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Zusammenfassung
Etwa 10% aller Brustkrebsneuerkrankungen sind geneti-
scher Genese. Die beiden Brustkrebsonkogene BRCA1
und BRCA 2 verursachen ca. 50% aller erblichen Brust-
krebserkrankungen. In den verbleibenden Fällen kann die
familiäre Brustkrebserkrankung durch weitere Gene, die
mitunter mit den zur Zeit verfügbaren Testmethoden
noch nicht erfasst wurden, bedingt sein. Mutationen in
beiden Genen sind mit einem erhöhten Lebenszeitrisiko
für eine Erkrankung sowohl am Mamma- als auch am
Ovarialkarzinom assoziiert. BRCA1/2-Trägerinnen erkran-
ken häufig in deutlich jüngerem Alter als die Normalbe-
völkerung. In diesen Hochrisikokollektiven mit einem
mittleren Erkrankungsalter unter dem 40. Lebensjahr ist
die Sensitivität von Mammographie (30–40%) und Sono-
graphie (33%) niedrig. Durch die zusätzliche Anwendung
der Kernspintomographie (Magnetresonanztomogra-
phie, MRT) wird eine deutliche Erhöhung der Sensitivität
auf bis zu ca. 90% erreicht. Die Spezifität der MRT ist ge-
ringer als die von Mammographie und Ultraschall. Anga-
ben variieren jedoch in Abhängigkeit von der Präselek-
tion der Patientinnen und dem Studiendesign. Die Kern-
spintomographie ist die meistversprechende Methode.
Weitere Studien sind erforderlich zur Minimierung der
Falsch-positiv-Rate und zur Einschätzung der prognosti-
schen Relevanz.
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Summary
About 10% of all breast cancer cases occur on a heredi-
tary basis. BRCA1/2 (breast cancer oncogenes) account
for about 50% of all hereditary breast cancer cases. The
remaining cases of suspected inherited origin given by
family histories might be associated with other known or
currently unknown genes. Deleterious mutations in the
BRCA1 or BRCA2 genes are associated with an increased
life-time risk of breast and ovarian cancer. BRCA1/2 carri-
ers are more likely in to develop breast cancer at a young
age compared with the general population. For women
at high breast cancer risk with a mean age under 40
years at diagnosis reported sensitivities of mammogra-
phy and ultrasound are low, ranging around 30–40%.
Using magnetic resonance imaging (MRI) as a comple-
mentary imaging tool the sensitivity may increase to
90%. However, the specificity of MRI appears to be gen-
erally lower than that of mammography and ultrasound.
The data differ depending on patient selection and study
design. However, all studies indicate that contrast en-
hanced magnetic resonance imaging may be the most
promising method. Further investigations are still need-
ed to minimize the false-postive rate and to investigate
the efficacy of MRI as an integral screening modalitiy in
the surveillance of women with increased breast cancer
susceptibility.
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Introduction

About 50% of all hereditary breast cancer cases are induced
by the breast cancer oncogenes BRCA1 and BRCA2. The re-
maining cases of suspected inherited origin given by family
history might be associated with other known or currently 
unknown genes. 
Compared with the general population female carriers of
these deleterious mutations in BRCA1/2 genes are at an in-
creased lifetime risk of both breast and ovarian cancer and are
more likely to develop breast cancer at a very young age. Due
to the earlier onset of the disease and the faster growth rates
of tumors in high-risk patients surveillance needs to start ear-
lier and intervals between the visits need to be shorter. Cur-
rent recommendations for surveillance of women at increased
breast cancer risk or genetic predisposition include: monthly
breast self examination starting at age 25, clinical breast ex-
amination and ultrasound every 6 months and annual mam-
mography. The addition of contrast-enhanced magnetic reso-
nance imaging (MRI) is being investigated and discussed
(Konsortium familiäre Brust- und Eierstockserkrankungen,
www.krebsgesellschaft-nrw.de/downloads/3_familiaerer_
brustkrebs.pdf).
Prophylactic surgery in BRCA1/2 carriers is an alternative to
breast cancer screening but with potential serious physical and
psychological consequences. Thus only few women choose this
option; the possibilities and limitations of different non inva-
sive imaging screening modalities alone and combined need to
be considered.

