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ABSTRACT

Aims and background. The aim of the study was to investigate the growth rate of in-
herited breast cancer, to analyze its T2 signal intensity besides kinetic and morpho-
logic aspects, and to verify whether there is any correlation between magnetic reso-
nance imaging phenotype and BRCA status.

Methods. Between June 2000 and September 2009, we enrolled 227 women at high
genetic risk for breast cancer in a surveillance program, within a multicenter project
of the Istituto Superiore di Sanità (Rome).

Results. Thirty-four cancers were detected among 31 subjects. One patient refused
magnetic resonance imaging because of claustrophobia. Compared with sporadic
disease, hereditary cancer showed some differences, in terms of biologic attitude and
semeiotic patterns. These differences were mainly registered for magnetic resonance
imaging, where the most frequent radiological variant was represented by the very
high T2 signal intensity (73%). Moreover, the size of 8 of the neoplasms showed a sig-
nificant increase in less than one year, 5 of them in less than 6 months. Six lesions
were in BRCA1 patients and the remaining in BRCA2. Furthermore, cancers with a
high growth rate also demonstrated a significant increment in T2 signal intensity.

Conclusions. Our results confirmed the high growth rate within BRCA-related breast
cancers, especially for BRCA1 mutation carriers. In our experience, we found a spe-
cific imaging phenotype, represented by the high T2 signal intensity of hereditary
breast cancer. To our knowledge, this is the first report that points out this new se-
meiotic parameter, which is usually typical of benign lesions. Considering the corre-
lation between high growth rate and high T2 signal intensity, the former seems to be
related to the absence of induction of a desmoplastic reaction that could somehow
restrict cancer growth. Free full text available at www.tumorionline.it

Introduction

In the 1990s the concept of inherited breast cancer was focused on. In fact, two
breast-related cancer genes, BRCA1 and BRCA2, were identified. Mutations in these
genes are responsible for a markedly increased risk to develop breast cancer, even at
a young age, which is often multiple. Women BRCA carriers face almost a 60% life-
long risk of breast cancer.

The optimal management of this increased risk is still under intense investigation,
which includes screening, risk-reducing surgery and chemoprevention1,2. Surveil-
lance has been traditionally based on regular clinical examination and mammogra-
phy, which currently represents the most effective screening method in the general
population. Nevertheless, first reports on the aptitude of mammography in the de-
tection of breast cancer in high-risk women showed a huge percentage of false-nega-
tive results3-5.
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Owing to its high spatial and contrast resolution and
no X-ray correlation, magnetic resonance imaging
(MRI) has been progressively included in screening pro-
tocols. The superior sensitivity of the technique for the
detection of breast cancer even at an early stage has
been unanimously established4,6-10.

At our Institute, between June 2000 and September
2009, 227 women at high genetic risk entered a protocol
of diagnostic surveillance: 34 breast cancers were diag-
nosed in 32 patients. One of them was only diagnosed at
mammography and ultrasound because the patient re-
fused MRI examination. During this period, we noticed
some differences between the biologic behavior of
hereditary cancer compared with sporadic disease.

First of all, we noted that the growth of breast cancer
in high-risk patients can be very fast. We registered 8
(23%) cases in which the size of the suspected lesion
markedly increased in less than one year, 5 of them in
less than 6 months and 2 within 6 months.

Secondly, according to the traditional MRI semeiotic
phenotype, we encountered some morphologic or dy-
namic aspects of the BRCA-related neoplasm that could
not be considered as typical for cancer, particularly for
the T2 signal intensity (SI), which was very high, as we
usually find in benign diseases of the general popula-
tion. Conventional imaging also registered some differ-
ences as regards sporadic cancers.

The aim of the study was to verify the high speed of
growth of inherited breast cancer, to study their T2 SI
besides kinetic and morphologic aspects, and to ana-
lyze whether there was any difference in the MRI phe-
notype between BRCA1, BRCA2 carriers and women at
high familial risk.

Materials and methods

Patients

Between June 2000 and May 2009, 230 women – BR-
CA1 (136) and BRCA2 carriers (61), or first degree rela-
tives of BRCA1 (4) and BRCA2 (4) carriers, or with high
familial risk of breast cancer (25) – were annually
screened with clinical examination, mammography, ul-
trasound and MRI.

Women were classified as BRCA1 or BRCA2 carriers if
genetic testing identified a disease-causing mutation.
Women belonging to families where no mutation was
identified or in whom the test was not performed were
classified as high familial risk, according to previously
established criteria. Informed consent was obtained
from each subject enrolled in the study.

Methods

Mammography was performed in craniocaudal and
mediolateral oblique projections. Spot compression,

magnification, and additional views were obtained as
needed (Hologic Selenia, direct digital mammography).
Ultrasound of the breast was performed with high fre-
quency probes (12-5 MHz, 50 mm) (Philips HDI 5.000).

MRI examinations were performed on a 1.5 T magnet
(n. 23 with Magneton Vision and n. 12 with Magneton
Avanto, Siemens, Erlangen, Germany) using a dedicated
double breast surface coil. For premenopausal patients,
MRI was performed between the 7th and the 14th day of
the menstrual cycle. Our imaging protocol consisted of
a previous T2 inversion recovery (IR) sequence (TR/TE
5770/73) followed by a three-dimensional, gradient-
echo, T1-weighted dynamic images (TR/TE 7.8/4.7, flip
angle 25°, slice thickness 1.8 mm without gap, no. of sec-
tions 88, matrix 410 x 512, FOV 340 x 100 cm, TA 55 sec)
obtained once before and five times after injection of
0.2 mmol/kg gadolinium DTPA and followed by a saline
flush of 20 ml.

Informed consent was obtained before each MRI ex-
amination.

Histopathological confirmation was obtained at vacu-
um-assisted core-needle biopsy with mammography,
ultrasound or MRI guidance.

Two dedicated radiologists analyzed mammographic
and sonographic aspects of each lesion (Table 1). An-
other radiologist expert in breast MRI, blinded to the re-
sults of conventional analysis, described both morpho-
logic and dynamic aspects of each enhancing region
(Table 2). For morphologic characteristics, the analysis
was performed on image subtraction of the precontrast
images from early and late postcontrast images in order
to obtain the suppression of fat and nonenhancing
parenchyma and to distinguish the enhancing aspects.
Lesion shape (mass like, non-mass like [irregular
shape], ductal), dendritic enhancement and margins
were evaluated.

For dynamic aspects, a region of interest (ROI) was
placed within the tumor-suspected enhancement and
the SI-to-time curve was calculated. The shape of the
curve (type I, persistent; type II, plateau; type III,
washout)11 was also evaluated. Further patterns of MRI
analysis were the modality of uptake of contrast medi-
um (homogeneous, heterogeneous, with rim enhance-
ment) and the T2 SI (optically judged as high, interme-
diate, or low).

For each breast cancer we measured the maximum
diameter in case of mass-like enhancement. In case of
irregular or dendritic shape enhancement or when
multiple small contiguous foci were present, we meas-
ured their overall maximum extension, whereas we
took the length and the breadth in case of ductal-like
enhancement. As the T2 SI did not change when a recall
was requested, we quantified T2 SI only on the last MRI
examination. When interesting changes in size oc-
curred for the same breast cancer in two different ex-
aminations, we measured the two main perpendicular
diameters.
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The radiographic tumor size ranged from 4 mm to 3 cm.
To quantify the optical brightness of T2 SI, we first ap-

plied the “pixel lens value” function (Table 3). On the T2-
weighted IR fat-suppressed sequence, we scheduled a
mean SI value of each lesion by computing 3 measure-
ments and deriving the mean SI mean. Despite the well-
known overall nonhomogeneity of breast parenchyma,
we tried to relate the SI of the lesion to that of the mam-
mary gland. In order to accomplish this, we choose to
draw 3 pixel lens values within the normal tissue sur-
rounding the lesion, irrespective of its content, then de-
rived the mean value. We kept a distance of 10 mm as re-
gards the lesion to avoid any overlap with eventual
neoangiogenetic vessels or desmoplastic reactions. The
mean results were compared to calculate the ratio be-
tween the T2 SI of the lesion and that of the surrounding
breast (LPS, lesion-to-parenchyma signal score).

On T2-weighted IR fat-suppressed sequences, we also
calculated a mean SI value by means of an ROI (Table 3).
For this second procedure, we applied the evaluation on
the pectoralis major muscle in the region of its major
thickness and on the suspected neoplastic lesion. Since
the lesion size of our cohort ranged from 5 mm to 3 cm,
we selected two different ROIs with a mean diameter of
5.0 ± 0.1 mm for each lesion, then averaged the SI re-
sults. Only for one lesion no larger than 2 mm was the
ROI diameter small enough to fit the right size of the le-
sion in analysis. Final values were calculated by dividing
the lesion SI by the SI of the major pectoral muscle
(LMS, lesion-to-muscle signal score).

