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Zusammenfassung
Etwa 5–10% aller Mamma- und Ovarialkarzinome sind
durch Keimbahnmutationen in bekannten Hochrisikoge-
nen wie BRCA1 oder BRCA2 zurückzuführen. Ein beacht-
licher Anteil von Familien mit einer gehäuften Erkran-
kungsrate weist jedoch keine Mutationen in den bekann-
ten Risikogenen auf. In Deutschland werden seit 2005 die
Kosten für genetische Tests und intensivierte Früherken-
nungsuntersuchungen von den gesetzlichen Krankenkas-
sen bezahlt. In diesem Artikel werden die aktuellen Leitli-
nien für genetische Beratung und Untersuchungen sowie
für intensivierte Früherkennung zusammengefasst.
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Summary
About 5–10% of breast and ovarian cancer cases are due
to germline mutations in known high-risk susceptibility
genes such as BRCA1 or BRCA2. There is a substantial
proportion of families with a positive family history for
these cancers, in which no mutation in one of the known
susceptibility genes can be identified. In Germany, since
2005 the cost of genetic counseling, genetic testing and
intensified surveillance programs for families at risk is
taken over by most of the national health insurance com-
panies. This is limited to a period of 3 years and by con-
tract bound to university centers already specialized in
the field. This article presents the current clinical guide-
lines for genetic testing, genetic counseling and intensi-
fied surveillance programs in Germany. 
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Genetic Background

About 5–10% of all newly diagnosed breast cancers are due to
hereditary causes. A familial risk can be found in the following
groups:
– Familial breast and ovarian cancer is the most common

syndrome. About 70–90% of hereditary breast cancer cases
are due to this syndrome. Most patients show germline mu-
tations of the BRCA1 (chromosome 17q21) or BRCA2
(13q12) genes. Most likely a mutation is found when there
are very young patients with breast or ovarian cancer in the
family, also the probability to detect a mutation increases
with the number of affected family members [1].

– Germline mutations in genes like p53 (17p13) are rare
(<1% of inherited tumor syndromes). Li-Fraumeni fami-
lies show different kinds of tumors (sarcomas, brain tu-
mors, leukemias, breast, bronchial, prostate, pancreas,
colon and ovarian cancer). Some of these tumors start in
early childhood [1].

– Germline muations in genes like PTEN and ATM are also
rare. Families with Cowden’s disease present with benign
and malignant tumors – such as adenomas, follicular thy-
roid cancer, polyps and adenocarcinomas of the gastroin-
testinal tract, ovarian cysts and cancers. Breast cancer is
the most common malignant tumor in female mutation
carriers [1]. 
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– Ataxia teleangiactasia (AT) is a complex disease. It is in-
herited in an autosomal-recessive pattern and affects chil-
dren with cerebellar ataxia, teleangiektasia, immundefi-
ciency and hypersensitivity for ionizing radiation. Ho-
mozygous individuals quite often do not reach adoles-
cence. Epidemiological data show an increased breast
cancer risk for heterozygous mutation carriers [2].

– Further susceptibility genes or gene clusters are suspected
to be responsible for the remaining familial clustering of
malignancy [3].

BRCA1- and BRCA2-associated breast cancer is the most
common form of inherited breast cancer. Therefore most data
are available for this kind of tumors and clinical recommenda-
tions are mainly based on knowledge about BRCA1/2 associ-
ated diseases. Clinical recommendations and decisions for
hereditary tumor syndromes such as ATM or TP 53 have to be
discussed individually. 

Disease Risks

Estimates of disease penetrance for BRCA1 and BRCA2 mu-
tation carriers vary enormously. The largest meta-analysis has
been published in 2003 and compromises 22 studies with over
8,000 index cases [4]: The cumulative breast cancer risk (up to
the age of 70 years) for BRCA1 mutation carriers is 65%, for
ovarian cancer the risk is 40% (fig. 1). BRCA2 mutation carri-
ers have a risk of 45% to develop breast cancer and of 11% 
to develop ovarian cancer (fig. 2). BRCA1 mutation carriers
are often diagnosed with breast cancer at a young (pre-
menopausal) age. Ovarian cancer usually occurs later, when
family planning has been concluded (after the age of 40 years).

