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ABSTRACT

Patients with a tumour-risk syndrome have a significantly in-
creased risk of developing cancer during their lifetime. A pos-
itive family history of tumour disease or an unusually early age
of onset may be indicative of a tumour risk syndrome. With
the diagnosis of a tumour risk syndrome it is possible to rec-
ommend a risk-adapted tumour surveillance programme for
the patient and (asymptomatic) family members at risk. This
facilitates early detection of possible tumours and thus often
prevents advanced tumour stages. Li-Fraumeni syndrome is
associated with a significantly increased risk of sarcoma and
breast cancer in particular, but it is often not diagnosed clini-
cally in those affected. This article reviews the clinical picture,
genetic cause and special aspects in the diagnosis and care of
patients with Li-Fraumeni syndrome. The initiative resulted
from the European reference network GENTURIS, which has
set itself the task of improving the identification and care of
patients with tumour risk syndromes. A first step is the recent
publication of a European guideline for Li-Fraumeni syn-
drome, which is summarised here and discussed in the con-
text of existing recommendations.

ZUSAMMENFASSUNG

Patienten mit einem Tumor-Risiko-Syndrom haben ein deut-
lich erhdhtes Risiko, im Laufe des Lebens an Krebs zu erkran-
ken. Hinweise auf ein Tumor-Risiko-Syndrom kénnen eine po-
sitive Familienanamnese fiir Tumorerkrankungen oder ein un-
gewohnlich friihes Erkrankungsalter geben. Die Diagnose
eines Tumor-Risiko-Syndroms ermdoglicht die Empfehlung
eines risikoangepassten Tumor-Friiherkennungs-Programms
fir den Patienten und die (asymptomatischen) Risikoperso-
nen in der Familie. Hierdurch kénnen mégliche Tumoren friih
erkannt und somit fortgeschrittene Tumorerkrankungen hau-
fig verhindert werden. Das Li-Fraumeni Syndrom geht mit
einem deutlich erhéhten Risiko insbesondere fiir Sarkome
und Brustkrebs einher, hdufig wird es bei den Betroffenen je-
doch klinisch nicht diagnostiziert. Dieser Artikel gibt einen
Uberblick {iber das klinische Bild, die genetischen Ursachen
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sowie die Besonderheiten in der Diagnostik und Versorgung
der Patienten mit einem Li-Fraumeni Syndrom. Die Initiative
resultiert aus dem europdischen Referenznetzwerk GENTU-
RIS, das sich die Verbesserung der Erfassung und Versorgung
von Patienten mit Tumor-Risiko-Syndromen zur Aufgabe ge-

macht hat. Ein erster Schritt ist die aktuelle Verdffentlichung
einer europdischen Leitlinie fiir das Li-Fraumeni Syndrom, die
hier zusammengefasst und im Kontext bestehender Empfeh-
lungen diskutiert wird.

Introduction

Cancer is still a life-threatening disorder, and this is especially true
for cancers in patients with hereditary tumour risk syndromes
(TRS). The European Reference Network (ERN) for Genetic Tu-
mour Risk Syndromes — GENTURIS as one of 24 ERNs - was initi-
ated by the European Commission in March 2017. Its mission is to
improve the knowledge base and thus identify patients with TRS
and to develop uniform treatment concepts across Europe (www.
genturis.eu). This includes the development of guidelines at the
European level. For TRS patients, cancer screening is crucial, but
there are no national guidelines for many of the rare TRSs. One
of the first EU guidelines developed by the ERN GENTURIS was
prepared for patients with Li-Fraumeni syndrome (LFS) or TP53-
associated tumour-risk syndromes. These syndromes, diagnostic
and therapeutic aspects as well as the guideline published last
year are presented here.

Hereditary TRS is a clinical entity with a significantly increased
risk of developing certain tumours, usually due to a pathogenic
germline variant in a single gene. As a rule, these are therefore
classic monogenic hereditary diseases following the principles of
Mendelian inheritance. Patients do not inherit the tumour, but
rather the tumour disposition and thus the increased tumour risk.

