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A B S T R A C T

Objective: To assess imaging phenotypes of familial breast cancer on mammography (MG), ultrasound (US), and
magnetic resonance imaging (MRI) using the fifth edition of the BI-RADS; to investigate inter-observer agree-
ment and to correlate imaging phenotypes with risk status, histopathology, and molecular subtypes derived by
immunohistochemical surrogate.
Materials and Methods: Forty-nine women (BRCA-1/2 mutation carriers and women with> 20% lifetime risk)
were diagnosed with breast cancer within our high-risk screening program. BI-RADS MG, US, and MRI imaging
descriptors were correlated with risk status, histopathology, and molecular subtypes derived by im-
munohistochemical surrogate. Inter-rater agreement for BI-RADS MG, US, and MRI categories was assessed.
Results: Fifty-two breast cancers were diagnosed and 98% were detectable in at least one modality. MRI detected
more cancers (P < 0.001). No lesion had benign morphology on BI-RADS. BRCA-1 had triple-negative and high-
grade tumors in the posterior part and in the upper-outer quadrant (P≤ 0.01); positive-family-history patients
had intermediate-grade neoplasms (P < 0.01) in the middle part (P=0.04) and in the upper-outer quadrants
(P= 0.05). There was moderate inter-rater agreement for the assigned BI-RADS assessment for MG (k= 0.554)
and MRI (k= 0.512) and substantial inter-rater agreement for US (k= 0.741).
Conclusions: Imaging phenotypes of familial breast cancers with BI-RADS are malignant in all imaging mod-
alities. Risk status seems to influence cancer location.

1. INTRODUCTION

Although the majority of breast cancers (BC) develop sponta-
neously, up to 20% of BCs occur in women with a genetic predisposition
[1,2]. To achieve a significant risk reduction, these women are offered
intensified annual screening or may opt for prophylactic bilateral
mastectomy [3].

Based on the latest evidence, international societies have issued
guidelines for high-risk BC screening, recommending magnetic re-
sonance imaging (MRI) of the breast as a supplemental diagnostic tool
[4–6]. Although MRI has the highest sensitivity in cancer detection,
several investigators have stressed that high-risk BCs may show benign
imaging phenotypes, potentially leading to under-diagnosis [7–13]. The
Breast Imaging Reporting And Data System (BI-RADS) lexicon aims to
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provide guidance for the interpretation of breast imaging modalities
[14]. The BI-RADS lexicon is being continuously updated to incorporate
the inputs for cancers detection and diagnosis from original research.
The 5th BI-RADS lexicon clarifies uncertain terminology for interpreting
and reporting over the three imaging modalities—MG, US, and MRI
[15,16].

To the best of our knowledge, this is the first study evaluating the
imaging features of breast cancer in a population of high risk patients
adopting the 5th BI-RADS lexicon over the three imaging modalities.

We aimed to describe imaging phenotypes in women at high-risk for
BC using the 5th BI-RADS lexicon for MG, US, and MRI, to investigate
the inter-observer agreement, and to correlate imaging phenotypes with
mutational/risk status, histopathology, and molecular subtypes derived
by immunohistochemical surrogate.

2. MATERIALS AND METHODS

2.1. Study Population

The ethics committee of our university approved this single-center
study and retrospective data analysis. All participants gave written,
informed consent. Participants included either tested positive for BRCA-
1/2 or had a lifetime risk> 20% for the development of breast cancer.
Between 01/1999-11/2015, 1365 patients (mean age 44, range: 22-83)
completed 3.023 screening rounds within our institutional screening
program, consisting of annual MG, US, and MRI [17]. In Austria,
women are considered high-risk if their family history is positive for the
following: a) three breast cancers at age ≤ 60 years; b) two breast
cancers at age ≤ 50 years; c) one breast cancer at age ≤ 35 years; d)
one breast cancer at age ≤ 50 years and one ovarian cancer at any age;
e) two ovarian cancers at any age; and f) one male and one female
cancer at any age. All the affected first-degree relatives should be on the
same side of the family. The women who fulfill these criteria were
advised to undergo genetic testing at our institution, but remained
within the study, even if they decided not to be tested or if they tested
negative for a predisposing mutation. Screening rounds consisted of
mammography, ultrasound, and MRI of the breast every 12 months,
with a maximum interval of one month between the individual mod-
alities. Incomplete annual imaging rounds (i.e., one or more of the three
imaging modalities were not performed) were excluded from analysis.
In addition to the annual triple-modality screening rounds, ultrasound
examinations were offered every six months to BRCA mutation carriers.
Interval cancers were defined as cancers detected within 12 months
after a screening round that was negative for malignancy. The interval
cancer rate was calculated as the ratio between the number of interval
cancers and the number of complete screening rounds with a follow-up
of at least one year. The details of the study protocol have been de-
scribed elsewhere [2]. Fifty women were diagnosed with 53 BC. One
patient was excluded because the BC was detected at histopathological
work-up after prophylactic mastectomy, and no imaging correlates
were found. The final cohort consisted of 49 women (mean age 49,
range: 27-80) diagnosed with 52 BCs (Fig. 1).

