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DISCLAIMER:

These ESCP guidance documents were produced by the relevant tumour group or specialist
committee as recommendations on current best practice. The ESCP guidance documents are
not clinical trial protocols.

The interpretation and responsibility of the use of ESCP guidance documents lies fully with the
user who retains full responsibility for the use of these guidance documents and his actions
and (treatment) decisions based thereon, such as, but without limitation thereto: checking and
prescribing certain doses, checking prescriptions, etc. A user should never base its decision
solely onthe content of these guidance documents and should always check any other relevant
medical information that is available and make appropriate use of all relevant medical
information.

These guidance documents have been made publicly available by SIOP Europe — the
European Society of Paediatric Oncology and the European Reference Network for Paediatric
Oncology (ERN PaedCan). It is the responsibility of the user who downloads these documents
to make sure that:

their use within the Paediatric Clinical Unit / Hospital is approved according to the
local clinical governance procedures.

appropriate document control measures are in place to ensure that the most up to
date locally approved versions are considered.

any anomalies or discrepancies within the documents are immediately broughtto the
attention of the relevant special interest group chair and the European Clinical Study
Group who has developed the ESCP guidance document.

Every care has been taken whilst preparing these documents to ensure that they are free of
errors. Nonetheless, SIOP Europe and ERN PaedCan cannot be held liable for possible errors
or mistakes in these guidance documents, nor can SIOP Europe and ERN PaedCan be held
liable for any kind of damage resulting out of the use of these guidance documents.
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1. BACKGROUND
AND
RATIONALE

1.1 Background

In 2020, there was an estimated 474,519 newly diaghosed leukemia cases and 311,594
leukemia-related cancer deaths worldwide (Sung et al., 2021). Although hematologic
malignancies (HM) are usually sporadic, familial aggregation is increasingly recognized
(Nickels etal., 2013). The discoveryof underlyinggermline mutations (e.g., inthe RUNX1 gene
in 1999 (Song et al., 1999)), has supported the notion of hereditary HM. Fostered by the
increasing application of next-generation sequencing (NGS), additional genes predisposing to
myelodysplastic syndrome (MDS) or acute myeloid leukemia (AML) have been established
(e.g., DDX41, ETV6, GATAL, GATA2, MBD4, POT1, SAMDY9, and SAMDIL (Hasle et al.,
2021; Lewinsohn et al., 2016; Narumi et al., 2016; Polprasert et al., 2015; Michler et al., 2021;
Sahoo et al., 2021; Sandersetal., 2018; Tesi et al., 2017; Wlodarski et al., 2016; Zhang et al.,
2015)). Upto 19% of individuals with MDS or AML carry pathogenic germline variants in known
cancer susceptibility genes (Drazer et al., 2018; Feursteinet al., 2021; Huang et al., 2018; Lu
et al., 2015). For MDS, this high proportion of pathogenic germline variants is observed
particularly in patients under 40 years of age (Feurstein et al., 2021) and, in case of GATA2
deficiency, even amounts to 72% of adolescents with MDS and monosomy 7 (Wlodarski et al.,
2016). However, the actual number of HM cases may be higher as (i) novel loci continue to be
reported (e.g., ADA, DNMT3A, GP6, IL17RA, MECOM, and PRF1 (DiNardo et al., 2021; Rio-
Machin et al., 2020; Ripperger et al., 2018)), and (ii) the germline origin of a pathogenic variant
is not always recognized when they are identified within the context of analyzing somatic
alterations. Moreover, myeloid and/or lymphoid neoplasms can arise in the context of
constitutional chromosomal aberrations (e.g., trisomy 21, rob(15;21), trisomy 8 mosaicism),
and monogenic hereditary (cancer predisposition) syndromes (e.g., ataxia telangiectasia (MIM
208900), constitutional mismatch repair deficiency (MIM 276300, 619096, 619097, 619101),

Fanconi anemia (MIM 227645, 227650, 600901, 605724), Li-Fraumeni syndrome (MIM
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151623), and Shwachman-Diamondsyndrome (MIM260400, 617941)). Hereditary syndromes
with increased risk for HM can follow autosomal dominant, recessive, and X-linked recessive
inheritance. De novo mutations are frequently observed, for instance in TP53 causing Li-
Fraumeni syndrome (Renaux-Petel et al., 2018). Notably, incomplete penetrance and variable
expressivity may disguise familial aggregation (Maciejewski et al., 2017) and indicate that
additionally acquired somatic alterations are required for leukemic transformation, and that

additional constitutional genetic alterations can influence the course of disease.