In order to yield uniform results, we held the same
ROI diameter for analysis of the T2 SI of the pectoralis
major muscle. In this second case, the mean results
were also compared and final values were calculated by
dividing the T2 SI value of the lesion by that of the pec-
toralis major muscle.

Once all the ratio scores were calculated, we deter-
mined some threshold values to quantify optical im-
pressions. When a suspected finding was seen at only
MRI despite ultrasound second look, recall of the pa-
tient was recommended. The recall was mainly advised
because of the very small diameter of the lesions at their
presentation, because of the occurrence of benign mor-
phologic-kinetic features for some cases, and because
of the unavailability of the MRI-guided biopsy device
until April 2009.

Results

Between June 2000 and May 2009, 227 women at high
genetic risk were enrolled in the study. During this peri-
od, 34 breast cancers were diagnosed in 31 women.
Nineteen breast cancers were detected in 19 BRCA1 car-
riers (19/34, 61%), 9 in 6 BRCA2 carriers (9/34, 29%), and
6 in 6 women at high familial risk (6/34, 19%). Patient 5
and patient 11 were submitted to conventional analysis

at another hospital and directed to MRI in our Institu-
tion (patient 11 had two enhancing lesions in the left
and one in the right breast). For another woman, cancer
was diagnosed only by means of conventional imaging
as the patient refused MRI because of claustrophobia
(patient 13). The 34th neoplasm was detected in a carri-
er who had a contralateral breast cancer 5 years after
mastectomy. Of the 34 diagnosed breast cancers of our
cohort, only 33 were evaluated by means of MRI be-
cause 1 patient refused the examination.

All of the 33 breast cancers submitted to MRI analysis
were detected by this modality. For one of these pa-
tients, conventional imaging was not available but was
reported as negative. Nine cancers were detected also
with mammography, and 3 cancers became suspect at
the recall (12/34, 35.2%). Eighteen cancers were detect-
ed also with ultrasound and 4 become recognizable at
the recall (22/34, 64.7%). Nine women had already de-
veloped cancer in the contralateral breast before enroll-
ment, and 4 had an ipsilateral breast cancer.

MRI registered 3 false-positive results (patients 33, 34,
35); 2 were found to be adenosis, and 1 was a complex
dysplasia at histological examination. Conventional im-
aging registered 3 false-positive reports, not confirmed
at MRI and histology (patients 36, 37 and 38).

In one case, MRI and ultrasound disclosed a focus of
lobular carcinoma in situ (LCIS) (patient 32). According
to the international guidelines, this case was not con-
sidered as a true carcinoma.

Histology

Table 4 summarizes the histological features of the 34
detected breast cancers. Of these, 18 were pure invasive
cancers, 2 were pure ductal carcinoma in situ (DCIS), 1
was a DCIS and LCIS, and 11 were invasive carcinomas
with in situ components. Histological type was not
available in one patient for whom invasive carcinoma
not otherwise specified was reported (patient 19).
Moreover, patient 11 had bilateral pathological features
at imaging; she was treated after our diagnosis at anoth-
er institution, where following left lesion biopsy she re-
ceived chemotherapy; subsequent MRI evaluation
showed good regression of the disease in both breasts.
The patient underwent left mastectomy and continued
her further follow-up at the other institution.

Within the invasive group, the most common histo-
logical type was ductal carcinoma (IDC), described in
25/34 cases (73%). IDC was present in 17 of the 19 can-
cers in BRCA1 carriers, in 5 of 8 cancers in BRCA2 carri-
ers, and in 3 of 6 cancers in high-familial-risk patients.
IDC were mostly grade III (20/34, 59%), and only 2 cas-
es were grade I (one in the tubular carcinoma and one in
an IDC of a BRCA2 carrier).

Although receptor and Her2-neu status was not avail-
able for all cases, we found 9 triple negatives, 8 of which
were in tumors of BRCA1 carriers.
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Table 3 - T2 signal intensity quantification

Pt Age at Genetic Histology Grade T2 SI T2 SI Lesion size MR
no. exam status Muscle/parenchyma Lesion/parenchyma Device

score score
LMS LPS

1 43 BRCA1 IDC with medullary III O = very high O = very high 12 mm mass-like enh. Vision
aspects L = 350 M = 91 L = 500 P = 130

LMS = 3.8 LPS = 3.8

2 60 BRCA1 IDC III O = very high O = very high 5 mm mass-like enh. Avanto
L = 234.5 M = 35 L = 300 P = 50
LMS = 6.7 LPS = 6

3 61 BRCA1 IDC ND ND 6 mm mass--like enh. Vision

4 35 BRCA2 ILC + LCIS III O = very high O = very high 5 + 12 mm mass-like enh. Vision
L = 541 M = 127 L = 560 P = 200
LMS = 4.2 LPS = 2.8

40 IDC II O = very high O = very high 13 mm mass-like enh.1 Avanto
L = 367 M = 38 L = 382 P = 100
LMS = 9.6 LPS = 3.8

5 58 HFR IDC I ND ND 10 mm mass-like enh. Vision

6 52 BRCA1 IDC III O = very high O = very high 8 mm mass-like enh. Vision
L = 591 M = 115 L = 700 P = 160
LMS = 5.1 LPS = 4.3 rc 5 mo, 8 mm mass-like enh.

7 48 BRCA1 IDC with medullary III O = very high O = very high 7 mm mass-like enh. Vision
aspects + DCIS L = 410 M = 89.5 L = 390 P= 130

LMS =4.5 LPS = 3

8 63 BRCA1 DCIS III O = intermediate O = intermediate 10 x 2 mm ductal-like enh. Avanto
intensity intensity
L = 92 M = 61 L = 108 P = 52
LMS = 1.5 LPS = 2 rc 3 mo, 15 x 3 mm mass-like enh.

9 52 BRCA1 IDC II O = very high O = very high 8 mm mass-like enh. Vision
L = 551 M = 126.5 L = 500 P = 120
LMS = 4.3 LPS = 4

10 38 BRCA1 IDC III O = low intensity O = low intensity 5 + 7 mm mass-like enh. Vision
L = 650,5 M = 110.5 L = 650 P = 960
LMS = 5.9 LPS = 0.67

11 61 BRCA2 right III Right Right right 15 mm irregular shape Vision
no biopsy O-low intensity O-low intensity

L = 233 M=93 L = 200 P = 160
LMS = 2.5 LPS = 1.2

left a) left a) left a) left a) 25 mm mass-like enh.
IDC O = very high O = very high + 15 mm irregular shape

L = 690.5 M = 93 L = 550 P = 160
LMS = 7.4 LPS = 3.4

left b) left b) left b) left b) 10 mm irregular shape
DCIS O = very high O = very high

L = 385 M = 93 L = 790 P = 160
LMS = 4.1 LPS = 4.9

12 46 BRCA1 IDC O = intermediate O = intermediate 20 mm mass-like enh. Vision
intensity intensity
L = 466,5 M = 119.5 L = 300 P = 170
LMS =3.9 LPS = 1.7

13 56 HFR IDC pure mucinous III ND ND ND
subtype + DCIS

14 50 HFR DCIS + LCIS + pagetic II O = intermediate O = intermediate 30 mm regional enh. Vision
extension to ducts intensity intensity

L = 508 M = 139.5 L = 466 P = 226
LMS = 3.6 LPS = 2

15 41 BRCA1 IDC + DCIS III O = very high O = very high 20 mm mass-like enh. Vision
L = 518 M = 162 L = 350 P = 94
LMS = 3.1 LPS = 3.7

16 56 BRCA1 IDC + DCIS II,III O = very high O = very high 5 x 18 mm small contiguous foci Vision
L = 574 M = 146.5 L = 709 P = 210
LMS = 3.9 LPS = 3.3 rc 3 mo, 10 x 18 mm dendritic

extension

(continued)
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(continued) Table 3

Pt Age at Genetic Histology Grade T2 SI T2 SI Lesion size MR
no. exam status Muscle/parenchyma Lesion/parenchyma Device

score score
LMS LPS

17 48 BRCA2 IDC + ILC III O = low intensity O = low intensity 8 x 2 mm ductal enh. Vision
L = 133 M = 89.5 L = 150 P = 150
LMS =1.4 LPS = 1 rc 6 mo, 10 x 4 mm small

contiguous foci

18 59 HFR Invasive tubular I ND ND 10 mm mass-like enh. Vision
carcinoma

19 44 BRCA1 Invasive carcinoma ND O = very high O = very high 6 mm mass-like enh. Avanto
nos L = 356.5 M = 39 L = 155 P = 40

LMS = 9.1 LPS = 3.8 rc 4 mo, 14 mm mass-like enh.

