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Breast tumor characteristics of BRCA1
and BRCA2 gene mutation carriers on MRI

Abstract The appearance of malig-
nant lesions in BRCA1 and BRCA2
mutation carriers (BRCA-MCs) on
mammography and magnetic reso-
nance imaging (MRI) was evaluated.
Thus, 29 BRCA-MCs with breast
cancer were retrospectively evaluated
and the results compared with an age,
tumor size and tumor type matched
control group of 29 sporadic breast
cancer cases. Detection rates on both
modalities were evaluated. Tumors
were analyzed on morphology, density
(mammography), enhancement pat-
tern and kinetics (MRI). Overall
detection was significantly better with
MRI than with mammography (55/58
vs 44/57, P=0.021). On mammogra-
phy, lesions in the BRCA-MC group
were significantly more described as
rounded (12//19 vs 3/13, P=0.036)
and with sharp margins (9/19 vs 1/13,
P=0.024). On MRI lesions in the
BRCA-MC group were significantly
more described as rounded (16/27 vs
7/28, P=0.010), with sharp margins

(20/27 vs 7/28, P<0.001) and with rim
enhancement (7/27 vs 1/28, P=0.025).
No significant difference was found
for enhancement kinetics (P=0.667).
Malignant lesions in BRCA-MC fre-
quently have morphological charac-
teristics commonly seen in benign
lesions, like a rounded shape or sharp
margins. This applies for both mam-
mography and MRI. However the
possibility of MRI to evaluate the
enhancement pattern and kinetics
enables the detection of characteristics
suggestive for a malignancy.
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Introduction

BRCA1 and BRCA2 are the most well known gene
mutations responsible for an increased risk for developing
breast cancer. A BRCA1 or BRCA2 mutation carrier
(BRCA-MC) has approximately a 3% risk of getting breast
cancer before the age of 30. This risk increases to almost
50% when she reaches the age of 50 and becomes 50–80%
at the age of 70 [1, 2]. To reduce this risk, these women can
choose between bilateral prophylactic mastectomy [3],
oophorectomy [4] or chemoprevention [5]. In breast

cancer, close surveillance contributes to a more favorable
stage of disease at detection and may reduce the rate of
death from breast cancer [6, 7].

In the surveillance or general screening for breast cancer,
mammography still plays a prominent role. However, due
to the young age and thus in most cases dense breast tissue,
the sensitivity for mammography is moderate. False-
negative rates of up to 62% have been reported for
mammography in screening gene mutation carriers [8, 9].
A malignant lesion in the breast is mammographically best
detected if it presents itself as an ill-defined or spiculated
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mass, a group of microcalcifications or as an architectural
distortion. A smoothly outlined well-defined mass detected
on mammography has a chance of less than 1% of being
malignant [10, 11]. Tilanus et al. [12] and Kaas et al. [13,
14] have evaluated the mammographic appearance of
breast cancer in BRCA-MC. Tilanus and coworkers found
the mammographic appearance suspicious for a malignan-
cy in only 38% of the gene carriers in comparison with
71% in a control group. “Prominent pushing margins”
caused by a continuous front of tumor cells not separated
by connective tissue were described in the BRCA-MC
group as the main reason for a false-negative evaluation of
mammograms [12]. Kaas and coworkers concluded in their
study of 31 breast cancer cases in BRCA-MCs that all
mammographically detected lesions should be further
evaluated by ultrasound and biopsy regardless of their
appearance [13]. Well-defined mammographic tumors
correlated in 83% with histologic circumscribed tumor
margins in BRCA1-MCs [14].

For women with an increased risk for developing breast
cancer magnetic resonance imaging (MRI) should be
included for close surveillance [15, 16]. The superior
sensitivity of MRI (81%) for the detection of breast cancer
in these women compared with mammography (40%) has
been proven in literature [17]. However the classification
of a lesion detected on MR as benign or malignant still
remains a challenge. Morphological and dynamic features
are important in breast MRI interpretation. Focal masses
with smooth borders are associated with a high negative
predictive value for malignancy [17]. An irregular lesion
contour, inhomogeneous enhancement pattern and rim
enhancement have been reported as features indicating
malignancy [18]. The dynamic evaluation is often based on
the enhancement characteristics 2–7 min after the injection
of a paramagnetic contrast agent. In this approach, the
decrease of signal intensity, often referred to as a type 3
curve or washout, is highly predictive for breast cancer,
with a likelihood of malignancy of 87% [19]. Until now the
appearance of breast malignancies in BRCA-MCs has only
been investigated for mammography. In this study we
analyzed the MRI characteristics of BRCA-MC-associated
tumors compared with sporadic cases of breast cancer.