2.2. Imaging techniques

MG, US, and MRI have been described previously [2] and are pro-
vided in Appendix 1.

2.3. Data Analysis

For each BC, two breast radiologists (R1 > 15 years, R2 > 3 years
of experience), blinded to the initial BI-RADS assessment but aware of
final histological diagnosis of BC, independently assessed imaging fea-
tures using the 5th edition BI-RADS descriptors [14] and assigned a final
BI-RADS score for each modality. The readers first assessed MG images
blinded to US and MRI and then, in the same session, interpreted US

and MRI images. In case of discordant classifications, a consensus read
was performed and a new BI-RADS classification was assigned. This was
obtained in in 16/52 (30%) of cases in MG, in 8/52 (15%) for US and in
8/52 (15%) for MRI. Readers evaluated the location depth along the
long axis (anterior, middle, or posterior), quadrant (upper-outer, lower-
outer, medial-upper, medial-lower, and central), and side (right versus
left) of lesions within the breast. Imaging features were correlated with
mutation/risk status, histology, and molecular subtypes derived by
immunohistochemical surrogate. Final histopathologic diagnosis was
used as the reference standard. For each BC, tumor-grading and mole-
cular subtypes, based on immunohistochemical surrogates, were as-
sessed—luminal A (ER+and/or PR+,HER2-), luminal B (ER+ and/or
PR+,HER2+), HER2-positive (ER-,PR-,HER2+), and triple-negative
(TNBC) (ER-,PR-,HER2-) were recorded [18–20]. Details about the
imaging features assessed according to the 5th BI-RADS lexicon for
modality are provided in Tables 2, 3, and Figure 4.

2.4. Statistical Analysis

Statistical analyses were performed using SPSS 22.0
(SPSS,IBM,USA). Cross-tabulations were used to calculate percentages
of imaging features with MG, US, and MRI. Associations of risk groups,
imaging findings, and histologic results were analyzed using the Chi-
square test or Fisher’s exact test in case of observed numbers equal to or
below 5. Differences in cancer location and risk sub-groups were tested
by Fisher´s exact test. P-values (P)< /=0.05 were considered sig-
nificant. Inter-rater agreement for assigned BI-RADS categories for MG,
US, and MRI, as well as the corresponding imaging features, was as-
sessed using kappa statistics.

Fig. 1. Flowchart of study enrollment and final lesion diagnosis.
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3. RESULTS

3.1. Patients and cancer characteristics

The tumor characteristics per subgroup of 52 cancers in 49 patients
(11/49 BRCA-1, 8/49 BRCA-2 and 30/49 positive family history) are
listed in Table 1. There were 19/52 (37%) ductal carcinomas in situ
(DCIS), 32/52 (60%) invasive cancers, and 1/52 (3%) metastasis from
ovarian cancer in a positive family history patient, which, in Table 1, is
included among the invasive cancers. Mean lesion size was 12mm
(range 3-35 mm) for DCIS and 18mm (range 3-65mm) for invasive BC.
The metastasis measured 8mm. Among the invasive carcinomas, the
most common molecular subtypes derived by immunohistochemical
surrogate was luminal A (53%; 17/32; P=0.53). In BRCA-1 mutation
carriers, invasive cancers were exclusively TNBC (100%, 9/
9 P < 0.01). BRCA-1 mutation carriers presented mainly with high-
grade tumors (G3) for both DCIS (18% 2/11;P > 0.5) and invasive
carcinomas (81%, 9/11;P= 0.012). BRCA-2 mutation carriers pre-
sented more frequently with DCIS (5/9; 56%;P > 0.5). Patients with a
positive family history were associated with intermediate-grade cancers
(53%, 17/32;P=0.021).

The BI-RADS category for the three modalities and risk-groups are
summarized in Appendix 2.

3.2. Imaging Findings for Techniques

3.2.1. Mammography
Details about the imaging features on MG for all carcinomas and for

each high-risk group are presented in Table 2. MG had a sensitivity of
40% (21/52) for BC detection. All cancers detected with MG showed
malignant features.

Breast density patterns were analyzed for each patient, and there
were no differences among the three groups (P > 0.5), or between

false-negative and true-positive mammograms.

3.2.2. Ultrasound
Details about the imaging features on US for all carcinomas and for

each high-risk group are presented in Table 3. The sensitivity of BC
detection for US was 50% (26/52). All lesions detected with US showed
malignant features.

3.2.3. Magnetic Resonance Imaging
Imaging features on MRI for all carcinomas and for each high-risk

group are presented in Table 4. MRI detected more cancers than any
other single imaging technique (MG or US) or their combination
(P < 0.0001). MRI had a sensitivity of 98% (51/52) and detected 97%
(32/33) of invasive cancers and 100% (19/19) of DCIS. Invasive can-
cers were associated with masses in 72% (37/51) (P= 0.002) and with
non-mass enhancement (NME) in 14/51 (28%) (P=0.001). Ductal
carcinomas in situ were associated with NME in 58% (11/19) and with
masses in 42% (8/19) of cases.

No differences were found across the three risk-groups with respect
to background parenchymal enhancement (BPE) and amount of fibro-
glandular tissue (FGT) (P > 0.5).