Since 2016, myeloid neoplasms with germline predisposition have been recognized in
the revised World Health Organization classification of myeloid neoplasms and acute leukemia
(Arber et al., 2016). Presently, three subgroups are defined; group 1 includes syndromes
resulting from germline alterations without preexisting disorders (e.g., in CEBPA or DDX41),
whereas group 2 includes predisposition syndromes with preexisting thrombocytopenia due to
alterations in ANKRD26, ETV6, or RUNX1 (Arber et al., 2016). Group 3 describes syndromes

with multi-organ dysfunction (e.g., GATA2 deficiency or trisomy 21) (Arberetal., 2016).

Increasing awareness of familial leukemia raises questions concerning the identification,
genetic testing, and treatment of patients with underlying genetic predispositions (Babushok
and Bessler, 2015; Churpek et al., 2013; Drazer et al., 2016). Regarding genetic testing, gene
variants can be classified as pathogenic (p), likely pathogenic (Ip), of uncertain significance,
likely benign, or benign according to the American College of Medical Genetics and Genomics
and the Association for Molecular Pathology standards and guidelines (Richards et al., 2015).
Some disease-causing genes require additional specifications, such as the ClinGen variant
curation expert panel statements regarding RUNX1 (Luo et al., 2019) or TP53 (Fortunoet al.,
2021). Previously, Nordic and Spanish expert groups have introduced regional/national
guidelines for the genetic diagnosis of germline predisposition in adults with myeloid
neoplasms (Baliakas et al., 2019; Palomo et al.,, 2020). Porter and colleagues have
summarized clinical recommendations for children with leukemia predisposition (Porter et al.,

2017). Recommendations and guidelines for specific disorders (e.g., Shwachman-Diamond
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syndrome and Diamond Blackfan anemia (Dror et al., 2011; Vlachos et al., 2008)), or
heterogenic disease groups (e.g., Fanconi anemia (Behrens et al., 2021; Chao et al., 2015;
Ebens et al., 2017) and telomeropathies (van Os et al., 2017; Walsh et al., 2017)), already
exist and are not within the focus of the present guidelines. A European consensus covering

familial leukemia, however, does not yet exist.

1.2 Objectives

Since clinical care and surveillance of rare diseases should be provided based on expert
recommendations if evidence-based guidelines are not available, the subnetwork Familial
Leukemiawithin the European Reference Network (ERN)/PaedCan group was formedin 2017
by recruiting experts from eight different countries (i.e., Belgium, Denmark, Germany, ltaly,
Poland, Slovak Republic, The Netherlands, and UK) including oncologists, hematologists, and
human geneticists experienced in HM predisposition. The initiative towards European
Standard Clinical Practice (ESCP) guidance for individuals with familial leukemia has been
supported by members of MyPred, the German network for rare diseases focusing on young
individuals with syndromes predisposing to myeloid malignancies
(https://www.research4rare.de/en/research_networks/mypred/), the Host Genome Working
Group of the European Society for Pediatric Oncology (https://siope.eu/siope-host-genome-
working-group/), as well as the COST action leukemia gene discovery by data sharing, mining
and collaboration (LEGEND, https://www.legend-cost.eu/). In the following sections, we
describe key issues for the medical care of individuals and families with familial leukemia that
shall pave the way for consensus recommendations: (i) identification of individuals suggestive
of familial leukemia, (ii) genetic analysis and variant interpretation, (iii) genetic counseling and
patient education, and (iv) surveillance within or guided by registries/studies as well as
interaction with patient and parent associations as well as patient representatives. These

recommendations cover both, index patients as well as their family members at risk.
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2. PATIENT GROUP