Male Mutation Carriers
Sporadic breast cancer in male patients is very rare. It usually
occurs in BRCA2 mutation carriers. Their risk is about
80–100× higher than in the normal population, they are affect-
ed with breast cancer up to the age of 80 years in about 7%.
About 15% of male breast cancer patients show a BRCA2
mutation. They also have a slightly increased risk for prostate,
colon, pancreas and gastric cancer [5]. 
BRCA1 families show also a significantly increased risk 
for colon (2×) and prostate (2×) cancer [6]. It is discussed

whether female mutation carriers have also increased risks
for cervical and endometrial cancer and cancer of the fal-
lopian tube [7, 8].

Histopathology

BRCA1 associated breast tumors seem to have different his-
tological charateristics from BRCA2 associcated and other
familial or sporadic breast cancers. Medullary histology oc-
curs more often (10%), tumors show high grading (G3) and
are frequently found to be estrogen- and progesterone-recep-
tor negative [9, 10]. This has to be taken into account when
intensified surveillance programs are established. Medullary
breast cancer can look like benign fibroadenoma in imaging
procedures and G3 tumors grow fast. Therefore, shorter
screening intervals should be recommended. BRCA1 associ-
ated ovarian cancer seems to present with higher grading
(G3) as well. They also seem to have more solid tumor
components [11]. 

Survival

Overall survival in BRCA1 and BRCA2 mutation carriers is
controversially discussed within the literature. Some studies
show a difference in overall survival of mutation carriers,
some do not. A tendency towards a shorter survival for
BRCA1 mutation carriers is published quite frequently. In
BRCA1 mutation carriers with ovarian cancer 5-year survival
is 21%, in BRCA2 mutation carriers it is 25% – both signifi-
cantly lower than in patients with sporadic ovarian cancer
[11]. But data are sparse, as yet there are no meta-analyses,
therefore patients should not be counseled yet about these
differences.

Therapy

There are very little data about differences in response to
therapy. Therefore surgery and therapeutic procedures do not
differ from treatment of sporadic disease. But studies are
under way to test for therapeutic differences. 
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Fig. 1. Cumulative
disease risk for breast
(♦) and ovarian (■)
cancer in BRCA1
mutation carriers.
Ovarian cancer risk
increases from age 40
and is much higher
than in BRCA2 
mutation carriers. 
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Fig. 2. Cumulative
disease risk for breast
(♦) and ovarian (■)
cancer in BRCA2
mutation carriers. 



Counseling and Genetic Testing in Germany

It is strictly recommended that clinical, genetic, and psycho-
oncologic counseling and genetic testing should be performed
in multidisciplinary working groups located at universities.
They should be members of the ‘German Consortium for
Hereditary Breast- and Ovarian Cancer’ (addresses see adden-
dum) that has been established in 1997 [12]. In the meantime
these centers are organized nation-wide and connected. They
are obliged to collect their data in a common database and are
subject to frequent independent quality controls. Two refer-
ence centers of pathology (Bonn, Hanover) have been estab-
lished to prove the histological data of affected family mem-
bers and to work on questions concerning specific histological
appearances, protein expression patterns etc. If families are
counseled and tested in one of these centers, the cost of coun-
seling and testing is taken over by most of the national health
insurances. In 2005 they signed contracts with each center cov-
ering a period of 3 years. Special aims of these contracts are to
continue the nationwide data collection, to increase knowl-
edge of clinical behavior of hereditary tumors and to find out
about the effectiveness (mobidity/mortality reduction) of in-
tensified surveillance programs (table 1) for women at high
risk. The intensified surveillance programs are restricted to
those specialized centers. If an individual misses an appoint-
ment in the intensified surveillance program twice, the indi-
vidual goes back into non-intensified normal screening pro-
grams by the national health insurances. The earlier practiced
6 monthly surveillance of ovaries has not been proven to be
effective and is not recommended anymore.

