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Purpose: The study aimed to compare the survival outcomes and efficacy of platinum in early breast cancer patients with BRCA1 and 
BRCA2 mutations.
Methods: Patients diagnosed with stage I–III breast cancer and carrying germline pathogenic/likely pathogenic BRCA mutations in 
three medical institutions in China from April 2016 to January 2021 were retrospectively analyzed. Data on clinical and pathological 
characteristics, treatment information, pathogenic variants of BRCA, and survival outcomes were collected for all eligible patients.
Outcomes: One hundred and sixty-nine patients with BRCA mutations were enrolled, including BRCA1 mutation (53.3%, n = 90) 
and BRCA2 mutation (46.7%, n = 79). The median age was 39 years, and most patients (68.1%, n = 115) were stage I–II. Patients with 
BRCA1 mutations were characterized by histological grade III (55.6%) and higher Ki-67 index (Ki-67 ≥ 30%, 78.9%) compared with 
patients with BRCA2 mutations (27.8%, 58.2%). BRCA1 mutation patients accounted for a significantly higher proportion of triple 
negative breast cancer than BRCA2 mutation patients (71.1% vs 19.0%, P < 0.0001). A total of 142 (84.0%) patients received neo/ 
adjuvant chemotherapy, including anthracycline and/or taxane-based regimens (55.6%) or platinum-based regimens (27.2%). Median 
follow-up was 33.2 months. Three-year DFS (disease-free survival) and DRFS (distant recurrence-free survival) had no significant 
differences between patients with BRCA1 and BRCA2 mutations (82.0% vs 85.4%, P = 0.35; 94.3% vs 94.6%, P = 0.39). The 3-year 
DFS rate in BRCA1 mutation cohort of patients received platinum regimen was significantly higher than patients received non- 
platinum regimen (96.0% vs 75.2%, P = 0.01). No differences between DFS and DRFS were observed in patients with BRCA2 
mutation received platinum regimen and non-platinum regimen.
Conclusion: Similar survival outcomes were observed in early breast cancer patients with BRCA1 and BRCA2 mutation, though they 
had different biological characteristics. Patients with BRCA1 mutations are more benefit from platinum-regimen. The value of 
platinum-regimen for early breast cancer patients with BRCA1 and BRCA2 needs to be verified further.

Plain Language Summary: BRCA pathogenic mutation has been the principal genetic cause of breast cancer. Since the majority of 
studies have focused on the clinical manifestation and survival of patients with BRCA mutations and the wild type, few studies gave 
a concern about the survival outcome of breast cancer patients with BRCA1 and BRCA2 mutation. We aimed to compare the survival 
outcomes and efficacy of platinum between early breast cancer patients with BRCA1 and BRCA2. Our results showed that patients 
with BRCA1 and BRCA2 mutations had different biological characteristics, but similar survival outcomes in the early stages. Patients 
with BRCA1 mutations are more sensitive to platinum therapy in neoadjuvant settings. 
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Introduction
Breast cancer is one of the most common cancers and leading cause of cancer death in women worldwide.1 The 
prognosis for patients with breast cancer varies greatly and is highly dependent on the inherent tumor biology and the 
stage of malignant progression at diagnosis. Numerous studies have been developed to find potential biomarkers for 
breast cancer survival and progression.2,3 BRCA1 and BRCA2 are the two most important breast cancer susceptibility 
genes. A substantial proportion of hereditary breast cancers can be attributed to BRCA mutation.4 BRCA pathogenic 
mutations can trigger the loss of BRCA1 and BRCA2 protein function, causing homologous recombination deficiency 
and ultimately resulting in tumorigenesis.5 According to a previous study, pathogenic mutations in BRCA genes confer 
a high risk of breast cancer and contralateral breast cancer.6 The cumulative risk of breast cancer until the age of 70 is 
37.9% in BRCA1 carriers and 36.5% in BRCA2 carriers in China, respectively.7 The 10-year cumulative risk of 
contralateral breast cancer was estimated to be 15.5% for BRCA1 carriers and 17.5% for BRCA2 carriers.8