Materials and methods

All available (35) BRCA-MCs with a biopsy-proven
malignancy, imaged with MRI for screening [9] or pre-
operative evaluation in the period from July 2000 until
November 2006, were included in the study: 23 BRCA1
carriers and 12 BRCA2 carriers. In order to compare tumor
characteristics with sporadic cases of breast cancer an age,
tumor type and tumor size matched control group was
composed from 206 consecutive sporadic breast cancer
cases imaged with MRI in the period from November 2001
until January 2007. All BRCA-MC cases were age

matched within 5 years with sporadic breast cancer cases.
Cases were also matched for tumor type (IDC, ILC or
DCIS) and pathological tumor size. For size matching, the
BRCA-MC cases were matched to the closest tumor size in
the sporadic cases available, with a limit for the maximum
size difference of 0.5 cm for tumors smaller than 1 cm, 1-cm
difference for tumors up to 5 cm and 1.5-cm difference for
tumors larger than 5 cm. BRCA-MC cases that could not be
matched following these criteria were excluded.

Mammograms were obtained in the mediolateral
oblique and craniocaudal direction on a digital mammog-
raphic unit (Senograph 2000 D or a Senograph DS, GE
Healthcare, Wis., USA). Detection, density of the lesion
compared with breast tissue, lesion morphology, and size
were scored. In the morphologic assessment, lesion type
was classified as either a mass, a calcifications or as an
architectural distortion. Lesion shape was described as
rounded, lobulated or irregular and lesion margins as
sharp, vague or spiculated. The size of the tumor was
measured by determining the longest axis through the
displayed lesion. Spiculae surrounding a solid lesion were
interpreted as desmoplastic reaction and not included in
the measurement.

MRI investigations were performed on a 1.5-Tesla
system with a double breast coil (Magnetom Vision,
Sonata or Symphony, Siemens, Erlangen, Germany). In the
scanning, we used a coronally orientated three-dimensional
fast low-angle shot (FLASH 3D) with the following
parameters: TE 4 ms, TR 8.1 ms, FA 20°, FOV 360 mm,
TA 96 s, image resolution 1.5 mm×1.5 mm×1.5 mm for all
patients scanned prior to June 2004 and TE 4 ms, TR
7.5 ms, FA 8°, FOV 320 mm, TA 87 s, image resolution
1.3 mm×1.3 mm×1.3 mm for all patients scanned after
June 2004.

Prior to the MR examination, an intravenous catheter
was inserted. All patients were placed in the prone position,
with the breasts in the double breast coil and positioned at
the isocenter of the magnet. After localizer images were
obtained in three directions and a precontrast FLASH 3D
series was recorded, 0.1 mmol/kg bodyweight gadolinium
chelate (Magnevist, Schering, Germany or Dotarem,
Guerbet, The Netherlands) was administered using a
power injector (Spectris, Medrad, USA) at 2.5 ml/s
followed by a 15-ml saline flush at the same injection
rate. Thereafter, five post contrast FLASH 3D series were
recorded.

All MRI examinations were retrospectively evaluated on
a dedicated breast MRI workstation (Dynacad, Invivo,
USA) scoring lesion detection, size, morphology and
enhancement kinetics. Maximum intensity projections,
coronal images and axial reconstructions of both the T1
weighted and subtracted images and time-intensity curves
were displayed. The morphologic assessment included
lesion shape, margin appearance and enhancement pattern.
Lesion shape was classified as being rounded, lobulated or
irregular. Margins were described as sharp, vague or
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spiculated. The enhancement pattern of a lesion was
classified as homogeneous, heterogeneous or rim en-
hanced. Lesion enhancement kinetics were evaluated
according to the criteria described by Kuhl et al. [19].
Type 1 shows persistent enhancement and is highly
suggestive for a benign lesion. Type 2 shows a plateau
after initial increased enhancement, where the maximum
signal intensity is reached approximately 2–3 min after
contrast injection and remains constant. This type of curve
is seen in both benign and malignant lesions. In a type 3
curve, the peak enhancement is reached in the early
postcontrast phase, and this is followed by a decrease of
signal intensity (wash-out). The latter curve is strongly
suggestive for a malignant lesion. The dynamic curves
were evaluated based on a single voxel or by selecting a
region of interest within the lesion, the workstation allowed
the readers to use both methods. Because of the possible
bias in this retrospective study, a BI-RADS classification
[20] could not be scored objectively and was therefore not
included in the evaluation.

