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Purpose: We investigated the relationship between BRCA muta-
tions, pathological findings, and magnetic resonance imaging
(MRI) features in patients with breast cancer at risk for the muta-
tion. Methods: Genetic testing for BRCA mutations was per-
formed in 275 breast cancer patients with at least one risk factor
for the mutation. Using the breast imaging reporting and data
system MR lexicon, morphological and kinetic features were re-
viewed on MRI scans of 230 tumors in 209 patients. The rela-
tionship between BRCA mutations, pathologic findings, and MRI
data was examined, and disease recurrence was estimated. Re-
sults: BRCA mutations were detected in 48 patients (23.0%), of
which 21 (10.0%) were in BRCAT, and 25 (12.0%) in BRCA2.
Additionally, two patients (1.0%) had mutations in both genes.
Cancers in patients with BRCAT mutations more frequently
showed a higher nuclear grade (p=0.0041), and triple-negative
(TN) phenotype (p<0.0001). On MRI scans, the cancers were
seen as mass-type in 182 out of 230 lesions (79.1%), and non-
mass type in 48 cases (20.9%). Among the features indentified

by MRI, rim enhancement was significantly associated with mo-
lecular subtypes based on immunohistochemistry (p<0.0001),
and nuclear grade (p=0.0387) in multiple logistic regression
analysis. Rim enhancement on MRI, along with advanced patho-
logic N stage, was associated with increased disease recurrence
(p=0.0023) based on multivariate analysis. However, the propor-
tion of mass and nonmass tumors, and the distribution of mor-
phological shape, margin, internal enhancement, and kinetic fea-
tures assessed by MRI were not different according to BRCA
mutation status. Conclusion: BRCAT mutations were associated
with aggressive pathological characteristics, and the TN pheno-
type. Rim enhancement was frequently seen on MRI scans of
high-grade cancers and in the TN phenotype. And it was a sig-
nificant predictor of disease recurrence. However, a direct asso-
ciation with BRCA mutations was not observed.
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INTRODUCTION

The BRCAI and BRCA2 genes are involved in DNA repair
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and recombination, cell-cycle control, and transcription [1].
Mutations in these genes are associated with the development
of breast and ovarian cancer [2,3]. In addition, BRCA muta-
tions may predispose patients to other primary cancers, includ-
ing those of the stomach, pancreas, biliary tract, and prostate
[4]. BRCAI mutation carriers are more likely to have triple-
negative breast cancers, which do not express estrogen recep-
tor (ER), progesterone receptor (PR), or human epidermal
growth factor receptor 2 (HER2) [5,6]. The triple-negative
phenotype, which serves as a substitute for basal-like breast
cancer, is associated with a younger age of onset, higher nu-
clear grade, poorer histological grade, early development of
distant metastasis, and decreased survival [5-7]. BRCAI muta-
tion carriers with triple-negative breast cancer also tend to
have tumors with a higher nuclear grade [5].
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BRCA Mutation and MR Imaging Features

Magnetic resonance imaging (MRI) has been widely used
for screening women at increased risk for breast cancer [8].
The sensitivity of MRI for detecting breast tumors ranges
from 77% to 91%, which is higher than mammography (33%-
40%), in women at high familial risk for breast cancer [9,10].
Triple-negative breast cancer is associated with a round or
oval shape, smooth mass margins, and rim enhancement on
MRI [11]. In addition, rim enhancement on MRI is a well-
known predictor of higher tumor grade [12]. Because BRCA1
mutations are associated with a triple-negative phenotype and
aggressive pathological characteristics, the features identified
by MRI in the tumors of patients with BRCAI mutations may
match those described above. However, whether BRCA muta-
tions can be predicted based on MRI features remains unclear
and controversial [13-15]. The tumors of BRCA mutation car-
riers are associated with round shape, sharp margins, and rim
enhancement on MRI [13], while fibroadenoma-like masses
were found on MRI scans in 23% of invasive cancers in women
at familial risk [14]. A review of the United Kingdom magnet-
ic resonance imaging in breast screening (MARIBS) trial data
shows that most of the cancers in BRCAI- and BRCA2-muta-
tion carriers are poorly defined, with irregular or spiculated
margins and ring-like or heterogeneous enhancement pat-
terns. In addition, no significant differences in the MRI fea-
tures were noted between the genetic subtypes [15].