Since BRCA mutation was at a high prevalence among breast cancer patients, numerous studies evaluated the 
spectrum and prevalence of BRCA in different races.9–11 As reported, the frequency of BRCA mutations in unselected 
breast cancer patients is approximately 5% in China,12,13 the ratio would be higher in selected patients.14–16 The number 
of reports on BRCA mutations in breast cancer has been increasing, and the majority of studies to date has focused on the 
clinical manifestation and survival of patients with BRCA mutations and the wild type.17–21

It has been reported that breast cancer patients with BRCA mutations have significant and distinct clinicopathological 
features, with a tendency for triple-negative in BRCA1 and hormone receptor-positive in BRCA2.22,23 As we all know, 
triple-negative subtype is a kind of breast cancer with poor prognosis which lacked endocrine therapy and targeted 
therapy.24 The luminal subtype is hormone sensitive and has a relatively good prognosis.25 Therefore, the prognosis of 
patients with BRCA2 should be better than that of BRCA1. However, few studies gave a concern on the survival 
outcomes of breast cancer patients with BRCA1 and BRCA2 mutations.

Theoretically, BRCA mutant cells are sensitive to DNA-damaging agents such as platinum agents.26 Carboplatin has 
been proven to be effective in metastatic TNBC with germline BRCA mutations.27 Several studies have demonstrated 
that patients with BRCA mutations achieved higher pCR rates from platinum neoadjuvant.28 There is a growing interest 
in the exploration of platinum-based regimen efficacy in early breast cancer patients with BRCA mutations.

We conducted this multi-center study in an attempt to compare the survival outcomes and efficacy of platinum 
between early breast cancer patients with BRCA1 and BRCA2 mutations in China.

Materials and Methods
Patients
Patients were collected from three medical institutions in China: Cancer Hospital, the Chinese Academy of Medical 
Sciences, Huanxing Cancer Hospital, and Sanhuan Cancer Hospital. They need to meet the following inclusion criteria: 1) 
females aged >18 years with pathologically diagnosed invasive breast cancer; 2) harboring germline pathogenic/likely 
pathogenic BRCA mutation; 3) early breast cancer (clinical or pathologic stage I–III); and 4) pathological, surgical, and 
treatment information, and follow-up data were available. Patients were excluded if any of the following conditions were 
present: 1) recurrent or metastatic breast cancer; 2) harboring benign/likely benign/variant of unknown significance 
BRCA mutation. 3) noninvasive breast cancer; 4) no survival follow-up information.

Clinical and pathological data, including age, family history of cancer, histopathology, tumor size, nodal status, breast 
cancer stage, and estrogen receptor (ER), progesterone receptor (PR), and human epidermal growth factor receptor 2 
(HER-2) status, were extracted for this study.

BRCA Mutation Analysis
Genomic DNA was extracted from peripheral blood or saliva. Germline variants were analyzed using a multiplex 
amplicon-based library preparation system and targeted a panel covering the coding regions and consensus splice sites 
of BRCA for sequencing using an Illumina HiSeq 4000 Platform. The clinical significance (benign/likely benign/variant 
of unknown significance (VUS)/likely pathogenic/pathogenic) of each variant was annotated according to the ACMG/ 
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AMP guidelines. The mutation curation was also conducted by two experienced medical geneticists independently blind 
to the imaging interpretation.

Survival Definitions
DFS was defined as the time from surgery to the first appearance of one of the following invasive events: locoregional 
recurrence, distant metastasis, new contralateral or ipsilateral breast cancer, second primary malignancy or death from 
any cause. The DRFS was calculated as the time from surgery to the first occurrence of invasive breast cancer recurrence 
at a distant site. Overall survival data are still mature, with no death events in the cohort.

Statistical Analysis
Statistical analysis was conducted using SPSS version 26.0 for Windows (IBM SPSS Inc., Armonk, NY, USA). The chi- 
square test or Fisher’s exact test was used to compare categorical variables, while a t-test was performed to compare 
continuous variables.

Survival outcomes, including DFS and DRFS, were estimated using the Kaplan–Meier (K-M) method. Z-test was 
used to compare survival rates at fixed time points. Correlates of DFS and DRFS were explored with univariate and 
multivariate analyses via the factors with univariate P < 0.2 were included in the multivariate models. All tests were 
a two-sided test, and P <0.05 was considered statistically significant.