At least 3-5% of all (solid) cancers - depending on the type of
tumour and age of the patient, possibly considerably more - orig-
inate from a TRS. With almost 500 000 cases of cancer [1] annually
in Germany, this amounts to at least 15000-25000 cases per
year. Typical general criteria for suspected presence of TRS in-
clude:
= unusually early tumour onset
= multiple primary tumours in the patient’s medical history
= Familial clustering of tumours
= Typical range of tumours in the patient’s/family medical his-

tory
= rare tumours
= specific molecular tumour findings

TRS is suspected when taking the medical history of the patient
and family. It has preventive and possibly therapeutic significance
for the patient as well as for family members and is therefore
highly relevant clinically. Once the genetic cause of a TRS has been
established, information on the tumour risks, the appropriate pre-
ventive measures and possibly existing individual therapeutic
measures are available for the specific TRS.

LFS Definition and Clinical Presentation

LFS is an autosomal dominant TRS with a prevalence of approxi-
mately 1:5000, caused by pathogenic germline variants in the

TP53 tumour suppressor gene on chromosome 17p13. The pri-

mary neoplasms resulting from the inactivation of the p53 protein

occur throughout life, i.e. from early childhood to late adulthood.

Tumour-free survival to 30, 45 and 60 years of age is estimated at

55%, 15% and 5% respectively for women and 65%, 50% and 12%

respectively for men [2, 3]. The range of tumour diseases is broad

overall and differs between children and adults. Depending on the

patient’s age, the following tumours are most common:

= Childhood: Adrenocortical carcinoma, choroid plexus tumour,
rhabdomyosarcoma, medulloblastoma

= Adolescence and early adulthood: Osteosarcoma, breast can-
cer, leukaemia, glioma, soft tissue sarcoma (malignant fibrous
histiocytoma, liposarcoma, leiomyosarcoma)

= Late adulthood: Pancreatic cancer, prostate cancer

Synchronous and metachronous tumour disorders are possible.
» Fig. 1 shows the incidence by age. A typical family tree and clin-
ical course are illustrated in » Fig. 2a and b. The clinical variability
of the LFS is determined partly by the varying residual activity of
the p53 protein, since not all pathogenic variants in TP53 result in
a complete loss of function. On the other hand, only some of the
modifying genetic factors are known to date, and the same ap-
plies to lifestyle and environmental factors.

Molecular Genetic TP53 Diagnostics

The criteria for indicated molecular genetic analysis of TP53 are
shown in » Table 1. Molecular genetics confirms the presence of
LFS through the identification of a disease-causing germline vari-
ant in TP53. Contrary to an initial hypothesis, LFS is not associated
with variants in CHEK2.

Since TP53 has a more complex structure than was initially
known, previous analyses did not always cover all regions of the
gene. For example, TP53 encodes at least 8 different mMRNA iso-
forms formed by alternative splicing or different promoter activity
[4,5], resulting in up to 12 different protein isoforms. Recent data
also reveal that intron 9 encodes two alternative exons (9 and 9y)
[6]; likewise, intron 1 has been shown to be a hot spot for genomic
rearrangements. Previous analyses of TP53 carried out some time
ago with unremarkable results should therefore be repeated
where necessary.

As TP53 is currently mostly investigated by NGS (next-genera-
tion sequencing) multigene analyses, TP53 variants are inevitably
also found in cancer patients who do not meet established clinical
criteria for TP53 testing (» Table 1). Although this may complicate
the interpretation of TP53 variants, it can also identify LFS patients
with a new (“de novo”) pathogenic variant who are not identified
by clinical criteria because of their unremarkable family history.
The proportion of de novo TP53 variants is estimated at up to
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» Fig. 1 Tumour incidence in LFS for women and men, adapted from Mai et al. [2].

