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Abstract

Background: The German Consortium for Hereditary Breast
and Ovarian Cancer (GC-HBOC) has established a multigene
panel (TruRisk®) for the analysis of risk genes for familial
breast and ovarian cancer. Summary: An interdisciplinary
team of experts from the GC-HBOC has evaluated the avail-

able data on risk modification in the presence of pathogenic
mutations in these genes based on a structured literature
search and through a formal consensus process. Key Mes-
sages: The goal of this work is to better assess individual dis-
ease risk and, on this basis, to derive clinical recommenda-
tions for patient counseling and care at the centers of the
GC-HBOC from the initial consultation prior to genetic test-
ing to the use of individual risk-adapted preventive/thera-

peutic measures. ©2021 The Author(s)
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Introduction

With the TruRisk® gene panel, the German Consor-
tium for Hereditary Breast and Ovarian Cancer (GC-
HBOC) offers genetic diagnostics according to the latest
state of science. The multigene analysis includes “core
genes” for which sufficient evidence for the association
with an increased risk of breast and/or ovarian cancer ex-
ists. This means that these genes have been tested for their
clinical validity. Only for these genes an expert consensus
was established in 2017/2018 (ATM, BRCA1, BRCA2,
CDH1, CHEK2, NBN, PALB2,RAD51C, RAD51D, TP53)
[1]. The consensus has now been updated and expanded
to include the “new” core genes of the TruRisk® gene
panel (BARDI, BRIPI) [2, 3]. As part of the consensus
process, an interdisciplinary panel of experts of the GC-
HBOC has updated the recommendations using data
from the GC-HBOC and international literature. How-
ever, exclusive knowledge on increased cancer risks is not
sufficient to derive evidence-based preventive clinical
measures (e.g., intensified breast cancer surveillance,
risk-reducing bilateral/contralateral mastectomy, bilat-
eral risk-reducing salpingo-oophorectomy [RRSO]). For
this purpose it is necessary to prove the clinical benefit.
This is given if the preventive measures lead to an advan-
tage for the endpoints such as mortality, morbidity, and
quality of life. With regard to hereditary breast and ovar-
ian cancer, such evidence exists so far only for the two
high-risk genes BRCAI and BRCAZ2, although final data
on mortality reduction through intensified breast cancer
surveillance and risk-reducing bilateral mastectomy are
still pending for these two genes as well. For all other
genes, the efficiency of risk-reducing measures has not yet
been sufficiently demonstrated. This is particularly im-
portant with regard to proven or suspected genotype/
phenotype correlations. This means that a genetically de-
fined cancer subtype may have a specific histopathologi-
cal feature and a specific course of disease, which may
influence the effectiveness of preventive measures.

The primary task of the GC-HBOC is to close this
knowledge gap and at the same time offer those affected
the best possible prevention. The GC-HBOC has there-
fore established and tested a concept of knowledge-gen-
erating care in the field of risk-adapted prevention. This
concept provides that the best and most conclusive pre-
vention concept is offered on the basis of the available
evidence and that this concept is regularly evaluated and
continuously improved through documentation and
evaluation of results. For this purpose, the GC-HBOC,
with the support of the Federal Ministry of Education and
Research, is establishing a national registry HerediCaRe
(Hereditary Cancer Registry) (funding code: 01GY1901),
which will be linked to the clinical cancer registries in the
future in order to obtain long-term data. The HerediCaRe
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registry provides the long-term documentation of genet-
ic and clinical data from the routine care of families with
a hereditary predisposition to breast and ovarian cancer
who are cared for in one of the centers of the GC-HBOC
or in the cooperating certified cancer centers. This in-
cludes information on the constellation of cancers within
the family and information on the presence of risk factors
for cancer. In addition, data on general health and health
status as well as on early detection and follow-up exami-
nations are recorded and scientifically evaluated. Fur-
thermore, DNA from a patient’s blood sample, is also ob-
tained and stored as part of the registry study. The DNA
is used for a molecular genetic analysis and the result of
the genetic analysis is also documented and used for sci-
entific questions. Current results from the scientific data
analysis of the registry are to be communicated to physi-
cians, consulting agencies, and patients as part of a con-
tinuous and constantly improving educational program.
This ensures a high-quality standard in patient care and
risk counseling within the GC-HBOC. If new findings
from the registry should have consequences for the care
of the families, the family members participating in the
study will be informed immediately within a “recall sys-
tem.” After the funding phase by the Federal Ministry of
Education and Research, the registry will continue to ex-
ist and serve as a basis for national care structures.