The studies described above were limited to analyzing the
relationships between genetic, molecular, and histological sub-
types, and imaging features separately. To directly evaluate the
relationships between BRCA mutations and MRI features, we
performed genetic testing for BRCA mutations in breast can-
cer patients with risk factors for carrying the mutations, and
reviewed their MRI and pathological features. We then ana-
lyzed the relationships between the genetic subtypes, features
on MR, and the pathological characteristics. Finally, the rela-
tionships of these factors with recurrence of breast cancer were
assessed.

METHODS

Patients

Genetic testing was carried out in 275 patients who under-
went curative surgery for breast cancer between November
2005 and May 2012, and who carried at least one of the fol-
lowing risk factors for BRCA mutations: a reported family his-
tory of breast or ovarian cancer, <40 years of age at diagnosis,
bilateral breast cancer, or male gender. After obtaining in-
formed consent, genetic testing for the BRCA1/2 mutations
was performed using direct sequencing. Genomic DNA was
extracted and purified from peripheral blood leukocytes. Af-
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ter amplification of the whole exons and intrinsic flanking se-
quences of the BRCAI and BRCA2 genes by polymerase chain
reaction, sequences were compared with reference sequences
using Sequencher software (Gene Codes Corp., Ann Arbor,
USA). Searches for genetic mutations were limited to known
deleterious mutations such as frame-shift or nonsense muta-
tions, and variants of unknown significance were excluded
from analysis. The Institutional Review Board of Samsung
Medical Center approved this study (2013-07-011).

After excluding patients who had an MRI at an outside hos-
pital (n=8), no MRI (n=35), or who had no residual cancer
after previous excision (n=23), the number of eligible patients
with available MRI data was 209. In addition, 21 patients had
synchronous or metachronous bilateral breast cancer during
the study period, and so a total of 230 cancers were retrospec-
tively reviewed. Medical records, including operative and
pathological reports, were also reviewed.

MR imaging

MR imaging was performed in the prone position using a
1.5-T system (Sigma; General Electric Medical Systems, Mil-
waukee, USA), or a 3.0-T system (Achieva; Philips Medical
Systems, Best, The Netherlands) scanner with a dedicated sur-
face breast coil. A fat-suppressed, axial fast spin, echo T2-
weighted sequence (repetition time ms/echo time ms, 4,000/
120), and fat-suppressed unilateral sagittal or bilateral axial
dynamic images with a gradient echo sequence were obtained.
Imaging on the 1.5-T scanner covered a single breast with a
minimum repetition time/echo time of 17.3/1.3, a flip angle of
60°, and a section thickness of 2 mm with no gap. Imaging on
the 3.0-T scanner covered both breasts with a minimum repe-
tition time/echo time of 8.7/4.3 for the dynamic images, a flip
angle of 20°, and a section thickness of 1.5 mm with no gap. A
0.1 mmol/kg bolus of gadobutrol (Gadovist; Schering AG,
Berlin, Germany), followed by a 10-mL saline flush, was in-
jected for dynamic contrast enhancement. Standard and re-
verse subtraction images were obtained by subtracting the
precontrast images and the last postcontrast image from the
early postcontrast images on a pixel-by-pixel basis.

Interpretation of MR imaging and histopathological features
Two radiologists, who were blinded to the clinicopathologic
data, reviewed the MRI scans. In patients who received neo-
adjuvant chemotherapy, the MRIs taken at initial diagnosis
were used for the study. The lesion type was classified as mass
or nonmass enhancement, based on the American College of
Radiology Breast imaging reporting and data system (BI-
RADS) MR lexicon [16]. The shape, margin, enhancement
pattern, and kinetics at the delayed phase were then evaluated
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for mass-type lesions. For non-mass-like-lesions, the distribu-
tion and internal enhancement were evaluated. The kinetics at
the delayed phase was defined as persistent, plateau, or wash-
out, as defined in the BI-RADS MR lexicon. If there was a dis-
crepancy in the assessment of the MRI, a consensus was given
by the two radiologists.