30% [7], which is quite common compared to the de novo variant
percentage in other tumour suppressor genes such as BRCAT and
BRCA2 (estimated at less than 5% [8]). On the other hand, the
known phenotypic spectrum of LFS is extended to milder courses.

TP53 Mosaic Variants

A disease-causing genetic variant inherited from one parent is
usually heterozygous in all body cells as well as in the germ cells
(oocytes, spermatozoa) of a patient. This results in a 50% risk of
recurrence in offspring. However, TP53 variants often emerge as
genetic mosaics, a juxtaposition of cells with and without the
causative genetic variant [9]. There are basically two constella-
tions to be differentiated here:

1. A variant may be present in isolation only in the germ cells of
an individual. While such persons themselves are clinically
healthy, they may have offspring with LFS. If several germ cells
are affected, this is known as a germ cell mosaic, i.e. a juxtapo-
sition of germ cells with and without a variant.

2. Variants can arise in early embryonic development and are
then present in several, but not all, body tissues, which can im-
pact on the clinical phenotype. This is called a somatic or post-
zygotic mosaicism. Depending on when this de novo variant
occurred during embryonic development, more or fewer tis-
sue parts or tissues are affected. The presence of TP53 altera-
tions as somatic or postzygotic mosaic should be considered in
patients with apparently sporadic tumour disease strongly sug-

gestive of a disease-causing TP53 variant (e.g. early adreno-
cortical carcinoma, choroid plexus carcinoma and breast can-
cer before 31 years of age, multiple typical primary tumours)
[10]. Molecular genetic analyses of a blood sample with such
mosaics may be unremarkable. There is no increase in risk for
siblings, as the parents do not carry this variant in their germ
cells.

Variants only present in tumour tissue (somatic mutations) must
be distinguished from the previously described mosaic constella-
tions. TP53 variants in tumours are among the most common ge-
netic alterations in malignancies and do not imply the presence of
LFS; they are mostly sporadic tumours.

Detection of a TP53 variant in a blood analysis therefore does
not confirm the clinical diagnosis of LFS, since a high percentage
of circulating tumour DNA in the presence of tumour disease with
a somatic TP53 variant can mimic the presence of a germline var-
iant.

Similarly, the phenomenon of clonal haematopoiesis can simu-
late the presence of LFS [11,12]. These are somatic TP53 variants
in a clonal population of haematopoietic stem cells. Such altera-
tions are detected with increasing frequency from around the
age of 30, especially in smokers and following chemotherapy or
radiotherapy [13, 14].

Therefore, especially in case of a low allele frequency of a TP53
variant, the diagnosis can only be confirmed by analysing different
tissues.
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> Fig.2 a Family tree of an LFS family. b Timeline of diagnoses and treatment of a patient with LFS.

Interpretation of TP53 Variants

Assessment of loss-of-function variants (frameshift or nonsense
variants, splice variants, deletions of single or multiple exons) is
often clear-cut. Interpretation of the more common missense var-
iants, on the other hand, is much more challenging. Here, a dis-
tinction must be made between loss-of-function and dominant-
negative variants, which result in inactivation of the normal pro-
tein through tetramer formation with p53 wild-type proteins
[15]. The dominant-negative TP53 variants have a higher pene-
trance, especially in childhood, than loss-of-function variants.
Sequence variants are classified according to the guidelines of
the American College of Medical Genetics and Genomics (ACMG)
and the Association for Molecular Pathology (AMP) [16]. These