Results
From April 2016 to January 2021, 824 breast cancer patients who received BRCA testing from three centers were 
screened, and 169 patients with pathogenic or likely pathogenic BRCA variants were included: 90 with BRCA1 and 79 
with BRCA2 (1 patient with both BRCA1 and BRCA2 mutations was classified into the BRCA1 group). The flowchart is 
shown in Figure S1.

Patients Characteristics
Clinicopathological characteristics of the patients are presented in Table 1. The median age at diagnosis was 39 
years (range, 22–67). The majority of the patients were premenopausal (79.9%) and had a family cancer history 
(72.2%), especially breast cancer and ovarian cancer history. Half of the patients (n = 85, 50.3%) were lymph node- 
negative. Tumor size of T1 was reported in 78 (46.2%) of all the patients. Only five patients (3%) were HER-2 
positive.

Table 1 Baseline Characteristics of Patients

Total (n=169) (%) BRCA1 (n=90) (%) BRCA2 (n=79) (%) P

Age at diagnosis

Median age 39 (22–67) 38 (22–66) 40 (25–67) 0.014

<35 42 (24.9) 24 (26.7) 18 (22.8) 0.09
35–49 96 (56.8) 55 (61.1) 41 (51.9)

≥50 31 (18.3) 11 (12.2) 20 (25.3)

Menstruation status 0.019
Premenopausal 135 (79.9) 78 (86.7) 57 (72.2)

Postmenopausal 34 (20.1) 12 (13.3) 22 (27.8)

Family history 0.172
Yes 122 (72.2) 61 (67.8) 61 (77.2)

BC history 89 (52.7) 44 (48.9) 45 (57.0)
OC history 21 (12.4) 15 (16.7) 6 (7.6)

No 47 (27.8) 29 (32.2) 18 (22.8)

(Continued)
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Table 1 (Continued). 

Total (n=169) (%) BRCA1 (n=90) (%) BRCA2 (n=79) (%) P

Histology* 0.246

Ductal 158 (93.5) 86 (95.6) 72 (91.1)
Lobular 2 (1.2) 0 (0.0) 2 (2.5)

Other 9 (5.3) 4 (4.4) 5 (6.3)

Histological grade* <0.0001
1 1 (0.6) 0 (0) 1 (1.3)

2 61 (36.1) 21 (23.3) 40 (50.6)

3 72 (42.6) 50 (55.6) 22 (27.8)
Missing 35 (20.7) 19 (21.1) 16 (20.3)

Tumor size* 0.705

T1 78 (46.2) 43 (47.8) 35 (44.3)
T2 67 (39.6) 34 (37.8) 33 (41.8)

T3 3 (1.8) 2 (2.2) 1 (1.3)

T4 3 (1.8) 2 (2.2) 1 (1.3)
Missing 18 (10.7) 9 (10.0) 9 (11.4)

Lymph node status 0.119

N0 85 (50.3) 45 (50.0) 40 (50.6)
N1 38 (22.5) 26 (28.9) 12 (15.2)

N2 24 (14.2) 9 (10.0) 15 (19.0)
N3 11 (6.5) 6 (6.7) 5 (6.3)

Missing 11 (6.5) 4 (4.4) 7 (8.9)

Stage 0.260
I 54 (32.0) 27 (30.0) 27 (34.2)

II 61 (36.1) 38 (42.2) 23 (29.1)

III 34 (20.1) 16 (17.8) 18 (22.8)
Missing 20 (11.8) 9 (10.0) 11 (13.9)

Ki-67 index <0.0001

<30 41 (24.3) 11 (12.2) 30 (38.0)
≥30 117 (69.2) 71 (78.9) 46 (58.2)

Missing 11 (6.5) 8 (8.9) 3 (3.8)

Hormone receptor <0.0001
ER and/or PR+ 83 (49.1) 22 (24.4) 61 (77.2)

ER and PR- 82 (48.5) 66 (73.3) 16 (20.3)

Missing 4 (2.4) 2 (2.2) 2 (2.5)
HER-2 status 0.282

HER-2+ 5 (3.0) 1 (1.1) 4 (5.1)

HER-2- 163 (94.7) 89 (96.7) 74 (92.4)
Missing 1 (2.4) 0 (2.2) 1 (2.5)

