA1 and BRCA2 genes in individuals who are at a
heightened risk of developing breast cancer.

Among individuals who have a family history of breast cancer, or who had breast cancer at a young age, or who had a
triple-negative phenotype of breast cancer, the probability of positive test of BRCA1 and BRCA2 mutations is high.lo’11
Nevertheless, most of these findings are predominantly derived from the western populations, and the data on the Chinese
populations are limited. One prior study has reported the prevalence of BRCA1 and BRCA2 germline mutations in high-

risk breast cancer patients of Chinese Han nationality, and the results suggest that there may be some degree of shared
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ancestry for the two recurrent BRCA 1 mutations in Chinese.'? Deng et al evaluated the prevalence and clinical outcomes
of germline mutations in BRCA1/2 genes in 2769 unselected breast cancer patients in China. The results demonstrate that
BRCAI1 mutation status may be associated with a worse disease progression in patients with breast cancer.'> Recently,
one meta-analysis reported BRCA1 and BRCA2 mutations in Chinese patients with breast and ovarian cancer, suggesting
a lower prevalence than western populations.'* Another study reported the prevalence of BRCA1 and BRCA2 mutations
in Chinese Han populations with breast cancer, and these findings also suggested a lower prevalence of these gene
mutations than western populations.'> It has been well documented that the genetic mutations vary significantly among
different racial/ethnic groups. Therefore, it is needed to evaluate the prevalence of BRCA1 and BRCA2 mutations in
Chinese populations with breast cancer, given the increased breast cancer burden in China.'®'” In addition, the factors to
predict the probability of BRCA1 and BRCA2 mutations are also needed to elucidate, which can inform the strategy to
screen for breast cancer and BRCA mutation.

Herein, we performed a cross-sectional study to investigate the prevalence of BRCA1 and BRCA2 mutations in
individuals with documented breast cancer. In addition, the factors associated with the prevalent BRCA1 and BRCA2
mutations would also be evaluated.

Methods
Study Design and Participants

This was a cross-sectional study, which was conducted from July 2019 to July 2021. The current study was approved by
the Clinical Research Ethics Committee of Central Western Hospital of Hainan (N0.20190308R1). All procedures were
performed in accordance with the Helsinki Declaration. Participants with documented breast cancer hospitalized in our
hospital were screened for and included after written informed consent was obtained.

Data Collection

Age and menopausal status when breast cancer was diagnosed, family history of breast or ovarian cancer, risk factors and
comorbidities, medical therapy, and information of the breast cancer including tumor size, lymph nodes status, grade,
histological features, and estrogen receptor status were collected from the electronic health record by two independent

investigators. Fasting venous blood was used to evaluate hemoglobin concentration, and renal and liver function.

BRCAI1/2 Germline Mutation Assessment

Plasma was separated from blood samples collected in EDTA-treated tubes and then was transferred into fresh tubes by
centrifugation to remove cell debris, aliquoted into fresh tubes, and stored at —80°C until DNA extraction. Breast cancer
tissue samples were obtained by biopsy and processed into formalin-fixed paraffin-embedded cell blocks. Cell-free DNA
(cfDNA) and genomic DNA were isolated from plasma and were analyzed for the mutations of BRCA1 and BRCA2
genes as previously described.'®

Statistical Analysis

Continuous variables were presented as mean and standard deviation, and categorical variables were presented as number
and proportion. The prevalence of BRCA1 and BRCA2 mutations was determined as the proportion of mutation-positive
participants among all included participants. We compared demographic and clinical features between BRCA carriers
and noncarriers with the use of Student’s t-test, Mann—Whitney test, the chi-square test, or the Fisher’s exact test as
appropriate. Several subgroups (early-age onset breast cancer, family history of breast/ovarian cancer, and triple-negative
breast cancer) were performed to compare the prevalence of BRCA1 and BRCA2 mutation within each subgroup.
Univariate and multivariable regression analysis was performed to evaluate the factors associated with BRCA1 and
BRCA2 mutations, respectively. A two-sided P-value <0.05 was considered to be statistically significant and all the

analysis was performed using SPSS 22.0 software package.
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Results

General Characteristics

During the study period, a total of 368 participants with breast cancer were included in the current study, and study
flowchart is shown in Figure 1. General characteristics are presented in Table 1. Compared to the noncarrier group,
patients in the carrier group were younger, and more likely to have breast cancer at age <40 years and prior to post-
menopause. In addition, they were more likely to have a positive family history, have tumor size >2 cm, lymph node
metastasis, grade III, and triple-negative breast cancer. There was no difference in histological diagnosis between these
two groups.