so-called ACMG-AMP Guidelines are based on 28 different criteria
from various categories. The classification also includes phenotype
and family history data (» Table 1). Other aspects include the fre-
quency of the variant in population databases (e.g. gnomAD), bio-
informatics predictions of the effects of the variant on splicing and
physicochemical alterations, and functional analyses. To address
this complexity, a TP53-specific Variant Curation Expert Panel
(VCEP) was established under the umbrella of the ClinGen Consor-
tium (https://www.clinicalgenome.org) to refine TP53-specific
ACMG AMP criteria. Since only variants of the ACMG-AMP classes
5 (pathogenic) and 4 (probably pathogenic) have clinical conse-
quences, the current ERN guideline only designates variants of
these two classes as “disease-causing” 17]. For this reason, differ-
entiating class 1-3 variants (benign, probably benign and variant
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of uncertain significance) from class 4 and 5 variants has a high
clinical relevancy and should only be carried out by experts with
appropriate qualifications.

Screening and Prevention According to the
Current ERN Guideline on Cancer Screening
in LFS

The ERN guidelines should be understood as complementary to
the national guidelines already present in some European coun-
tries. They represent the minimum care necessary for patients
with LFS from the perspective of the European experts; this can
be supplemented by the provisions from the respective national
guidelines. Notwithstanding the guidelines, clinical patient care
in special individual cases may be guided by expert opinion.

The ERN GENTURIS guidelines on LFS are based on a trial dem-
onstrating that an intensified cancer surveillance programme in-
creased the overall survival of LFS patients by over 20% 5 years
after diagnosis [18].

The ERN GENTURIS guideline recommends the closely-moni-
tored cancer surveillance programme listed in » Table 2 [17].
The table contrasts the ERN recommendations with those of an
international expert group [19]. Notable differences include that
in childhood, the physical examination and ultrasound study of
the abdomen and pelvis (as well as blood testing, if needed) are
undertaken every 3-4 months instead of every six months. In ad-
dition, an upper Gl endoscopy and colonoscopy are recom-
mended regardless of patient and family history. An annual der-
matological examination is also recommended, as well as a clinical
breast examination for women aged 20 and over every six
months. Since the risk of cancer is not solely defined by the vari-
ant, the international recommendations always recommend to
start screening at birth or at the time of diagnosis, regardless of
whether it is a (probably) pathogenic variant in the TP53 gene with
a high risk of cancer in childhood. Moreover, with the exception of
breast MRI (20-75 years), there is no “upward” age limit (applies
in particular to cranial MRI). Apart from these non-invasive proce-
dures, the option of a prophylactic bilateral mastectomy should
be discussed in view of the high risk of breast cancer.

In addition, general signs of possible neoplasms should be
assessed immediately; these include weight loss, fever, night
sweats, fatigue and initially painless swelling in the muscles or
connective tissue as a common symptom of sarcoma. Exogenous
factors such as smoking, radioactive radiation, excessive UV radi-
ation should be avoided as much as possible.

Tumour Biology

P53 fulfils numerous functions, including cell cycle regulation in
the context of DNA repair, cellular ageing, cell death, autophagy,
and metabolism. The physiological p53 tetramer binds to DNA in
a sequence- or structure-specific manner; interactions take place
between the 12 p53 isoforms already described as well as the pro-
teins p63 and p73. Alterations in the TP53 gene result in the tu-
mour suppressor function of p53 not being sufficiently effective

» Table 1 Clinical criteria [21] for TP53 testing and Chompret
criteria [22-24].

Clinical criteria of classic LFS

A patient with

= sarcoma diagnosed before the age of 45, AND

= afirst-degree relative with cancer before the age of 45, AND

= afirst or second-degree relative with cancer diagnosed before
the age of 45 or a sarcoma regardless of age.

Chompret criteria

A patient with

= atumour on the LFS spectrum (soft tissue sarcoma, osteosarcoma,

premenopausal breast cancer, brain tumour, adrenocortical carcino-

ma, leukaemia, or bronchoalveolar lung cancer) before the age of

45 years AND

at least one first- or second-degree relative with a tumour of the

LFS spectrum (except breast cancer, if the patient has breast cancer)

before the age of 56 or with multiple tumours.