The following consensus recommendations should be
considered and classified within the framework of this
overall concept. An interdisciplinary team of experts of
the GC-HBOC has evaluated the available data on risk
modification in the presence of a pathogenic (disease-
causing) mutation in these genes based on a structured
literature review and within the framework of a formal
consensus process. The consensus recommendations are
explicitly not recommendations for standard care. Rath-
er, they serve as information about current options and
are bound to the contracts for special care according to
§140a (SGB V). These also include the offer of coopera-
tion between the centers of the GC-HBOC and certified
breast and gynecological cancer centers. This gives the
certified centers the opportunity to participate in the
knowledge-generating care of persons at risk. For dis-
eased persons at risk, this concept offers the possibility of
non-directive counseling near home according to the
current state of knowledge, which can be supported by
turther offers such as decision aids and decision coaching.

The “Well-Known” Genes BRCAI and BRCA2: New

Information

The high-risk genes BRCAI and BRCA2 are associated
with significantly increased lifetime risks of breast and
ovarian cancer in women [4, 5]. Since their identification,
they have been the subject of intensive research providing
data on age-related disease risks, tumor phenotypes, risk-
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adjusted prevention options, and targeted therapy strate-
gies. These are incorporated into the recommendations
of the GC-HBOC and form the basis for corresponding
guideline recommendations (AWMEF guideline program,
breast/ovarian cancer; https://www.awmf.org/leitlinien/
aktuelle-leitlinien.html).

New data that have been included in the recommenda-
tions for prevention in the presence ofa BRCA1and BRCA2
mutation take into account, among other things, the evalu-
ation of the 10-year data from the GC-HBOC’s intensified
breast cancer surveillance program. Here, an early diagno-
sis (stage 0 and IA/NO) could be shown in 76%/90%
(BRCA1) and 75%/88% (BRCA?2) of cases [6]. Data on the
hard endpoint mortality are still pending. The age for dis-
cussion of RRSO as an option has been reduced to 35 years
for women with BRCA 1 mutations due to individual cases
of disease before the age of 40 (cumulative risk 2%, 95% CI
1-3%) and is recommended at 40 years of age [4]. There is
increasing evidence that RRSO has a marginal (for female
BRCA2 mutation carriers >5 years after surgery) or no ef-
fect (for female BRCA I mutation carriers) on breast cancer
risk [7, 8]. For the first time, there is evidence that bilateral
risk-reducing mastectomy shows a survival advantage in
healthy women with BRCA I mutations, whereas this could
not be shown for BRCA2 mutation carriers [9].

Other Risk Genes of the TruRisk® Gene Panel and

Their Clinical Evaluation

As a result of technical progress in molecular genetics
(next-generation sequencing), a number of other risk
genes for breast and ovarian cancer have been identified
and their significance analyzed [2, 3, 10]. For the major-
ity of these genes, population-specific mutation preva-
lence, age-related disease risks, tumor subtypes, and data
on the effectiveness of preventive measures are not yet
sufficiently known. Data on cancer risks are mostly avail-
able from case-control studies and less frequently from
prospective cohort studies. If an association (odds ratio
or relative risk) between the presence of a mutation and
the occurrence of cancer is described in these studies, this
is not sufficient as a basis for decisions on the offer of pre-
ventive measures. Both collectives may also be subject to
various biases. Therefore, studies on genotype-pheno-
type correlations and clinical disease progression in pro-
spective cohort studies are necessary, since their data are
more reliable and thus more suitable for the interpreta-
tion of genetic findings.

Extension of the TruRisk® Gene Panel: BARDI and

BRIP1

In 2015, the first version of the TruRisk® gene panel
was developed at GC-HBOC and adapted to the current
state of research every year. These recommendations
have been published since 2017.

Recommendations of the GC-HBOC

Within the framework of international collaborative
projects, the consortium plays a major role in the identi-
fication of new risk genes. These genes (research genes)
are validated via the TruRisk® gene panel and, if an as-
sociation with breast and/or ovarian cancer is detected,
are included in the group of core genes.