Imaging Screening Methods

X-Ray Mammography
Published data from randomized trials performed in the gen-
eral population show that mammographic screening may
allow a significant reduction of breast cancer mortality [1].
After a re-analysis of these extensive data initiated after criti-
cism published by Gøtzsche et al. [2] an official statement is-
sued by the WHO concluded: ‘Careful re-assessment of all tri-
als showed that many criticisms were unsubstantiated, remain-
ing deficiencies do not invalidate the results of the trials.
Based on the existing data an estimated mortality reduction of
35% is expected for screening women at age 50–69 every two
years’ (www.who.int/cancer/detection/breastcancer/en/).
Data concerning mammographic screening in patients aged
40–50 are still limited. Potential reduction of mortality in this
age group appears to be lower, up to about 15% [3]. Since the
false-positive rate in this group of women appears to be higher
and since the incidence of invasive carcinomas is lower in this
age group, the value of screening of the general population in
this age group is still critically discussed in Europe.
Female BRCA1/2 mutation carriers may develop breast can-
cer in 50–90% of the cases and up to 50% of the breast can-

cers occur before the age of 50 [4]. Prospective studies in
women with BRCA1/2 mutation undergoing mammographic
surveillance were quite discouraging with a sensitivity of
mammography of only 30–40% [4, 5]. The sensitivity of X-ray
mammography is inversely related to breast density [6]. On
average breast density is much higher in younger than in post-
menopausal women. Therefore the existing data about diag-
nostic accuracy of X-ray mammography in postmenopausal
women cannot be conferred to women at young age [4, 6, 7].
High densitiy at mammography contributes to false negative
and false positive mammographic results and an increased
number of biopsies. Another reason for the discouraging re-
sults in mutation carriers might be the histopathological char-
acteristics associated with the special types of cancers in these
women. For example, part of these cancers present with a
rounded shape and pushing margins. Cancers with microcalci-
fications, in contrast, are infrequently associated with heredi-
tary breast cancers in BRCA1 mutation carriers [4, 8].
Concerning an increased risk of radiation-induced breast can-
cer for mutation carriers by X-ray mammography beams at a
very young age is still discussed but further data for a final
statement are needed [3] (San Antonio Breast Cancer Meet-
ing 2005). 

Ultrasound
Ultrasound is an excellent complementary method for the as-
sessment of mammographically or clinically detected masses
and can add valuable information in mammographically dense
tissue. However, for the general population no evidence exists
supporting the value of sonographic screening. Sensitivity of
ultrasound seems to decrease with lesion size and is minimal
for ductal carcinoma in situ (DCIS) [9]. Other problems of
sonographic screening might be a high false positive rate
among the smaller lesions detected by ultrasound alone. For
example, Buchberger et al. reported in a single-center study
that an additional 32 cancers could be detected by ultrasound
alone in 8,103 patients in their specialized center. However,
an additional 330 needle biopsies had to be performed on be-
nign lesions detected by ultrasound alone [10]. Finally, quality
assurance and reproducibility of this highly operator-depen-
dent method remain an unsolved issue.
Due to the discouraging results of x-ray mammography 
ultrasound has been considered and recommended as an 
additional modality for patients at increased risk by various
experts (Konsortium familiäre Brust- und Eierstocks-
erkrankungen). Others do not recommend ultrasound in
these patients [11]. 
Few studies exist comparing mammography, ultrasound and
contrast-enhanced MRI. The data concerning ultrasound
screening in high-risk populations are quite limited and the
above studies show discouraging results with a sensitivity of
ultrasound ranging around 30% [4, 5, 12]. Therefore presently
ultrasound is used as an additional tool to screen patients at
high risk. To date this recommendation is not evidence-based. 
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Contrast-Enhanced Magnetic Resonance Imaging
Contrast-enhanced breast magnetic resonance imaging (MRI)
is a very sensitive method capable of detecting additional in-
vasive and in-situ cancers that are occult to state-of-the-art
conventional imaging. There are increasing data supporting its
value as a complementary imaging tool in patients with in-
creased breast cancer risk. Enhancement of breast lesions
after application of intravenous contrast agent reflects tissue
changes characteristic for tumor related angiogenesis. Howev-
er, due to enhancement of various benign changes, MRI may
be associated with a significant rate of false positive calls.
The aim of the Dutch National Study (MRISK) – a non-ran-
domized prospective mulitcenter study – was to prove the effi-
cacy of MRI compared to mammography in women with fa-
milial or genetic breast cancer predisposition. 358 of 1,909
screened women were proven carriers of germ line mutations.
The median follow-up time was about 2.9 years. The detected
malignancies included 44 invasive cancers, 6 DCIS, 1 lym-
phoma, and 1 lobular carcinoma in situ. Kriege et al. [5, 12]
found the sensitivity of clinical breast examination, mammog-
raphy, and MRI for detecting invasive breast cancer to be 17.9,
33.3, and 79.5%, respectively. The specificity was 98.1, 95.0,
and 89.8%, respectively. In detail, 18 invasive cancers were de-
tected and 27 were missed by mammography; 22/27 were
found by MRI. In this study the sensitivity of mammography
was lower than that of MRI except for DCIS. However, the
specificity of MRI was lower than that of mammography. The
incidence of positive nodes (21%) and the tumor size (less
than 1 cm) in the study group (with MRI) was significant
lower than in age-matched control groups without MRI
screening. Therefore the authors conclude that MRI con-
tributes to an early cancer detection in women with increased
familial breast cancer risk. 
The UK MARIBS non-randomized prospective multicenter
study provides further important information about MRI
screening of women at high familial risk of breast cancer. 649
women at the age of 35–49 years were recruited. 82/649 (13%)
had BRCA1 mutations, 38/649 (6%) had BRCA2 mutations.
Sensitivity of MRI was 77 vs. 40% for mammography and
94% for both methods combined. Specifity of MRI was 93 vs.
81% for mammography and 77% for both methods combined.
The difference in sensitivity comparing both modalities was