OR

= A patient with multiple tumours (except multiple breast tumours),
two of which belong to the LFS spectrum and the first of which
occurred before the age of 46.

OR

= A patient with adrenocortical carcinoma or choroid plexus tumour,
or anaplastic rhabdomyosarcoma, regardless of family history.

OR

Breast cancer before the age of 31

and that, for example, the function of an activated oncogene can
also be taken over. The same variant can induce different func-
tional effects under different conditions, in healthy tissue and in
the tumour. In many cases the second allele is inactivated in the
tumour by deletion, missense mutation or uniparental disomy
[20].

Chemotherapy and Radiotherapy

It should be noted that the loss of p53 function can lead to the use
of genotoxic chemotherapeutic agents and/or radiotherapy re-
sulting in the emergence of additional neoplasms due to iatrogen-
ic cell damage [19]. About 30% of the LFS patients who have
undergone therapeutic radiotherapy develop a second neoplasia
in the region irradiated.

Potentially risky therapeutic and diagnostic measures should
therefore be administered with great caution. They can be em-
ployed if there are no less genotoxic alternatives and the diagnos-
tic work-up and treatment are required in the current situation.

Databases

There are various unresolved issues with LFS:

1. How high are the tumour risks depending on the TP53 variant
present?

. What are risk-modifying genetic and non-genetic factors?

. How can we improve prevention and screening?

. How can we address the psychosocial aspects?

. How can we improve cancer treatment in patients with LFS?

u b~ W N
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» Table 2 Recommendations for cancer screening: Comparison of the ERN GENTURIS guideline [17] with an international guideline [19].

ERN-GENTURIS guideline

Type of examination

Complete physical examination
(in children, look in particular for
virilisation or premature puberty
and measure blood pressure; after
radiotherapy, look for the presence
of basal cell carcinoma in the area
irradiated).

Whole-body MRI (depending on
the findings without gadolinium)

In women: Breast MRI

Cranial MRI (with gadolinium at the
initial examination, then without
contrast medium depending on the
findings)

Abdominal ultrasonography

Urine steroid profile, if the abdomi-
nal ultrasonography does not allow
adequate visualisation of the adrenal
glands.

Colonoscopy

Time

Every six months starting at birth,
annually starting at 18 years of age

Annually, starting at birth in the
presence of a (probably) pathogenic
germline variant in the TP53 gene
thatis assessed to be associated with
a high risk of cancer™ or after pre-
vious chemotherapy or radiotherapy;
otherwise starting at the age of

18 years

Annually, between 20 and 65 years
of age

Annually, starting at birth in the
presence of a (probably) pathogenic
germline variant in the TP53 gene,
which is estimated to be associated
with a high risk of cancer*; otherwise
starting at the age of 18 years up to
50 years of age, especially in child-
hood every six months, alternating
with whole-body MRI

Every six months starting from birth
until the age of 18 years

Every six months starting from birth
until the age of 18 years

Every 5 years starting at the age of
18, if there is a family history of colo-
rectal cancer or radiotherapy of the
abdomen due to a previous cancer.

International guideline

Type of examination

Complete physical examination
(including blood pressure, growth
curves, pseudo-Cushing appearance,
signs of virilisation, and complete
neurological assessment).

Whole-body MRI

In women: Breast MRI

In women: Clinical breast examina-
tion

Cranial MRI (with contrast medium
atinitial scan, then without contrast
medium if previous MRI normal and
no new pathologies).

Abdominal and pelvic
ultrasonography

If ultrasound quality is inadequate,
blood profile (total testosterone,
dehydroepiandrosterone sulphate
and androstenedione).