2.1 Patientswith familial leukemia

If and when germline genetic testing is offered to individuals with either cancer, HM, or potential
donors for hematopoietic stem cell transplantation (HSCT) strongly depends on their current
location (i.e., their country) or even the treating medical center. We propose to offer genetic
testing to all these individuals who meet the criteria for familial leukemia. In the guidelines at
hand, the term “familial leukemia” refers to all individuals with constitutional genetic variants
including chromosomal aberrations that predispose to HM. Besides a confirmed pathogenic
variant, familial leukemia should be suspected in individuals with HM showing signposts for
genetic predisposition based on (i) personal medical history, (ii) specific somatic findings,
and/or (iii) family history (Figure 1). More precisely, individual signposts include multiple
cancers including =21 HM, congenital malformations, adult-type HM in minors, and non-
malignant symptoms such as multiple café-au-lait macules, pre-existing cytopenia, recurrent
infections, or increased toxicity after chemotherapy. Specific somatic findings indicative of a
germline predisposition are low hypodiploidy in children with acute lymphoblastic leukemia,
chromothripsis, or monosomy 7 in adolescents with MDS, among others. As some Ip/p variants
in HM-predisposing genes initially identified by panel sequencing of tumor samples might be
of germline origin, variants with a variantallele fraction (VAF) of about or larger than 40% (near
heterozygous) should be verified in non-malignant tissues (Baliakas et al., 2019; Yannakou et
al., 2018). Beyond this, additional cases of HM or other types of cancer in first- and/or second-
degree relatives <45 birthday, and also possible consanguinity of index patients’ parents
should be considered when assessing the family history. Apps (https://app.mipogg.cony),
algorithms (Baliakas et al., 2019; DiNardo et al., 2018) or questionnaires (Jongmans et al.,
2016; Rippergeretal., 2017) can be used to systematically address these clinical and somatic
signposts in a structured manner (Schwermer et al., 2021). We summarized key signposts as
a scheme (Figure 1) and highly recommend the implementation of appropriate tools when

taking care of individuals in question.
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personal medical history, e.g.,

« pre-malignant hematologic abnormalities
(e.g., thrombocytopenia)

- intellectual disability and/or congenital
malformation

« multiple malignancies

family medical history, e.g.,

1% or 2"-degree relative(s) with:

+ =1 hematologic malignancy and/or
- >1 other cancer before 45" birthday

specific somatic findings, e.g.,

* pathogenic variant in an hematologic
malignancy-associated gene

* VAF 240%

* monosomy 7 in adolescents with MDS

* hypodiploidy in childhood ALL

Figure 1: Familial leukemiasignposts. Theillustration summarizes signpostsin the personal
and family medical history as well as specific somatic findings that are indicative of a genetic
predisposition to hematologic malignancies. ALL, acute lymphoblastic leukemia; AML, acute
myeloid leukemia; HM, hematologic malignancy; ID, intellectual disability; MDS,

myelodysplastic syndrome; VAF, variant allele fraction. Created with BioRender.com.

3. DIAGNOSTICS

3.1 Interdisciplinary management

To address the question on howto proceed with individuals suggestive of or at risk of familial
leukemia, we developed an algorithm covering four different, partially linked clinical scenarios
(Figure 2 and 3, Forster et al., European Journal of Medical Genetics, unpublished). The first
scenario refers to individuals with a HM and a possible Ip/p germline variant in a known HM-
predisposing gene primarily detected in malignant cells. The second scenario describes
individuals suggestive of familial leukemia based on their signposts who have not undergone
genetic testing, whereas scenario three includes individuals with HM who have had genetic
testing with no Ip/p variants detected. The fourth scenario addresses healthy relatives at risk

of familial leukemia due to a Ip/p germline variant detected in a relative. Individuals from all
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four scenarios should be offered comprehensive genetic germline analyses, following pre -test
genetic counseling, where appropriate. We emphasize that all steps should be performed
under the umbrella of an interdisciplinary team of experts including hematologists/oncologists,
human geneticists, and scientists. In our opinion, individuals shall either be referred to expert
centers or, if not locally available, get connected with specialized centers elsewhere to secure
expert center-guided local care that can be supplemented by telephone/virtual counseling

meetings.