only significant in BRCA1 mutation carriers, but not in
BRCA2 mutation carriers. Neither ultrasound nor CBE were
used [13].
The Canadian surveillance study purely investigates BRCA1
or BRCA2 mutation carriers. In this non-randomized prospec-
tive single center study Warner et al. examined 236 BRCA1 or
BRCA2 mutation carriers and detected 16 invasive cancers
and 6 DCIS. 17 (77%) were detected by MRI vs. 8 (36%) 
by mammography, 7 (33%) by ultrasound, and 2 (9.1%) by
clinical breast examination (CBE). The sensitivities and speci-
ficities were 77 and 95.4% for MRI, 36 and 99.8% for mam-
mography, 33 and 96% for ultrasound, and 9.1 and 99.3% for
CBE, respectively. The overall combined sensitivity of all 
investigated screening modalities was 95 vs. 45% for mam-
mography with CBE and vs. 64% for mammography, CBE,
and ultrasound. MRI detected 9 (75%) of cancers missed by
X-ray mammography and CBE [4].
In a single center study on 529 asymptomatic women at high
breast cancer risk 42 breast cancers and 1 interval cancer were
detected in 1,542 screening rounds. Kuhl et al. [14] report a
sensitivity of 33% for mammography, of 40% for ultrasound,
of 50% for mammography and ultrasound and of 97% for
MRI. Reported specificities of mammography and MRI are
97% and differ from those reported by other authors.
Morris et al. [15] performed a retrospective review of 367
women at high breast cancer risk. In the study group with
MRI, biopsy was recommended based on an MRI finding in
64 women (17%). 14/59 (24%) invasive cancers occult on
mammography and physical examination were detected. The
median tumor size was 0.4 cm (range 0.1–1.2 cm). More than
half of the MRI-detected cancers were DCIS .
Tilanus-Linthorst et al. [8] correlated specific histologic fea-
tures of cancers in BRCA1/2 carriers and mammographic
presentation and accuracy. Significantly more false negatives
were found on X-ray mammography in carriers than in con-
trols (62 vs. 29%). These observations were independent of
tumor size (1.51 vs. 1.75) and breast density (high 41 vs. low
53%). Imaging findings of breast cancers in carriers included
significantly fewer spiculated lesions (6 vs. 18) than in con-
trols. Cancers of BRCA1/2 mutation carriers had frequently
higher mitotic rates and prominent pushing margins around
the tumor (characteristic for medullary carcinoma). The
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Table 1. Overview of the sensitivity and specificity of MRI, mammography and ultrasound in women at increased breast cancer risk

Reference n MRI Mammography Ultrasound
   
sensitivity, % specificity, % sensitivity, % specificity, % sensitivity, % specificity, % 

Kriege et al. [5] 1,909 71 90 40 95
Kuhl et al. [14] 529 91 97 33 96 40
Maribs et al. [13] 649 77 81 40 93
Warner et al. [17] 196 100 91 33 99 60 93
Warner et al. [4] 236 77 95 36 100 33 96



prominent pushing margins correlated significantly with a
false-negative mammographic interpretation. MRI had 100%
sensitivity and detected 5 cancers, which were occult at clini-
cal breast examination and mammography. An overview of
the sensitivity and specificity of the different methods is given
in table 1.

Conclusion

Most of the discussed studies are single center studies, which
describe data of small populations and heterogeneous groups.
The groups often include only small numbers of proven
BRCA1/2 mutation carriers. In spite of the inhomogeneous
data, there is increasing evidence that MRI is by far more sen-
sitive than mammography and ultrasound in detecting tumors
in women with an inherited susceptibility to breast cancer.
The specificity of MRI concerning discrimination between
malignant and benign changes varied in the different studies

[5]. The sensitivity of MRI ranges around 80–90% and is im-
proved by combining mammography, ultrasound, and MRI.
Considering these results, MRI appears to be the most
promising method. However, its sensitivity is not 95% and
more, as initially suggested.
If breast cancer screening is successful, cancers must be de-
tected at small size and the percentage of distant or nodal
metastases should be low. According to the incidence of posi-
tive nodes and the tumor size MRI contributes to an early
cancer detection in women with increased familial breast can-
cer risk [4, 5, 12, 15, 16]. 
The utility of MRI is limited by its higher false positive rate,
which presently poses the most important challenge for in-
creased use of breast MRI. Therefore further data from
prospective and randomized multicenter studies with asymp-
tomatic mutation carriers and long-time follow-up are still
needed to investigate the efficacy of MRI as an integral
screening modalitiy in the surveillance of women with in-
creased breast cancer susceptibility.
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