Genetic Counseling – Risk Estimation
After contacting one of the centers (directly or transferred by
a medical doctor), the women are interviewed on the tele-
phone first. The purpose of the telephone interview is to find
out about women/families at risk eligible for genetic testing
and intensified surveillance programs (table 2). If families or
single affected individuals fulfill the inclusion criteria for ge-
netic testing, they are invited to clinical, genetic and – if need-
ed or wanted – psychooncologic counseling. Before interdisci-
plinary counseling a psychological questionnaire is filled in by

the individual in order to identify family members who might
need additional psychological support. 
Some centers might perform clinical and genetic counseling
together in one session, others subsequently, however, expert
standard is the basis and requested for each counselor. 

Inclusion Criteria
A hereditary predisposition for breast and/or ovarian cancer
should be considered for the following family types or single
affected persons: 
– at least 2 women with breast cancer, one of them diagnosed

<50 years of age,
– one woman or family with both breast and ovarian cancer,
– one woman with premenopausal bilateral breast cancer,
– one woman with breast cancer diagnosed before the age of

35 years,
– a male individual with breast cancer.
An adequate counseling in an experienced center for heredi-
tary breast and ovarian cancer should be initiated.
Genetic counseling includes:
– drawing a complete pedigree (over at least 3 generations),
– individual risk estimation (for gene carrier probability and

lifetime breast cancer risks – equalized in all centers), 
– tailored information about genetic background, gene pene-

trance, risk estimation, and sensitivity of genetic testing, 
– information on consequences of genetic results for the in-

dividual and other family members,
– proof of reported affected family members by requesting

original histology reports (tumor paraffin blocks are later
requested by reference pathology departments),

– offering mutation screening in the two known BRCA
genes if a family is able to prove (by medical documents)
that the inclusion criteria mentioned above are fulfilled
and/or the empiric probability of finding a BRCA1 or
BRCA2 mutation is ≥10%. 

Molecular Analysis
By analyzing BRCA1/2 germline mutations it is possible to
find out about individual cancer risks of members in BRCA1-
or BRCA2-positive families. Healthy individuals who did not
inherit the familial mutation do not have increased cancer risks
and do not need intensified surveillance programs (in families
with autosomal-dominant mutations in BRCA1/2, ATM,
PTEN, TP53 and HNPCC genes in about 50% of cases). If a
healthy family member has inherited the mutation, intensified
screening programs, prevention strategies and prophylactic
surgery (mastectomy, oophorectomy) can be initiated.
Sometimes molecular analysis seems useful but cannot be
done with sufficient power (e.g. when no affected family mem-
ber is alive). Sometimes molecular analysis does not lead to a
clear result (e.g. high-risk family with no mutation identified).
Additionally the German guidelines for analyzing a genetic
predisposition for cancer requests complete ‘informed con-
sent’ of the tested person – that means if a family member
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Table 1. Intensified surveillance program offered to individuals with pro-
ven BRCA1/2 mutations, heterozygote risk >20%a, or lifetime breast
cancer risk >30% (up to age of 80 years a)

Frequent self-examination after expert instruction  
6 Monthly: breast examination, breast ultrasound (≥ 7.5 MHz)b

12 Monthly: mammographyc, magnetic resonance tomography of breastsb, d

aEstimated by Cyrillic 2.1.3, might be changed shortly.
bFrom 25 years of age or 5 years before youngest family member diseased. 
cFrom 30 years of age, lifetime. 
dUp to 55 years of age or when breast tissue sufficiently involuted for
mammogram. 



does not want to be tested the decision of that member has to
be accepted by the family and medical staff. These decisions
can become very complex and lead to ethical conflicts within
families as well as between geneticists, medical doctors and
psychologists [13].

Clinical Counseling
Clinical counseling includes taking a complete medical history,
explaining the individual disease risks, especially in respect to
mutation carrier risks and associated disease risks (contralat-
eral breast cancer, associated and secondary tumors) and dis-
cussion of family planning aspects.

Special Aspects of Hormonal Contraception/Hormone
Replacement Therapies
There are sufficient data about the protective effect of pre-
menopausally administered oral contraceptives and the risk
for ovarian cancer in the general population [14]. A retrospec-
tive analysis of oral contraceptives in BRCA1 and BRCA2
mutation carriers also shows a protective effect, dependent on
the duration of use: Use of oral contraceptives for 6 and more
years leads to a risk reduction of 60% [15]. Recently, those re-
sults were confirmed by a British research group [16]. Howev-
er, in view of the small number of cases, it seems too early to
recommend oral contraceptives as prevention strategy for
hereditary ovarian cancer. There is also a study with contrast-
ing data [17]. So far no prospective data have been published.
Furthermore, especially in hereditary breast and ovarian can-
cer syndrome, the use of oral contraceptives possibly increases
the risk for breast cancer [18]. Generally it is recommended to
use a low dosage of an estrogen/progesterone combination.