BARDI interacts with BRCAI and supports tumor
suppressor function by acting on DNA double-strand re-
pair and initiating apoptosis. Data on BARDI and its as-
sociation with breast and ovarian cancer were initially not
consistent. While some case-control studies showed the
association of BARDI with an increased risk of breast
cancer [11, 12], other studies could not prove this [13, 14].

The same applies to the role of BARDI in the develop-
ment of ovarian cancer [15-17]. Within the GC-HBOC,
4,469 breast and 451 ovarian cancer cases with negative
BRCA1/2 mutation status were examined in 2019 com-
pared to 2,767 healthy women as controls. BARD1 muta-
tions were diagnosed in 0.5% of the breast cancer patients
examined and a moderate risk increase for breast cancer
(OR 5.35,95% CI 3.17-9.04, p < 0.00001) with a signifi-
cant association with breast cancer before the age of 40
was shown (OR 12.04, 95% CI 5.78-25.08, p < 0.00001)
[3]. An association with an increased risk of ovarian can-
cer was not seen in this study. Due to the moderately in-
creased risk of breast cancer, female mutation carriers are
offered participation in the intensified breast cancer sur-
veillance in the specialized centers of the GC-HBOC.

In a further case-control study of the GC-HBOC with
6,341 breast and 706 ovarian cancer patients, a significant
association of BRIP1 with the occurrence of ovarian can-
cer was demonstrated (OR 20.97, 95% CI 12.02-36.57, p
< 0.0001), especially with a diagnosis at >61 years of age
(OR 29.9, 95% CI 14.99-59.66, p < 0.0001) [2]. A signifi-
cant association of BRIPI mutations with breast cancer
could not be shown in this study. Since further studies
have shown a contradictory association with the develop-
ment of breast cancer [14, 18], BRIP1 mutation carriers
are currently offered participation in the intensified
breast cancer surveillance in addition to RRSO.

Role of NBN Clarified by Evaluation of Study Data

from GC-HBOC

The inclusion of the NBN gene in routine clinical di-
agnostics was controversially discussed. This is mainly
due to the low mutation detection rate outside the Slavic
population. Therefore, it was urgently necessary to gener-
ate further data through the TruRisk® gene panel analy-
ses in order to optimize the risk assessment for NBN.
Studies by Couch et al. [12] (OR 1.13, 95% CI 0.73-1.75,
p = 0.59) and Thompson et al. [19] indicate that there is
no increased risk for breast cancer (OR 1.13,95% CI 0.73-
1.75, p = 0.59; OR 0.67, 95% CI 0.11-4.0, p = 1.00). The
current evaluation of the TruRisk® gene panel of 5,589
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BRCA1/2-negative index patients of the GC-HBOC could
also not confirm NBN as a breast cancer risk gene (OR
1.39,95% CI0.73-2.64, p=0.363) [10]. Based on this data,
NBN has been removed from the group of core genes of
the TruRisk® gene panel. To evaluate the significance as
a risk gene for ovarian cancer, NBN is still maintained on
the panel as a “research gene.” Such adjustments mean
that the TruRisk® gene panel is now at the most up-to-
date scientific level for genetic testing of risk genes for
familial breast and ovarian cancer.

Mutations in RAD51C and RAD51D Increase Breast

Cancer Risk

In the GC-HBOC in 2010, the gene RAD51C was iden-
tified as a risk gene in BRCA1/2-negative families with
breast and ovarian cancer burden [20]. Initially, a signifi-
cant association with mutations in the genes RAD51C
and RAD51D was shown for the occurrence of ovarian
cancer with a cumulative risk of about 10% until the age
of 70 years [21, 22]. The recent work of Yang et al. [23]
confirms the cumulative ovarian cancer risk up to the age
of 80 years (RAD51C 11%, 95% CI 6-21% and RAD51D
13%, 95% CI 7-23%) and also shows that the risk of dis-
ease increases up to the age of 60 years and decreases
thereafter. So far, a significant association between
RAD51C/D mutations and breast cancer has not been
clearly demonstrated [21, 22]. The current analysis by
Yang et al. [23] on 125 families with a pathogenic muta-
tion in RAD5IC and 60 with a pathogenic mutation in
RADS5ID indicates an increased breast cancer risk for
RAD51C/D mutation carriers. Until the age of 80 years,
the cumulative risk is 21% (95% CI 15-29%) for RAD51C
mutation carriers and 20% (95% CI 14-28%) for RAD51D
mutation carriers. In addition, for both breast and ovar-
ian cancer risks, a modification due to familial predispo-
sition could be demonstrated in the study. The ovarian
cancer risk is about 35% for RAD51C/D mutation carriers
with two first-degree relatives who also have ovarian can-
cer. The risk of breast cancer increases to about 45% with
two first-degree relatives [23]. Clinical recommendations
for women with RAD51C/D mutations include the offer
of participation in the intensified breast cancer surveil-
lance and RRSO.