Molecular subtype <0.0001

Triple negative 79 (46.7) 64 (71.1) 15 (19.0)
Luminal/HER-2 negative 79 (46.7) 21 (23.3) 58 (73.4)

HER-2 positive 5 (3.0) 1 (1.1) 4 (5.0)

Missing 6 (3.6) 4 (4.4) 2 (2.5)
Breast surgery 0.284

Breast-conserving 54 (32.0) 32 (35.6) 22 (27.9)

Mastectomy 115 (68.0) 58 (64.4) 57 (72.2)
Chemotherapy 0.017

Adjuvant 109 (64.5) 65 (72.2) 44 (55.7)
Neoadjuvant 33 (19.5) 16 (17.8) 17 (21.5)

No chemotherapy 17 (10.1) 4 (4.4) 13 (16.5)

Missing 10 (5.9) 5 (5.6) 5 (6.3)

(Continued)
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Patients with BRCA1 mutations tended to be younger than those with BRCA2 mutations (median age, 38 years vs 40 
years, P = 0.014). Compared to BRCA2 mutations, patients with BRCA1 mutations had a higher histological grade and 
ki-67 index (P < 0.0001). The BRCA1 mutation group had a significantly higher proportion of TNBC subtypes than 
BRCA2 (71.1% vs 19.0%, P < 0.0001). And there were more luminal subtype patients in the BRCA2 mutation group 
(73.4% vs 23.3%, P < 0.0001). No significant differences were observed in tumor size, lymph node status, tumor stage, 
histological type, or breast surgery between the two groups.

Treatment
A total of 142 (84.0%) patients received neoadjuvant (23.2%, n = 33) or adjuvant chemotherapy (76.8%, n = 109). The 
remaining 27 patients did not receive chemotherapy and 12 patients of them received endocrine therapy only. Sixty-eight 
(47.9%) patients were treated with standard anthracycline-and-taxane-based regimen (AC-T or AT). Seventeen (12.0%) 
patients received taxane-based or anthracycline-based regimens(TC or AC) (Figure 1). Of note, there were 46 patients 
(27.2%) treated with platinum-containing regimens. Twenty-two patients of them were treated with taxane plus 

Table 1 (Continued). 

Total (n=169) (%) BRCA1 (n=90) (%) BRCA2 (n=79) (%) P

Chemotherapy regimen 0.785

Anthracycline and taxane 73 (43.2) 41 (45.6) 32 (40.5)
Anthracycline or taxane 21 (12.4) 11 (12.2) 10 (12.6)

Platinum-based regimen 46 (27.2) 28 (31.1) 18 (22.8)

Others 2 (1.2) 1 (1.1) 1 (1.3)
Radiotherapy 0.274

No 78 (46.2) 38 (42.2) 40 (50.6)

Yes 91 (53.8) 52 (57.8) 39 (49.4)
Endocrine therapy <0.0001

Yes 75 (44.4) 19 (21.1) 56 (70.9)

No 94 (55.6) 71 (78.9) 23 (29.1)

Notes: We treated missing data as censored when performing chi-square analysis. *The rows of lobular and other, grade 1–2, T2-T4 
were combined for χ2 test. 
Abbreviations: BC, breast cancer; OC, ovarian cancer; ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal 
growth factor receptor type 2.

Figure 1 Chemotherapy regimens distributions for patients with BRCA mutation. A, anthracyclines, including epirubicin or pirarubicin; C, cyclophosphamide; Cb, 
carboplatin; T, taxane, including docetaxel or paclitaxel.
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carboplatin in an adjuvant setting as part of a randomized, Phase II trial. There was no obvious difference in the regimen 
of chemotherapy between the BRCA1 and BRCA2 groups, except that the proportion of patients receiving platinum- 
based regimens was higher in BRCA1 group than BRCA2 group (31.1% vs 22.8%). Most of patients with BRCA2 
mutations (70.9%, n = 56) received endocrine therapy. All HER-2 positive patients in this cohort were treated with 
trastuzumab.