All studies were evaluated retrospectively by two
radiologists in conference and consensus. BRCA-MCs
and controls were mixed during the evaluation. Except
from the knowledge of a malignancy being present, the
radiologists were blinded to any other clinical information.
Mammography and MRI images were evaluated in sepa-
rate sessions. From the histopathology reports, the tumor
type, size and mitotic activity index (MAI) were recorded.
The study was approved by the institutional review board;
since the study was performed retrospectively, informed
consent was not required according to the review board.

In the statistical evaluation, differences in patient and
tumor characteristics between the BRCA-MC and control
group were analyzed using an independent sample t-test if
variables were continuous and normally distributed. For
categorical variables, the Pearson chi-square test was used
and we used Fisher’s exact test when any of the expected
values was less than five. Pearson’s correlation coefficients
were calculated for both mammographic size and MRI size
versus pathologic size. All statistical analyses were
performed using SPSS statistical software (version
12.0.1). P values<0.05 were considered to indicate
statistical significance.

Results

Six BRCA-MC cases could not be matched according to
the criteria defined; these cases were excluded from the
study. Four BRCA-MCs were excluded because no match
could be found based on patient’s age; the other two were
excluded because no match could be found based on tumor
size.

The mean age and tumor size of the excluded cases were,
respectively, 33 years (range 27–36, median 35, SD
3.4 years) and 1.4 cm (range 0.6–2.8 cm, median 1.1 cm,

SD 0.8 cm). A total of 29 BRCA-MC cases were included
for this study. In the BRCA-MC group, five women were
symptomatic (17%); 21 women were symptomatic in the
control group (83%).

Mean age in the BRCA-MC group was 42 years (range
32–68 years, median 40 years, SD 8.0 years); this was 44
(range 37–64 years, median 43 years, SD 5.6 years) for the
control group. The mean pathological tumor size was
2.0 cm (range 0.4–7.0 cm, median 1.4 cm, SD 1.5 cm) in
the BRCA-MC group and 2.3 cm (range 0.6–7.0 cm,
median 1.9 cm, SD 1.7 cm) in the control group. No
significant difference was found for patient age (P=0.289)
or maximal pathological tumor size (P=0.371).

The mean tumor size on mammography was 2.1 cm
(range 0.5–7.0 cm, median 1.5 cm, SD 1.49 cm). The mean
tumor size on MRI was 2.4 cm (range 0.6–7.1 cm, median
1.8 cm, SD 1.75 cm).

There was a significant correlation between imaging
measurements and pathological measurements; 0.664 (P<
0.001) for mammographic measurements and 0.808 (P<
0.001) for MRI measurements.

In both the BRCA-MC and control groups, 23 cases
were based on invasive ductal carcinoma (IDC), two cases
on invasive lobular carcinoma (ILC), one case on ductal
carcinoma in situ grade 1 (DCIS1) and three cases on
ductal carcinoma in situ grade 2 (DCIS2). In the BRCA-
MC group, a mean MAI of 33.0 (range 6–100, median 27,
SD 27.1) was found, compared with 17.5 (range 1–60,
median 14, SD 15.9) in the control group. The difference in
MAI between the BRCA-MC and control groups was
found to be significant (P=0.044).

In the control group, one patient refused to undergo
mammography because of implants. Overall mammogra-
phy detected 44 of 57 lesions and MRI detected 55 of 58
lesions. Therefore, the overall detection is significantly
better with MRI than with mammography (P=0.021).