Germline Mutations in the Genes CDHI1, CHEK?2,

PALB2, PTEN, TP53 - Individual Decision for Risk-

Reducing (Contralateral) Mastectomy

For the syndrome-associated genes TP53, PTEN, and
CDH 1, tumor penetrances have been derived from fami-
lies that meet the clinical criteria for Li-Fraumeni syn-
drome (TP53), Cowden syndrome (PTEN), or hereditary
diffuse gastric cancer (CDH1). Families with breast and
ovarian cancer phenotypically often differ significantly
from these families. This suggests other co-segregating
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gene variants or modifying factors and other penetrances
in families selected according to hereditary breast and
ovarian cancer criteria. Therefore, mutation penetrances
from syndrome-associated families cannot simply be ad-
opted. Again, data on prospective tumor incidence rates
in cohort studies are urgently needed.

The following data refer mainly to the classic syn-
drome-associated families: in families with Li-Fraumeni
syndrome, germline mutations in the highly penetrant
TP53 gene are responsible for a variety of tumor diseases,
including sarcomas, adrenocortical carcinomas, and brain
tumors. The lifetime risk for tumor disease is >80% for
female mutation carriers [24]. For women, the lifetime
risk of breast cancer is approximately 55% [25]. In families
that do not meet the classical criteria for Li-Fraumeni syn-
drome, early breast cancer patients (<30 years) show an
empirical mutation frequency of up to 8% [24, 26, 27].

The high rates of about 20% de novo mutations, which
are not detectable in the parent generation, must be taken
into account [28]. An inconspicuous family history there-
fore does not exclude a TP53-associated tumor disposi-
tion at all. A particular challenge in the analysis of TP53
is the differentiation of germline variants from somatic
variants. The latter may be detectable as postzygotic mo-
saic or as a result of clonal hematopoiesis in the blood.
The differentiation is relevant for the patients themselves
and their families [29-31]. A misinterpretation can be of
great importance for tested persons. For example, the de-
tection of clonal hematopoiesis should lead to a control
with regard to the development of acute lymphocytic leu-
kemias or myelodysplastic syndromes. If it is wrongly as-
sumed that the detected mutation is a germline mutation,
this will result in unnecessary screening examinations
with the risk of invasive procedures to confirm false pos-
itive findings.

Furthermore, a recent study of the influence of adju-
vant irradiation in breast cancer patients with a TP53
germline mutation suggests that the incidence of carcino-
mas and sarcomas is increased in the irradiation field
[32]. International recommendations therefore consider
therapeutic mastectomy instead of breast-conserving
surgery with subsequent radiation as indicated and put
post-mastectomy radiation under discussion if there is an
increased risk of recurrence [33].

Germline mutations in the tumor suppressor gene
PTEN are responsible for Cowden’s syndrome, a rare dis-
ease characterized by multiple hamartomas and breast,
endometrial, and thyroid carcinomas, among others. Fe-
male patients have a lifetime risk of developing cancer of
approximately 85% and a cumulative breast cancer risk of
67-85% up to the age of 60 years [34, 35]. An increased
risk for ovarian cancer is not known to date. PTEN is cur-
rently being further evaluated for its role in breast and
ovarian cancer.
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Germline mutations in the E-cadherin gene (CDHI)
are causative for hereditary diffuse gastric cancer. Pa-
tients also show an increased risk of breast cancer, espe-
cially of the lobular subtype [36]. Initial data on age-relat-
ed disease risk in families with gastric cancer indicate that
the lifetime risk of breast cancer is approximately 50%
[37,38]. The cumulative risk for gastric cancer is reported
to be 40-70% for men carrying CDHI germline muta-
tions and 30-80% for women with CDHI germline muta-
tions [37, 39].

