
© Gland Surgery. All rights reserved.   Gland Surg 2021;10(1):262-272 | http://dx.doi.org/10.21037/gs-20-596

Original Article

The clinicopathological and MRI features of patients with 
BRCA1/2 mutations in familial breast cancer

Chao You1#, Qin Xiao1#, Xinyi Zhu2, Yiqun Sun1, Genhong Di2, Guangyu Liu2, Yifeng Hou2,  
Canming Chen2, Jiong Wu2, Zhimin Shao2, Yajia Gu1, Zhen Hu2

1Department of Radiology, Fudan University Cancer Center, Department of Oncology, Shanghai Medical College, Fudan University, Shanghai, 

China; 2Department of Breast Surgery, Key Laboratory of Breast Cancer in Shanghai, Fudan University Shanghai Cancer Center, Department of 

Oncology, Shanghai Medical College, Fudan University, Shanghai, China

Contributions: (I) Conception and design: C You, Q Xiao, X Zhu; (II) Administrative support: Z Hu, C You; (III) Provision of study materials or 

patients: C You, Q Xiao; (IV) Collection and assembly of data: C You, Q Xiao, X Zhu, Y Sun; (V) Data analysis and interpretation: C You, Z Hu,Y 

Gu; (VI) Manuscript writing: All authors; (VII) Final approval of manuscript: All authors.
#These authors contributed equally to this work.

Correspondence to: Zhen Hu. Department of Breast Surgery, Key Laboratory of Breast Cancer in Shanghai, Fudan University Shanghai Cancer Center, 

Department of Oncology, Shanghai Medical College, Fudan University, Shanghai, China. Email: zhenhu@fudan.edu.cn; Yajia Gu. Department 

of Radiology, Fudan University Cancer Center, Department of Oncology, Shanghai Medical College, Fudan University, Shanghai, China.  

Email: cjr.guyajia@vip.163.com.

Background: To determine the histopathological and MRI features of BRCA1/2 mutation-associated 
familial breast cancers compared with those of BRCA1/2 mutation-negative and sporadic breast cancers and 
to further compare the imaging features of cancers from BRCA1 and BRCA2 mutation carriers according to 
lesion type on MRI.
Methods: A retrospective review of medical records was conducted to determine tumour clinicopathologic 
features and MRI characteristics between June 2011 and July 2017, and 93 lesions with BRCA mutations, 
93 lesions without BRCA mutations from familial breast cancers and 93 lesions from sporadic breast cancers 
were included. Histopathologic data, including immunohistochemistry findings and MRI data according to 
the BI-RADS lexicon, were reviewed. The association between MRI or histopathologic findings and BRCA 
mutations was analysed.
Results: BRCA-positive familial breast cancers had a higher number of IDCs with high nuclear grade and 
lymph node metastasis (all P<0.05), while the BRCA-negative group had a significantly lower Ki-67 index 
(P<0.001). BPE on MRI was found to be significantly lower for BRCA mutations of familial breast cancer 
(P=0.024). BRCA1 carriers tended to exhibit the triple-negative phenotype with a more benign shape and 
margin (P=0.006 and 0.019), whereas BRCA2 mutations were associated with the luminal phenotype and 
more malignant features.
Conclusions: BRCA mutation carriers had a significantly higher number of IDCs with more aggressive 
cancer, and BRCA-negative cancers had low proliferation levels. Background features on MRI may help to 
identify BRCA status, while tumour characteristics can differentiate the BRCA1/2 mutation status, consistent 
with the differences in their clinicopathologic features.
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Introduction

BRCA1/2 mutation carriers have an increased risk of 
developing breast cancer (1). It has been reported that the 
cumulative risk for developing breast cancer by the age 
of 70 years ranges from 49% to 57% among BRCA1/2 
mutation carriers (2) The BRCA1 and BRCA2 genes are 
involved in DNA repair and recombination, are located on 
chromosomes 13 and 17, respectively, and show dominant 
inheritance (3). Therefore, BRCA1/2 mutation-associated 
breast cancer has obvious familial aggregation.