3.3. Risk category

Details about the histopathologic diagnosis and imaging features of
cancers on all imaging modalities and risk categories are presented in
Tables 1–4. None of the imaging-detected cancers showed exclusively
benign imaging features across the risk categories.

3.3.1. BRCA-1
On MRI, 100% (11/11) of cancers with the BRCA-1 mutation were

detected, which was more often than with MG, 60% (6/11), or US, 60%
(6/11), P= 0.022. On MG, the majority (5/6; 83%) presented as

Table 1
Histologic Characteristics of Breast Cancers

BREAST MALIGNANCY BRCA-1 BRCA-2 Family History TOTAL
11/52 (21%) 9/52 (17%) 32/52 (61%) 52/52 (100%)

DUCTAL CARCINOMA IN SITU 2/11 (19%) 5/9 (56%) 12/32 (37%) 19/52 (37%)
INVASIVE CARCINOMA 9/11 (81%) 4/9 (44%) 19/31 (60%) 31/52 (60%)

DUCTAL NOS 6/9 (66%) 3/4 (75%) 16/19 (85%) 25/31 (81%)
MEDULLARY 3/9 (33%) - - 3/31 (10%)
LOBULAR - - 1/19 (5%) 1/31 (3%)
MUCINOUS - - 1/19 (5%) 1/31 (3%)
MICROPAPILLARY - 1/4 (25%) - 1/31 (3%)

METASTASIS - - 1/32 (3%) 1/52 (3%)

GRADING 51/51 (100%)
DUCTAL CARCINOMA IN SITU GRADE 1 - - 4/12 (33%) 4/19 (21%)

GRADE 2 1/2 (50%) 2/5 (40%) 4/12 (33%) 7/19 (37%)
GRADE 3 1/2(50%)* 3/5 (60%) 4/12 (33%) 8/19 (42%)

INVASIVE CARCINOMA GRADE 1 - - 3/19 (16%) 3/32 (9%)
GRADE 2 1/9 (11%) 2/4 (50%) 13/19 (68%)° 16/32 (50%)
GRADE 3 8/9 (88%)* 2/4 (50%) 3/19 (16%) 13/32 (41%)

RECEPTOR STATUS 32/32(100%)
INVASIVE CARCINOMA LUMINAL A - 4/4 (100%) 13/19 (67.5%) 17/32 (55%)

LUMINAL B - - 2/19 (10.5%) 2/32 (5%)
TRIPLE NEG 9/9 (100%)+ - 2/19 (10.5%) 11/32 (35%)
HER2/neu + - - 2/19 (10.5%) 2/32 (5%)

SIZEb 16 ± 13mm
(3-65mm)

DUCTAL
CARCINOMA IN SITU

4,5 ± 0,7 mm 12,2 ± 11mm 14,7 ± 9mm 12mm (3-35mm)

INVASIVE CARCINOMA 23,9 ± 16,4mm 18,2 ± 16,8 mm 16,5 ± 14,9mm 18mm (3-65mm)
METASTASIS - - 8 mm 8 mm

* P=0.012.
+ P=0.000003.
° P= 0.021.
b Mean lesion size ± standard deviation are reported.
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masses (Fig. 2). Only one tumor (1/6; 17%) showed microcalcifications.
On US, all detected cancers had malignant imaging features. On MRI,
the majority (9/11; 87%) presented as masses, whereas 13% (2/11)
were NME (Fig. 2).

3.3.2. BRCA-2
On MRI, all cancers (100%, 9/9) were detected, which was sig-

nificantly more often than with MG, 56% (5/9, P= 0.029), or US, 44%
(4/9, P=0.010) (Fig. 3). Compared to the other high-risk groups,
cancers in the BRCA-2 group presented more often with micro-
calcifications (3/5; 60%, P=0.3). On US, 44% (4/9) of the cancers had

Table 2
Mammographic features stratified by histopathologic tumor type and by risk category

MAMMOGRAPHY Invasive Cancer DCIS BRCA-1 BRCA-2 Family History TOTAL

BREAST COMPOSITION (ACR BI-RADS)
a-b 6/11 (60%) 3/8 (37%) 19/30 (63%) 28/49 (58%)
c-d 5/11 (40%) 5/8(63%) 11/30 (37%) 21/49 (42%)

MASSES 9/21 (43%)
SHAPE OVAL 0 - 0 0 0 0

ROUND 0 - 0 0 0 0
IRREGULAR 9/9(100%) - 5/5(100%) 1/1(100%) 3/3 (100%) 9/9(100%)

MARGINS CIRCUMSCRIBED 0 - 0 0 0 0
MICROLOBULATED 1/9 (11%) - 1/5 (20%) 0 0 1/9 (11%)
INDISTINCT 3/9 (33%) - 2/5 (40%) 0 1/3 (33%) 3/9 (33%)
SPICULATED 5/9 (56%) - 2/5 (40%) 1/1(100%) 2/3 (67%) 5/9 (56%)