Mammography detected 22 (76%) lesions in the BRCA-
MC group and 22 (79%) in the control group. No
significant difference was found (P=0.807). All lesions
missed on mammography in the BRCA-MC were IDC. In
the control group, five cases of IDC and one case of ILC
were missed. Mammographic lesion characteristics are
presented in Table 1. Lesions in the BRCA-MC group were
significantly more described as rounded (12//19 vs 3/13,
P=0.036) and were more often described to have sharp
margins (9/19 vs 1/13, P=0.024). Lesions in the control
group were significantly more described as irregular (10/13
vs 6/19, P=0.029). From the six BRCA-MCs that were
excluded, only three lesions were detected on mammog-
raphy. In two cases a mass was detected and in one case
calcifications. Both these masses were described as
rounded with sharp margins.

On MRI, 27 lesions (93%) were detected in the BRCA-
MC group, 28 (97%) in the control group. No significant
difference was found (P=0.553). The lesions missed in the
BRCA-MC group were both cases of DCIS, one case of
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DCIS1, seen on mammography as an architectural distor-
tion, and one case on DCIS2, seen on mammography as a
mass. The lesion missed in the control group was based on
DCIS2, seen on mammography as calcifications. Their was
no significant difference found for the detection of breast
cancer between mammography and MRI within the
BRCA-MC (P=0.18) or the control group (P=0.13).
Morphological and dynamic MR characteristics are pre-
sented in Table 2. Lesions in the BRCA-MC group were
significantly more often described as rounded (16/27 vs
7/28, P=0.010), with sharp margins (20/27 vs 7/28, P<
0.001) and to show rim enhancement (7/27 vs 1/28, P=
0.025). Lesions in the control group were significantly
more often described as irregular (18/28 vs 8/27, P=0.010),
with vague margins (15/28 vs 6/27, P=0.017) and with a
heterogeneous enhancement pattern (22/28 vs 12/27, P=
0.009). No significant difference between the two groups
was found for enhancement kinetics (P=0.667). From the
six BRCA-MCs that were excluded, five were detected on

MRI. Four of these lesions were described as rounded, one
as irregular. The delineation was described as sharp in four
and as vague in one of these cases. The enhancement
pattern was described as homogeneous in two, heteroge-
neous in one and as rim-enhancement in two of these cases.
All five cases showed a type 3 curve.

Discussion

In this study, the overall false-negative rate for mammog-
raphy was significantly higher compared with MRI.
Although it is expected that the sensitivity for MRI in
both the control group and the BRCA-MC is higher
compared with mammography, no significant difference
was found in this study within the two groups. This is
probably due to the relatively small numbers of cases in
this study. Kaas et al. [13] described in their mammogra-
phic study on BRCA1 and BRCA2 mutation carriers a

Table 1 Mammographic lesion
characteristics for both groups

aLesion density, morphology
and margins of mass-like
lesions only

BRCA-MC group Control group P value

Lesions detected n=22 n=22

Lesion type Mass 19 13 0.042

Arch. distortion 1 4 0.345

Calcification 2 5 0.216

Lesion densitya Hyperdense 8 1 0.050

Isodense 11 12 0.050

Lesion morphologya Rounded 12 3 0.036

Lobulated 1 – 1.000

Irregular 6 10 0.029

Lesion marginsa Sharp 9 1 0.024

Vague 8 8 0.473

Spiculated 2 4 0.194

Table 2 MRI lesion characteris-
tics for both groups

BRCA-MC group Control group P value

Lesions detected n=27 n=28

Lesion morphology Rounded 16 7 0.010

Lobulated 3 3 1.000

Irregular 8 18 0.010

Lesion margins Sharp 20 7 <0.001

Vague 6 15 0.017

Spiculated 1 6 0.049

Enhancement pattern Homogeneous 8 5 0.304

Heterogeneous 12 22 0.009

Rim 7 1 0.025

Enhancement kinetics Type 1 1 2 1.000

Type 2 4 6 0.525

Type 3 22 20 0.380
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sensitivity of 64% for the detection of a tumor in the
original reports. In this study, 76% of the lesions were
visible on mammography. Since this was a retrospective
study and the radiologist was aware of the fact that a tumor
was present at the time of the evaluation, no conclusion can
be drawn from the difference in detection between both
studies.