Studies have shown that the clinical and pathological 
features of BRCA1/2 mutation-related breast cancers in 
familial breast cancers are distinct from those of sporadic 
breast cancers (4). BRCA1 mutation-containing cancers are 
more likely to be triple-negative breast cancers with high 
nuclear grade than sporadic breast cancers (5). In contrast, 
BRCA2-associated cancers are more commonly found to be 
ER-positive, and their pathologic characteristics are more 
similar to those of sporadic cancers (6). The strategies of 
BRCA-related breast cancer treatment should differ from 
those for sporadic cancers. It has been suggested that breast 
cancer patients with BRCA1/2 mutations may benefit from 
precision treatments, such as platinum-based chemotherapy 
and poly (ADP-ribose) polymerase inhibitors. These data 
highlight the need to determine BRCA status in breast 
cancers (7). Thus far, several studies have focused on the 
assessment of BRCA1/2 mutation carriers in familial breast 
cancer (8).

According to the NCCN guideline, regular self-
examination and physical examination can be used to 
monitor breast cancer occurrence in female BRCA1/2 
mutation carriers. In addition, annual screening with 
contrast-enhanced breast MRI and mammogram with 
tomosynthesis is also strongly recommended for these 
women. Multiple studies have demonstrated that the 
sensitivity of magnetic resonance imaging (MRI) is 
significantly higher than that of mammography for 
detecting breast cancer in high-risk women (9-11). MRI 
has been recommended as the supplemental screening 
modality for high-risk patients, including women with a 
known BRCA1/2 mutation and those with a lifetime risk 
of 20% or greater for developing breast cancer (12). Data 
from several studies suggested that MRI features differ 
according to BRCA mutation type and reflect intrinsic 
hereditary characteristics. Breast cancer with BRCA1 
mutations tends to present as triple-negative cancer and 
with benign morphologic features but more aggressive 

tumours (7,11). In contrast, BRCA2-related cancers are 
more likely to present as ductal carcinoma in situ (DCIS) or 
ductal carcinoma with the luminal B subtype (7,9,10). To 
our knowledge, even a few studies have been conducted to 
examine the relationships between BRCA1/2 mutations and 
MRI features, there are lack of data in Chinese population. 
Moreover, none of previous studies investigated whether 
there was any difference between BRCA mutation positive 
and negative carriers in familial breast cancers. 

Therefore, we aimed to investigate the population of 
BRCA mutation carriers among familial breast cancers 
and selected two groups to serve as controls, including one 
group of BRCA mutation-negative patients with a family 
history of familial breast cancer and one group of patients 
with sporadic breast cancer without a family history. The 
purpose of this study was to determine the histopathologic 
and MRI features of BRCA1/2 mutation-associated 
familial breast cancers in a Chinese population and 
compare them to those of individuals without a BRCA1/2 
mutation or with sporadic breast cancer and then to 
further compare imaging features between cancers with 
BRCA1 and BRCA2 mutations according to lesion type on 
MRI. We present the following article in accordance with 
the MDAR reporting checklist (available at http://dx.doi.
org/10.21037/gs-20-596).

Methods

Patient population

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). This 
retrospective study was approved by the Medical Ethics 
Committee of Fudan University Shanghai Cancer 
Center (No. 1412142-42), and written informed consent 
was obtained from all patients. All patients with BRCA 
mutations examined in our hospital between June 2011 
and July 2017 were considered. The inclusion criteria were 
(I) patients with familial breast cancer; (II) patients who 
underwent genetic testing for BRCA mutations using next-
generation sequencing technology; and (III) patients who 
underwent MRI examination before biopsy and previous 
treatment. Familial breast cancer was defined as previously 
reported: (I) age younger than or equal to 35 years with at 
least one other blood relative suffering from any type of 
cancer; (II) age older than 35 and younger than or equal to 
50 years with 2 blood relatives in the same lineage suffering 
from any type of cancer; or (III) age older than 50 years 
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with 3 blood relatives in the same lineage suffering from 
any type of cancer. The genetic testing technology, as well 
as the screening and validation of mutated genes, have been 
described in detail in our previous study (13). 

Finally, 87 patients with BRCA mutations and 6 patients 
with bilateral breast cancers were enrolled in our study. 
In total, 93 lesions had BRCA mutations, including 50 
lesions with BRCA1 and 43 lesions with BRCA2 mutations. 
Additionally, a group of BRCA mutation-negative patients 
selected from families with familial breast cancers and 
a group of sporadic breast cancer cases without a family 
history served as controls and were matched to the cases in 
the BRCA mutation group. Ultimately, 93 lesions that were 
negative for BRCA mutations and 93 cases with sporadic 
breast cancer were enrolled in this study.