An experienced pathologist was responsible for histopatho-
logical diagnoses. Nuclear grade, multiplicity, tumor stage,
and the status of immunohistochemical (IHC) staining for es-
trogen receptor (ER), progesterone receptor (PR), and HER2
were recorded, and positive immunoreactivity for ER and PR
was defined by Allred scores, ranging from 3 to 8 [17]. Posi-
tive HER2 status was determined using IHC 3+ staining, or
amplification using fluorescence in situ hybridization. Molec-
ular subtypes were classified into three groups: luminal (ER or
PR positive), triple-negative (ER, PR, and HER2 negative), or
HER?2 overexpressing (ER and PR negative, and HER2 posi-
tive).

Statistical analysis

To analyze the relationships between BRCA mutations, clini-
copathological status, and MRI findings, chi-square or Fisher
exact tests were used. Patients with both BRCAI and BRCA2
germline mutations were classified as having a BRCAI muta-
tion, because the histopathological features of double hetero-
zygosity tend to be primarily influenced by BRCAI mutation
[18]. A multiple logistic regression analysis was applied to
identify factors associated with morphological and enhance-
ment features on MRL Disease recurrence was defined as re-
currence of breast cancer at any site (including local, regional,
or distant), and contralateral breast cancer or second primary
cancers were not considered. The recurrence rate was estimat-
ed using the Kaplan-Meier test, and was compared by log-rank
test. The Cox proportional hazards regression analysis model
was used to analyze the prognostic factors affecting disease
recurrence. SAS software (SAS 9.1.3; SAS Institute Inc., Cary,
USA) was used for statistical analysis.

Table 1. Distribution of risk factors according to BRCA mutation status
in 209 patients with breast cancer”

BRCA(-) BRCAT(+) BRCA2(+)
Risk factor (h=161) (n=23)" (=25 p-value
No. (%)  No.(%)  No. (%)
Family history of breast 94 (58.4) 18(78.3) 21(84.00 0.0141
or ovarian cancer
Bilateral breast cancer 18(11.2) 517  9(36.0) 0.0039
Younger at diagnosis (<40yr) 91 (66.5) 15(65.2) 12(48.0) 0.4854
Male gender 1(0.6) 0 14.00 02397

*Including 72 patients with multiple risk factors; fIncluding the two patients
with both BRCAT and BRCA2 mutations.
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RESULTS

The median age of the 209 eligible patients was 40 years
(ranging from 28 to 52 years), and BRCA mutations were de-
tected in 48 of the patients (23.0%). BRCAI and BRCA2 muta-
tions were detected in 21 (10.0%) and 25 (12.0%) patients, re-
spectively, and 2 patients (1.0%) had mutations in both genes.
A higher frequency of family history and bilateral breast can-
cer was observed in patients with BRCA mutations (p=0.0141
and p=0.0039, respectively) (Table 1). Invasive ductal carci-
noma and ductal carcinoma in situ accounted for 82.2% and
10.9% of cancers, respectively, and the histopathological char-
acteristics of the tumors in each genetic subgroup are present-
ed in Table 2. Patients with BRCA mutations underwent mas-
tectomy more frequently, while BRCAI mutation carriers had
a significantly higher number of cancers with high nuclear
grade (p=0.0041) and the triple-negative phenotype (p<
0.0001).