20 42 BRCA1 IDC + DCIS III O = intermediate O = intermediate 6 mm mass-like enh. Vision
intensity intensity
L = 398 P = 254 L = 260 P = 150
LPS = 1.5 LPS = 1.7

21 43 BRCA1 IDC + LCIS III O = intermediate O = intermediate 13 mm mass-like enh. Vision
intensity intensity
L = 382 M = 117 L = 385 P = 250
LMS = 3.2 LPS = 1.5

22 42 BRCA2 IDC + DCIS III O = very high O = very high 15 mm mass-like enh. Avanto
L = 395.5 M = 58 L = 420 P = 90
LMS = 6.8 LPS = 4.6

23 47 BRCA IDC III O = very high O = very high 10 mm mass-like enh. Avanto
L = 189 M = 37 L = 185 P = 55
LMS = 5.1 LPS = 3.3

24 54 BRCA1 IDC III O = very high O = very high 5 x 18 mm dendritic enh. Vision
L = 1152 M = 73,5 L = 850 P = 200
LMS = 15.6 LPS = 4.2 rc 12 mo, 12 x 18 mm mass-like enh.

25 50 BRCA2 DCIS + LCIS II O = very high O = very high 12 mm mass-like enh. Vision
L = 514 M = 109 L = 573 P = 210
LMS = 4.7 LPS = 2.7 rc 4 mo, unchanged

26 40 BRCA1 IDC III O = very high O = very high 25 mm mass-like enh. Vision
L = 998 M = 91 L = 1000 P = 230
LMS = 10.9 LPS = 4.3

27 63 BRCA1 IDC III O = very high O = very high 5 mm mass-like enh. Avanto
L = 232 M = 37.5 L = 350 P = 50
LMS = 6 LPS = 7

28 61 HFR IDC + ILC II O = very high O = very high 18 + 7 + 8 mm mass-like enh. Vision
L = 490 M = 26 L = 600 P = 200
LMS = 18.8 LPS = 3

29 62 HFR IDC II O = very high O = very high 20 mm mass-like enh. Vision
L = 465 M = 100 L = 446 P = 180
LMS = 4.6 LPS = 2.4

30 52 BRCA2 IDC + DCIS II O = very high O = very high 8 mm mass-like enh. Avanto
L = 531 M = 52 L = 450 P = 85
LMS = 10 LPS = 5.2 rc 6 mo, 16 mm mass-like enh

+ irregular flare

31 39 BRCA 1 IDC+DCIS II O = very high O = very high 16 mm mass-like enh., Avanto
L = 527 M = 62 L = 500 P = 60 some contiguous
LMS = 8.5 LPS = 8.3 rc 4 mo, 30 mm mass-like enh.,

some more contiguous

32 56 BRCA1 LCIS 20 mm + ductal ND O = very high O = very high 4 mm mass-like enh. Avanto
hyperplasia with L = 218 M = 39.5 L = 280 P = 50
atypical foci LMS = 5.5 LPS = 5.6

33 39 BRCA1 Adenosis O = isointensity O = isointensity 30 mm irregular shape Vision
L = 385 M = 87 L = 394 P = 297
LMS = 4.4 LPS = 1.3

34 48 BRCA1 Adenosis O = very high O = very high 9 mm mass-like enh. Avanto
L = 364 M = 24 L = 350 P = 40
LMS = 15.1 LPS = 8.7

(continued)



Mammographic findings

Twenty-five (25/34, 73.5%) breast cancers occurred in
women with normal mammograms. For 1 of these pa-
tients, mammography was not available but was report-
ed as negative. Of 12 recalls requested on the basis of
MRI findings, 3 mammographies disclosed positive
findings (3/12, 25%).

Eight cancers appeared as a mass, none with smooth
margins (Table 1). Four cancers were detected because
of microcalcifications with/without association to a
true mass. None of these cancers appeared as an archi-
tectural distortion; 2 of them appeared as an asymmet-
rical thickening. None of them had a typically benign
appearance like a fibroadenoma, and only 1 showed be-
nign calcifications.

The mammographic density patterns in women with
invasive or intraductal breast cancer and false-negative
findings on mammograms was not significantly differ-
ent from those in women with true-positive results.

Ultrasound findings

Sixteen (16/34, 47%) breast cancers occurred in
women with normal or benign aspects within the
parenchyma. For 1 of these patients, ultrasound was not
available but was reported as negative. Of 12 recalls re-
quested on the basis of MRI findings, 4 ultrasound ex-
aminations disclosed positive findings (4/12, 33%). All
of the 16 cancers appeared as a solid mass with an ir-
regular shape and margins (Table 1). None of these can-
cers appeared as fibroadenoma-like lesions, round or
oval in shape, with posterior acoustic enhancement
(Table 1).

As regards false-positive results of conventional imag-
ing, for patient 36, mammography gave negative results
within a P2 glandular context. Ultrasound showed a

highly suspect ill-defined hypoechoic mass in a high-fa-
milial-risk patient, without MRI correspondence. His-
tology was negative for cancer.

For patient 37 (BRCA1-mutated), mammography
showed the onset of suspected microcalcifications with-
in a P2 mammographic pattern. MRI did not disclose
suspicious findings. Histology revealed stromal fibrosis.
Patient 38 was negative at mammography but in a P2
glandular pattern. Ultrasound detected a hypoechoic
mass with circumscribed margins, considered as icono-
graphically benign, but worthy of biopsy because of the
clinical context. In this case, MRI showed a round mass-
like enhancement of 6 mm in the same position, with a
very high T2 SI, but with an aspecific dynamic curve,
which induced the MR radiologist to advice simple fol-
low-up. Histology revealed a phyllodes tumor.

MRI findings

Of the 34 diagnosed breast cancers of our cohort, on-
ly 33 were evaluated by means of MRI because 1 patient
refused the examination. For one of these lesions (pa-
tient 11, right breast), we do not have histology, but the
suspect enhancing area showed the same morphologic-
kinetic aspects as the biopsied disease of the contralat-
eral breast.

None of the 33 MRI-evaluated cancers occurred in a
benign or negative context, hence MRI did not register
false-negative results. However, we considered as sus-
pect and sent to biopsy 2 cases of adenosis and 1 com-
plex dysplasia.

Of malignant lesions, the most frequent morphologic
pattern was enhancing mass-like in 26 patients (26/33,
78%), round or oval shape, single or more than one con-
tiguous foci, each one a few millimeters in size in the
second case (Table 2). Of these 26, 11 (11/26, 42%) le-
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(continued) Table 3

Pt Age at Genetic Histology Grade T2 SI T2 SI Lesion size MR
no. exam status Muscle/parenchyma Lesion/parenchyma Device

score score
LMS LPS

35 37 BRCA1 Dysplasia O = intermediate O = intermediate 25 mm irregular shape Avanto
intensity intensity
L = 355 M = 48 L = 373 P = 246
LMS = 7.3 LPS = 1.5

36 40 HFR Benign disease nos No suspicious No suspicious Avanto
findings findings

37 54 BRCA1 Stromal fibrosis No suspicious No suspicious Avanto
findings findings

38 45 BRCA1 Phyllodes tumor O = very high O = very high 6 mm mass-like enh. Avanto
L = 466 M = 188 L = 466 P = 252
LMS = 2.4 LPS = 1.8

HFR, women at high familial risk; ND, not done; IDC, invasive ductal carcinoma; DCIS, ductal carcinoma in situ; ILC, invasive lobular carcino-
ma; LCIS, lobular carcinoma in situ; T2 SI, signal intensity; O, optical impression; L, T2 value of the lesion; P, T2 value of the parenchyma; LMS,
lesion/muscle score; LPS, lesion/parenchyma score; nos, not otherwise specified.



sions showed smooth margins and homogeneous inter-
nal enhancement. One of these converted to an irregu-
lar shape made by several contiguous dendritic aspects,
irregular borders and hence heterogeneous enhance-
ment (patient 16). It was an IDC combined with a DCIS,
in a mutated-BRCA1 patient. Another lesion converted
to irregular borders but still with homogeneous uptake
at the recall (patient 30). It was also an IDC combined
with a DCIS, but in a BRCA2 carrier. For the remaining 9,
4 were pure IDC, 1 was invasive cancer not otherwise
specified, 3 were IDC commixed with DCIS, and 1 was
DCIS and LCIS. Of these 11 malignancies arising with
smooth margins and homogeneous internal enhance-
ment, 9 were in BRCA1 and 2 in BRCA2 carriers.

The T2 SI in these mass-like lesions with smooth mar-
gins and homogeneous internal enhancement was high
in 9 (9/11, 81%) and of intermediate intensity in 1,
whereas the T2 IR sequence resulted not done in 1
(Table 2). When of intermediate intensity, histology re-
vealed IDC and DCIS.