Imaging techniques

MRI examinations were performed on an Aurora 1.5-T 
Dedicated Breast MRI system (Aurora Imaging Technology, 
Inc., Canada) or GE 3.0T system (Signa HDxt; GE 
Healthcare, Milwaukee, WI, USA) with a dedicated breast 
coil. On the Aurora system, images were acquired with 
routine T1W gradient echo sequences (TR/TE 12.9/5.3 ms;  
thickness 5.0 mm) and T2W fat-suppressed fast spin 
echo (FSE) sequences (TR/TE 6,680/29 ms; thickness 
5.0 mm) before contrast injection. Dynamic imaging was 
performed with the T1W fat-suppressed sequence (TR/TE  
29/4.8 ms; thickness 1.5 mm). Contrast medium (Magnevist 
0.1 mmol/kg; Bayer Schering Pharma AG, Berlin, 
Germany) was administered as a bolus injection followed by 
a 20-mL saline flush. Images were obtained at 90, 180, 270 
and 360 seconds after injection. On the GE system, a T1 
FSE sequence (TR/TE 8,600/10.5 ms; thickness 2.0 mm)  
and a short time inversion recovery (STIR) sequence (TR/
TE 3,600/100 ms; thickness 2.0 mm) were performed 
before contrast. Contrast agents (Magnevist; Bayer Schering 
Pharma, Berlin, Germany) were injected (0.2 mmol/kg; flow 
rate 2 ms/s) followed by a 20-mL saline flush. A series of 
seven T1W fat-suppressed enhanced images were obtained 
with a Vibrant sequence (TR/TE 6.5/3.5 ms; thickness  
3 mm). The Hospital Information System and the Picture 
Archiving and Communication System were available to 
radiologists for the interpretation of images.

Pathologic characteristics

All pathologic results were defined according to the World 

Health Organization classification of breast tumours (14),  
including tumour type (including DCIS, invasive ductal 
carcinoma (IDC) and other types), tumour size, the 
presence of lymphovascular invasion, the presence of lymph 
node metastasis, and Ki-67 positivity.

According to IHC and tumour proliferation based on 
the St Gallen consensus (15), breast cancers were divided 
into three molecular types: (I) the luminal subtype (ER or 
PR positive (or both), HER2 negative or positive); (II) the 
HER2 subtype, non-luminal (HER2 positive and ER and 
PR negative); or (III) the triple-negative subtype (HER2 
negative and ER and PR negative).

Imaging review

The MR features of the breast cancer patients were analysed 
using the American College of Radiology Breast Imaging 
Reporting and Data System (BI-RADS) lexicon (16) and 
included fibroglandular tissue (FGT), breast parenchymal 
enhancement (BPE), and morphologic features including 
mass, non-mass enhancement (NME) or both; internal 
enhancement, solitary or multiple; the kinetic curve; and 
others. BI-RADS categories were also recorded. All MR 
images were reviewed by 2 breast radiologists (with 10 and 
16 years of experience) who were blinded to the mutation 
status and medical history of each patient. If there was 
disagreement, a radiologist with more seniority was invited 
to form a final conclusion.

Statistical analysis

The data were analysed using SPSS 16.0 software (SPSS 
Inc., Chicago, IL, USA). The Pearson chi-squared test 
or Fisher’s exact test was used to compare the clinical and 
MR characteristics across the three patient groups (BRCA 
mutation group, BRCA-negative group, and sporadic breast 
cancer group), as well as between the BRCA1 and BRCA2 
mutation groups. The Kruskal-Wallis exact test was used 
to compare the median ages of the different groups. P<0.05 
was considered statistically significant.