On mammography, the mass like lesions detected in the
BRCA-MC group were significantly more often described
as rounded. Also, lesions were found to differ in margin
appearance; tumor margins in the BRCA-MC group were
significantly more often described as sharp. A smooth,
nonspiculated mass has previously been described by
Tilanus et al. [12] as a reason for a false-negative
mammographic evaluation in BRCA-MC. Thus, although
Sickles et al. [21] described that nonpalpable, circum-
scribed, noncalcified breast masses (probably benign)
should be managed with periodic mammographic surveil-
lance regardless of lesion size and patient age, and

Sardanelli et al. [22] published that both the well-defined
margins and the rounded shape are more often associated
with benign lesions, these findings are not applicable to the
BRCA-MCs studied in this or other studies on this subject.
Tilanus et al. [12] stated that any mammographic mass in
BRCA-MCs must be regarded with suspicion. A similar
conclusion was published by Kaas et al. [13]. An additional
evaluation using ultrasound and biopsy of all lesions
detected in BRCA-MC is mandatory, regardless of their
morphological appearance. In their study of 28 BRCA-
MCs, Hamilton et al. [23] also described the appearance of
breast tumors on ultrasound. On ultrasound, 53% of the
tumors were classified as either benign or indeterminate,
making a biopsy of any detected mass inevitable. We are
also of the opinion that any solid lesion detected in BRCA-
MCs should be evaluated by a biopsy.

In the screening of women with an increased risk for
developing breast cancer, more tumors are detected by
MRI compared with mammography [8, 9]. In this study, all

Fig. 1 a AnMLO mammogram
from the right breast of a 42-year-
old BRCA1-mutation carrier. b
A coronal subtraction MR image
of the same breast. An 11-mm
sharply delineated rounded
lesion is present on the mam-
mogram projecting over the
upper quadrants (arrow). On
MRI, the same lesion was
detected (arrow) with rim-
enhancement. The rim-
enhancement makes this lesion
morphologically suspect
malignant. Ultrasound guided
core biopsy proved this lesion to
be an invasive duct carcinoma

Fig. 2 a A coronal subtraction MR image from the right breast of a
49-year-old BRCA1-mutation carrier. Lateral located in the right
breast, a sharply delineated rounded, homogeneous enhancing lesion
is visible with a longest diameter of 9 mm (arrow). b The relative

enhancement versus time curve. The type 3 curve seen for this lesion
was the only characteristic indicating a possible malignancy.
Pathology proved this lesion to be an invasive duct carcinoma
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lesions missed on MRI were cases of DCIS. MRI is known
to have a lower sensitivity in detecting DCIS compared
with invasive carcinomas [24], especially in low-grade
DCIS. The low or intermediate contrast uptake that is often
observed in pure DCIS and the absence of a type 3 curve
can result in a false-negative evaluation [24]. Kriege et al.
[9] found in the screening of 1,909 women with an
increased risk for developing breast cancer, including 358
carriers of germ-line mutations, that MRI missed five cases
of DCIS that were detected on mammography, with six
noninvasive tumors detected in total in the study. However,
Kuhl et al. [25] reported MRI to be more sensitive for DCIS
compared with mammography in a prospective study of
women with an increased risk for developing breast cancer.
AlthoughMRI proved to be more sensitive for the detection
of DCIS compared with mammography, not all cases of
DCIS were detected by either modality. Therefore, at this
point both modalities are still needed in the screening of
women with an increased risk for developing breast cancer.

Similar to mammography, on MRI a significantly higher
number of lesions were described as rounded and with
sharp margins in the BRCA-MC group. Furthermore, the
number of lesions with ‘rim-enhancement’ was found to be
significantly higher in the BRCA-MC group. The presence
of this enhancement pattern has been associated with
malignant lesions [26, 27]. Because MRI enables the
radiologist to evaluate the enhancement pattern of the
lesion, where mammography does not, these lesions will
become more suspectedly malignant, even though other
morphologic features are more often seen in benign lesions.
The association of rim-enhancement (Fig. 1) with central
necrosis or insufficient microvessel growth can be an
indicator for the growth rate of tumors. Jimenez and
coworkers have described centrally necrotizing carcinomas
to have an accelerated clinical course and early systemic
metastasis [28]. An accelerated growth rate can be
associated with a high MAI. In this study, the MAI was
found to be significantly different between both groups.
This is in agreement with Tilanus et al. [12], who also
found the mitotic count to be significantly higher in tumors
found in gene mutation carriers. The higher rate of sharp
tumor margins and rim-enhancement may thus be ex-
plained by the more aggressive nature of tumors in BRCA-
MCs. Several authors have implied that, due to the rapid
growth rate of tumors in gene mutation carriers, the
screening frequency should be adjusted [13, 29]. Komenaka
et al. [29] suggest a higher screening frequency in carriers
because of the high number of interval cancers found in their
group. Half of these interval malignancies were already
positive for lymph-node involvement. The 13 carriers in

their study were screened with mammography. Mammog-
raphy in carriers is not sensitive, particularly because the
women are young and thus more often have dense breasts
[30, 31]. The use of MRI in screening has already been a
step forward since MRI can detect smaller tumors, often
occult for mammography, that are less likely to have
progressed into lymph-node involvement [9].