Of the 26 tumors with a morphologic mass-like pat-
tern, 15 (55.5%) demonstrated irregular borders: 9
were pure IDC, 1 was invasive tubular carcinoma, 1
was ILC and LCIS, 1 was IDC and LCIS, 2 were IDC and
DCIS, and the last was IDC and ILC. Eight of these
breast cancers belonged to BRCA1-mutated women, 4
to BRCA2-mutated women, and 3 to women at high fa-
milial risk.
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Table 4 - Histological results

Pt no. Age (yr) Gene mutation Previous breast cancer Histology Grade ER, PgR, p185
(Her2neu)

1 43 BRCA 1 IDC with medullary aspects III ER-, PgR-, p185 0
2 60 BRCA 1 IDC III ER-, PgR-, p185 2+
3 61 BRCA 1 IDC ER-, PgR-, p185 3+
4 35 BRCA 2 ILC + LCIS III ER-, PgR-, p185 2+
4bis 40 IDC II ER+, PgR-, p185 2+
5 58 HFR IDC I ER+, PgR+, p185 ND
6 52 BRCA 1 IDC III ER-, PgR-, p185 0
7 48 BRCA 1 IDC with medullary aspects + DCIS III ER-, PgR-, p185 3+
8 63 BRCA 1 DCIS III ER-, PgR-, p185 2+
9 52 BRCA 1 IDC II ER-, PgR-, p185 2+

10 38 BRCA 1 IDC III ER-, PgR-, p185 2+
11 61 BRCA 2 left: IDC + DCIS III ER+, PgR-, p185ND

right: no biopsy - -
12 46 BRCA 1 IDC III ER-, PgR-, p185 0
13 56 HFR IDC pure mucinous subtype + DCIS III ER-, PgR-, p185 3+
14 50 HFR Contralateral (DCIS + LCIS) DCIS + LCIS + pagetic extension to ducts II -
15 41 BRCA 1 IDC + DCIS III ER-, PgR-, p185 0
16 56 BRCA 1 IDC + DCIS II,III ER-, PgR-, p185 0
17 48 BRCA 2 Contralateral nos IDC + ILC III ER-, PgR-, p185 2+
18 59 HFR Invasive tubular carcinoma I ER-, PgR-, p185 0
19 44 BRCA 1 Invasive carcinoma ND ER-, PgR-, p185 0

Not otherwise specified
20 42 BRCA 1 IDC + DCIS III ER-, PgR-, p185 0
21 43 BRCA 1 IDC + LCIS III ER-, PgR-, p185 0
22 42 BRCA 2 IDC + DCIS III ER-, PgR-, p185 3+
23 47 BRCA1 IDC III ER+, PgR+, p185 1+

IDC + ILC II
Benign mastopathy

24 54 BRCA 1 IDC III -
25 50 BRCA 2 Contralateral IDC + ILC DCIS + LCIS II ER-, PgR-, p185 3+
26 40 BRCA 1 IDC III ER-, PgR- , p185 2+
27 63 BRCA1 IDC III -
28 61 HFR IDC + ILC II ER+, PgR-, p185 1+
29 62 HFR IDC II ER+, PgR-, p185 1+
30 52 BRCA2 IDC + DCIS II ER+, PgR-, p185 0
31 37 BRCA 1 IDC + DCIS II ER+, PgR-, p185 0
32 56 BRCA 1 Contralateral nos LCIS 2 m + ductal hyrplasia with ND -

atypical foci
33 39 Adenosis
34 48 Adenosis
35 37 Dysplasia
36 40 HFR Benign disease nos
37 54 BRCA 1 Stromal fibrosis
38 45 BRCA 1 Phyllodes tumor

IDC, invasive ductal carcinoma; DCIS, ductal carcinoma in situ; HFR, high familial risk; ILC, invasive lobular carcinoma; LCIS, lobular carcinoma in situ;
ER, estrogen receptor; PgR, progesterone receptor; p185 (Her2neu), expression of the oncoprotein p185 (Her2neu); nos, not otherwise specified.



The T2 SI in mass-like lesions with irregular borders
was very high in 10 (10/15, 66.6%), of intermediate in-
tensity in 2, low in an IDC, and not done in 2. When of
intermediate intensity, histology revealed IDC in one
and IDC and LCIS in the other. Of these 15 lesions with
irregular borders, 6 were associated to the rim pattern
(Table 2).

Seven of 33 MRI-detected cancers did not show a typ-
ical mass-like morphologic enhancement (7/33, 21%).
Four of them arose as an irregular shape with speculat-
ed borders; 2 as dendritic, ductal but very irregular, with
speculated edges and a branched aspect; and 1 as a
more linear, ductal-like enhancement.

Irregular shapes with irregular margins mainly oc-
curred in in situ carcinomas (1 DCIS, 1 not submitted to
biopsy but with the same shape as in the contralateral
DCIS, and 1 DCIS and LCIS) except for 1 IDC: 2 of the
women were at high familial risk and the remaining were
BRCA2-mutated. T2 SI was low in those not biopsied, of
intermediate intensity in the case of DCIS and LCIS, and
very high in one DCIS and one IDC. None of the lesions
characterized by an regular shape at presentation
showed any morphological transformation at the recall.

Dendritic aspects were present in BRCA1 subjects and
histology disclosed DCIS in one case and IDC in the oth-
er. T2 was of intermediate intensity in intraductal dis-
ease and of high intensity in invasive cancer. Both of the
diseases characterized by dendritic morphology at pres-
entation demonstrated a transformation at the recall:
the lesions converted into a mass-like enhancement in
both subjects. These mass-like entities were always
combined with irregular margins, but with homoge-
neous uptake in one and rim enhancement in the other
(Table 2).

Ductal enhancement was associated to a BRCA2-mu-
tated patient with IDC and ILC (Table 2). T2 SI was of
low intensity. The lesion converted into several contigu-
ous round small mass-like enhancements at the recall.

As regards false-positive MRI results, morphologic
pattern was that of an enhancing mass, with smooth
margins and homogeneous enhancement combined
with a plateau curve in one case of adenosis, where T2
was very high and the patient was BRCA1 mutated. One
case showed an irregular area of enhancement with very
irregular margins and heterogeneous enhancement and
a steady curve. The T2 SI was isointense compared to
normal parenchyma; the patient was BRCA1 mutated.
The third case, in a BRCA1-mutated patient, was an ir-
regular area of enhancement, irregular in shape, with
homogeneous uptake, with a plateau curve and T2 SI of
intermediate intensity.

Concerning dynamic aspects, of 33 MRI-analyzed can-
cers, 21 were associated with a washout curve shape
(21/33, 63.6%). In 1 case the washout curve showed a de-
layed aspect as may happen in the lobular histotype12. In
another one, the washout curve was commixed with a
steady curve at presentation but converted to a washout

type, the only kinetic aspect at the recall (Table 2). A third
lesion registered a washout type at presentation but con-
verted into a steady type at the recall.

Seven other neoplasms were associated with a
plateau curve shape (7/33, 21%) and 5 (5/33, 15%) to a
steady curve shape, one of which converted to a
washout shape at the recall (Table 2).

Of the 21 washout curves, 13 (13/21, 61.9%) belonged
to pure invasive carcinoma, 5 (5/21, 23.8%) to invasive
carcinoma combined with intraductal disease, and 3
(3/21, 14%) to in situ disease alone. This curve shape
was found in 10 BRCA1-mutated, 6 BRCA2-mutated,
and 5 high-familial-risk patients.

Of the 7 plateau type curves, 4 (4/7, 57%) were found
in pure invasive carcinoma, 2 (2/7, 28.5%) belonged to
invasive carcinoma combined with intraductal disease,
1 corresponded to the lesion not submitted to biopsy,
and none was associated to intraductal disease. Of these
7, 5 were found in BRCA1- and 2 in BRCA2-mutated
women.

Of the 5 steady curves, 2 (2/5, 40%) were invasive car-
cinoma, 2 (2/5, 40%) belonged to invasive carcinoma
combined with intraductal disease, and 1 (1/5, 20%)
was present in intraductal disease. They were found in 4
BRCA1- and 1 BRCA2-mutated women.

Benign disease was never associated with a washout
curve and always found in BRCA1-mutated women.

T2 signal intensity

Considering the 33 MRI-detected cancers, T2 IR se-
quence was not applied in 3 cases. Of the other 30, we
accounted for 22 breast cancers with very high T2 SI
(22/30, 73%), 5 breast cancers showed T2 SI of interme-
diate intensity (5/30, 16.6%), and 3 cancers were associ-
ated to low T2 SI (3/30, 0.1%) (Table 2). Of the 3 MRI
false-positive cases, 1 was isointense on T2 sequence, 1
showed intermediate intensity and 1 showed high T2 SI.

Of the 22 neoplasms with high T2 SI, 13 were found in
BRCA1-mutated (13/22, 59%), 7 in BRCA2-mutated
(7/22, 31,8%), and 2 in high-familial-risk patients (2/22,
0.1%). Of the 5 lesions with T2 intermediate intensity, 4
were associated to BRCA1 mutation and 1 to high famil-
ial risk.For the 3 low intensity T2 SI cancers, 2 were as-
sociated to BRCA2 and 1 to BRCA1 mutation.