Results

Patient cohort and tumour characteristics

Table 1 summarizes the clinical and pathologic characteristics 
of all the cases. All cases were evenly divided into the 
BRCA mutation-positive familial breast cancer group, 
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Table 1 The clinicopathological characteristics of all the cases

Characteristics
BRCA+ (n=93), n (%) BRCA− (n=93),  

n (%)
Sporadic (n=93),  

n (%)
P1 P2

BRCA1 (n=50) BRCA2 (n=43)

Age, years 41.28±8.48 42.86±9.44 41.66±11.53 42.16±10.78 1.27 0.39

Menopausal status 0.37 0.38

Pre- 43 (86) 34 (79.07) 68 (73.12) 72 (77.42)

Post- 7 (14) 9 (20.93) 25 (26.88) 21 (22.58)

Histology 0.04* 0.08

IDC 46 (92) 39 (90.7) 72 (77.42) 81 (87.1)

DCIS 1 (2) 4 (9.3) 10 (10.75) 9 (9.68)

Others 3 (6) 0 (0.0) 11 (11.83) 3 (3.22)

T stage 0.60 0.65

1 25 (50) 21 (48.84) 47 (50.54) 36 (38.71)

2 22 (44) 21 (48.84) 40 (43.01) 52 (55.91)

3 3 (6) 1 (2.32) 6 (6.45) 5 (5.38)

Lymph node 0.04* 0.09

Negative 32 (64) 20 (46.51) 59 (63.44) 67 (72.04)

Positive 18 (36) 23 (54.49) 34 (36.56) 26 (27.96)

Lymphovascular invasion 0.66 0.54

Negative 34 (68) 26 (60.47) 66 (70.97) 61 (65.59)

Positive 16 (32) 17 (39.53) 27 (29.03) 32 (34.41)

Molecular subtypea <0.001* <0.001*

Luminal type 8 (16) 31 (72.09) 72 (79.12) 73 (78.49)

HER2 positive 1 (2) 2 (4.65) 6 (6.59) 8 (8.60)

Triple negative 41 (82) 10 (23.26) 13 (14.29) 12 (12.9)

Ki-67 <0.001* 0.36

≤14 7 (14) 8 (18.6) 38 (40.86) 11 (11.83)

>14 43 (86) 35 (81.4) 55 (59.14) 82 (88.17)

Nuclear grade of IDC <0.001* 0.16

1 0 (0.0) 2 (5.13) 1 (1.39) 0 (0.0)

2 10 (21.74) 12 (30.77) 39 (54.17) 44 (54.32)

3 36 (78.26) 25 (64.1) 32 (44.44) 37 (45.68)

Numerical data are presented as the mean ± SD. Nonnumerical data are resented as the number of patients (percentage). The P1 value 
was compared with the three patient groups (BRCA mutation group, BRCA negative group and sporadic breast cancer group), and the P2 
value was compared between BRCA1 and BRCA2 mutation groups. *, P<0.05; 

a
, two cases of malignant lobular tumour without molecular 

subtypes in BRCA negative group. IDC, invasive ductal carcinoma; DCIS, ductal carcinoma in situ; HER2, human epidermal growth factor 2. 
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BRCA-negative familial breast cancer group and sporadic 
breast cancer group, each with 93 cases (33.33%, 93/279). 
Of the cases in the BRCA mutation group, 50 (53.76%, 
50/93) had a BRCA1 mutation, 43 (46.23%, 43/93) had a 
BRCA2 mutation, and none had mutations in both BRCA1 
and BRCA2. No significant difference in patient age or 
menopausal status was observed.

When the BRCA-positive, BRCA-negative, and sporadic 
breast cancer groups were compared, the BRCA-positive 
group had a significantly higher number of IDCs (P=0.04) 
with high nuclear grade (P<0.001), and most BRCA 
mutation carriers had lymph node involvement (P=0.04). 
Regarding immunohistochemistry, the distributions of the 
tumour molecular subtypes and Ki-67 positivity were found 
to differ significantly according to BRCA mutation status 
(all P<0.001). The BRCA-positive group had a significantly 
higher number of triple-negative breast cancers, and the 

BRCA-negative group had a significantly lower Ki-67 index. 
No significant differences in T stage or lymphovascular 
invasion were observed among the three groups.

In the comparison of the BRCA1 and BRCA2 mutation-
containing tumours, those with BRCA1 mutations were 
associated with the triple-negative subtype (41/50, 82%), 
and those with BRCA2 mutations were associated with the 
luminal subtype (31/43, 72.09%) (P<0.001). There were 
no significant differences in the other clinicopathological 
characteristics between the BRCA1 and BRCA2 groups.