Prevalence of BRCAI and BRAC2 Gene Mutation in Subgroup Populations

Of the overall 128 patients in the carrier groups, 58 had BRCA1 gene mutation and 70 had BRCA2 gene mutation. In
specific, among the 58 BRCA1 gene mutations, 24 (41.4%) were base substitution, 16 (27.6%) were nucleotide insertion,
and 18 (31.0%) were nucleotide deletion. Among the 70 BRCA2 gene mutations, 32 (45.7%) were base substitution, 20
(28.6%) were nucleotide insertion, and 18 (25.7%) were nucleotide deletion. As shown in Figure 2, among patients with
early onset breast cancer, there was no difference in the prevalence of BRCA1 and BRCA2 (20.7% vs 17.1%, P = 0.35).
While among patients with a family history of breast/ovarian cancer, BRCA2 gene mutation was more prevalent than
BRCAI gene mutation (54.3% vs 44.8%, P = 0.01); and among patients with triple-negative breast cancer, BRCA1 gene
mutation was more prevalent than BRCA2 gene mutation (34.5% vs 28.6%, P = 0.04).

Factors Associated with BRCA| and BRCA2 Gene Mutations

As presented in Table 2, in the univariate analysis, factors associated with BRCA1 gene mutation included breast cancer
diagnosed <40 years, family history of breast/ovarian cancer, tumor size >2 c¢m, lymph node metastasis, and triple-
negative breast cancer; after adjusted for covariates, factors associated with BRCA1 gene mutation included breast
cancer diagnosed <40 years, tumor size >2 cm, and lymph node metastasis. As presented in Table 3, in the univariate
analysis, factors associated with BRCA2 gene mutation included age, breast cancer diagnosed <40 years, family history
of breast/ovarian cancer, tumor size >2 cm, and triple-negative breast cancer; after adjusted for covariates, factors

associated with BRCA2 gene mutation included age, tumor size >2 cm, and triple-negative breast cancer.

A total of 605 patients with documented
breast cancer were screened
from July 2019 to July 2021

215 patients did not want to participate in
this study

490 patients remained in this study

122 without data on BRCA1 and BRCA2
mutation

368 patients were included in this study

Figure | Study flowchart.
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Table | General Characteristics

Carrier Non-Carrier P-value
(n=128) (n = 240)

Age (years) 50.3£16.5 57.1£18.7 0.006
Breast cancer diagnosed < 40 years, n (%) 55 (43.0) 16 (6.7) <0.001
Women, n (%) 128 (100) 239 (99.9) 0.98
Breast cancer diagnosed with postmenopausal status, n 67 (52.3) 196 (81.7) <0.001
(%)
Family history of breast/ovarian cancer, n (%) 85 (66.4) 63 (26.3) <0.001
Tumor size > 2 cm, n (%) 77 (60.2) 85 (35.4) <0.001
Lymph node metastasis, n (%) 90 (70.3) 135 (56.3) 0.02
Grade, n (%) 0.04

| 46 (35.9) 83 (34.6)

Il 39 (304) 85 (35.4)

1] 43 (33.7) 72 (30.0)
Histological diagnosis, n (%) 0.27

DCIs 18 (14.1) 32 (13.7)

Infiltrating ductal carcinoma 70 (54.7) 136 (56.3)

Infiltrating lobular 20 (15.7) 36 (15.0)

Carcinoma 16 (12.5) 28 (11.7)

Others 4 (3.0) 8 (3.3)
Triple-negative breast cancer, n (%) 58 (45.3) 79 (32.9) 0.01
Hemoglobin concentration (g/L) 120.4+11.8 122.6+12.5 0.36
Alanine aminotransferase (U/L) 23.4+9.0 27.5+8.2 0.72
Creatinine (umol/L) 70.8+14.2 72.4%13.6 0.40

Discussion

To the best of our knowledge, the current study should be the first few studies in evaluating the prevalence of BRCA1
and BRCA2 gene mutations among Chinese patients with breast cancer. In addition, factors associated with BRCA1 and
BRCA2 gene mutations were also identified. There are three major findings. First, compared to breast cancer patients
without BRCA1 and BRCA2 gene mutations, patients with these mutations have differential clinical and pathological
characteristics. Second, among three specific subgroups, the prevalence of BRCA1 and BRCA2 gene mutations was
significantly different. Third, factors differentially associated with BRCA1 and BRCA2 gene mutations were also
identified. Their findings might provide a foundation to screen for BRCA gene mutation and guide prevention strategies
for patients who are at risk for breast cancer in the future.

It has been well demonstrated that BRCA1 and BRCA2 gene mutations are independent risk factors for breast cancer.
Studies of Western Europe and North American populations suggest that patients with breast cancer and BRCA gene
mutations display differential clinical characteristics when compared to their counterparts without gene mutations,
suggesting that BRCA1l and BRCA2 might be associated with unique clinical phenotype of breast cancer.
Interestingly, in this study, we also found that compared to the non-carriers, patients in the carrier group were younger,
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Figure 2 Prevalence of BRCA| and BRCA2 gene mutation.

and more likely to have breast cancer at age <40 years and before post-menopause. These findings underscore that
BRCA1 and BRCA2 mutations might cause early-onset breast cancer. In addition, they were more likely to have a
positive family history, have tumor size >2 cm, lymph node metastasis, grade III, and triple-negative breast cancer. These