DENSITY HIGH 4/9 (44%) - 3/5 (60%) 0 1/3 (33%) 4/9 (44%)
ISODENSE 5/9 (66%) - 2/5 (40%) 1/1(100%) 2/3 (67%) 5/9 (66%)
LOW 0 - 0 0 0 0

TOTAL 9/15(60%) 0/6 (0%) 5/6 (83%) 1/5 (20%) 3/10 (30%)

CALCIFICATIONS 9/21 (43%)
MORPHOLOGY AMORPHOUS 0 1/6 (17%) 0 1/3 (33%) 0 1/9 (11%)

FINE PLEOM.a 3/3 (100%) 5/6 (83%) 1/1(100%) 2/3(67%) 5/5(100%) 8/9(89%)

DISTRIBUTION DIFFUSE 0 0 0 0 0 0
REGIONAL 0 0 0 0 0 0
GROUPED 2/3 (67%) 3/6 (50%) 0 1/3 (33%) 4/5 (80%) 5/9 (56%)
LINEAR 0 2/6 (33%) 1/1(100%) 1/5 (20%) 2/9 (22%)
SEGMENTAL 1/3 (33%) 1/6 (17%) 0 2/3 (67%) 0 2/9 (22%)

TOTAL 3/15 (20%) 6/6 (100%) 1/6 (17%) 3/5 (60%) 5/10(50%)

MASS+CALCIFICATIONS 1/15 (7%) 0 0 - 1/10(10%) 1/21(5%)
ASYMMETRIES 2/15 (13%) 0 0 1/5 (20%) 1/10(10%) 2/21(9%)

a fine pleomorphic.

Table 3
Sonographic features stratified by histopathologic tumor type and by risk category

ULTRASOUND Invasive Cancer DCIS BRCA-1 BRCA-2 Family History TOTAL

BI-RADS DESCRIPTORS
SHAPE OVAL 4/20 (20%) 0 3/6 (50%) 0 1/16 (6%) 4/26 (16%)

ROUND 1/20 (5%) 0 0 0 1/16 (6%) 1/26 (4%)
IRREGULAR 15/20 (75%) 6/6(100%) 3/6 (50%) 4/4(100%) 14/16 (88%) 21/26(80%)

ORIENTATION PARALLEL 7/20 (35%) 2/6 (40%) 3/6 (50%) 2/4 (50%) 4/16(25%) 9/26 (35%)
NOT PARALLEL 13/20 (65%) 4/6 (60%) 3/6 (50%) 2/4 (50%) 12/16(75%) 17/26(65%)

MARGINS CIRCUMSCRIBED 0 0 0 0 0 0
INDISTINCT 9/20 (45%) 3/6 (50%) 1/6 (17%) 2/4 (50%) 9/16 (56%) 12/26(46%)
ANGULAR 1/20 (5%) 1/6 (17%) 2/6 (33%) 0 0 2/26 (8%)
MICROLOB. 4/20 (20%) 2/6 (33%) 2/6 (33%) 1/4 (25%) 3/16 (19%) 6/26 (23%)
SPICULATED 6/20 (35%) - 1/6 (17%) 1/4 (25%) 4/16 (25%) 6/26(23%)

ECHO PATTERN ANECHOIC 0 1/6 (17%) 1/6 (17%) 0 0 1/26 (4%)
HYPERECHOIC 1/20 (5%) 0 0 1/4 (25%) 0 1/26 (4%)
COMPLEX 0 1/6 (17%) 0 0 1/16 (7%) 1/26 (4%)
HYPOECHOIC 18/20 (90%) 4/6 (66%) 5/6 (83%) 3/4 (75%) 14/16 (86%) 22/26(84%)
ISOECHOIC 1/20 (5%) 0 0 0 1/16 (7%) 1/26 (4%)

POSTERIOR FEATURES NONE 15/20 (75%) 4/6 (66%) 5/6 (83%) 2/4 (50%) 12/16 (75%) 19/26(73%)
ENHANCEMENT 1/20 (5%) 0 1/6 (17%) 0 0 1/26 (4%)
SHADOWING 4/20 (20%) 1/6 (17%) 0 1/4 (25%) 4/16 (22%) 5/26 (19%)
COMBINED PATTERN 0 1/6 (17%) 0 1/4 (25%) 0 1/26 (4%)

CALCIFICATIONS NONE 19/20 (95%) 5/6 (83%) 6/6(100%) 4/4(100%) 14/16 (88%) 24/26(92%)
OUTSIDE A MASS 1/20 (5%) 0 0 0 1/16 (6%) 1/26 (4%)
INTRADUCTAL 0 1/6 (17%) 0 0 1/16 (6%) 1/26 (4%)

ASSOCIATED FEATURES NONE 16/20 (80%) 5/6 (83%) 5/6 (83%) 2/4 (50%) 14/16 (86%) 21/26(81%)
ARCHITECTURAL DISTORTION 3/20 (15%) 1/6 (17%) 1/6 (17%) 1/4 (25%) 2/16 (14%) 4/26(15%)
EDEMA 1/20 (5%) 0 0 1 (25%) 0 1/26(4%)

VASCULARIZATION NOT ASSESSED 17/20 (85%) 5/6(83%) 6/6(100%) 2/4 (50%) 14/16(87%) 22/26 (84%)
INTERNAL 1/20 (5%) 1/6(17%) 0 2/4 (50%) 0 2/26(8%)
VESSEL IN RIM 2/20 (10%) 0 0 0 2/16(13%) 2/26 (8%)
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malignant imaging features. On MRI, the majority of lesions presented
as masses. NME were seen in 33% (3/9) of the cases (P= 0.4).