Due to the risk of multiple tumor diseases caused by
mutations in genes such as PTEN, TP53, and CDHI, mu-
tation carriers are offered integration into an interdisci-
plinary oncological care concept at oncological centers
for proof of benefit [40, 41].

Mutations in the risk gene PALB2 increase the risk of
breast cancer and are associated with a lifetime risk of
about 50% up to 80 years (53%, 95% CI 44-63%) [42]. A
relative risk of about 7 is reported (95% CI 5.82-8.85, p =
6.5 x 1077%). There is currently insufficient evidence that
women carrying PALB2 germline mutations have a sig-
nificantly increased risk of ovarian cancer. The lifetime
risk up to the age of 80 is 5% (95% CI 2-10%), but shows
a broad confidence interval, which is why it is recom-
mended to take into account the patient’s own and fam-
ily anamnesis when deciding on RRSO in individual cas-
es. The lifetime risk for breast cancer in male mutation
carriers is slightly below 1% (95% CI 0.2-5%) and is cal-
culated with a relative risk of 7.34 (95% CI 1.28-42.18, p
= 2.6 x 1072). PALB2 mutations have also been detected
in families with an increased incidence of pancreatic can-
cer. Here the lifetime risks are about 2-3% (95% CI wom-
en 1-4%, 95% CI men 2-5%).

The lifetime risk of breast cancer in women with
CHEK?2 mutations is about 20% [43]. An age-dependent
risk could be determined for the founder mutation
¢.1100delC, which was identified mainly in the Northern
European population (OR 2.59, 95% CI 1.23-5.47 for <35
years, OR 1.4, 95% CI 0.93-2.12 for >65 years) [44]. For
the subgroup of estrogen receptor-positive breast tumors,
OR was 3.26 (95% CI 1.05-10.18) in patients with disease
age <35 years and 1.58 (95% CI 1.01-2.49) in patients >65
years [44]. The occurrence of variant ¢.1100delC is also
associated with a slightly increased risk of developing
contralateral breast cancer (RR 2.7, 95% CI 2.0-3.7).
CHEK?2 variant ¢.1100delC was also associated with a
slightly increased risk of papillary thyroid carcinoma (OR
6) [45], gastric carcinoma (HR 5) [46], prostate carcino-
ma (OR 2 unselected, OR 3 familial) [47], and colorectal
carcinoma (OR 2) [48].

For female mutation carriers of the genes CDHI,
CHEK2, PALB2, and PTEN, risk-reducing bilateral mas-
tectomy is an individual decision taking into account the
patient’s own and family history and competing risks. For

Recommendations of the GC-HBOC

women with PALB2 and PTEN mutations, this also ap-
plies to the weighing of pros and cons with regard to a
risk-reducing contralateral mastectomy. For female
CHEK?2 mutations carriers of variant ¢.1100delC, risk-re-
ducing contralateral mastectomy should be discussed as
an option, taking into account the competing risks,
whereas for female CDHI mutation carriers it is usually
not an option at present. All mutation carriers are offered
intensified breast cancer surveillance. As there is no evi-
dence of an increased risk of ovarian cancer for mutation
carriers of the genes (CDHI1, CHEK2, PTEN, TP53) so far,
there is no recommendation for RRSO. Table 1 summa-
rizes the preventive options for carriers of mutations in
one of the core genes of the TruRisk® gene panel.

10-Year Experience from the GC-HBOC s High-Risk

Breast Cancer Surveillance

The GC-HBOC was able to evaluate the 10-year data
(2006-2015) of 4,573 healthy women with a high risk of
breast cancer (954 BRCA 1 mutation carriers, 598 BRCA2
mutation carriers, 3,021 BRCA1/2-negative women with
increased risk) who participated in the intensified screen-
ing program at the consortium centers [6]. A total of 221
primary breast cancers (185 invasive, 36 in situ) were di-
agnosed. Of these, 84.5% were diagnosed at an early stage
(0 or I). The sensitivity of the program was 89.6% (95%
CI 84.9-93.0) with no significant differences between risk
groups or by age. Specificity was significantly lower in the
first screening round (84.6%, 95% CI 83.6-85.7) than in
subsequent screening rounds (91.1%, 95% CI 90.6-91.7,
p < 0.001). The evaluation of the screening data also re-
vealed that the cancer detection rates of BRCA1/2-nega-
tive women with increased risk of disease (age group 30-
39 years: 2.9%, 95% CI 5.8-20.7) are significantly lower
than those of BRCA1/2 mutation carriers (>20%). The
positive predictive value (PPV) of BRCA1/2-negative
women with increased risk of disease (age group 30-39
years 2.8%, 95% CI 1.3-6.1) is also significantly lower
than that of BRCA1/2 mutation carriers (BRCA1: 27.4%,
95% CI 21.5-34.2; BRCA2: 22%, 95% CI 15.9-31.1%).
This has led to a change in the criteria for inclusion in the
GC-HBOCs intensified breast cancer surveillance pro-
gram for BRCAI/2-negative women with increased risk
of disease [49].