Mutation Sites of BRCA
In total, 127 mutation sites were detected in our study, the majority of mutation type was frameshift mutations (58.6%) 
and nonsense mutations (23.7%), leading to the truncation of the corresponding proteins. About 19.7% mutation sites of 
the total have not been reported in the Clinvar database. Exons 11 and 24 were frequently mutated in BRCA1, accounting 
for 43% and 19% of the BRCA1, respectively, and the frequently mutated exons in BRCA2 are exons 10 and 11, 
accounting for 15% and 44%. All mutation sites were visualized using the Mutation Mapper software in Supplemental 
Material (Table S1 and Figure S2). It is worth noting that BRCA1c.5470_5477del mutations were detected in 11 patients, 
which was significantly higher than others, and this mutation is currently only reported in Asian populations.

Survival and Prognostic Factors
At data cutoff 28 July 2021, the median follow-up time was 33.2 months (interquartile range, 20.8–84.9 months). A total 
of 56 events of DFS events occurred, and 46.4% (26/56) of the events were contralateral invasive breast cancer, followed 
by locoregional recurrence (21.4%, 12/56) and distant metastasis (17.8%, 10/56) (Table S2). No apparent difference in 
the type of DFS events was observed between the BRCA1 and BRCA2 groups. The 3-year DFS and DRFS rates were 
83.3% (95% confidence interval [CI], 76.4–90.2%), 94.4% (95% CI, 90.3–98.5%), respectively.

There were no significant differences in survival outcomes between patients with BRCA1 and BRCA2 mutations. The 
3-year estimated DFS rate was 82.0% (95% CI, 72.2–91.8%) in patients with BRCA1 mutations compared to 85.4% 
(95% CI, 76.4–94.4%) in patients with BRCA2 mutations (Z= 0.50, P = 0.35). A similar result was observed for the 
3-year DRFS rate (94.3% [95% CI, 88.8–99.8%] vs 94.6% [95% CI, 88.5–100.0%]; Z= 0.01, P = 0.39) (Figure 2).

Univariate and multivariate analyses of DFS were performed separately for the BRCA1 and BRCA2 patients (Table 2 
and 3). In the BRCA1 group, receipt of adjuvant chemotherapy was associated with better DFS (HR, 0.19; 95% CI, 
0.045–0.793; P = 0.023) after adjustment. Meanwhile, patients with BRCA2 mutations younger than 35 years old had 
a higher risk of recurrence compared with patients aged 35–50 years old (HR, 0.30; 95% CI, 0.002–0.393; P = 0.007).

Figure 2 Kaplan–Meier curves in patients with BRCA mutation according to BRCA1 or BRCA2 group for disease-free survival (A) and distant recurrence-free survival (B).
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Table 2 Univariate Analyses and Multivariate Analysis of Disease-Free Survival in BRCA1 Group

Univariate Analysis Multivariate Analysis

HR [95% CI] P HR [95% CI] P

Age

<35 1 1
35–49 1.356[0.571,3.222] 0.490 0.429[0.144,1.280] 0.129

≥50 2.569[0.788,8.377] 0.118 0.912[0.223,3.726] 0.898

Menstruation status
Premenopausal 1

Postmenopausal 0.696[0.258,1.884] 0.476

Family history
No 1

Yes 1.431[0.572,3.580] 0.444

Histological grade

2 1

3 0.999 [0.414,2.410] 0.998
Tumor size

T1 1

T2 0.816 [0.341,1.953] 0.648
T3-4 2.002[0.437,9.174] 0.372

Lymph node status

N0 1 1
N1 1.320[0.570,3.054] 0.517 1.626[0.608,4.351] 0.333

N2 0.952[0.119,7.637] 0.963 0.355[0.034,3.078] 0.387

N3 2.510[0.701,8.990] 0.158 0.497[0.082,3.0333] 0.449
Ki-67

<30 1
≥30 1.449[0.428,4.903] 0.551

Hormone receptor

ER and PR- 1
ER and/or PR+ 0.945[0.395,2.259] 0.899

HER-2 status

HER-2- 1
HER-2+ 0.48[0, NA] 0.772

Breast surgery

Breast-conserving 1
Mastectomy 0.691[0.305,1.562] 0.374

Chemotherapy

Neoadjuvant 1 1
Adjuvant 0.339[0.118,0.973] 0.044 0.190[0.045,0.793] 0.023

Chemotherapy regimen

Non-platinum-based regimen 1
Platinum-based regimen 0.513[0.151,1.742] 0.285

Radiotherapy

Yes 1
No 0.971[0.553,1.704] 0.918

Endocrine therapy

No 1
Yes 1.299[0.567,2.979] 0.536

Note: The bold value means having statistical difference.
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Table 3 Univariate Analyses and Multivariate Analysis of Disease-Free Survival in BRCA2 Group