3.2 Scheduling of genetic counseling and/or genetic testing

To determine the most appropriate time for genetic testing, clinicians and/or geneticists
must consider several parameters, particularly whether the result is therapy-relevant. In
addition, it is imperative to assess and acknowiedge individual situations, attitudes, and
wishes of potentially affected individuals. Above all, counseling and testing should be
offered non-directively. In general, patients can be treated irrespective of a confirmed Ip/p
germline variant when its presence or absence has no impact on treatment decisions. In
the absence of sufficient evidence for the necessity of treatment adaptations,
chemotherapy in patients with predisposition for HM should be treated according to the
disease-specific study protocol. Notably, determining the presence of a genetic
predisposition may not be of importance to the present disease for all patients, but it may
provide relevant information for possible future cancers associated with the germline
alteration and also for relatives at risk. However, in other patients, early identification of a
possible Ip/p germline variant is pivotal. For example, it is key for children with a diagnosis
of juvenile myelomonocytic leukemia and PTPN11 Ip/p variants in tumor samples to
immediately ascertain the germline or somatic origin of the variant. Children with
somatically acquired variants usually require early HSCT, while children with PTPN11
germline variants associated with Noonan syndrome do not (Locatelli and Niemeyer,

2015). The latter often show spontaneous regression, thus, a “watch and wait” strategy is
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appropriate (Locatelli and Niemeyer, 2015). Another example is TP53. Here, early
identification of Ip/p variants may be relevant for the adaption of treatment protocols,
including radiotherapy and chemotherapy (Frebourg et al., 2020; Kratz et al., 2021). In the
context of (suspected) familial leukemia, genetic analysis of related donors should be
considered prior to allogeneic HSCT so that carriers of known familial Ip/p variants can be
excluded. If familial leukemia is suspected but genetic analysis cannot be completed prior
to HSCT, the use of related donors for HSCT requires critical evaluation. Taken together,
genetic testing for potential germline variants needs to be implemented in a way that
supports clinical decision-making but at the same time does not interfere with current best

practice procedures and treatment protocols.

3.3 Comprehensive genetic analysis

Comprehensive genetic analysis seeking germline variants associated with HM have
contributed to a better understanding of the disease as well as risk stratification. Along
with the identification of HM-predisposing gene variants, the international community
needs to address the issues of incorporating testing for hereditary HM into patient care
and how to address incidental findings (Tawana et al., 2018). Specific diagnostic algorithms
on how to proceed with individuals to detect Ip/p germline variants, including single nucleotide
variants and copy number variations, have been previously proposedby the Nordic MDS study
group (Baliakas et al., 2019), the Spanish MDS Group (Palomo et al., 2020), and DiNardo and
colleagues (DiNardo etal., 2018). Where possible, genetictesting for germline variantsshould
be performed in accredited diagnostic laboratories. A challenge in performing germline DNA
analysis in patients with HM is the source of non-hematopoietic tissue. Currently, the gold
standard is cultured skin-derived fibroblasts, as buccal swabs, saliva samples or even
fingernails may contain hematologic cells. When it comes to genetic analysis, not only the
choice of material but also the method is crucial in order to detect possible Ip/p variants. We

summarized the main HM-associated variant types with applicable methodsin Table 1. Despite
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this, somatic genetic rescue (e.g., in SAMD9, SAMDIL or GATA2 (Buonocore et al., 2017;
Catto et el, 2020; Narumi et al., 2016; Sahoo et al., 2021)), has to be kept in mind. Detailed
genetic analyses, especially in the context of large sequencing panels or even whole exomes
or genomes, increase the number of identified variants per analysis, and certainly raise
the handling time for variant interpretation, clinical impact evaluation and genetic
counseling. In general, we recommend to clearly distinguish between genetic testing in
clinical (i.e., focused testing of known causal genes) and research (i.e., designed to
expand knowledge) settings (Ripperger et al., 2021).