Chemoprevention
Chemoprevention for breast cancer has been examined by
modulating endocrine influences on breast tissue. Since the

1990s, data exist concerning the use of tamoxifen in women
with an increased risk of developing breast cancer. In analogy
to data for contralateral breast cancer in adjuvant therapy
strategies, a risk reduction of 50% was expected. However,
studies did not show clear results: In the placebo controlled
NSABP-P1 trial, a risk reduction of almost 50% could only
be shown for estrogen receptor-positive cancers [19]. A risk
reduction of 32% in patients at high risk could be shown by
the International Breast Cancer Intervention Study (IBIS-I).
In contrast, neither a British [20] nor an Italian trial [21]
could show a risk reduction. Concerning the preventive ef-
fect of tamoxifen especially for BRCA mutation carriers only
few data are available from retrospective subgroup analyses
with a small number of cases, with different results. Even if a
reduced risk for contralateral breast cancer in mutation carri-
ers could be shown [22] and the adjuvant use in hormone re-
ceptor positive cancers in these patients is not to be doubted,
a general recommendation for tamoxifen use cannot be
given. The same is true for the use of selective estrogen re-
ceptor modulators (SERMs) like raloxifene, even if data here
are more convincing: In an osteoporosis study (MORE), a
significantly lower incidence of breast cancers could be shown
[23]. In the P2:STAR trial, the use of raloxifene compared to
tamoxifen in primary prevention, regarding effectiveness and
toxicity, was examined. First results are to be expected soon.
Further studies examine the use of aromatase inhibitors
(IBIS II) [24], gosereline and the bisphosphonate iban-
dronate (GISS) [20], and the use of retinoid acids, which are
discussed as a possible substance class for chemoprevention
since the 1970s [25]. So far, results from prospective studies
are not sufficient to draw conclusions. Therefore a definitive
recommendation for chemoprevention in women with in-
creased breast and ovarian cancer risk cannot be given at the
moment. Nonetheless, there is an urgent need for prospective
study protocols. 
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Table 2. Empiric BRCA1/2 mutation frequencies for different risk profiles 

Familial risk profile Empiric mutation frequency, %

pathogenic pathogenic including 
BRCA1/2 unclassified variants
mutations

A: 3 or more female relatives with breast cancer, at least 2 of them diseased prior to 50 years 
of age, or family with 1 male and 1 female relative with breast cancer 32.20 38.30

B: 3 or more female relatives with breast cancer, one diseased before the age of 50 years 9.40 17.90
C: 2 female relatives with breast cancer diseased before 50 years of age 22.80 33.60
D: 2 female relatives with breast cancer, 1 of them diseased before 50 years of age 10.30 17.30
E: at least 1 relative with breast cancer and 1 with ovarian cancer 43.60 51.50
F: at least 2 family members with ovarian cancer 41.90 55.80
G: 1 woman with breast cancer diseased before the age of 35 years 19.10 23.50
I: 1 woman with bilateral breast cancer, first disease before the age of 40 years 21.40 35.70
J: 1 woman with breast and ovarian cancer 44.00 48.00

Data from the German consortium for hereditary breast- and ovarian cancer, evaluated in 2,471 family analyses.



Intensified Surveillance Programs
Based on individual risk estimations (see genetic counseling),
an intensified surveillance program is offered (table 1). It has
to be performed within the center. New data on the rank of
magnetic resonance imaging (MRI) in women with a familial
cancer risk are now available. MRI was shown to be the most
sensitive method for the detection of malignomas and pre-ma-
lignant forms of disease [26]. Whereas MRI had a sensitivity
of 75–95% in all studies so far, mammography could only
reach detection levels of 30–70%. This underlines the impor-
tance of MRI as a useful and necessary method for sufficient
surveillance of high-risk patient collectives [13]. A Canadian
study showed that the combination of 4 screening modalities
(breast examination, sonography, mammography, and MRI)
resulted in a sensitivity of 95%, whereas the use of mammog-
raphy and breast examination alone showed a sensitivity of
only 45% [26].