On the MRI scans, cancers were identified as mass type in
182 of the 230 lesions (79.1%), and nonmass type in 48 cases
(20.9%). Mass-type lesions were identified in 79.2%, 76.0%,
and 81.3% of BRCA-negative, BRCAI-positive, and BRCA2-

Table 2. Histopathological findings of 230 breast cancers in 209 pa-
tients

BRCA(-) BRCA1(+) BRCA2(+)
(h=173)  (n=25) (h=32)  p-value
No. (%) No. (%) No. (%)

Surgery 0.0579
Breast-conserving surgery 146 (84.4) 18(72.0) 22 (68.9)
Mastectomy 27 (15.6) 7(28.0) 10(31.2

pT-stage 0.3334
is 18(104) 500  5(15.6)

1 103 (59.5) 10(40.00 20 (62.5)
2-3 52 (30.1) 10(40.0)  7(21.9

pN-stage 0.0716
0 115(66.5) 19(76.00 16 (50.0)

1 41(23.7) 5(20.0) 8(25.0
2-3 17 (9.8) 1(4.0) 8(25.0)

Multiplicity 37 (1.4 280 4(12.5) 01725

Nuclear grade 0.0041
Low 32(185) 1(4.0) 2(6.3)
Intermediate 60(34.7) 5(20.0) 18(56.2)

High 8046.2) 19(76.0) 12(37.5)
Unknown 1(0.6) 0

Molecular subtypes <0.0001
according to IHC
Luminal 128 (71.1)  8(32.00 26(81.2)
Triple-negative 30(17.3) 16 (64.0) 6(18.9)

HER2 overexpressing 20(11.6)  1(4.0 0

IHC =immunohistochemistry; HER2 =human epidermal growth factor recep-
tor 2.

*Including three tumors of the two patients with both BRCA7 and BRCA2
mutations.
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positive cases, respectively (p=0.8888). The morphological
and kinetic features of mass-type lesions on the MRI data are
detailed in Table 3. We found no difference in morphological

Table 3. The morphological and kinetic features of mass-type lesions
on magnetic resonance imaging (n=182)

BRCA(-) BRCA1(+) BRCA2(+)
(h=137) (=19 (h=26) p-value
No. (%) No. (%) No. (%)

Shape 0.7077
Round 8(5.8) 1(6.9) 0
Oval 13(9.5) 3(15.8) 5(19.2)

Lobular 21(15.3)  3(15.8) 4(15.4)
Irregular 95(69.3) 12(632) 17(65.4)

Margin 0.4739
Smooth 5(3.7) 2(10.5) 1(3.8)

Irregular 95(69.3) 11(67.9) 15(567.7)
Spiculated 3770 6316 10(385)

Internal enhancement 0.4884
Homogeneous 9 (6.6) 0 13.8)
Heterogeneous 104 (75.9) 13(68.4) 19(73.1)

Rim enhancement 24 (17.5)  6(31.6) 6(23.1)
Kinetics at the delayed phase 0.2570

Washout
Persistent or plateau

108(78.8) 18(94.7)
290212 163

*Including two tumors of the two patients with both BRCAT and BRCA2 mu-
tations.

21 (80.8)
5(19.2)
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shape, margin, internal enhancement, or kinetic features
when comparing the different genetic subtypes. Rim enhance-
ment was observed in 36 cancers (Figure 1), and accounted
for 31.6% and 23.1% of cancers harboring the BRCAI- and
BRCA2- mutations, respectively. The prevalence of rim en-
hancement was not different from cancers in patients without
BRCA mutations (17.5%, p=0.4884). Regardless of genetic
subtype, most cancers showed irregular shape and margins,
heterogeneous enhancement, and washout patterns at the de-
layed phase. Among the 36 cancers with rim enhancement,
high nuclear grade and triple-negative phenotype was ob-
served in 29 (80.6%) and 23 (63.9%) tumors, respectively. Us-
ing multiple logistic regression analysis, rim enhancement
was associated with molecular subtype (p<0.0001) and nu-
clear grade (p=0.0387), but not genetic subtype (p=0.1189)
(Table 4).