Table 1:Overviewofthe mostcommonvariant types associated with HM predisposition

and possible methodsto detectthem in a diagnostic setting.

varianttype affected genes, e.g., applicable method, e.g.,
point mutations and GATAZ2 (Kozyraetal., sequencing (Sanger or NGS
small indels in coding 2020) panel sequencing, WES/WGS)*
and flanking intronic
regions
non-coding alterations in | ANKRD26 (Pippuccietal., | sequencing (Sanger or NGS
untranslated regions 2011) panel sequencing, WGS)
non-coding, deep- GATAZ2 (Hsu etal., 2013) | sequencing (Sanger or NGS
intronic, regulatory panel sequencing, WGS)*
variants
copy number alterations | RUNX1 (Duployezetal., MLPA, aCGH, SNP-array, FISH,
ranging from partial exon | 2019; Rio-Machin et al., WES, WGS
up to microdeletions 2020; Ripperger et al.,

2011; Ripperger et al.,
2013)
copy number alterations | RUNX1 (Rio-Machin et al., | MLPA, aCGH, SNP-array, FISH,
encompassing gene 2020) WGS
promoters/regulatory
elements

* if applicable, additional RNA-based analyses are needed to address potential splicing
effects. aCGH, microarray-based comparative genomic hybridisation; FISH, fluorescence
in situ hybridization; MLPA, multiplex ligation-dependent probe amplification; NGS, next
generation sequencing; SNP, single nucleotide polymorphism; WES, whole exome

sequencing, WGS, whole genome sequencing.
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3.4 Variant interpretation

Genetic analyses have to follow established quality criteria, including the classification of
pathogenicity of variants (Fortunoet al., 2021; Luo et al., 2019; Richards et al., 2015). Their
proper clinical reporting needs to followthe current guidelines by the International System for
Human Cytogenetic Nomenclature (ISCN, (McGowan-Jordan and GmbH 2016)) or Human
Genome Variation Society (HGVS, https://www.hgvs.org/). We recommend data sharing of
genetic variants with associated phenotypes among diagnostic laboratories and the scientific
community, preferably within general or gene-specific publicly available curated databases
(e.g., Clinvar (https://mww.ncbi.nim.nih.gov/clinvar/)) or the RUNX1 Database
(https:/frunxddb.runx1-fpd.org/). Especially in case of rare variants of uncertain significance
(VUS), sharing of specific phenotypes, family history, and segregation is helpful to accelerate

knowledge on clinical impact and possibly guide re-classification.

In case of likely pathogenic and pathogenic variants

Detection of Ip/p germline variants mightinfluence diagnosis, treatment decision, donor choice
for HSCT with related donors, and future surveillance. It is important to clarify whether Ip/p
germline variants are de novo. In case of de novo germline variants, no increased risks for
parents exists and the risk for siblings to disease is dramatically reduced. Germline mosaicism
and somatic genetic rescue in parents needsto be considered in apparent de novo scenarios,
although there is no available data regarding its frequency. However, the offspring of index
patients with heterozygous de novo autosomal germline variants have a 50% possibility to

inherit the mutated allele.

In case of variants of uncertain significance, likely benign and benign variants

Particular care needs to be taken when dealing with VUS, which in general allow no clinical

translation. We highly recommend to implement interdisciplinary teams of experts for the