Of the 22 with high T2 SI, 14 (14/22, 63.6%) were pure
invasive carcinoma, 3 (3/22, 13.6%) were pure intraduc-
tal disease, and 5 (5/22, 22,7%) were invasive carcinoma
associated to intraductal disease. Of the 5 cancers with
intermediate T2 SI, 2 were pure in situ disease, 1 was
pure IDC, and 2 were invasive combined with intraduc-
tal disease. Lastly, of the 2 lesions with low T2 SI, 1 was
IDC and the other was not submitted to biopsy.

To evaluate the brightness of SI on T2 IR sequences,
we quantified T2 SI of the lesion by means of two func-
tions: first the pixel lens value, second an ROI. The for-
mer compared the SI of the lesion to the one of the sur-
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rounding parenchyma, the latter to the SI of the pec-
toralis major muscle.

As regards the LPS, in our cohort we found that opti-
cal low SI corresponded to a value ≤1.2, whereas inter-
mediate SI ranged from 1.2 to 2.5 and high SI over 2.5
(Table 3). As regards the lesion-to-muscle score (LMS),
we also registered some basal thresholds (Table 3).
Many overlaps occurred in this case between the nu-
meric results. In detail, optical low SI ratio values be-
tween SI of the lesion and the pectoralis major muscle
ranged from 1.4 to 2.5. One patient with cancer relapse
over a previous surgical scar had a score of 5.9 in low op-
tical SI. Optical middle SI numerical scores ranged from
>1.5 to <4; and high SI between 3.1 and 18.8 (Table 3).

Several overlaps occurred between numerical scores
of middle and high SI. Low SI values were between 1.4
and 2.5, with the exception of one lesion arising over a
previous surgical scar that registered an optical low T2
SI but with a corresponding LMS score of 5.9 (patient
10). The highest SI scores were found in patients 24, 26,
28 and 30 (Tables 2 and 3). Corresponding optical
brightness was cystic-like for all the lesions, two of
which also showed rapid growth. Only one lesion arose
over a previous scar. Two of these were pure IDC, grade
III; one was IDC and ILC, grade II; the last was DCIS and
IDC, grade II.

Patients 8, 11 (right), 15 and 20 exhibited some dis-
crepancies. The tumor of patient 8 showed optically in-
termediate T2 intensity with an LMS score of 1.5, like
lower LMS general scores. However, it was a DCIS. For
patient 11, the tumor (on the right) was of low optically
T2 intensity but with a 2.5 LMS score, like intermediate
LMS scores. We do not know the histology of the lesion.
The tumor of patient 15 demonstrated an optically high
T2 but the LMS score was of the intermediate group,
and the lesion was an IDC and DCIS, grade III. The tu-
mor of patient 20 showed an optically intermediate T2
intensity, but the LMS score was of the lower LMS gen-
eral scores. Again, the lesion was an IDC and DCIS,
grade III.

Imaging phenotype

Of the 31 women affected by breast cancer, 1 refused
MRI because of claustrophobia and the disease was de-
tected only with mammography and ultrasound. In 15
patients, the diagnosis of breast disease was made after
the first MRI examination was performed (and 5 of these
had previously been evaluated only by means of conven-
tional analysis). Sixteen had the onset of disease during
the screening program, and the cancer arose after an in-
terval of 3 years for one woman and of 1 to 2 years for the
others. Two different expert radiologists reviewed previ-
ous MRI of these women and confirmed the absence of
morphologic or dynamic indications of a tumor.

For 9 of the group already enrolled in the surveillance
program (9/16, 56.3%), MRI examinations preceding

the onset of the disease were completely negative, with
bilateral darkness of both breasts on early and late sub-
tracted images. For the remaining 7 (7/16, 43.7%), the
former MRI showed a dysplastic pattern, with bilateral
multiple foci of enhancement almost of the same size,
as is frequently seen in young women.

Owing to the possibility of false-positive results of
MRI, when an MRI examination was suspect but with-
out corresponding findings on mammography or ultra-
sound, the patients were deferred to follow-up. This
happened for 12 cases (Table 2). As we had previously
noted that some changes may occur in mammary
parenchyma of BRCA-mutated women within short pe-
riods, we reduced the period of follow-up to a few
months. Only one of these patients with suspicious as-
pects on MRI but with no correspondence on conven-
tional imaging delayed the MRI control to one year be-
cause of claustrophobia.

On the last recall (Table 2), only 4 of the 12 (4/12,
33.3%) had no change, whereas we noted a volume in-
crease besides some morphological or dynamic
changes of the disease in the other 8 (8/12, 66.6%) cas-
es. Changes occurred for periods ranging from 3
months to 1 year. Of patients who had a phenotypic
evolution, 6 were BRCA1 mutated (6/8, 75%), 2 were BR-
CA2 mutated (2/8, 25%), and none were at high familial
risk. Tumors with unchanged morphological and dy-
namic aspects were from patients at high familial risk in
2 cases, BRCA1 mutated in 1, and BRCA2 mutated in the
remaining subject. All changes that occurred in 3
months were in BRCA1-mutation carriers.

Of the 8 tumors that experienced an MRI phenotype
evolution (Table 2), 2 had an impressive volumetric in-
crease of nearly 1 cm, respectively at 3 months and 1
year (patients 19 and 24). Both of them were BRCA1-
mutation carriers, and the cancer histotype was inva-
sive carcinoma not otherwise specified in the first and
IDC in the second. Their age was 44 and 54 years. For
the first woman, morphology evolved from a small fo-
cus of enhancement, smooth margins and homoge-
neous uptake of contrast medium to a larger enhancing
mass, with a rim pattern and speculated margins, high-
ly suggestive of an infiltrative behavior. The diameters
changed from 6 to 14 mm in 3 months (Figure 1). In this
case, mammography remained unsuspicious at the re-
call, whereas ultrasound depicted a structural nonho-
mogeneity as a focal architectural distortion without
typical characteristics for cancer on the basis of MRI
findings. Mammographic glandular pattern was P2 ac-
cording to the Wolfe Classification13.

The second woman had a dendritic impregnation
(ductal like with speculated-branched margins) at the
beginning, with speculated borders and heterogeneous
enhancement, and the evolution was towards a single
larger mass-like lesion, again with irregular margins and
a rim pattern. Hence in this case, besides the volumetric
increase, also morphologic phenotype showed a trans-
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formation in a short time. The size of the lesion changed
from 5 x 18 mm to 12 x 18 mm within 12 months (Figure
2). Mammographic glandular pattern was again P2, and
conventional imaging (both mammography and ultra-
sound) remained unsuspicious at the recall. In contrast,
dynamic parameters did not show any transformation
between the first MRI examination and the recall.

Considering the high speed of growth, it was expected
that the most typical malignant feature in terms of ki-
netics occurred in the 2 cases. Surprisingly, both dis-
eases were not associated to a washout curve but to a
steady-curve type in the first and a plateau type in the
second case. Another interesting morphologic pattern
was the T2 SI, which was very high in both cases from
the beginning.

Also for the tumor of patient 23 (Figure 3), there was a
volumetric increase in a mass-like enhancement, ill-de-
fined margins, and homogeneous uptake of 11 x 13 mm
in a morphologically unchanged enhancing mass of 13
x 20 mm. Changes occurred within 3 months. In this
case, besides the volumetric increase, we noted the on-
set of two further pathological foci of 7 and 6 mm (Fig-
ure 3). The main lesion was not associated with a rim
pattern. Also in this case, the patient showed BRCA1
mutation and was 47 years old. The mammographic
glandular pattern was P1. Conventional imaging was al-
so positive in this case, but the patient refused surgery
for 3 months. Mammography showed a mass with in-
distinct margins. Ultrasound depicted an ill-defined hy-
poechoic mass. In this subject, kinetic aspects also
showed an evolution and once again, surprisingly, the
change was from washout to a steady shape of the dy-
namic curve. T2 SI was again very high. Histology
showed IDC for the major lesion. Regarding the smaller
lesions, one belonged to an IDC and ILC and the second
to a benign mastopathy.

Similar morphologic evolution but with a smaller di-
ameter occurred in patient 8 (Figure 4). In this case, tu-
mor growth was of a few mm, the T2 SI was of interme-
diate intensity, and histology revealed a pure DCIS. The
lesion arose as a tiny dendritic enhancement of 2 x 10
mm, ductal like with speculated borders, and converted
to a single mass of 15 mm in 3 months, with speculated
margins without a rim pattern. T2 SI was in this case of
intermediate intensity. In contrast, dynamic parameters
did not show any change like the washout type. Glandu-
lar pattern was N1. On occasion of the recall, ultrasound
did not reveal any abnormal finding, whereas mam-
mography disclosed the onset of some calcifications
within an asymmetric structural thickening, where MRI
showed the suspicious enhancement. However, mor-
phology and density of calcifications where not typical
of malignancy. The patient was BRCA1 mutated, 63-
years old, and histology disclosed DCIS. In this case,
chemotherapy could be avoided.