The median duration of follow-up, calculated from the date
of surgery, was 38.0 months (ranging from 2.1 to 84.3 months).
During the follow-up period, 17 patients (8.1%) experienced
disease recurrence, with a median recurrence time of 12.8
months (ranging from 1.3 to 37.5 months). The median time
to recurrence of 9 patients with rim enhancement on MRI
was 11.3 months (ranging from 2.8 to 22.5 months). The
2-year rate of disease-recurrence for all patients was 7.0%,

Figure 1. Images representing rim enhancement. (A) An axial contrast-enhanced T1-weighted magnetic resonance imaging scan a 38-year-old patient
with BRCAT mutation demonstrated rim enhancement. A 1.8-cm mass with irregular shape and spiculated margin was observed in the left lower cen-
ter breast. (B) On the haematoxylin and eosin stained slides (x 200), the tumor was a 2.1-cm poorly differentiated invasive ductal carcinoma with high
nuclear grade. Immunohistochemistry results were all negative for estrogen receptor and progesterone receptor, and human epidermal growth factor
receptor 2.
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Table 4. Multiple logistic regression analysis for mass enhancement on
magnetic resonance imaging

Jae Myoung Noh, et al.

Table 5. Cox proportional hazards multivariate model for breast cancer
recurrence

Response=mass

' o g
enhancement* QOdds ratio 95% Cl p-value
BRCA mutation 0.1189
Negative 1 -
BRCA1 0.753 0.237-2.390 0.6308
BRCA2 1.902 0.618-5.853 0.2623
Molecular subtypes <0.0001
Luminal 1 - -
Triple-negative 11.637 4.172-32.465 <0.0001
HER2 overexpressing 7.288 1.784-29.777 0.0057
Nuclear grade 0.0387
Low 1 -
Intermediate 2179 0.659-7.206 0.2019
High 3.535 1.005-12.433 0.0491
Pathologic T stage 0.1333
Tis-1 1 - -
T2-3 1.837 0.830-4.064 0.1333
*Homogeneous vs. heterogeneous vs. rim enhancement.
50
——  Rim enhancement
40 ---- Homogeneous & Heterogeneous
s B
g
.{'23307 } H—H——H—— }
2
é 20
s i =0.0003
E
=3
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0 12 24 36 48

Months

Figure 2. Cumulative incidence of disease recurrence according to
mass enhancement on magnetic resonance imaging. Rim enhancement
was significantly associated with increased disease recurrence
(p=0.0003).

which was increased in patients with the BRCAI mutation
(17.4%, p=0.0542), the triple-negative phenotype (22.6%, p <
0.0001), rim enhancement on MRI scans (28.9%, p=0.0003)
(Figure 2), high nuclear grade (10.6%, p=0.0500), pathologic
T2-3 disease (12.6%, p=0.0299), and pathologic N2-3 disease
(12.6%, p=0.0164). Using multivariate analysis, advanced
pathological N-stage and rim enhancement were significantly
associated with disease recurrence (Table 5). The hazard ratio
was 2.784 (95% confidence interval [CI], 1.564-4.957; p=
0.0005), and 5.441 (95% CI, 1.831-16.164; p=0.0023) for
pathologic N-stage, and rim enhancement, respectively.

http://ejbc.kr

Variable Hazard ratio 95% Cl p-value
BRCA mutation 0.579 0.244-1.375 0.2154
Pathologic T-stage 2.186 0.823-5.807 0.1168
Pathologic N-stage 2.784 1.564-4.957 0.0005
Molecular subtypes 1.466 0.694-3.101 0.3163
Nuclear grade 1.472 0.471-4.599 0.5061
Rim enhancement 5.441 1.831-16.164 0.0023
DISCUSSION

In this study, BRCA mutations were detected in 48 of the
209 eligible patients (23.0%) who underwent curative surgery
for breast cancer, with risk factors for carrying BRCA muta-
tions. The prevalence of BRCA mutations was comparable to
recently reported studies [19,20]. The relationships between
genetic subtypes, MRI, and pathological findings were exam-
ined. BRCAI mutation was associated with high nuclear grade
(76.0%, p=0.0041) and triple-negative phenotype (64.0%, p <
0.0001) (Table 2). However, there was no difference in mor-
phological shape, margin, internal enhancement, or kinetic
features between the genetic subtypes (Table 3). Although rim
enhancement was more frequently observed in BRCAI-muta-
tion carriers (31.6%) than in the other genetic subtypes (17.5%
and 23.1% for BRCA-negative and BRCA2-mutation carriers,
respectively), these differences were not statistically significant
(p=0.4884). Using multiple logistic regression analysis, rim
enhancement was associated with molecular subtype (p <
0.0001) and nuclear grade (p=0.0387), but not genetic sub-
type (p=0.1189).