3.3.3. Positive family history for BC
On MRI, 31/32 (96%) cancers were detected significantly more

often than with MG, 42% (10/32), or US, 50% (16/32), P < 0.0001.
On MG, 3/10 (33.3%) had an irregular shape (100%, 3/3) with indis-
tinct (33%, 1/3) or spiculated margins (67%, 2/3). On MG, 50% (5/10)
of cancers appeared as micro-calcifications, all fine pleomorphic. On
US, all cancers had malignant features. On MRI, mass lesions were seen
in 70% (21/31) and NME in 30% (9/31) (Fig. 4).

3.4. Molecular Subtypes

3.4.1. Luminal BC
Among the ER-positive invasive BCs (n= 19), 17 (89%) were lu-

minal A, whereas two (11%) were luminal B. On MG, a total of nine
(47%) lesions were detected. Of these, three (33%) lesions presented as
irregularly shaped masses, with spiculated margins and characterized
by a density equal to the parenchyma; three (33%) as fine pleomorphic
microcalcifications; two as (22%) focal asymmetries; and one mass
associated with microcalcifications (11%). On US, the majority of the
lesions detected presented as irregularly shaped masses (11/13, 85%)
with non-circumscribed margins (69%). Both features were sig-
nificantly related to luminal A BCs (P= 0.005 and P=0.007). On MRI,
the majority of these lesions presented as irregularly shaped masses

(11/17, 65%), with non-circumscribed margins (14/17, 82%), hetero-
geneous internal enhancement (12/17, 71%), rapid initial enhancement
(13/17,76%) and washout (13/17,76%) (P > 0.001). Two lesions
(12%) presented as heterogeneous and segmental NME.

3.4.2. TNBC
Eleven lesions were TNBC (33%). On MG, six lesions (54 %) were

detected, all presenting with irregular shape (P=0.001), non-circum-
scribed margins (P=0.002) and, isodensity (P=0.018). On US, six
(54%) lesions were detected. Two lesions had an oval shape (33%),
three (50%) presented as parallel lesions, but all had non-circumscribed
margins. On MRI, all TNBC were irregular-shaped masses (11/11,
100%), with non-circumscribed margins (11/11, 82%), characterized
by heterogeneous (4/11, 36%) or homogeneous internal enhancement
(4/11, 36%). Among the TNBCs, none presented with a slow initial
enhancement. Washout (5/11, 45%) or plateau (5/11, 45%) kinetics
were mainly seen in the delayed phase (P > 0.001).

3.4.3. Her2-enriched
Her2-enriched BC represented 6% (2/33) of all BCs and were de-

tectable only on MRI. These BCs presented as mass (1/2, 50%) and NME
(1/2, 50%) with a heterogeneous internal enhancement pattern (2/2,
100%). In NME, the enhancement was fast at the initial phase, but
persistent in the delayed phase (P > 0.001).

Table 4
Imaging features on MRI of the breast stratified by histopathologic tumor type and by risk category

MAGNETIC RESONANCE IMAGING Invasive Cancer DCIS BRCA-1 BRCA-2 Family History TOTAL

FIBROGLANDULAR TISSUE (FGT)
a-b 5 (45%) 4 (45%) 20 (65%) 30/52 (58%)
c-d 6 (55%) 5 (55%) 11 (35%) 22/52 (42%)

BACKGROUND PARENCHYMAL
ENHANCEMENT (BPE)

MINIMAL 7 (64%) 5 (56%) 19 (59%) 31/52 (60%)
MILD 4 (36%) 3 (33%) 6 (19%) 13/52 (25%)
MODERATE - - 4 (12%) 4/52 (7.5%)
MARKED - 1 (11%) 3 (10%) 4/52 (7.5%)

MASS 37/51(72%)
SHAPE OVAL 3/29 (11%) 2/8 (25%) 1/9 (11%) 0 4/22 (18%) 5/37 (14%)

ROUND 2/29 (7%) 1/8 (12%) 1/9 (11%) 0 2/22 (9%) 3/37 (8%)
IRREGULAR 24/29(82%) 5/8(63%) 7/9 (78%) 6/6 (100%) 16/22(72%) 29/37(78%)

MARGINS CIRCUMSCRIBED 2/29 (7%) 2/8 (25%) 0 1/6 (16%) 3/22 (14%) 4/37 (11%)
IRREGULAR 18/29 (62%) 6/8 (75%) 4/9 (44%) 4/6 (66%) 16/22(72%) 24/37(64%)
SPICULATED 9/29 (31%) 0 5/9 (56%) 1/6 (16%) 3/22 (14%) 9/37 (25%)