Rounded, homogeneous enhancing lesions found on
MRI are in general not considered suspicious. A homoge-
neous enhancement pattern, found in nine BRCA-MCs,
does not contribute to the malignant nature of these lesions.
Therefore, enhancement kinetics are of value. In this study,
the dynamic analysis showed in both the BRCA-MC and
the control groups a type 3 curve in, respectively, 82% and
71% of the cases. As described by Kuhl et al. [19], a type 3
enhancement curve is highly indicative for malignancy.
Using this characteristic, even rounded, sharply delineated,
homogeneous enhancing lesions become suspect malig-
nant (Fig. 2).

Despite all the findings discussed in this study, it remains
questionable if the characterization of a lesion detected on
either mammography or MRI in BRCA-MCs is even
necessary. As the chance for these women to develop breast
cancer is significantly increased, almost any detected lesion
will in practice be classified as suspect malignant until
proven otherwise. Sardanelli et al. [17] found a positive
predictive value for MR in women with an increased risk of
only 53% due to a high number of false positives. As stated
previously for mammographically detected lesions, addi-
tional evaluation by core biopsy is the only definitive
classification for lesions detected in this group of women.
In the case of MRI screening in high risk women, short-
term follow-up, target ultrasound or MRI-guided biopsies
are therefore often indicated [32]. What the best strategy in
this group of women will be, also in terms of cost
effectiveness, needs to be further studied.

We conclude that in BRCA-MC malignant lesions
frequently have morphological characteristics that are
commonly seen in benign lesions, like a rounded mor-
phology or a sharp delineation. This applies for both
mammography and MRI. However, the possibility of MRI
to evaluate the enhancement pattern and enhancement
kinetics of lesions enables the radiologist to detect
characteristics suggestive for a malignancy.

Open Access This article is distributed under the terms of the
Creative Commons Attribution Noncommercial License which
permits any noncommercial use, distribution, and reproduction in
any medium, provided the original author(s) and source are credited.

936



References

1. Krainer M, Silva-Arrieta S, FitzGerald
MG, Shimada A, Ishioka C, Kanamaru
R, MacDonald DJ, Unsal H, Finkelstein
DM, Bowcock A, Isselbacher KJ,
Haber DA (1997) Differential contri-
butions of BRCA1 and BRCA2 to
early-onset breast cancer. N Engl J Med
336:1416–1421

2. Ford D, Easton DF, Bishop DT, Narod
SA, Goldgar DE (1994) Risks of cancer
in BRCA1-mutation carriers. Breast
Cancer Linkage Consortium. Lancet
343:692–695

3. Meijers-Heijboer H, van Geel B, van
Putten WL, Henzen-Logmans SC,
Seynaeve C, Menke-Pluymers MB,
Bartels CC, Verhoog LC, van den
Ouweland AM, Niermeijer MF,
Brekelmans CT, Klijn JG (2001) Breast
cancer after prophylactic bilateral mas-
tectomy in women with a BRCA1 or
BRCA2 mutation. N Engl J Med
345:159–164

4. Kauff ND, Satagopan JM, Robson ME,
Scheuer L, Hensley M, Hudis CA, Ellis
NA, Boyd J, Borgen PI, Barakat RR,
Norton L, Castiel M, Nafa K, Offit K
(2002) Risk-reducing salpingo-
oophorectomy in women with a
BRCA1 or BRCA2 mutation. N Engl J
Med 346:1609–1615

5. Cuzick J, Powles T, Veronesi U, Forbes
J, Edwards R, Ashley S, Boyle P
(2003) Overview of the main outcomes
in breast-cancer prevention trials. Lan-
cet 361: 296–300