Upper Gl endoscopy and
colonoscopy

Dermatological examination

Time (starting at birth
or at time of diagnosis,
unless otherwise stated)

Every 3-4 months in child-
hood, every six months in
adulthood

Annually (every six months
alternating with breast
MRI and ultrasound of the
abdomen and pelvis)

Annually, between 20 and
75 years of age (every six
months alternating with
whole-body MRI)

Every six months, starting
at 20 years of age

Annually

Every 3-4 months in
childhood, annually in
adulthood (every six
months alternating with
whole-body MRI)

Every 3-4 months in
childhood

Every 2-5 years starting
at 25 years of age

Annually, starting
at 18 years of age

* If there is a family history of childhood cancer, orif it is a variant that has already been described in the literature or in databases, or if it is a so-called

“dominant negative” missense variant.

These issues can only be resolved by collecting relevant data from
LFS patients and their families. LFS is included in the following da-

tabases:

= In Germany, an LFS registry was established in 2017 to collect
blood and tumor specimens as well as clinical and genetic data
from LFS patients. Registration is possible for patients them-

Kratz CP et al. Overview of the...
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= The “Research4Rare” research networks funded by the Ger-
man Federal Ministry of Education and Research (BMBF) aim
to improve the diagnosis of rare diseases. The LFS register de-
scribed above is part of one of these joint BMBF projects, with-
in the framework of which a clinical whole-body MRI trial is
being carried out.

= Other registries of the German Consortium on Familial Breast
and Ovarian Cancer and the German Consortium for Familial
Colorectal Cancer are administered centrally for all participat-
ing sites.

= The German Society of Human Genetics (Deutsche Gesell-
schaft fir Humangenetik e.V.) organises expert working
groups with the participation of patient representatives, in-
cluding the working group “Hereditary Tumour Diseases”, with
more than 30 active sites to establish and operate databases
and registries, including TRS with LFS.

These and other pertinent registries, actors and activities are
listed as examples in » Table 3.

These numerous activities should be available for use through-
out Germany by all specialties to improve the identification and
care of all patients and families with hereditary tumour disposi-
tion, including LFS.

Outlook

In conclusion, the identification and correct classification of mon-
ogenic hereditary TRS is important, as patients and asymptomatic
carriers require specialised long-term medical care. On the one
hand, there is a high lifetime risk for a specific and often broad
range of tumours, as well as a high risk of recurrence in first-de-
gree relatives. On the other hand, efficient risk reduction is possi-
ble through TRS-specific intensified screening programmes and
surgical measures. For some TRS, there are now also specific ap-
proaches to drug treatment. Nevertheless, it can be assumed that
a large number of families still remain unidentified and thus do
not receive adequate care.

TRS thus stand paradigmatically for an extremely successful
concept of preventive oncology and individualised (personalised)
medicine. Virtually every doctor will encounter them in every age
group, and they sometimes show marked clinical variation, even
within the same family. Professional care of patients and their rel-
atives particularly requires multispecialty cooperation between
human genetics, pathology and various clinical specialties. Diag-
nostics, coordination of screening and treatment should involve
specialised centres.

Key Messages

LFS is one of the hereditary TRSs of childhood and adulthood, and
is often not diagnosed.
An EU guideline complementing existing national and interna-
tional recommendations has just been established for the LFS.
Clinical consequences should only be considered for (probably)
pathogenic TP53 germline variants, but not for variants of unde-
termined relevance.

» Table 3 Registry and database examples of LFS patients.

No. Registry/Database Authority

1. Li-Fraumeni syndrome cancer Working Group on Genetic
predisposition syndrome Cancer Predisposition of
registry 01 the Society of Paediatric
www.krebs-praedisposition.de Oncology and Haematol-

ogy (GPOH)

2. HerediCaRe database German Consortium on
www.konsortium- Familial Breast and Ovarian
familiaerer-brustkrebs.de Cancer

3. Hereditary colorectal cancer German Consortium on
www.hnpcc.de Familial Colorectal Cancer

4. Registry and database on tu- German Society of Human
mour disposition syndromes Genetics
www.gfhev.de

5. Registry ERN GENTURIS European Reference
www.genturis.eu Network on Genetic

Tumour Risk Syndromes
(ERN-GENTURIS)