For another patient (patient 17), we registered a
smaller increase in the medio-lateral diameter, resulting

from a numerical increase in some contiguous en-
hanced ducts, suggestive of endoductal proliferation.
Diameters converted from 2 x 8 mm to 4 x 10 mm in 6
months. Margins of the region of enhancement were
speculated from the beginning. Dynamic parameters
did not show any change like the washout type. T2 SI
was also very high in this case. The mammographic pat-
tern was N1, but conventional imaging remained un-
suspicious at the recall. The patient was BRCA2 mutat-
ed, 48-years old, and histology disclosed IDC and ILC.

Patient 16 experienced an onset of the disease repre-
sented by several small round foci, smooth borders and
homogeneous enhancement along a ductal-like exten-
sion. Within only 3 months, the disease showed both a
volumetric increase and a morphologic phenotype evo-
lution, converting from 5 x 18 to 10 x 18 mm and be-
coming a non-mass-like irregular area of enhancement
in which several contiguous branches of almost dendrit-
ic enhancement were represented (Figure 5). The mam-
mographic glandular pattern was P2. Despite MRI find-
ings, also in this case mammography continued to give
negative results at the recall, whereas ultrasound dis-
closed a nonhomogeneous but non-specific area within
the same quadrant. The dynamic parameter remained a
washout type, T2 SI was very high, and the patient, 56-
years old, was BRCA1 mutated with DCIS and IDC.

Another patient had onset of the disease with some
contiguous round foci of enhancement (patient 31), but
in this case they were not distributed along a linear ori-
entation but already with a branched pattern. The small
foci had irregular borders and the growth resulted in an
increase in their number, thus in a larger area of en-
hancement. The growth occurred within 4 months. The
maximum diameter evolved from 16 mm to 30 mm. The
curve shape, a washout type, did not change between
the beginning and the recall. The T2 SI was very high.
Histology disclosed DCIS and IDC (Figure 6). Radi-
ographic pattern for the woman was P2, and conven-
tional imaging remained unsuspicious at the recall. The
patient was BRCA1-mutated and 39-years old.

The last woman with morphologic phenotype evolu-
tion had a single round mass at the beginning, smooth
margins and homogeneous enhancement (patient 30).
The evolution was towards a tiny volumetric increase,
still homogeneous but with irregular margins, sur-
rounded by an irregular weak flare of enhancement. The
diameters changed from 8 to 12 mm in 6 months. In this
case, the kinetic patterns also changed from steady to
the washout type (Figure 7). The glandular pattern was
P2. Mammography and ultrasound both gave negative
results at the recall, but ultrasound showed the onset of
a highly suspect axillary lymph node. The patient was
BRCA2 mutated and 52-years old. Histology revealed
the presence of DCIS and IDC.

Among the remaining 4 patients in follow-up because
of suspicious MRI findings, in one the tumor remained
almost unchanged in volume, morphology and dynam-
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Figure 1 - Patient no. 19. A) Subtraction imaging and B) T2 IR of June 2007. C) Subtraction imaging and D) T2 IR at the recall. Forty-four-
year-old patient, BRCA1 mutated, already submitted to breast resection of both mammary parenchyma. A small suspected lesion was seen in
the left breast at the first MRI examination (A). Mammography and ultrasound both gave negative results the same day. The mammographic
pattern was P2. An impressive volumetric increase in the disease was detected with MRI only 4 months later (C). Note the very high signal in-
tensity of the disease on T2-weighted sequence (B + D). Mammography remained negative. Following the MRI report, ultrasound disclosed
the onset of a nonhomogeneous but nonspecific area within the same quadrant. The lesion was an invasive carcinoma, not otherwise classi-
fied at histology.

Figure 2 - Patient no. 24. A) Subtraction imaging of November 2005; B) subtraction imaging at the recall; C) T2 IR. Fifty-four years old, BRCA1 mu-
tated, already submitted to breast resection of the right breast. A suspected dendritic enhancement was seen in the left parenchyma at MRI (A).
Neither mammography nor ultrasound revealed any abnormal finding. The mammographic pattern was P2. The patient had already been en-
rolled in our diagnostic surveillance program for one year, and previous MRI was completely negative with uniform darkness of both parenchy-
ma on subtracted images. The patient refused MRI follow-up because of claustrophobia. One year later, previous enhancement was frankly in-
creased, had converted into a mass-like morphologic pattern with irregular margins with rim enhancement (B). Also in this case, the brightness
of T2 SI was impressive (C). Mammography and ultrasound were still negative. The lesion corresponded to an invasive ductal carcinoma.

2007 JUNE

A Subtraction B T2IR

2007 OCTOBER

C Subtraction D T2IR

2005 NOVEMBER A Subtraction

2006 NOVEMBER B Subtraction

2006 NOVEMBER

C T2IR



378 G TRECATE, S MANOUKIAN, L SUMAN ET AL

Figure 3 - Patient no. 23. A) Multiplanar intensity projection (MIP) and B) T2 IR of June 2009. C) MIP and D) T2 IR at thee recall. Forty-seven
year-old patient, BRCA1 mutated, already submitted to left mastectomy for a previous invasive ductal carcinoma. A suspected mass-like en-
hancement was seen at first MRI (A); high signal intensity and irregular borders (B). Mammography and ultrasound both gave negative re-
sults the same day. The mammographic pattern was P1. Only 3 months later, MRI revealed both a significant volumetric increase (C) of the di-
sease and the onset of two more small suspected foci next to the first lesion. The T2 signal intensity of the disease was very high (D). Mam-
mography remained negative. Following the MRI report, ultrasound disclosed the onset of a nonhomogeneous area within the same qua-
drant. The major lesion was an invasive carcinoma; the smaller foci respectively belonged to a focus of IDC + ILC and to a complex mastopa-
thy. The subject already been part of our diagnostic surveillance program for 7 years, but she had not undergone annual screening (her per-
sonal decision). The former MRI was dated 3 years before, when only a dysplastic pattern was detectable. However, even retrospectively, the
cancer lesion had arisen in a region where no enhancement was observable on previous examinations.

Figure 4 - Patient no. 8. A) Subtraction imaging of March 2008, B) subtraction imaging at the recall, C) T2 IR. Sixty-three year-old patient,
BRCA1 mutated. A suspected enhancement was seen in the right parenchyma at MRI (A). Despite an N1 pattern, mammography gave nega-
tive results the same day. The patient had been part of our diagnostic surveillance program for 2 years. The former MRI showed a dysplastic
pattern with bilateral, small and symmetric multiple foci of enhancement. However, the cancer lesion had arisen in a region where no en-
hancement was detectable on previous examinations. Only 3 months later, there was an increase in the medio-lateral diameter (B), and mam-
mography showed the onset of calcification in the same quadrant. If evaluated in a general population, the microcalcification would not be
judged as suspect because of the morphology and tiny density. The lesion corresponded to a DCIS, and chemotherapy was avoided. In this ca-
se, where pure intraductal disease was found, T2 SI was only of intermediate intensity (C).
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Figure 5 - Patient no. 16. A) Subtraction imaging and B) T2 IR of September 2005. C) Subtraction imaging and D) T2 IR at the recall. Fifty-six
years old, BRCA1 mutated, already submitted to breast resection of the right breast. A suspected enhancement was seen in the left paren-
chyma at MRI (A). Neither mammography nor ultrasound revealed any abnormal finding. The mammographic pattern was P2. The patient
had been part of our diagnostic surveillance program for 2 years, and former MRI examinations had not shown any dysplastic pattern of en-
hancement. After 3 months, there was a volumetric increase in the enhancement and margins turned from smooth to speculated (C). Mam-
mography remained unchanged. Under MRI guidance, ultrasound disclosed a nonhomogeneous area, again not typical of cancer, within the
same quadrant. Histology revealed DCIS + IDC. In this case, chemotherapy became necessary. T2 SI was of very high intensity (B + D).

Figure 6 - Patient no. 32. A) MIP of October 2008. B) MIP and C) T2 IR at the recall. Thirty-nine years old, BRCA1 mutated, with P2 mammo-
graphic pattern, without any detectable irregularity both mammography or ultrasound. A suspected enhancement was seen in the left pa-
renchyma at the first MRI (A). Only after 4 months, MRI showed a significant enlargement of the pathologic findings (B), whereas mammo-
graphy and ultrasound were still negative. Histology disclosed DCIS + IDC, and chemotherapy became necessary. T2 SI was still very high (C).