Prophylactic Surgery
Alternatively, risk reduction of prophylactic surgery is dis-
cussed (mastectomy, bilateral salpingo-oophorectomy) (table
3). So far, prophylactic surgery is the only evidence-based pro-
cedure for risk reduction in mutation carriers and women with
familial risk without proof of a known mutation [27–29]. Ac-
cording to international consensus, the common term ‘prophy-
lactic mastectomy’ is to be substituted by ‘bilateral or both-
sided risk-reducing mastectomy (BRMx)’. The existing data
originate from retrospective studies and small case group
analyses. Hartmann et al. [30] could show a risk reduction of
over 90% for more than 600 women with bilateral subcuta-
neous mastectomy or total mastectomy. In none of the 26 mu-
tation carriers retrospectively identified in this collective,
breast cancer occurred during a follow-up period of more than
13 years [31]. First data of prospective studies are now avail-
able [29]. A Dutch study examined 76 healthy mutation carri-
ers with BRMx and 63 carriers who did not wish to undergo
surgical procedures: In a short follow-up time, 8 cancers oc-
curred in the control group, whereas none of the patients hav-
ing undergone BRMx suffered from breast cancer. The risk for
contralateral breast cancer in mutation carriers is approximate-
ly 40% in 10 years, according to very inhomogeneous data [24].

A Cochrane analysis of all existing studies on BRMx published
in October 2004 could not give a definite statement for this
sub-collective. Also, for breast conserving therapy, there are
only data gained in small case studies. Recently published ret-
rospective analyses could not identify familial cancer as an
independent risk factor for a local recurrence [27]. Women
who already developed breast cancer opt for risk-reducing
surgical procedures more often than healthy individuals. 
Retrospective analyses show that prophylactic oophorectomy
decreases the risk for ovarian cancer in women with a familial
background by up to 96% [28, 29]. Evidence also exists that
even tubal ligation alone reduces the risk for ovarian cancer in
BRCA1 carriers [32]. Because cancer of the fallopian tube
seems to be more frequent in BRCA1 carriers [7], prophylac-
tic salpingo-oophorectomy (PBSO) is recommended in con-
trast to oophorectomy alone. The procedure can be performed
by laparoscopy. Due to the risk of extraovarian peritoneal car-
cinosis (about 3% following prophylactic oophorectomy), the
infundibulo-pelvicular ligament should be dissected and partly
resected during laparoscopy. The whole peritoneal cavity
should be examined, including peritoneal lavage and multiple
biopsies [12].
Three large studies on the effect of PBSO on breast and ovar-
ian cancer risk in BRCA1/2 mutation carriers exist. A retro-
spective cohort study on 43 BRCA1 mutation carriers having
undergone prophylactic oophorectomy versus 79 mutation
carriers who did not have surgery showed that breast cancer
risk is reduced by up to 50%. This result was not influenced by
use of hormone replacement therapy [28]. A following study
showed that in 2% of mutation carriers (6/259) a stage I ovar-
ian cancer could be found at the time of prophylactic surgery.
In two other women from the group having undergone
surgery, an extraovarial (peritoneal) ovarian cancer was diag-
nosed in the later follow-up. Out of 292 control persons with-
out surgery, 20% developed an ovarian cancer during a fol-
low-up of 8 years. Furthermore, breast cancer risk could be
decreased by up to 50% in women who underwent prophy-
lactic oophorectomy between 35 and 50 years of age [33].
Kauff et al. [29] could confirm these data by a prospective co-
hort study (n = 72 women with intensified surveillance versus
n = 98 with PBSO).

Quality Control

Since 2005 (contracts with health insurance companies) a
strict quality control is requested by experts and health insur-
ance companies. Counseling has to be done on expert level,
each center has to perform at least 50 interdisciplinary coun-
seling sessions on hereditary breast and ovarian cancer per
year. A period of at least 4 weeks between first counseling and
induction of predictive testing is recommended. A letter sum-
marizing the interdisciplinary counseling and clinical recom-
mendations has to be sent within 4 weeks to each individual.
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Table 3. Prophylactic surgery offered to women with proven BRCA1/2
mutations

Bilateral mastectomy*

– From age of 25 years (or 5 years before youngest family member 
was affected) 

Bilateral salpingo-oophorectomy*

– From age of 40 years (or 5 years before youngest family member 
was affected) 

*It is strictly recommended to send removed organs directly to reference
pathology departments. 