Management of Variants of Unclear Significance

The German Consortium has reacted to the increased
number of genetic variants of unclear significance (VUS)
in connection with the analysis of new risk genes with
three measures: 1. with the establishment of an interdis-
ciplinary expert panel (Task Force) for the classification
of VUS in pathogenicity classes and the introduction of a
registry (“HerediVAR,” funded by the German Cancer
Aid) [50-52], 2. with the establishment of a recall system

Breast Care 2022;17:199-207 203
DOI: 10.1159/000516376

€20z dunr G| uo 3senb Aq ypd'9/£915000/SE05Y2E/661/2/. | /4Pd-0|01E/010/W00 18BN/ :dRYy woly pepeojumoq



Table 1. Offer on preventive measures for female mutation carriers depending on the mutated gene of the TruRisk® gene panel

Gene IBCS RRBM RRCM RRSO

ATM Yes Usually no Usually no Usually no

BRCAI Yes Option Option depending on age at first diagnosis, family history Option (from 35 years),
of breast cancer, competing risks such as prognosis of recommendation
MaCa/OvCa/other of MaCa/OvCa/other carcinomas, (from 40 years)
comorbidities, life expectancy

BRCA2 Yes Option Option depending on age at first diagnosis, family history Recommendation from
of breast cancer, competing risks such as prognosis of 40 years
MaCa/OvCa/other of MaCa/OvCa/other carcinomas,
comorbidities, life expectancy

BARDI Yes Usually no Usually no Usually no

BRIP1 Yes Usually no Usually no Option (at the onset of

menopause)
CDH1 Yes Individual decision taking into Usually no Usually no
account personal and family history
CHEK2 Yes Individual decision taking into Individual decision taking into account personal and family =~ Usually no

account personal and family history

history and depending on competing risks

PALB2 Yes Individual decision taking into Individual decision taking into account personal and family  Individual decision taking
account personal and family history history and depending on competing risks into account personal and
family history
PTEN Yes Individual decision taking into Individual decision taking into account personal and family ~ Usually no

account personal and family history
and depending on competing risks

history and depending on competing risks

RAD5IC/  Yes Usually no Usually no Option (at the onset of
RAD51D menopause)
TP53 Yes Individual decision taking into Individual decision taking into account personal and family ~ Usually no

account personal and family history
and depending on competing risks

history and depending on competing risks

Overview of the offers on preventive measures within the framework of the consensus conference of the GC-HBOC (https://www.konsortium-famili-
aerer-brustkrebs.de/konsensusempfehlung/). IBCS, intensified breast cancer surveillance within the centers of the GC-HBOC; RRBM, risk-reducing bilat-
eral mastectomy; RRCM, risk-reducing contralateral mastectomy; RRSO, risk-reducing salpingo-oophorectomy; usually not = for example, depending on

factors in the patient’s own and/or family cancer history.

by which carriers of sequence variants are immediately
informed about their classification by the task force, and
3. with the introduction of multi-professional genetic di-
agnostic boards for the evaluation of mutations in risk
genes with regard to clinical options.

The Importance of Predictive Testing

If a disease-causing mutation is diagnosed in one of the
core genes, predictive genetic testing can be offered for
additional family members. If a mutation in the genes
BRCA1, BRCA2, CDH1, PALB2, PTEN, and TP53 is not
detected in healthy counselors, they can be relieved of in-
creased cancer risks.