2005 SEPTEMBER A Subtraction
B T2IR

2005 DECEMBER C Subtraction
D T2IR

2008 OCTOBER A MIP

2009 FEBRUARY B MIP

2009 FEBRUARY
C T2IR



ic aspects for 7 months (patient 14). The lesion was a 6-
cm regional enhancement in a 50-year-old woman who
had previously been submitted to left mastectomy for
multiple foci of DCIS associated with LCIS. The region
of enhancement was anterior to an esthetic prosthesis
of the remaining breast. The margins of the enhance-
ment were speculated and the curve was a classical
washout type mixed with a delayed washout type, which
is possible to find in lobular carcinoma12. Distribution
of the enhancement involved homogeneously all the
parenchyma, thus raising doubt of just a highly vascu-
larized stroma, but it could not be compared with the
contralateral breast because of the mastectomy. Owing
to the presence of the prosthesis, evaluation by mam-
mography did not detect any abnormality within the
parenchyma, whereas ultrasound disclosed the pres-
ence of a single small mass of 1 cm behind the nipple.
The mammographic glandular pattern was dysplastic.
The patient was a high-risk woman with DCIS and LCIS.

Another patient remained almost unchanged in 4
months, with a volumetric increase of only a few mil-
limeters (patient 29). The morphologic pattern was of
an irregular area of homogeneous enhancement and
speculated margins. In this case, it was the dynamic
curve shape that showed partial evolution. In fact, at the

beginning the ROI on the enhancing region showed
steady type mixed with a washout curve, whereas at the
recall the curve was only a washout type. Here mam-
mography was not suspicious, whereas ultrasound re-
vealed a poorly defined hypoechoic mass dubious for
cancer at the first examination. This area corresponded
to an MRI region of enhancement. The same region be-
came more suspect at the recall. The glandular pattern
was dysplastic. The patient belonged to the high-famil-
ial-risk group, and histology revealed the presence of
IDC.

For 2 patients (patients 6 and 25) submitted to recall,
an intraductal development of enhancement was de-
tected at the beginning with some contiguous small fo-
ci, with speculated margins for the first case and
smooth margins for the second. The morphological as-
pects, the size and the dynamic curve shape (washout
type) remained the same at the diagnosis and at the re-
call, respectively after 5 and 4 months. Despite an N1
pattern for the first case, no suspicious findings ap-
peared at the first analysis, whereas a mass with indis-
tinct margins appeared at mammography. Only at the
recall did ultrasound reveal a small, suspicious mass.
With an N1 glandular pattern for the second case, ultra-
sound continued to give negative results, whereas for
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Figure 7 - Patient no.30. A) MIP and B) T2 IR of November 2008. C) MIP and D) T2 IR at the recall. Fifty-two years old, BRCA2 mutated, with
P2 mammographic pattern, with no detectable irregularity at mammography or ultrasound. A suspected enhancement was seen in the left
parenchyma at MRI (A). The patient had been part of our diagnostic surveillance program for 4 years. Former MRI showed a dysplastic pat-
tern, with bilateral, small and symmetric multiple foci of enhancement. However, the cancer lesion had arisen in a region where no enhan-
cement was detectable on previous examinations. After 6 months, MRI revealed a small enlargement of the pathologic finding, margins tur-
ned from smooth into speculated, and a faint enhancement appeared around the lesion (C). We also noted a change in the shape of the dy-
namic curve: from steady into washout. Mammography and ultrasound still remained negative. Histology disclosed IDC + DCIS. T2 SI was still
very high (B + D).
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the recall some malignant calcifications appeared at
mammography. These women were BRCA1 and BRCA2
mutated with respectively IDC and DCIS and LCIS.

All cancers with a more rapid speed of growth (pa-
tients 16, 19, 24 and 31) were from BRCA1 mutation car-
riers (Table 2).

Location of cancer

Schrading and Kuhl14 described how the location of a
breast cancer may become an important predictor of
malignancy. They discovered that women with BRCA1
mutation or high familial risk tend to develop breast
cancer in the posterior part of the breast.

In our group of 33 MRI-detected breast cancers, 13 le-
sions were located in the posterior portion of the breast,
11 of them in the prepectoral region. Of these 13 tumors,
7 were from BRCA1-mutated and 4 from BRCA2-mutat-
ed patients, and 2 were high-familial-risk patients.

Discussion

There is emerging evidence that tumors in BRCA car-
riers, compared to sporadic cancers, exhibit different
biological and morphological features. BRCA1 breast
cancers are frequently poorly differentiated, with higher
mitotic counts, negative for estrogen and progesterone
receptors, p185 negative and p53 positive. Tumors from
BRCA2-mutated women as well as those arising in high-
familial-risk women show pathologic features similar to
those of sporadic cases15-17.

Tilanus-Linthorst et al.15,17 also reported the same tu-
mor behavior we observed in the present study. In fact,
they described faster tumor growth in women with BR-
CA mutation than in the general population and esti-
mated a tumor doubling time of 45 days for mutation
carriers. Furthermore, they reported major tumor
growth in women with BRCA1 mutation and in patients
aged <40 years of age.

In accord with these findings, in our study we noted
that an impressive volumetric increase occurred in a
short time. Tumors that showed the most rapid growth
were in 4 BRCA1 carriers (patients 16, 19, 24 and 31),
whereas the age of these patients was 56, 44, 54 and 37
years, respectively. Considering the longest diameter of
each enhancing lesion, the increase in size was es-
timable respectively as 8 mm in 3 months, 8 mm in 4
months, 7 mm in 12 months, and 17 mm in 4 months.
Histology was indicative of invasive carcinoma in all 4
cases; except for one case, the tumors were all grade III.
Evaluation of hormone receptor was not available in
one case, while 2 cases were triple negative and the last
one showed Er+PgR-p1850 parameters.

However, it has been observed that radiological phe-
notype may be different in hereditary breast cancer. In
fact, such tumors frequently show morphological and

kinetic aspects commonly seen in benign lesions5,14,18,19.
Schrading and Kuhl14 pointed out a major number of
differences in BRCA1-associated cancers. In fact, they
did not find calcifications associated with invasive can-
cer or intraductal disease.

Concerning our cohort, we found 3 intraductal carcino-
mas (patients 8, 14 and 25), but only one of them, whose
histology described DCIS and LCIS, was associated to sus-
pected calcifications (patient 25). For the only pure ductal
in situ carcinoma (patient 8), tiny, aspecific calcifications
were observed, whereas in the remaining case of DCIS and
LCIS calcifications were not detectable at mammography
because of the presence of a breast prosthesis (Table 1).
The first case was a BRCA1 carrier, the second a high-fa-
milial-risk woman, and the third a BRCA2 carrier.

Within our group, we detected only 3 cases of patho-
logical calcifications, and these were related to invasive
carcinomas (patients 3, 7 and 13) (Table 1). Two of these
patients were BRCA1 mutated and the third was at high
familial risk.

Tilanus-Linthorst et al.5 and Kuhl et al.18 also de-
scribed how BRCA1-associated cancers may exhibit
“pushing”, well-circumscribed margins, homogeneous
internal architecture, and low echogenicity.

In our patients (Table 1), we noted that when no sus-
picious findings were detected at mammography main-
ly because of a glandular pattern, ultrasound could
more easily depict pathologic aspects with a higher sen-
sitivity before and after MRI. However, when detectable
by means of conventional imaging, breast cancers of
our group did not significantly differ from sporadic can-
cers. In fact, the percentage of hereditary breast cancers
with typically benign aspects was very low in our study.
As regards MRI, Schrading and Kuhl14 reported a high
percentage of invasive cancers with a non-mass en-
hancement and a benign kinetic aspect.

Morphologic patterns are usually of eminent rele-
vance in the radiological interpretation. Smooth bor-
ders have often been associated with a negative predic-
tive value for malignancy9,20, whereas irregular contour,
nonhomogeneous enhancement and rim pattern have
been reported as highly indicative of malignancy15.
Tilanus-Linthorst et al.15 stated that the association of
rim enhancement with central necrosis can be an indi-
cator for the growth rate of tumors. Jimenez et al.21 re-
ported that centrally necrotizing carcinomas had an ac-
celerated clinical course and early systemic metastasis.
This is in agreement with Tilanus-Linthorst et al.15, who
also found mitotic count to be significantly high in tu-
mors from gene-mutation carriers. Regarding our co-
hort, only 9 of 33 (27%) malignancies showed pure
smooth margins: 12 (36%) arose with speculated bor-
ders, and 3 neoplasm – initially with smooth margins –
converted to irregular margins at the recall.

The higher rate of sharp tumor margins and eventual
rim enhancement may thus be explained by the more
aggressive nature of tumors in BRCA-mutated carriers.
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As regards the correlation with curve shape, the
washout type was detected in 21 of the 33 malignancies
of our study (21/33, 63.6%). As regards histology, the
washout curve was prevalent in invasive carcinoma, but
we also found the same curve in intraductal disease.
The same curve shape was more often detected in BR-
CA1-mutated subjects than in the other subjects, but
the high number of BRCA1-mutated subjects in our co-
hort needs to be taken into account. Hence, we can con-
sider the washout curve as highly predictive of malig-
nancy, but without a significant difference between spo-
radic and hereditary cancers.