INTERNAL ENHANCEMENT HOMOGENEOUS 11/29 (38%) 2/8 (25%) 2/9(22%) 2/6 (33%) 9/22 (41%) 13/37(35%)
HETEROGENEOUS 11/29(38%) 4/8 (50%) 4/9(44%) 1/6 (17%) 10/22(46%) 15/37(41%)
RIM -ENHANCEMENT 7/29 (24%) 2/8 (25%) 3/9(33%) 3/6 (50%) 3/22 (14%) 9/37 (24%)

ENHANCEMENT INITIAL PHASE SLOW 1/29 (4%) 2/8 (25%) 1/9 (11%) 2/6 (33%) 0 3/37 (8%)
MEDIUM 4/29 (14%) 1/8 (12%) 2/9 (22%) 0 3/22 (14%) 5/37 (14%)
FAST 24/29(82%) 5/8 (63%) 6/9 (67%) 4/6 (67%) 19/22 (86%) 29/37(78%)

ENHANCEMENT DELAYED PHASE PERSISTENT 4/29 (14%) 2/8 (25%) 2/9 (22%) 1/6 (17%) 3/21 (14%) 6/37(16%)
PLATEAU 8/29 (28%) 2/8 (25%) 2/9 (22%) 0 8/21 (38%) 10/37(27%)
WASH-OUT 17/29 (58%) 4/8 (50%) 5/9 (56%) 5/6 (83%) 10/21 (47%) 21/37(57%)

TOTAL 29/32 (90%) 8/19 (42%) 9/11 (82%) 6/9(67%) 22/31(71%) -

NON-MASS
ENHANCEMENT

14/51 (28%)

DISTRIBUTION FOCAL 1/3 (33%) 2/11(18%) 0 2 (67%) 1/9 (11%) 3/14 (21%)
LINEAR 0 5/11 (46%) 0 0 5/9 (56%) 5/14 (36%)
SEGMENTAL 2/3 (67%) 3/11 (27%) 2/2 (100%) 1 (33%) 2/9 (22%) 5/14 (36%)
REGIONAL 0 1/11 (9%) 0 0 1/9 (11%) 1/14 (7%)

ENHANCEMENT INITIAL PHASE SLOW 1/3 (33.3%) 7/11 (64%) 1/2 (50%) 3/3 (100%) 4/9 (45%) 8/14 (57%)
MEDIUM 1/3 (33.3%) 2/11 (18%) 0 0 3/9 (33%) 3/14 (21%)
FAST 1/3 (33.3%) 2/11 (18%) 1/2 (50%) 0 2/9 (22%) 3/14 (21%)

ENHANCEMENT DELAYED PHASE PERSISTENT 1/3 (33%) 6/11 (55%) 1/2 (50%) 2 (67%) 4/9 (45%) 7/14 (50%)
PLATEAU 2/3 (67%) 3/11 (27%) 1/2 (50%) 1 (33%) 3/9 (33%) 5/14 (36%)
WASH-OUT 0 2/11 (18%) 0 0 2/9 (22%) 2/14 (14%)

TOTAL 3/32 (9%) 11/19(58%) 2/11 (13%) 3/9 (33%) 9/31 (28%) -
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3.5. Lesion location

Fifty-one percent (27/52) of cancers were seen in the upper-outer
quadrant. This location was significantly more often seen in the BRCA-1
group (97% (10/11; P=0.003)) than in positive family history patients
(41% (13/32; P= 0.05)). Cancers in the BRCA-1 group were located
significantly more often in the posterior part of the breast (73%, 8/11;
P=0.04). In positive-family-history patients, cancers were sig-
nificantly more often located in the middle part of the breast (53%, 17/
32; P=0.04) (Fig. 5). Multifocal cancers were found in 19% (10/52) of
the cases, independently of the risk status (P=0.7).

3.6. Inter-rater agreement

There was moderate inter-rater agreement for the assigned BI-RADS
assessment for MG (k= 0.554) and MRI (k=0.512) and substantial
inter-rater agreement for US (k= 0.741). A substantial-to-almost-per-
fect agreement was found for the morphologic BI-RADS descriptors on

MG: mass shape (k= 0.809); mass margins (k= 0.814); mass density
(k= 0.957); calcification morphology (k=0.999); and calcifications
distribution (k=0.827). Agreement for morphologic BI-RADS de-
scriptors on US revealed substantial-to-almost-perfect agreement: mass
shape (k= 0.614); mass margins (k= 0.867); mass orientation
(k=0.970); echo pattern (k=0.837); and posterior features
(k= 0.743). A moderate-to-almost-perfect agreement was found for the
morphologic and functional BI-RADS descriptors on MRI: mass shape
(k=0.701); mass margins (k= 0.701); non-mass enhancement (NME)
distribution (k= 0.870); internal enhancement for mass and NME
(k=0.763); kinetic curve initial phase (k= 0.673); and delayed phase
(k=0.594).