Most of the cancers demonstrated irregular shape, irregular
or spiculated margin, and heterogeneous or rim enhancement
on MRI (Table 3), findings that were consistent with the MAR-
IBS trial data [15]. There was no significant difference in the
morphological and enhancement features of cancers from pa-
tients with BRCA1 and BRCA2 mutations. However, these ob-
servations contradict a previously published Dutch study [13],
where cancers in patients with BRCA mutations more fre-
quently exhibited a round shape (59.3%), sharp margin (74.1%),
and rim enhancement (25.9%) when compared with the con-
trol group. A type-III washout curve, which is strongly suggest-
ive of a malignant lesion, was seen in 81.5% of cancers with a
BRCA-mutation. In the present study, round or oval shape,
smooth margin, and washout at the delayed phase were ob-
served in 20.0%, 6.7%, and 86.7% of cancers in BRCA-mutation
carriers, respectively. Our results are consistent with the Dutch
study in terms of malignant features such as washout at the de-
layed phase and rim enhancement, but our results differ with
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respect to benign morphological features such as round shape
or sharp margin. However, benign morphological features
were still more prevalent than nonselected sporadic breast
cancer in the present study, which has been reported to be less
than 2% [21]. The inclusion of patients with risk factors for
BRCA mutations in the present study could give an explana-
tion for the prevalent benign morphological features on MRL
MRI features could differ between BRCA mutation carriers
and sporadic breast cancer cases from the general population,
but evaluation of this relationship was limited in the present
study due to the inclusion criteria.

In agreement our observations, rim enhancement is known
to be a significant independent predictor of high grade, larger
size, lymph node status, and triple-negative breast cancer
[11,12]. Active angiogenesis in the periphery of the tumor and
subsequent central necrosis have been suggested as underly-
ing mechanisms for rim enhancement on MRI [12]. In add-
ition to pathological and molecular correlations, rim enhance-
ment was associated with increased disease recurrence, and
was found to be an independent prognostic factor affecting
disease recurrence using multivariate analysis. Because early
recurrence of the disease is a clinical characteristic of triple-
negative breast cancer, which is frequently observed in pa-
tients with BRCAI mutations, rim enhancement on MRI
could be used as a prognostic indicator in patients with breast
cancer at risk for BRCA mutations. For example, the patient
illustrated in Figure 1 experienced local recurrence during ad-
juvant chemotherapy. The cancer was high grade and triple-
negative phenotype, and demonstrated rim enhancement on
MRI. Early or up-front application of adjuvant radiotherapy
should be considered in patients with aggressive cancer char-
acteristics such as this.

Using MRI as a screening tool enables the earlier detection
of breast cancer in women with familial risk for breast cancer
or with BRCA mutations [9,10]. Nevertheless, mammography
shows an acceptable level of detecting ductal carcinoma in
situ, and shows a higher specificity than MRI in the general
population [9,10]. For the diagnosis of familial breast cancer
with or without BRCA mutations, the complementary use and
integrated interpretation of several imaging modalities are es-
sential. Further studies with additional imaging systems, in-
cluding mammography and ultrasonography, need to be con-
ducted in order to elucidate the relationship between the gen-
etic and molecular subtypes, and the imaging features from
several modalities. In addition, comparison with sporadic
breast cancer cases from the general population is important
and so future studies may need broader inclusion criteria.
And longer follow-up is needed to confirm the accuracy of
the prognostic implications of rim enhancement on MRL
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In summary, BRCAI mutations were associated with the
triple-negative phenotype and high-grade cancers. These ag-
gressive characteristics were associated with rim enhancement
on MRI, which is a significant predictor of increased disease
recurrence. However, there was no direct relationship between
BRCA mutation and MRI features. If rim enhancement is ob-
served on MR, its association with aggressive phenotypes
should be taken into consideration, leading to individualized
treatment approaches and closer follow-up.
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