Univariate Analysis Multivariate Analysis

HR [95% CI] P HR [95% CI] P

Age

<35 1 1
35–49 0.425[0.149,1.212] 0.109 0.30[0.002,0.393] 0.007
≥50 1.194[0.397,3.593] 0.752 1.718[0.069,42.767] 0.741

Menstruation status
Premenopausal 1

Postmenopausal 0.977[0.383,2.494] 0.962

Family history
No 1 1

Yes 0.289[0.108,0.775] 0.014 0.192[0.022,1.694] 0.088

Histological grade
1 1

2 0.720 [0.086,6.040] 0.762

3 1.098 [0.112,10.790] 0.936
Tumor size

T1 1

T2 0.877 [0.343,2.239] 0.784
T3-4 0 0.987

Lymph node status

N0 1
N1 0.475[0.061,3.725] 0.479

N2 1.548[0.495,4.841] 1.548

N3 1.791[0.209,15.351] 1.791
Ki-67

<30 1
≥30 0.550[0.232,1.304] 0.175

Hormone receptor

ER and PR- 1 1
ER and/or PR+ 0.456[0.188,1.103] 0.081 0.192[0.022,1.694] 0.137

HER-2 status

HER-2- 1
HER-2+ 1.863[0.413,8.401] 0.418

Breast surgery

Breast-conserving 1
Mastectomy 1.559[0.578,4.205] 0.380

Chemotherapy

Neoadjuvant 1 1
Adjuvant 2.842[0.737,10.960] 0.129 5.699[0.699,46.477] 0.104

Chemotherapy regimen

Non-platinum-based regimen 1
Platinum-based regimen 0.498[0.105,2.363] 0.380

Radiotherapy

Yes 1
No 0.948[0.400,2.244] 0.903

Endocrine therapy

No 1
Yes 0.623[0.277,1.401] 0.252

Note: The bold value means having statistical difference.
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Platinum Treatment and Survival
We further explored the benefits of a platinum regimen in the BRCA1 and BRCA2 groups. Figure 3 shows that the 3-year 
DFS rate of patients received platinum regimen was significantly better than that of patients received non-platinum 
regimen in the BRCA1 mutation group [96.0% (95% CI, 88.0–100.0%) vs 75.2% (95% CI, 61.7–88.7%), Z = 2.63, P = 
0.01]. The 3-year DFS rate was 90.7% (95% CI, 80.7–100%) among patients received non-platinum regimen versus 
100.0% among patients received platinum regimen in BRCA2 mutation group (Z = 1.82, P = 0.076). There were no 
significant differences in the DRFS outcomes among patients received platinum regimen and non-platinum regimen in 
BRCA1 and BRCA2 groups. The 3-year DRFS rates of patients who received platinum regimen and non-platinum 
regimens were estimated to be 96.0% (88.4%-100.0) and 93.3% (86.1–100%) of BRCA1 mutation group, 100% and 
93.7% (85.3%-100) of BRCA2 mutation group (Figure 3).

Discussion
Our study provided the clinical and pathological characteristics as well as survival outcomes of early breast cancer 
patients with BRCA mutations. It suggested that patients with BRCA1 mutations have more invasive biological 
characteristics than BRCA2, but there were no significant differences in survival outcomes between them. Patients 
with BRCA1 mutations tended to benefit more from the platinum regimen than those with BRCA2 mutations.

As reported previously, patients with BRCA1 mutations tend to be hormone receptor-negative, whereas patients with 
BRCA2 mutations tend to be hormone receptor-positive.22 In our cohort, the proportion of TNBC in BRCA1 mutation 

Figure 3 Kaplan–Meier curves in patients received chemotherapy according to different treatment for disease-free survival with BRCA1 mutation (A), distant recurrence- 
free survival with BRCA1 mutation (B), and disease-free survival with BRCA2 mutation (C), distant recurrence-free survival with BRCA2 mutation (D).
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breast cancer was as high as 71%, which is consistent with the previous reports in Chinese.29,30 Luminal breast cancer is 
the majority subtype of BRCA2 breast cancer, accounting for 73.4%. Similar findings have been found in other 
studies.18,31,32 Compared to patients with BRCA2 mutations, patients with BRCA1 mutations also have other features, 
like higher histological grade Ki-67 index and negative expression of HER-2. Generally, the biological characteristics of 
patients with BRCA1 mutations are more invasive.