6. Kuhl CK, Schrading S, Leutner CC,
Morakkabati-Spitz N, Wardelmann E,
Fimmers R, Kuhn W, Schild HH (2005)
Mammography, breast ultrasound, and
magnetic resonance imaging for sur-
veillance of women at high familial risk
for breast cancer. J Clin Oncol
23:8469–8476

7. Kriege M, Brekelmans CT, Peterse H,
Obdeijn IM, Boetes C, Zonderland
HM, Muller SH, Kok T, Manoliu RA,
Besnard AP, Tilanus-Linthorst MM,
Seynaeve C, Bartels CC, Meijer S,
Oosterwijk JC, Hoogerbrugge N,
Tollenaar RA, de Koning HJ, Rutgers
EJ, Klijn JG (2006) Tumor character-
istics and detection method in the
MRISC screening program for the early
detection of hereditary breast cancer.
Breast Cancer Res Treat 102:357–363

8. Kuhl CK, Schmutzler RK, Leutner CC,
Kempe A, Wardelmann E, Hocke A,
Maringa M, Pfeifer U, Krebs D, Schild
HH (2000) Breast MR imaging
screening in 192 women proved or
suspected to be carriers of a breast
cancer susceptibility gene: preliminary
results. Radiology 215:267–279

9. Kriege M, Brekelmans CT, Boetes C,
Besnard PE, Zonderland HM, Obdeijn
IM, Manoliu RA, Kok T, Peterse H,
Tilanus-Linthorst MM, Muller SH,
Meijer S, Oosterwijk JC, Beex LV,
Tollenaar RA, de Koning HJ, Rutgers
EJ, Klijn JG (2004) Efficacy of MRI
and mammography for breast-cancer
screening in women with a familial or
genetic predisposition. N Engl J Med
351:427–437

10. Newstead GM, Baute PB, Toth HK
(1992) Invasive lobular and ductal
carcinoma: mammographic findings
and stage at diagnosis. Radiology
184:623–627

11. Knutzen AM, Gisvold JJ (1993) Like-
lihood of malignant disease for various
categories of mammographically de-
tected, nonpalpable breast lesions.
Mayo Clin Proc 68:454–460

12. Tilanus-Linthorst M, Verhoog L,
Obdeijn IM, Bartels K, Menke-
Pluymers M, Eggermont A, Klijn J,
Meijers-Heijboer H, van der Kwast T,
Brekelmans C (2002) A BRCA1/2
mutation, high breast density and
prominent pushing margins of a tumor
independently contribute to a frequent
false-negative mammography. Int J
Cancer 102:91–95

13. Kaas R, Kroger R, Hendriks JH,
Besnard AP, Koops W, Pameijer FA,
Prevoo W, Loo CE, Muller SH (2004)
The significance of circumscribed ma-
lignant mammographic masses in the
surveillance of BRCA 1/2 gene muta-
tion carriers. Eur Radiol 14:1647–1653

14. Kaas R, Kroger R, Peterse JL, Hart AA,
Muller SH (2006) The correlation of
mammographic-and histologic patterns
of breast cancers in BRCA1 gene
mutation carriers, compared to age-
matched sporadic controls. Eur Radiol
16:2842–2848

15. Leach MO, Boggis CR, Dixon AK,
Easton DF, Eeles RA, Evans DG,
Gilbert FJ, Griebsch I, Hoff RJ, Kessar
P, Lakhani SR, Moss SM, Nerurkar A,
Padhani AR, Pointon LJ, Thompson D,
Warren RM (2005) Screening with
magnetic resonance imaging and
mammography of a UK population at
high familial risk of breast cancer: a
prospective multicentre cohort study
(MARIBS). Lancet 365:1769–1778

16. Sardanelli F, Podo F, D’Agnolo G,
Verdecchia A, Santaquilani M,
Musumeci R, Trecate G, Manoukian S,
Morassut S, De Giacomi C, Federico
M, Cortesi L, Corcione S, Cirillo S,
Marra V, Cilotti A, Di Maggio C,
Fausto A, Preda L, Zuiani C,
Contegiacomo A, Orlacchio A,
Calabrese M, Bonomo L, Di Cesare E,
Tonutti M, Panizza P, Del Maschio A
(2007) Multicenter comparative multi-
modality surveillance of women at
genetic-familial high risk for breast
cancer (HIBCRIT study): interim re-
sults. Radiology 242:698–715