Table 2 Factors Associated with BRCAI| Gene Mutation

Univariate Multivariable
OR (95% CI) P-value OR (95% CI) P-value
Age 0.98 (0.85-1.13) 0.12 0.94 (0.82-1.06) 0.33
Breast cancer diagnosed < 40 years 1.25 (1.18-1.46) 0.009 1.16 (1.05-1.29) 0.02
Family history of breast/ovarian cancer 1.17 (1.04-1.25) 0.03 1.05 (0.96-1.13) 0.14
Tumor size > 2 cm 1.33 (1.20-1.52) 0.002 1.21 (1.15-1.36) 0.01
Lymph node metastasis 1.30 (1.17-1.40) 0.007 1.15 (1.04-1.29) 0.03
Grade 1.04 (0.94-1.10) 0.20 1.01 (0.90-1.05) 0.42
Triple-negative breast cancer 1.13 (1.03-1.24) 0.04 1.04 (0.97-1.11) 0.25
Abbreviations: OR, odds ratio; Cl, confidence interval.
Table 3 Factors Associated with BRCA2 Gene Mutation
Univariate Multivariable
OR (95% CI) P-value OR (95% CI) P-value
Age 1.20 (1.11-1.35) 0.007 I.11 (1.04-1.20) 0.03
Breast cancer diagnosed < 40 years 1.12 (1.03-1.26) 0.03 1.05 (0.94-1.12) 0.19
Family history of breast/ovarian cancer 1.08 (1.01-1.18) 0.04 1.02 (0.92-1.10) 0.36
Tumor size > 2 cm 1.28 (1.10-1.44) 0.008 1.10 (1.03-1.25) 0.02
Lymph node metastasis 1.10 (1.00-1.23) 0.05 1.02 (0.92-1.13) 0.24
Grade 1.06 (0.92-1.12) 0.26 1.02 (0.92-1.09) 0.53
Triple-negative breast cancer 1.26 (1.15-1.40) 0.006 1.13 (1.05-1.32) 0.02

Abbreviations: OR, odds ratio; Cl, confidence interval.
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pathological findings provide important foundations to explain the early-onset breast cancer and the worst prognosis in
patients with BRCA1 and BRCA2 gene mutations.

Interestingly and importantly, it is noted that among three specific subgroups, the prevalence of BRCA1 and BRCA2
gene mutations was significantly different. Specifically, among patients with early-onset breast cancer, there was no
difference in the prevalence of BRCA1 and BRCA2 gene mutations. While among patients with a family history of
breast/ovarian cancer, BRCA2 gene mutation was more prevalent than BRCA1 gene mutation; and among patients with
triple-negative breast cancer, BRCA1 gene mutation was more prevalent than BRCA2 gene mutation, which was
somewhat consistent with prior reports. These findings could have important clinical implications. First, it seems that
both BRCAI and BRCA2 gene mutations were associated with early-onset breast cancer, suggesting that screening for
either mutation can be helpful to screen for those at high risk of developing breast cancer at an early age. Second,
compared to BRCA1 gene mutation, BRCA2 gene mutation might be more closely related to patients with a positive
family history, suggesting that it should be routinely screened for breast cancer in patients with BRCA2 gene mutation.
Third, compared to BRCA2 gene mutation, BRCA1 gene mutation was more likely to be present in patients with triple-
negative breast cancer. These findings highlight that BRCA1 gene mutation might exert a differential effect on the
development of the triple-negative breast cancer. Further studies are needed to evaluate whether targeting BRCA1 gene
mutation could provide additional benefits to these populations.

Extending prior studies, we also explored factors associated with BRCA1 and BRCA2 gene mutations. The findings
suggest that there were differential associations between factors associated with BRCA1 and BRCA2 gene mutations.
Specifically, after multivariable analysis, factors associated with BRCA1 gene mutation included breast cancer diagnosed
<40 years, tumor size >2 cm, and lymph node metastasis, while factors associated with BRCA2 gene mutation included
age, tumor size >2 cm, and triple-negative breast cancer. These findings once again support the concept that patients with
BRCA1 and BRCA2 gene mutation might present with differential clinical phenotypes. In addition, these findings also
suggest that among breast cancer patients with these factors might be more likely to have BRCA1 and BRCA2 gene
mutations, respectively.

There are some limitations of this study. First, we only included the Chinese patients, and these findings might not be
extrapolated to other racial/ethnic groups. Second, this was a cross-sectional study and whether the presence of BRCA1
and BRCA2 gene mutations was associated with worse clinical outcomes was unknown. Third, although we have
adjusted for covariates, other factors which might also be associated with BRCA1 and BRCA2 gene mutations could also
exist. Last but not the least, we did not follow-up on the outcome of these patients, and therefore we cannot evaluate the
prognostic implication of BRCA1 and BRCA2 gene mutations in Chinese patients with breast cancer.

Conclusion

In conclusion, this study suggests that patients with BRCA1 and BRCA2 gene mutations have differential clinical and
pathological characteristics, and the prevalence of BRCA1 and BRCA2 gene mutations varied according to the three
specific subgroups. Furthermore, factors associated with BRCA1 and BRCA2 gene mutations were differential. Their
findings provide a foundation to screen for BRCA gene mutation and guide prevention strategies for patients who are at
risk for breast cancer in the future.
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