Our study provided survival outcomes for early breast cancer patients with BRCA mutations, with 3-year DFS and 
DRFS rates of 83.3% and 94.4%, respectively. The OlympiA Phase III trial33 enrolled early breast cancer patients with 
BRCA mutations and high-risk clinicopathological factors, who had received local treatment and neoadjuvant or adjuvant 
chemotherapy. Patients were randomly to receive 1 year of olaparib or placebo. It demonstrated that olaparib was 
superior to placebo with an improvement in 3-year DFS and DDFS (DFS 85.9% vs 77.1%, DDFS 87.5% vs 80.4%). 
None of the patients in our cohort received olaparib. Compared to the control group of OlympiA trial, the survival rates 
in our study were numerically higher, which could be explained by the higher risk of recurrence of patients enrolled in 
OlympiA study and patients of our cohort were in more earlier stages (T1 46.2%, N0 50.3%).

There is a scarcity of study to investigate the survival outcome between BRCA1 and BRCA2. In our cohort, there was 
no significant difference in DFS and DRFS between the two groups, which was contrast to our expectations. Lambertini 
et al also found that the type of BRCA gene does not appear to have prognostic value, with no observed differences in 
DRFI and OS between BRCA1 and BRCA2.31 As for the reason, there has been reported that BRCA-mutated patients 
with triple-negative breast cancer may have a trend for a survival advantage,34 it may be one of the hypotheses. On the 
other hand, Vocka et al reported that patients with hormone receptor-positive breast cancer who carry BRCA mutation 
showed a higher risk of distant relapses and worse prognosis.35 Thus, more studies are needed to explore the mechanisms 
and prognostic differences in patients with BRCA1 and BRCA2.

Theoretically, BRCA mutant cells are sensitive to DNA-damaging agents such as platinum agents.26 Carboplatin has 
been proven to be effective in metastatic TNBC with germline BRCA mutations.27 Up to now, the chemotherapy for 
early breast cancer patients with BRCA mutations has remained a matter of debate since the effect of platinum agents in 
neoadjuvant and adjuvant settings remains unclear. Several studies have demonstrated that patients with BRCA mutation 
achieved higher pCR rates in platinum neoadjuvant.28,36 Few studies have explored the therapeutic sensitivity differences 
between BRCA1 and BRCA2 of the treatment of platinum regimens in early breast cancer. Our results indicate that early 
breast cancer patients with BRCA1 mutations received platinum-containing regimens exhibited a better DFS than non- 
platinum regimens with statistical significance while patients with BRCA2 mutations are not. Therefore, patients with 
BRCA1 mutations may be more sensitive to platinum-based therapies. It may be largely attributable to the fact that most 
patients with BRCA1 mutations are triple negative. The results should be treated with caution because the number of 
patients with BRCA2 mutations receiving platinum-containing regimens is small. The value of platinum agents for early 
breast cancer patients with BRCA1 and BRCA2 mutations in adjuvant or neoadjuvant settings needs to be verified by 
randomized clinical trials.

The results of our study should be considered with its limitations. First, it was a retrospective study with a limited 
sample size and the comparison of survival endpoints may be underpowered statistically. Second, all study participants 
were from medical center in China. Therefore, the generalizability of the study findings to other populations is limited. 
When interpreting the results of our study, we should be conscious of the heterogeneity in patient characteristics and 
studies that include a diverse population are still needed. As the median follow-up time was 3 years, patients’ survival 
outcome needed further follow-up.

Conclusions
In conclusion, patients with BRCA1 mutations showed more invasive biological characteristics than those with BRCA2 
mutations; however, there was no significant difference in survival outcomes between them. Patients with BRCA1 
mutations are more benefit from platinum-regimens. It is necessary to further explore the influence of the biological 
behavior of BRCA1 and BRCA2 mutations in breast cancer in order to provide precise clinical management and 
treatment of BRCA1 and BRCA2 mutations in breast cancer.
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