10
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decision-making process. Variant-specific functional data, validation cohorts and/or familial
segregation might be helpfulto better classify VUS, as has beenillustrated with functional data
for RUNX1 variants (Decker et al., 2021; Decker et al., 2022). Unremarkable genetic results
(i.e., no Ip/p variants) raise the question if a genetic cause can be ruled out or if a causative
genetic alteration is being missed. Here, we recommend follow-up diagnostic genetic analyses
after three to five years or earlier in case of novel relevant findings to (i) reanalyze genetic
data, and to reclassify previously identified variants, (ii) incorporate the current state of
methodology (i.e., additional analyses if appropriate), and (iii) consider novel knowledge
regarding associated genes (Figure 2, Forster et al., European Journal of Medical Genetics,
unpublished). Besides future diagnostic tests, further scientific investigations should be
considered. Controversies regarding the best care of individuals/families without proven
causative germline variants but with a familial background suggestive of a HM predisposition
need to be resolved. Patients who are clinically conspicuous due to their own and/or family
history of disease but do not carry Ip/p variants at established loci, may remain with an
increased (familial) risk of developing HM. Hence, without causing unnecessary anxiety, this
needs to be clearly communicated and follow-up appointments and germline genetic re-

evaluation should be offered.

4. PATIENT CARE

4.1  Geneticcounseling and patient education

The aim of identifying individuals at-risk is to inform them about (i) their own disease risk, (ii)
the probability of additional affected relatives and the risk to their offspring, (iii) if applicable,
available surveillance strategies to detect disease onset at an early stage, (iv) the need to
prevent HSCT with familial donors also carrying the risk allele, (v) if applicable, the need of
specific treatment protocols, (vi) ongoing studies, registries, and/or trials, and (vii) coping
strategies and patient support groups. Most of the informative and educational tasks can be

covered during genetic counseling following non-directive principles. It is important to not

11
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only offer genetic counseling to already affected patients but also to family members at

risk. Moreover, proper education forms the basis of the informed consent process for genetic

testing and ensures that patients understand risks and benefits of genetic testing, possible

testing outcomes, and the potential impact of test results for themselves as well as for their

relatives (Nickels et al., 2013). Shared decision-making considering (i) whether and when to

undergo genetic testing, (ii) whether, how and when to inform relatives, (iii) communication

about clinical consequences, and (iv) effects on family planning must be performed within the

scope of genetic counseling. We recommend tailored information adapted to the individual's

situation.

General topics of genetic counseling are:

evaluation of the family history, at least three generations with documentation of
malignant diseases including the age of onset,

clinical features indicative of inherited HM,

medical indication of genetic testing and the personal right to-know or not-to-know,
potential results of genetic testing, including VUS, and their potential impact on future
care,

possible reactions to the disclosure of genetictest results,

shared decision-making regarding genetic testing, including pre-implantation genetic
diagnosis and prenatal diagnosis, and risk assessment,

interdisciplinary care, particularly for the implementation of adequate surveillance
programs and education about signs and symptoms of HM and associated non-
malignant and malignant diseases also including solid tumors (e.g., in Li-Fraumeni
syndrome),

if applicable, the limited knowledge about the natural course of the disease and
currently missing evidenced-based surveillance guidelines, and

contact information regarding general or specific registries, ongoing trials if applicable,

as well as patient support groups.

12
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Every individual should be educated about (self-recognizable) symptoms of HM, the pros
and cons of regular surveillance, and the option of re-testing after three to five years if
initial investigations did not identify causative genetic alterations. Re-testing of index
patients’ germline tissue should include novel diagnostic knowledge and methodology.
We advise to involve hematologists/oncologists that are familiar with genetic
predisposition in the education of patients and families. Besides, responsible primary care
physicians (e.g., general practitioner or pediatricians) also need to be informed. The ERN
Paedcan Subnetwork on Familial Leukemia, but also ERN GENTURIS, which focuses on
genetictumor risk syndromes, can serve as Europeanhubs, offering information, local services
or advice to get in contact with experts in the field. Moreover, they provide current ESCP
protocols for each common childhood cancer (https://paedcan.ern-net.eu/the-escp-project/),
which is particularly helpful in countries without standard care. Established data sharing
systems can be used to discuss patients and review primary medical reports. In addition to the
clinical care, these networks are also connected with research initiatives (e.g., COST action
LEGEND or national networks such as MyPred) that can be of help or interest especially if
clinical genetic testing did not identify causative variants or when additional functional

investigations are required to classify variants.