For false-positive MRI findings, all the patients were
BRCA1 mutated and the morphologic shapes were very
suspicious. We did not find the typical washout curve
but saw other invasive lesions with the same kinetic as-
pects. Isointensity of T2 SI should have more favorably
directed the diagnosis in one case of adenosis.

Mammography frequently gave false-negative results
despite breast density and tumor diameters. One possi-
ble explanation could be the major aggressiveness of
hereditary cancers, which may reduce the incidence of
microcalcifications as an indicator of subclinical, still
intraductal lesions.

Moreover, Tilanus-Linthorst et al.5 described for the
first time the phenomenon of prominent pushing mar-
gins of breast cancer in BRCA carriers. They observed
that when pushing margins are prominent, the fibrotic
reaction of the connective tissue adjacent to the tumor
and responsible for distortion and spiculated margins is
absent. This phenomenon could explain possible false-
negative mammograms.

In our experience, the main MRI semeiotic variance
that we observed in the group of neoplasms arising in
mutation carriers was the T2 SI, which could differ signif-
icantly from that of sporadic breast cancers. In fact, it is
known that in the general population, T2 SI is of an inter-
mediate intensity for breast cancer, of a higher intensity
for benign lesions5,22,23, and of an even greater intensity
for cystic entities. The almost constant pattern of an MRI
semeiotic aspect that we encountered in positive women
of our surveillance program was the high or even very
high SI of hereditary cancers (Table 3). Kuhl et al.4 report-
ed that such behavior may occur in mutated cancers.

In another study, carried out on the general popula-
tion, Kuhl et al.23 observed that breast cancers displayed
a low SI on T2-weighted turbospin echo (TSE) images in
88/101 cases (87%), whereas 13/101 (13%) cases had an
increased SI. They also concluded that the T2 TSE pulse
sequence without fat suppression was the only one suit-
able for lesion characterization, whereas they did not
obtain the same significant results on corresponding
T2-weighted SPIR (spectral presaturation inversion re-
covery) TSE images (with fat suppression).

More recently, Ballesio et al.22 calculated the ratio be-
tween the SI of the nodule and the pectoralis major
muscle with an ROI analysis on T2-weighted IR se-

quences. Within the general population, they described
a lower T2 SI belonging to malignancies, with 82.4%
sensitivity, 77.4% specificity, 80% positive predictive val-
ue and negative predictive value.

In our experience, carried out on a population at high
risk of inherited breast cancer and on mutated women,
we found 34 malignant lesions, 33 were submitted to
MRI analysis, only 30 of which were also evaluated with
T2 IR sequences. Of these 30 T2 IR evaluated cancers,
we found that 22 (22/30, 73.3%) displayed an unmistak-
able hyperintensity: 59% of these T2 very high SI was as-
sociated to BRCA1 mutation, whereas only 39% of them
was <50 years old. Also that patient with LCIS in BRCA1
mutation showed very high T2SI. MRI false-positive cas-
es showed T2 isointensity and hyperintensity in 2 cases
of adenosis and intermediate intensity in one case of
dysplasia.

Of the 22 neoplasms with high T2 SI, only 59% were
pure invasive carcinomas. The pattern was also found in
3 pure in situ carcinomas, 31% were invasive combined
with intraductal disease, and the overall medullary as-
pects were found only in 3 cases. Therefore, it seems
that high T2 IR SI cannot be considered as a specific in-
dex of a selective histotype, nor an indicator of a
medullary or mucinous component only.

If we refer to the phenomenon of “prominent pushing
margins”, arising from the analysis of BRCA1/2-related
cancers5 and described by Lakhani et al.24,25 as a front of
tumor cells not separated by connective tissue, we can
make some interesting considerations. According to
MRI semeiotic parameters, connective tissue shows low
to intermediate T2 SI both on T2 TSE and T2 IR se-
quences because of the scarcity of water. Considering
hereditary breast cancers, the T2 SI should thus become
higher and increase to major levels if connective struc-
ture and desmoplastic reaction are lacking.

In our study, the tumors with a fast growth (patients
16, 19, 24 and 31) consistently demonstrated a very high
T2 SI, which was similar to that of cystic matrix. It seems
that the absence of connective architecture within the
tumor and the absence of the desmoplastic reaction
surrounding the lesions reduces the possibility to re-
strict cancer growth, thus allowing a major aggressive-
ness. In addition, we found high T2 SI mainly in invasive
carcinomas of mutation carriers, but this aspect was al-
so the most frequent in intraductal disease. Conse-
quently, in our cohort, high T2 SI cannot be considered
as a pattern specific of invasive cancer. However, all of
the cancers with high T2 SI and rapid evolution oc-
curred in BRCA1 carriers (patients 16, 19, 24 and 31). It
would thus be interesting to know whether hereditary
breast cancer has a peculiar structure, combined with a
different induction to the desmoplastic reaction of the
surrounding parenchyma, that could explain these new
radiological patterns.

In addition to optical impression, to quantify T2 SI we
also calculated the mean SI value of each lesion and re-
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lated the SI of the lesion to that of the parenchyma (LPS,
parenchyma SI) and to that of the pectoralis major mus-
cle (LMS, muscular SI) by means of two different func-
tions: the pixel lens value for the former and an ROI for
the latter (Table 3). As regards LPS, parenchymal SI was
different in each patient (range, 30-960), but the results
of numerical scores proved to be coherent with optical
level of brightness (Table 3). For one tumor (patient 24),
optical T2 SI was very high, similar to that of cystic le-
sions, but the ratio score was at a intermediate level (i.e.,
2.4). The lesion had an impressive volumetric growth,
containing a necrotic center. The numerical score
should therefore be considered as an additional index of
its internal nonhomogeneity.

As regards LMS (Table 3), muscular SI was less hetero-
geneous than parenchymal SI. We noted that they re-
mained at lower levels when the examinations had been
performed with a Vision device and on higher levels
when performed with Avanto. There were several over-
laps between numerical scores of intermediate and high
SI for LMS. It may be that the quantification of a mean
SI value by means of a ROI is more sensitive to the het-
erogeneity of the internal structure of a lesion than the
computation of the mean SI value by means of several
pixel lens values taken from different sites of the same
lesion. This is even more evident for larger diameters.

However, LPS and LMS analyses both had the limita-
tion of the small number of subjects examined. Further
evaluations are needed to improve the new interpreta-
tion models. We therefore deduce that the SI calculated
on T2 images (LPS and LMS) should be considered as an
adjunct parameter for differential diagnosis of doubtful
lesions, but in clinical practice they should not be con-
sidered alone. LPS and LMS should be used to confirm
a diagnosis ruled out on the basis of established breast
MRI criteria, such as dynamic enhancement and mor-
phological data.

Conclusions

BRCA carriers face a high lifetime risk of developing
breast cancer. However, evidence indicating whether
overall prognosis is worse for women with BRCA-related
cancer has not been conclusive. Several studies have
shown that annual screening in BRCA-mutated or high-
risk women can be significantly helpful to detect breast
cancer early4,7-10,26,27. It has also been demonstrated that
in multimodality surveillance programs the accuracy of
MRI is higher than that of conventional imaging and
that combination of the two techniques is needed to
avoid unnecessary biopsies4,28-33.

Tumor size and nodal status represent the most im-
portant prognostic factors in breast cancer31,32. The sur-
vival rates of women with breast cancers <1 cm in di-
ameter and with negative lymph nodes are high, and
mortality risk may be appreciably reduced by early tu-

mor detection. However, data on the real impact of an
early diagnosis are essential, considering that a high
proportion of BRCA1-mutated tumors displays negative
prognostic factors such as triple-negative status, and
lack of a correlation between tumor stage and metasta-
tic spread has been reported in these patients33. Al-
though caution is needed, early detection should be of-
fered to women with a gene mutation or with a in-
creased familial risk of breast cancer.

Considering recent studies5,15,17 showing the faster
speed of growth of cancer in carrier women, we believe
that when a suspicious lesion is seen only on MRI, it is
legitimate to repeat the examination after 2 or 3 months
to avoid false-positive results but at the same time to
prevent the rapid spread of the disease. After this peri-
od, if the lesion persists, it is correct to proceed with
MR-guided biopsy even when conventional imaging re-
mains unsuspicious.

The aim of secondary prevention is detection of can-
cer at its earliest stage to improve prognosis and to pro-
vide some advantage in terms of quality of life, consid-
ering that chemotherapy may be avoided in patients
with intraductal disease. Mainly for these reasons, it is
still debated whether MRI should be proposed twice a
year in BRCA1-mutated women.
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