6. Research4Rare Research networks on rare
www.research4rare.de/ diseases, Centres for Rare
register-biobanken Diseases in Germany

7. German Genome German Genome
Phenomenon Archive (GHGA) Phenomenon Archive
www.ghga.de

8. Infrastructure platform Technology and Methods
for biobanks and registries Platform for Networked
www.tmf-ev.de Medical Research (TMF)

9. Comprehensive analysis Medical informatics

of registries and databases

www.medizininformatik-
initiative.de

initiative

Special considerations must be taken into account in the diag-
nosis and tumour treatment of LFS patients, in particular the strict
indication of measures involving radiation exposure.

Patients should be cared for in a multispecialty team at
specialised centres.

Acknowledgements

Deutsche Kinderkrebsstiftung - DKS2019.13 [Kratz] BMBF
(01GM1909A) [Kratz] ERN GENTURIS [Holinski-Feder].

Conflict of Interest

The authors declare that they have no conflict of interest.

References

[1] Robert Koch-Institut; Gesellschaft der epidemiologischen Krebsregister
in Deutschland e.V. Krebs in Deutschland 2015/2016. Robert Koch-Insti-
tut 2019. doi:10.25646/5977.2

[2] Mai PL, Best AF, Peters A et al. Risks of first and subsequent cancers
among TP53 mutation carriers in the National Cancer Institute Li-Frau-
meni syndrome cohort. Cancer 2016; 122: 3673-3681. doi:10.1002/
cncr.30248

48 Kratz CP et al. Overview of the... Geburtsh Frauenheilk 2022; 82: 42-49 | © 2021. The author(s).



(3]

(4]

(5]

(6]

(7]

(8]

9]

[10]

(11]

(12]

[13]

Kratz CP et al. Overview of the...

Guha T, Malkin D. Inherited TP53 Mutations and the Li-Fraumeni Syn-
drome. Cold Spring Harb Perspect Med 2017. doi:10.1101/cshperspect.
2026187

Bourdon |-C, Fernandes K, Murray-Zmijewski F et al. p53 isoforms can
requlate p53 transcriptional activity. Genes Dev 2005; 19: 2122-2137.
doi:10.1101/gad.1339905

Marcel V, Dichtel-Danjoy M-L, Sagne C et al. Biological functions of p53
isoforms through evolution: lessons from animal and cellular models.
Cell Death Differ 2011; 18: 1815-1824. doi:10.1038/cdd.2011.120

Leroy B, Ballinger ML, Baran-Marszak F et al. Recommended Guidelines
for Validation, Quality Control, and Reporting of TP53 Variants in Clinical
Practice. Cancer Res 2017; 77: 1250-1260. doi:10.1158/0008-5472.
CAN-16-2179

Gonzalez KD, Buzin CH, Noltner KA et al. High frequency of de novo mu-
tations in Li-Fraumeni syndrome. ] Med Genet 2009; 46: 689-693.
doi:10.1136/jmg.2008.058958

Petrucelli N, Daly MB, Pal T. BRCA1- and BRCA2-Associated Hereditary
Breast and Ovarian Cancer. In: Adam MP, Ardinger HH, Pagon RA, Wal-
lace SE, Bean LJ, Mirzaa G, Amemiya A, Hrsg. GeneReviews®. Seattle
(WA): University of Washington, Seattle; 1993. Accessed May 07, 2021
at: http://www.ncbi.nlm.nih.gov/books/NBK1247/

Moog U, Felbor U, Has C et al. Disorders Caused by Genetic Mosaicism.
Dtsch Arztebl Int 2020; 116: 119-125. doi:10.3238/arztebl.2020.0119

Renaux-Petel M, Charbonnier F, Théry |-C et al. Contribution of de novo
and mosaic TP53 mutations to Li-Fraumeni syndrome. | Med Genet
2018; 55: 173-180. doi:10.1136/jmedgenet-2017-104976