4.2  Supportandsurveillance

Recently, the discovery of germline HM predisposition syndromes has been found to have a
positive impact on 91% of patients (e.g., by cancer-specific screening measures, donor
selection for allogenic HSCT, modification of treatment, and genetic counseling) (Martin et al.,
2021). Germline predisposition variants causing HM can be associated with a significantly
earlier age of onset (Feurstein et al., 2021; Kim et al., 2020). Regarding surveillance, apart
from leukemia-associated tumor risk syndromes such as Li-Fraumeni syndrome (Frebourg et
al., 2020) or constitutional mismatch repair deficiency syndrome (Durno et al., 2021),

prospective clinical trials generating evidence-based measures for mainly leukemia-

13
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predisposing diseases are not available. Different strategies have been reported in the
literature and are based on expert opinions (Baliakas et al., 2019; DiNardo et al., 2018; Drazer
et al., 2016; Godley and Shimamura, 2017; Porter et al., 2017). There is an urgent need for
natural history studies (e.g., the NIH RUNX1-FPD Clinical research study (NCT03854318,
https://mww.genome.gov/Current-NHGRI-Clinical-Studies/hematologic-and-premalignant-

conditions-associated-with-RUNX1-mutation)), to better understand the clinical course of HM-
predisposing diseases and to do this as objectively as possible, since data extracted from
previous reports might be biased by severe cases raising our attention. In general, strategies
should be guided by local or if unavailable regional/national experts. Besides missing evidence
for their effectiveness, surveillance measuresfor HM need to be discussed in the light of cancer
risk, type of associated HM (i.e., acute versus non-acute HV), age of onset, and the presence
of non-malignant hematological findings that may influence surveillance intervals (e.g.,
thrombocytopenia). If the associated risk for HM in a cancer predisposing syndrome is
considered to be relatively low (i.e., below 5%), no general surveillance measure is currently
recommended (Brodeur et al., 2017). However, if desired, these patients can also be referred
to support groups and offered the prospect of re-consultation to re-assesstheir situation. The
usefulness of such a procedure should be adapted individually to a patient’s situation and be
discussed within an interdisciplinary team. Regular surveillance is ineffective if hereditary
diseases predispose to acute leukemia or lymphoma only (e.g., CEBPA-, ETV6-, PAX5-
associated predisposition) (Porter et al., 2017), since acute leukemia becomes symptomatic
immediately and no prior action can be taken. In contrast, in predisposing diseases associated
with myelodysplastic syndrome (MDS), which can transformto AML, individuals may benefit
fromMDS detection prior to AML transformation. Age of onset often spans fromearly childhood
to late adulthood even within families. Thus, continued surveillance is necessary for these
diseases. In case of non-malighant findings (e.g., severe thrombocytopenia), surveillance

intervals can be adapted as needed.
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We recommend referring patients to clinical studies, working groups, and/or
appropriate registries that also include healthy relatives (e.g., FIT — facts, investigation,
therapy, a general cancer predisposition registry, http://mww.krebs-praedisposition.de/en/). To
ensure a systematic assessmentand documentation of clinical characteristics, respective tools
(e.g., the Pediatric Cancer Predisposition Documentation Tool (Hoyer et al., 2021)) should be
used. If available, patients should be motivated to participate in longitudinal natural history
studies such as the aforementioned NIH RUNX1-FPD Clinical research study, prospectively
allowing documentations of clinical, genetic, and outcome data. Moreover, registries can
provide information regarding co-morbidities and post- and pretreatment factors of
transformation and/or relapse risk (e.g., age and specific genetic alterations) (Ravandi et al.,
2018; Schuurhuis et al., 2018). As known for genetic cancer predisposition in general, the
psychosocial impact of genetic predisposition to HM cannot be overlooked (Cameron and
Muller, 2009; Vetsch et al., 2018). While psycho-oncological support is routinely offered to
patients, professional support should also be offered to individuals at risk of HM. In addition,
individuals with genetic predisposition can benefit from patient support groups and should
connect with patient representatives (e.g., RUNX1 research program, https://www.runx1-

fpd.org/).
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