Genetic testing is only performed in laboratories with at least
50 complete BRCA1/2 analyses per year. Analysis time should
not exceed 4 months. Apart from these strict guidelines, equal-
ized and controlled documentation is obligatory for all disci-
plines (geneticists, gynecologists, psycho-oncologists, radiolo-
gists, pathologists). 

Addendum

‘German Consortium for Hereditary Breast and Ovarian Cancer’, addresses:
Berlin
Max-Delbrück-Centrum für Molekulare Medizin, Bereich Tumorgenetik
Robert-Rössle-Straße 10, 13122 Berlin
Zentrumssprecher: Prof. Dr. Siegfried Schemeck
Termine für Betroffene: Tel. 030 4505-66662
Düsseldorf
Frauenklinik der Medizinischen Einrichtungen der Universität Düsseldorf
Moorenstraße 5, 40225 Düsseldorf
Zentrumssprecherin: Dr. Carolin Nestle-Krämling
Termine für Betroffene: Tel. 0211 811-7503 oder -7540
Dresden
Medizinische Fakultät der TU Dresden
Klinik und Poliklinik für Frauenheilkunde und Geburtshilfe
Fetscherstraße 74, 01307 Dresden
Zentrumssprecher: Prof. Dr. Wolfgang Distler
Termine für Betroffene: Tel. 0351 458-2864
Hannover
MHH – Institut für Zell- und Molekularpathologie
Carl-Neuberg-Str. 1, 30625 Hannover
Zentrumssprecherin: Prof. Dr. Brigitte Schlegelberger
Termine für Betroffene: Tel.: 0511 532 4522-20
Heidelberg
Institut für Humangenetik der Universität Heidelberg
Im Neuenheimer Feld 328, 69120 Heidelberg
Zentrumssprecher: Prof. Dr. Claus R. Bartram
Termine für Betroffene: Tel. 06221 565087

Kiel
Universitäts-Frauenklinik Kiel
Michaelistraße 16, 24105 Kiel
Zentrumssprecher: Prof. Dr. Walter Jonat
Termine für Betroffene: Tel. 0431 59720-71 oder -77
Köln/Bonn
Universitäts-Frauenklinik Köln
Kerpener Straße 34, 50931 Köln
Termine für Betroffene: Tel. 0221 478-4900
Universitäts-Frauenklinik Bonn
Siegmund-Freud-Straße 25, 53127 Bonn
Zentrumssprecherin: Prof. Dr. Rita Schmutzler
Termine für Betroffene: Tel. 0228 287-5450
Leipzig
Institut für Humangenetik der Universität Leipzig
Philipp-Rosenthal-Straße 55, 04103 Leipzig
Zentrumssprecherin: Prof. Dr. Ursula Froster
Termine für Betroffene: Tel. 0341 972-3800
München
Universitäts-Frauenklinik im Klinikum Großhadern
Marchioninistraße 25, 81377 München
Termine für Betroffene: Tel. 089 7095-7571
Universitäts-Frauenklinik am Klinikum rechts der Isar
Ismaninger Straße 22, 81675 München
Zentrumssprecher: Prof. Dr. Alfons Meindl
Termine für Betroffene: Tel. 089 4140-2446 oder -7406
Münster
Institut für Humangenetik der Universität Münster
Vesatiusweg 12–14, 48149 Münster
Zentrumssprecher: Prof. Dr. Jürgen Horst
Termine für Betroffene: Tel. 0251 835-5413
Ulm
Frauenklinik und Poliklinik der Universität Ulm
Prittwitzstraße 43, 89075 Ulm
Zentrumssprecher: Prof. Dr. Rolf Kreienberg
Termine für Betroffene: Tel. 0731 5002-7606
Würzburg
Institut für Humangenetik der Universität Würzburg
Am Hubland, 97074 Würzburg
Zentrumssprecher: Prof. Dr. Bernhard Weber
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