Associations between imaging features and BRCA 
mutation status

All the lesions showed positive findings on MRI (Table 2). 
Regarding the background features, BPE was found to 
be significantly lower in both BRCA mutation subgroups 

Table 2 MRI features of the all the cases

Features
BRCA+ (n=93), n (%) BRCA− (n=93),  

n (%)
Sporadic (n=93),  

n (%)
P1 P2

BRCA1 (n=50) BRCA2 (n=43)

FGT 0.13 0.38

1+2 3 (6) 1 (2.33) 3 (3.23) 9 (9.68)

3+4 47 (94) 42 (97.67) 90 (96.77) 84 (90.32)

BPE 0.024* 0.51

1+2 39 (78) 31 (72.09) 57 (61.29) 53 (56.99)

3+4 11 (22) 12 (27.91) 36 (41.94) 40 (43.01)

Lesion type 0.053 0.03*

Mass 46 (92) 31 (72.09) 74 (79.57) 68 (73.12)

NME 4 (8) 10 (23.26) 12 (12.90) 23 (24.73)

Both 0 (0.0) 2 (4.65) 7 (7.53) 2 (2.15)

T2WI 0.19 0.11

Hypointensity 16 (32) 11 (25.58) 32 (34.41) 20 (21.50)

Isointensity 30 (60) 32 (74.42) 59 (63.44) 72 (77.42)

Hyperintensity 4 (8) 0 (0.0) 2 (2.15) 1 (1.08)

Curve type 0.038* 0.33

Type I 2 (4) 5 (11.63) 6 (6.45) 0 (0.0)

Type II 15 (30) 14 (32.56) 41(44.09) 39 (41.94)

Type III 33 (66) 24 (55.81) 46 (49.46) 54 (58.06)

*, P<0.05. FGT was categorized into four levels: 1 = almost entirely fat, 2 = scattered fibroglandular density, 3 = heterogeneously dense, 
4 = extremely dense. BPE was categorized into four levels: 1 = minimal, 2 = mild, 3 = moderate, 4 = marked. FGT, fibroglandular tissue; 
BPE, breast parenchymal enhancement; NME, non-mass enhancement.
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than in both the BRCA-negative group of familial breast 
cancer and the sporadic breast cancer group (P=0.024)  
(Figures 1,2,3); however, there was no significant difference 
in FGT. Regarding tumour characteristics, most cancers in 
the three groups showed a type III enhancement curve with 
a washout pattern, but the sporadic breast cancer group was 
found to have no type I enhancement (P=0.038). BRCA1 
carriers tended to show more mass lesions than BRCA2 
mutation carriers (P=0.017). There were no differences in 
T2WI signal intensity between groups.

Differences in MRI features of the BRCA1 and BRCA2 
carriers according to lesion type

On the basis of the significant difference in lesion type 
between the BRCA1 and BRCA2 mutation groups, the 
MR features according to lesion type were assessed, as 
summarized in Table 3. Mass-type lesions were identified in 
92% and 76.74% of BRCA1 and BRCA2 mutation cases, 
respectively, while NME-type lesions were identified in 8% 
and 23.26% of these patients, respectively.

Regarding mass lesions, the shape and margin were 

Figure 1 A 44-year-old woman with BRCA1 mutation familial breast cancer and high-grade invasive ductal carcinoma (triple negative 
subtype). The MRI obtained in the early post-contrast phase (A) and acquired MIP (B) showed a round circumscribed mass with a mild 
enhancement in the upper outer quadrant of the right breast and the BPE was mild in both breasts. MIP, maximal intensity projection; BPE, 
background parenchymal enhancement. 

A B

A B

Figure 2 A 43-year-old woman with BRCA2 mutation familial breast cancer and high-grade invasive ductal carcinoma (Luminal subtype). 
The MRI obtained in the early post-contrast phase (A) and acquired MIP (B) showed an irregular mass with peripheral focal NME in the 
upper outer quadrant of the right breast and the BPE was minimal in both breasts. MIP, maximal intensity projection; BPE, background 
parenchymal enhancement; NME, non-mass enhancement. 
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Table 3 The MRI features of mass-type and NME type lesions between the BRCA1 and BRCA2 mutation groups

Features BRCA 1 (n=50), n (%) BRCA2 (n=43), n (%) P

Mass 46 (92) 33 (76.74) –

Shape 0.006*

Oval 8 (17.39) 0 (0.0)