Weber-Lassalle K, Harter P, Hauke | et al. Diagnosis of Li-Fraumeni Syn-
drome: Differentiating TP53 germline mutations from clonal hemato-
poiesis: Results of the observational AGO-TR1 trial. Hum Mutat 2018;
39: 2040-2046. doi:10.1002/humu.23653

Weitzel JN, Chao EC, Nehoray B et al. Somatic TP53 variants frequently
confound germ-line testing results. Genet Med 2018; 20: 809-816.
doi:10.1038/gim.2017.196

Coombs CC, Zehir A, Devlin SM et al. Therapy-Related Clonal Hemato-
poiesis in Patients with Non-hematologic Cancers Is Common and Asso-
ciated with Adverse Clinical Outcomes. Cell Stem Cell 2017; 21: 374~
382.e4. doi:10.1016/j.stem.2017.07.010

[14]

[15]

[16]

(17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

Geburtsh Frauenheilk 2022; 82: 42-49 | © 2021. The author(s).

Chen S, Liu Y. p53 involvement in clonal hematopoiesis of indeterminate
potential. Curr Opin Hematol 2019; 26: 235-240. doi:10.1097/
MOH.0000000000000509

Evans DG, Woodward ER, Bajalica-Lagercrantz S et al. Germline
TP53 Testing in Breast Cancers: Why, When and How? Cancers 2020;
12:3762. doi:10.3390/cancers12123762

Richards S, Aziz N, Bale S et al. Standards and guidelines for the interpre-
tation of sequence variants: a joint consensus recommendation of the
American College of Medical Genetics and Genomics and the Associa-
tion for Molecular Pathology. Genet Med 2015; 17: 405-424.
doi:10.1038/gim.2015.30

Frebourg T, Bajalica Lagercrantz S, Oliveira C et al. Guidelines for the
Li-Fraumeni and heritable TP53-related cancer syndromes. Eur | Hum
Genet 2020; 28: 1379-1386. doi:10.1038/s41431-020-0638-4

Villani A, Shore A, Wasserman |D et al. Biochemical and imaging surveil-
lance in germline TP53 mutation carriers with Li-Fraumeni syndrome:
11 year follow-up of a prospective observational study. Lancet Oncol
2016; 17: 1295-1305. doi:10.1016/S1470-2045(16)30249-2

Kratz CP, Achatz M, Brugieres L et al. Cancer Screening Recommenda-
tions for Individuals with Li-Fraumeni Syndrome. Clinical Cancer Re-
search 2017; 23: e38-e45. doi:10.1158/1078-0432.CCR-17-0408

SchlegelbergerB, Kreipe H, Lehmann U et al. A child with Li-Fraumeni syn-
drome: Modes to inactivate the second allele of TP53 in three different
malignancies. Pediatr Blood Cancer 2015; 62: 1481-1484. doi:10.1002/
pbc.25486

Li FP, Fraumeni JF, Mulvihill JJ et al. A cancer family syndrome in twenty-
four kindreds. Cancer Res 1988; 48: 5358-5362

Chompret A, Abel A, Stoppa-Lyonnet D et al. Sensitivity and predictive
value of criteria for p53 germline mutation screening. ] Med Genet
2001; 38: 43-47. doi:10.1136/jmg.38.1.43

Bougeard G, Sesbotié R, Baert-Desurmont S et al. Molecular basis of the
Li-Fraumeni syndrome: an update from the French LFS families. ] Med
Genet 2008; 45: 535-538. doi:10.1136/jmg.2008.057570

Tinat ], Bougeard G, Baert-Desurmont S et al. 2009 version of the Chom-
pret criteria for Li Fraumeni syndrome. | Clin Oncol 2009; 27: e108-
e109; author reply e110. doi:10.1200/)C0.2009.22.7967

49