In the case of a TP53 mutation, it should be clarified in
advance whether it is a germline mutation. Ifan RAD51C,
RAD51D, or BRIP1 mutation is excluded, the relief ap-
plies only to the ovarian cancer risk. With regard to breast
cancer risk, complete relief is currently not possible with
inconspicuous predictive testing for mutations in the

204 Breast Care 2022;17:199-207
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moderately penetrant genes ATM, CHEK2, BARDI,
BRIP1,RAD51C,and RAD51D. Since the disease risks are
strongly dependent on the familial burden, additional
modifying factors or co-segregating mutations in other
risk genes are suspected. Accordingly, in these cases a risk
calculation should be performed taking into account fam-
ily history and genetic test results. With correspondingly
increased computational risks (currently 10-year risk for
breast cancer of >5%; Boadicea v5), non-mutation carri-
ers also receive the offer to participate in the intensified
breast cancer surveillance before the age of 50 years under
the assumption that genes not yet known in the sense of
an oligogenic or polygenic inheritance are jointly respon-
sible for the development of breast cancer.

Additional Risks for the Offspring

Some risk genes can lead to early childhood syndrome-
associated diseases in the offspring if they are present in
bi-allelic form, that is, one mutated gene each from the

Rhiem et al.

€20z dunr G|, uo 3sanb Aq jpd'9.€91.5000/SE0SLE/66 |/2/L | /4Pd-B]o1E/01q/W0d" 1961eY//:d)Y WOl papeojumoq



Table 2. Heterozygote frequencies of genes from TruRisk® panel

Heterozygote  Risk for a diseased Risk for a diseased Phenotype
frequency child if the carrier child in the general
status of one parent  population
is confirmed
ATM 1:285~ 1:1,140 ~1:330,000 Ataxia teleangiectatica (AT)
0.0035%
BRCA1 (FANCS) 1:476~ 1:1,905* ~1:900,000 Letal/Fanconi anemia (FAP)
0.0021%"
BRCA2 (FANCD1) 1:322~ 1:1,290* ~1:410,000 Fanconi anemia (FAP)
0.00318"
BRIP1 (FANCJ) 1:714~ 1:2,856 ~1:2,000,000 Fanconi anemia (FAP)
0.0014¢
NBN 1:666~ 1:2,667 ~1:1,800,000 Nijmegen-Breakage-syndrome (NBS)
0.0015%
PALB2 (FANCN) 1:833~ 1:3,333 ~1:2,800,000 Fanconi anemia (FAP)
0.00124
RAD51C (FANCO) 1:769 1:3,077 ~1:2,400,000 Fanconi anemia (FAP)
~0.00134

Heterozygote frequency based on ExAC, non-TCGA NFE, data (*[10]; B[53]; ©[2]). The heterozygote frequencies refer exclusively
to protein truncating mutations. # Complete penetrance is assumed for the disease probabilities. © The prevalence of Fanconi anemia is
estimated at 1:350,000 to 1:100,000 births, with most cases being caused by FANCA (66%), FANCC (10%), or FANCG (9%) (no breast
cancer risk genes). * Heterozygote frequencies are population specific. Higher BRCA1/2 heterozygote frequencies have been described
for the Jewish population (0.5% for BRCA1I and 0.6% for BRCA2 [54]).

father and mother. The probability for the occurrence of
such a syndrome is low in the general population, but sig-
nificantly higher for offspring of mutation carriers (Ta-
ble 2). Therefore, it is recommended to inform about the
risk of an existing mutation in the paternal line and, if
necessary, to indicate a gene analysis.

Conclusion

The primary task of the GC-HBOC is to close existing
gaps in knowledge and at the same time offer the best pos-
sible prevention to those seeking advice. The consortium
has therefore established and tested a concept of knowl-
edge-generating care in the field of risk-adapted preven-
tion. This concept provides for the best currently avail-
able prevention concept to be offered on the basis of the
available evidence, which is regularly evaluated and con-
tinuously improved through documentation and evalua-
tion of results. For this purpose, the GC-HBOC is cur-
rently setting up a national registry ,,HerediCaRe“ with
the support of the Federal Ministry of Education and Re-
search, which will allow a long-term evaluation of the
course of hereditary tumor subtypes through networking
with the clinical cancer registries. This is a first satellite

Recommendations of the GC-HBOC

registry, which will allow the linking of genetic data and
clinical data with the help of a trustee, taking into account
data protection.
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