Round 12 (26.09) 4 (12.12)

Irregular 26 (56.52) 29 (87.88)

Margin 0.019*

Circumscribed 12 (26.08) 1 (3.03)

Indistinct 25 (54.35) 21 (63.64)

Spiculated 9 (19.57) 11 (33.33)

Enhancement 0.995

Homogeneous 4 (8.70) 3 (9.09)

Heterogeneous 39 (84.78) 28 (84.85)

Rim 3 (6.52) 2 (6.06)

NME 4 (9) 12 (23.26)

Distribution 0.929

Focal 1 (25.0) 2 (16.67)

Linear 0 (0.0) 0 (0.0)

Segmental 2 (50.0) 7 (58.33)

Reginal 0 (0.0) 0 (0.0)

Diffuse 1 (25.0) 3 (25.0)

Enhancement –

Homogeneous 0 (0.0) 0 (0.0)

Heterogeneous 4 (100.0) 12 (100.0)

Nonnumerical data are resented as the number of patients (percentage). *, P<0.05.

A B

Figure 3 A 38-year-old woman with BRCA-negative familial breast cancer and high-grade invasive ductal carcinoma (Luminal subtype). 
The MRI obtained in the early post-contrast phase (A) and acquired MIP (B) showed an irregular mass with heterogeneous enhancement in 
the lower inner quadrant of the right breast and the BPE was moderate in both breasts. MIP, maximal intensity projection; BPE, background 
parenchymal enhancement.
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found to be significantly different between the BRCA1 and 
BRCA2 groups (P=0.006 and 0.019, respectively). BRCA1 
carriers tended to exhibit a more oval or round shape with 
circumscribed margins than BRCA2 carriers (Figures 1,2).  
However, the dominant MRI characteristics of both 
groups included an irregular shape, indistinct margin, and 
heterogeneous enhancement, which represented typical 
malignant tumours. Regarding NME lesions, there were 
no significant differences between the two groups, but 
segmental distribution and heterogeneous enhancement 
were the main features in both groups.

Discussion

In this study, BRCA-positive familial breast cancers had 
a higher number of IDCs with high nuclear grade and 
lymph node metastasis by histopathology but had a lower 
BPE regardless of BRCA1/2 status. The imaging features 
of BRCA1 carriers differ from those of BRCA2 mutations, 
consistent with the difference in clinicopathologic features. 
BRCA-negative cancers had a low Ki-67 index compared 
with the other two groups, but the MR features of the 
BRCA-negative cancers were more similar to those of 
sporadic breast cancers.

Our study included both BRCA-negative carriers with 
a history familial breast cancer and patients with sporadic 
breast cancer to form two control groups. In contrast 
to previous studies that included only BRCA-negative 
groups as controls (6,7), this study broadened the inclusion 
criteria to establish the sporadic breast cancer group, 
which was predicted to have a very low BRCA mutation 
rate. BRCA mutations accounted for approximately 5% 
of all breast cancer patients, and none of the sporadic 
breast cancers had a family history in our study. Thus, the 
likelihood of possible mutations was less than 3%, which 
has been reported in the previous literature (17). The 
reasons for setting up these two groups were as follows: 
first, the BRCA-negative mutation group cannot rule out 
the presence of other genetic mutations or other types of 
inherited breast cancer, which are completely different from 
general breast cancer, and second, sporadic breast cancers 
can reflect the imaging features of general breast cancers.

Interestingly, our results showed that BRCA mutation 
carriers had a significantly lower BPE than women with 
BRCA-negative or sporadic breast cancers, while there was 
no difference in BPE between the BRCA1 and BRCA2 
groups. To date, few studies have focused on the background 
features of MRI in the association between BRCA mutation 

status and imaging features. Most previous studies suggest 
that an increased level of BPE can serve as an important risk 
factor and biomarker for breast cancer and that high levels 
of BPE may be an indicator in high-risk women (18-20). In 
contrast, our study suggests that lower BPE correlates with 
a BRCA-positive mutation status regardless of whether the 
mutation is in BRCA1 or 2.