4. DISCUSSION

Our results indicate that imaging phenotypes of BC in high-risk
women are malignant, regardless of the mutation status, the molecular
status, and the imaging modality. MRI of the breast is the most sensitive

Fig. 2. A 36-year-old woman, a carrier of a BRCA-1 mutation, (A)
Left MLO screening mammography shows scattered areas of fi-
broglandular density (ACR b) and demonstrates an oval mass (red
arrow) with indistinct margins in the upper-outer quadrant of the
left side. (B) B-mode US shows a 20mm irregularly shaped mass
and indistinct margins, with parallel orientation at 11 o´clock. (C-
D) MRI of the breast (C), TSE T2w axial plane, (D) T1 FLASH 3D
subtraction delayed phase (6min). The round-shaped mass (red
arrow) with irregular margins shows a rim-enhancement with a
distinct vessel (feeding vessel) leading to the nodule and, in the
delayed phase of the post-contrast sequences, wash-out. On T2-
weighted images, the mass is hypointense surrounded by a peri-
focal edema. The lesion was classified as BI-RADS 5 (highly sug-
gestive of malignancy) and biopsy was performed with final his-
tology of invasive ductal cancer (ER- PR- Her2neu-, G3). The
BRCA-1 high-risk group was also associated with a posterior lo-
cation of cancers.
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test for cancer detection. With the 5th BI-RADS lexicon edition, a correct
classification of high-risk BCs is feasible. BRCA-2 associated carcinomas
more often exhibit microcalcifications on MG compared to other risk
categories associated with cancers. Tumor location seems to be influ-
enced by the risk status.

All cancers presented at least one BI-RADS malignant imaging fea-
ture on MG, US, and MRI. Cancers visible on MG (40%) showed sus-
picious morphology and were classified as BI-RADS 4/5. Masses pre-
sented with an irregular shape and non-circumscribed margins, while
microcalcifications were fine pleomorphic with grouped, linear, and
segmental distributions (100%). Cancers detected with ultrasound
(50%) presented with at least one imaging feature classified as malig-
nant by BI-RADS. While cancers presented with varying BI-RADS de-
scriptors for shape, orientation, echo pattern, and posterior features, a
consistent finding across tumor types and risk groups was that no
cancers had circumscribed margins on US. Our data indicate that
margin is the most reliable BI-RADS US descriptor for an accurate di-
agnosis in high-risk patients. This is in good agreement with Schrading
et al. [7], who also found irregular shape and margins most frequently.
In contrast to published data [7,21], none of the lesions in our cohort
showed purely benign features. In our study margins were non-cir-
cumscribed but they could be considered rather circumscribed when
compared to the classic appearance of BCs. This fact should not be
mistaken for circumscribed margins that usually refer to the pseudo-
capsulated appearance of fibroadenomas and should always be assessed
in post-contrast images [14,22].

BRCA-1 mutation carriers often present with higher grade and TNBC
compared to non-carriers [23–30], with rates of TNBC ranging from

50%-88%. In this study, in 9/11 cases (81%) of BRCA-1 carriers the
diagnosis of invasive BC was made. Eighty-eight percent were grade 3
at diagnosis and all were TNBC (100%). High-risk BCs that presented
with benign imaging phenotypes [7–10] have been attributed to the
frequent occurrence of TNBC, which reportedly exhibits relatively be-
nign morphologic features, such as smooth margins and rim enhance-
ment [7–9,30]. However, a significant number of TNBCs do not show
these benign phenotypes [31–33]. In our cohort, TNBCs were related to
irregular shape (P=0.001) and spiculated margins (P=0.002), with a
density equal to the parenchyma on mammography (P=0.01). On
MRI, they were associated with non-circumscribed margins (P= 0.04),
heterogeneous enhancement (P=0.04), and fast initial enhancement
(P= 0.06).

While microcalcifications are found in 40%-75% of BCs in the
general female population [28,34], high-risk BCs less commonly pre-
sent with microcalcifications [7,11,21]. This is confirmed in our results,
where only 17% (9/52) of BCs showed microcalcifications: 3/33 (9%)
invasive cancers and 6/19 (32%) DCIS. Previous findings reported that
BRCA-2 patients have a higher rate of microcalcifications compared to
BRCA-1 or positive-history patients, with 33% vs 9% vs 16%, respec-
tively [11,21,35]. Schrading et al. [7] found microcalcifications in 50%
of cancers in their patients with a BRCA-2 mutation. In our study,
BRCA-2 carriers were also more likely to present with pure DCIS or
DCIS associated with invasive cancer, confirming previous results [35].

MRI is the most sensitive test for high-risk BC (98%), regardless of
risk group. MRI outperforms mammography, ultrasound and the com-
bination of these two modalities, respectively with a sensitivity of 40%
and 50% (P < 0.0001), with almost half of all cancers (45%) detected