17. Sardanelli F, Podo F (2007) Breast MR
imaging in women at high-risk of breast
cancer. Is something changing in early
breast cancer detection? Eur Radiol
17:873–887

18. Wedegärtner U, Bick U, Wörtler K,
Rummeny E, Bongartz G (2001)
Differentiation between benign and
malignant findings on MR-
mammography: usefulness of morpho-
logical criteria. EurRadiol 11:1645–1650

19. Kuhl CK, Mielcareck P, Klaschik S,
Leutner C, Wardelmann E, Gieseke J,
Schild HH (1999) Dynamic breast MR
imaging: are signal intensity time
course data useful for differential di-
agnosis of enhancing lesions? Radiol-
ogy 211:101–110

20. American College of Radiology (2003)
ACR BI-RADS: magnetic resonance
imaging. In: ACR Breast Imaging
Reporting and Data System. American
College of Radiology, Reston

21. Sickles EA (1994) Nonpalpable, cir-
cumscribed, noncalcified solid breast
masses: likelihood of malignancy based
on lesion size and age of patient.
Radiology 192:439–442

22. Sardanelli F, Iozzelli A, Fausto A
(2003) MR imaging of the breast:
indications, established technique, and
new directions. Eur Radiol 13(Suppl 3):
N28–N36

23. Hamilton LJ, Evans AJ, Wilson AR,
Scott N, Cornford EJ, Pinder SE, Khan
HN, Macmillan RD (2004) Breast
imaging findings in women with
BRCA1- and BRCA2-associated breast
carcinoma. Clin Radiol 59:895–902

24. Zuiani C, Francescutti GE, Londero V,
Zunnui I, Bazzocchi M (2002) Ductal
carcinoma in situ: is there a role for
MRI? J Exp Clin Cancer Res 21:89–95

937



25. Kuhl CK, Schrading S, Bieling HB,
Wardelmann E, Leutner CC, Koenig R,
Kuhn W, Schild HH (2007) MRI for
diagnosis of pure ductal carcinoma in
situ: a prospective observational study.
Lancet 370:485–492

26. Orel SG, Schnall MD, LiVolsi VA,
Troupin RH (1994) Suspicious breast
lesions: MR imaging with radiologic-
pathologic correlation. Radiology
190:485–493

27. Schnall MD, Blume J, Bluemke DA,
DeAngelis GA, DeBruhl N, Harms S,
Heywang-Kobrunner SH, Hylton N,
Kuhl CK, Pisano ED, Causer P, Schnitt
SJ, Thickman D, Stelling CB, Weatherall
PT, Lehman C, Gatsonis CA (2006)
Diagnostic architectural and dynamic
features at breast MR imaging: multi-
center study. Radiology 238:42–53

28. Jimenez RE, Wallis T, Visscher DW
(2001) Centrally necrotizing carcino-
mas of the breast: a distinct histologic
subtype with aggressive clinical be-
havior. Am J Surg Pathol 25:331–337

29. Komenaka IK, Ditkoff BA, Joseph KA,
Russo D, Gorroochurn P, Ward M,
Horowitz E, El Tamer MB, Schnabel
FR (2004) The development of interval
breast malignancies in patients with
BRCA mutations. Cancer 100:2079–
2083

30. Kolb TM, Lichy J, Newhouse JH
(2002) Comparison of the performance
of screening mammography, physical
examination, and breast US and eva-
luation of factors that influence them:
an analysis of 27,825 patient evalua-
tions. Radiology 225:165–175

31. Mandelson MT, Oestreicher N, Porter
PL, White D, Finder CA, Taplin SH,
White E (2000) Breast density as a
predictor of mammographic detection:
comparison of interval- and screen-
detected cancers. J Natl Cancer Inst
92:1081–1087

32. Plevritis SK, Kurian AW, Sigal BM,
Daniel BL, Ikeda DM, Stockdale FE,
Garber AM (2006) Cost-effectiveness
of screening BRCA1/2 mutation car-
riers with breast magnetic resonance
imaging. JAMA 295:2374–2384

938


	Breast tumor characteristics of BRCA1 and BRCA2 gene mutation carriers on MRI
	Abstract
	Introduction
	Materials and methods
	Results
	Discussion
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