The opposite results may be due to differences in the 
effects of hormones in patients with and without BRCA 
mutations. The possible reason could be that the instability 
of BRCA gene mutations, which have special biological 
significance, may cause tissue remodelling by changing 
hormone signal transduction, thus affecting the response 
of decreased BPE to breast epithelial blood supply (21). 
One hypothesis is that mutations in the BRCA gene and 
its associated sites activate the hormone receptor negative 
subtype-specific pathway, and the oncogene mediates DNA 
replication stress, thus directly triggering and promoting 
tumour progression (22). In this study, the BRCA-positive 
group, especially the BRCA1 mutation carrier group, had 
a significantly higher number of triple-negative breast 
cancers, which is in line with previous literatures (4,6,7,23). 
The absence of oestrogen receptors and progesterone 
receptors may lead to a decrease in BPE in BRCA mutation 
carriers. However, there was no difference in BPE between 
BRCA1 and BRCA2 carriers. Since BRCA2 tumours are 
associated with the luminal subtype that usually exhibits 
ER positivity, the lower BPE in BRCA2 mutation carriers 
suggests that the BRCA2 gene has multifactorial and 
complex biologic implications and still needs further study.

In agreement with previous observations, BRCA1 
mutation-containing breast cancers more frequently 
manifested as benign lesions with round or oval shapes, 
circumscribed margins, and rim enhancement, while 
fibroadenoma-like masses were found on MRI scans 
in 23% of invasive cancers in women with familial risk 
(7,10,24). Because BRCA1 mutations are associated with 
a triple-negative phenotype and aggressive pathological 
characteristics, the features identified by MRI in the 
tumours of patients with BRCA1 mutations may match 
those described above. Regarding mass lesions, BRCA1 
carriers tended to exhibit a more oval or round shape with 
circumscribed margins in our study. Most BRCA2 cancers 
had irregular shapes, indistinct or spiculate margins, and 
heterogeneous enhancement on MRI, findings that were 
consistent with previous findings (25).

The other significant finding of tumour features was the 
enhancement curve type in our study. Even though most 
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cancers in each group showed type II and III enhancement 
curves, there was a certain percentage of cancer with type I 
curves; a benign curve was usually apparent in the BRCA-
positive and BRCA-negative familial breast cancers, while 
the sporadic breast cancer group was found to have no 
type I enhancement. A previous study found no significant 
difference in enhancement kinetics because they included 
only BRCA-negative breast cancers as a control (7). For this 
result, it was still necessary to enlarge the sample size for 
further exploration.

In addition to focusing on BRCA mutations, our study 
also sought to investigate the characteristics of BRCA-
negative familial breast cancer. BRCA-negative cancers had 
a significantly lower Ki-67 index than the BRCA-positive 
and sporadic breast cancers. A previous study demonstrated 
that low expression of the Ki-67 antigen, which is used to 
evaluate proliferative activity in a breast cancer, indicates 
a low risk of relapse and a better survival probability (26). 
The prognostic significance of the Ki-67 scoring categories 
in breast cancer subgroups has been shown. However, the 
MR features of BRCA-negative cancers were more similar 
to those of sporadic breast cancers.

There are several limitations of this study. First, the 
number of patients in each group was relatively small, 
and our analysis was retrospective. Second, we have only 
recently begun to evaluate the MRI characteristics of 
these breast cancers. The other imaging systems including 
mammography and ultrasonography as well as integrated 
interpretation are still essential. Third, further studies with 
follow-up and prognostic information need to be conducted 
in order to elucidate the relationship between the genetic 
and molecular subtypes. Fourth, this study was performed 
in a retrospective diagnostic population, so future studies 
may need a broader prospective screening setting.

Conclusions

In summary, our study suggests that BPE on MRI is 
significantly lower in BRCA mutation carriers with familial 
breast cancer and that BRCA mutation carriers also have 
a significantly higher number of IDCs with high nuclear 
grade and lymph node metastasis. BRCA1 mutation carriers 
tend to exhibit the triple-negative phenotype with more 
benign features, whereas BRCA2 mutations are associated 
with the luminal phenotype and present more malignant 
features. The background features on MRI may help to 
identify BRCA status, while tumour characteristics could 
differentiate the BRCA1/2 mutation status. BRCA-negative 

cancers have a low Ki-67 index compared with the other 
two groups, while the MR features of BRCA-negative 
cancers are not different from those of sporadic breast 
cancers. To elucidate the genetic differences, further studies 
integrating imaging findings and prognostic information are 
still needed.
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