Fig. 3. A 46-year-old woman, a carrier of a BRCA-2 mutation, (A-
B) CC (cranio-caudal) and MLO (medio-lateral-oblique) demon-
strate pleomorfic microcalcifications in the upper-outer quadrant
of the right breast suspicious (digital magnification, black circles).
(C-D) MRI of the breast, (C) TSE T2w axial plane, (D) T1 FLASH
3D subtraction delayed phase (6min). The irregularly shaped
mass shows non-circumscribed margins and demonstrates het-
erogeneous enhancement with washout kinetics in the delayed
phase and hypointensity on T2-weighted images. The lesion was
classified as BI-RADS 5 (highly suggestive of malignancy) and a
stereotactic vacuum assisted biopsy was performed of the area of
the highly suspicious microcalcification, yielding a final histology
of invasive ductal cancer (ER+PR+ Her2neu-, G2).
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Fig. 4. A 41-year-old woman with a positive family history. (A)
MLO (medio-lateral-oblique) of the right breast. The breast is
heterogeneously dense, which could obscure a small mass (ACR
c). No visible lesion on the breast, with small axillary lymph
nodes, BI-RADS 1 (negative). (B) B-mode US shows a 7mm irre-
gularly shaped mass and indistinct margins (red circle), with a
not-parallel orientation at 1 o´clock of the right breast. (C-D) MRI
of the breast, (C) TSE T2w axial plane, (D) T1 FLASH 3D sub-
traction delayed phase (6min). The irregularly shaped mass with
spiculated margins shows heterogeneous and continuous (plateau)
enhancement and hypointensity on T2-weighted images. The final
BI-RADS score was reported as 5 (highly suggestive of malig-
nancy) and the final histology yielded invasive ductal carcinoma,
(ER+PR+Her2neu-) G2.

Fig. 5. A 40-year-old woman with a positive family history for
breast cancer. The positive-family-history high-risk group was
associated with cancers located in the middle part of the breast.
MRI of the breast (A) DCE T1 FAT-SAT and (B) subtraction at
2min with a linear non-mass enhancement (red arrows). The final
histology revealed a ductal carcinoma in situ.
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by MRI only. Schrading et al. [7] demonstrated that the specificity and
positive predictive value of MRI is high. Obdeijn et al. [36] found, in a
population of 93 BRCA-1 mutation-carriers, a sensitivity of 93.6% for
MRI alone, with no additional value for mammography in MRI
screening for women below the age of 40. Riedl et al. [2] demonstrated
that MRI in high-risk patients had a sensitivity of 90% and almost half
of all cancers (45%) in their cohort were detected by MRI only.

All cancers visible on MRI (98%) showed at least one suspicious
feature and were, therefore, assigned final BI-RADS categories 4/5.
Cancers almost exclusively exhibited malignant morphologic imaging
features, with only one lesion with features (shape and margins) sug-
gestive of benignity. Kinetic analysis of the lesion showed an initial
fast/persistent enhancement with a heterogeneous internal enhance-
ment pattern, an uncommon feature for benignity. Veltman et al. [9]
and Schrading et al. [7] reported that patients with BRCA mutations
exhibited benign morphologic features more frequently, yet kinetic
analysis of these masses revealed malignant curves [37]. In our study,
in NME, enhancement curves were commonly benign in both phases.
Fifty-eight percent (11/19) of NME were DCIS, which often have weak
angiogenetic activity. None of these lesions would have been correctly
identified as malignant based on kinetics alone, but the combined
analysis of morphologic and kinetic descriptors enabled an accurate
classification. The current study adds to the growing body of evidence
that MRI is superior to MG and US in high-risk patients [11,38], and
thus, these other modalities may be omitted in high-risk screening.

For MG, five (36%) false-negatives occurred in BRCA-1, four (44%)
in BRCA-2, and 22 (69%) in family-history patients. Only three (9%)
cases occurred in patients with entirely fatty breasts and these lesions
were small (< 15mm). On US, five cases occurred in BRCA-1 (36%),
five (55%) in BRCA-2, and 16 (50%) in family-history patients, which
were cases of either very small lesions (5-11mm) or DCIS.

Prior studies have shown that high-risk cancers may show a pre-
ferred location in the upper-outer quadrant of the breast: 52% in the
study by Schrading et al. [7] and 27% in the study by Trecate et al. [8].
In our study, 46% (24/52) were located in the posterior part and 42%
(22/52) in the middle part of the breast. In our cohort, 73% of BRCA-1
BCs were located in the posterior part of the breast (P= 0.05). This
supports data from Schrading et al. [7], who showed that BRCA-1
mutation carriers tend to develop cancers in the posterior part of the
breast. Our study also demonstrated that BCs occurring in patients with
a positive family history present in the middle/central portion of the
breast (53%, 17/32; P= 0.04). This is the first study to show a pre-
dilection of BCs in family-history patients for the middle portion of the
breast, which is distinctly different from BRCA carriers and should be
taken into consideration when reporting this patient population.

This study has some limitations. The sample size is small which may
limit strong conclusion yet, it has to be noted that it is one of the largest
ever reported in the literature that includes imaging phenotype ana-
lyses with MG, US, and MRI. During the study, imaging techniques and
software were updated, yet all examinations were performed with state-
of-the-art equipment and adhered to international recommendations
[4,5].

In conclusion, imaging phenotypes of familial BC are malignant
regardless of the mutation status, molecular subtypes derived by im-
munohistochemical surrogate, or the imaging modality used. The 5th

BI-RADS lexicon edition enables a correct classification with all the
imaging technologies. MRI is significantly more sensitive for the de-
tection of high-risk BCs compared to MG and US. Radiologists should be
aware of the association of different risk status groups with tumor type
and location.
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