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1. ABSTRACT

Constitutional mismatch repair deficiency (CMMRD), caused by bi-allelic germline
pathogenic variants in one of four MMR genes, is associated with an extremely high cancer
risk starting from early childhood and throughout life. The CMMRD-associated tumour
spectrum includes primarily hematologic, brain, and gastrointestinal tract malignancies. The
majority of CMMRD patients also have distinctive non-neoplastic features.

Specific tumour and family history characteristics, and non-neoplastic features are
important clinical indicators for CMMRD testing. However, the phenotypic overlap with
other cancer predisposition syndromes and limitations of genetic testing may prevent an
early and unequivocal diagnosis. Our understanding of the CMMRD phenotype has improved
in recent years and several assays assessing a hallmark feature of CMMRD, microsatellite
instability in non-neoplastic blood leukocytes, have been developed that circumvent the
diagnostic limitations of genetic testing. Existing guidelines for the clinical suspicion of
CMMRD need updating and integration into a comprehensive framework for CMMRD
diagnosis. Previously suggested surveillance protocols need adjustment to take into account
recent observational prospective studies, which have shown the effectiveness of surveillance
for the detection of brain and gastrointestinal tract tumours but not haematologic
malignancies. Malignant gliomas and intestinal tract cancers have been shown to be
responsive to immune checkpoint inhibitors (ICl). These findings and the effectiveness and
toxicity of radiotherapy, thiopurines, methylating agents, and other chemotherapeutics,
need to be incorporated in comprehensive guidelines.

Method: A Guideline Group with members of multiple specialties and one patient
representative developed recommendations for CMMRD diagnosis, genetic counselling,
surveillance, quality of life, and clinical management based on a thorough literature review.
Two rounds of a modified Delphi process were used to gain maximal consensus for approval
of the recommendations. Experts in this exercise included the 19 members of the Guideline
Group including members of the European Reference Network GENTURIS and/or the
European care for CMMRD (C4CMMRD) consortium, as well as 53 additional external experts
identified by the Guideline Group.



Results: Fourteen recommendations for the diagnosis of CMMRD provide indication criteria
for CMMRD testing based on (updated) existing C4CMMRD clinical guidelines for
paediatric/young adult cancer patients and for genetically unconfirmed suspected sporadic
NF1 patients as well as on tumour characteristics indicative for CMMRD. Further
recommendations define the criteria for a CMMRD diagnosis and testing strategies.

Twelve recommendations for genetic counselling include recommendations for predictive
testing in relatives, for prenatal and preimplantation CMMRD testing and for MMR gene
analysis in partners of CMMRD and Lynch syndrome patients.

Twenty-nine recommendations for surveillance include specific recommendations
concerning brain tumour surveillance by MRI and lower and upper gastrointestinal tract
surveillance by colonoscopy and (video capsule) endoscopy. Recommendations for
lymphoma, leukaemia, gynaecological and urinary tract cancer surveillance and for whole
body MRI are given. All recommendations contain information on the starting age, the
frequency, and modalities of the surveillance methods.

Four recommendations for quality of life mainly address psychological support and age
adapted patient and family education.

Twenty-three recommendations for clinical management consist of general
recommendations on malignancy treatment (including radiation therapy and stem cell
transplantation), a large proportion of them with only moderate or low evidence due to the
paucity of data. Specific recommendations are given for ICl therapy of high-grade glioma,
colorectal cancer, other Lynch-related and non-Lynch related malignancies and for
chemotherapy of non-Hodgkin lymphoma and leukaemia. Management of polyposis, low-
grade glioma, medulloblastoma, suspected tumour relapse and IgG/A production deficits,
surveillance during tumour treatment, and colorectal cancer prevention with acetylsalicylic
acid are topics also covered.

Conclusions: Based on existing guidelines and currently available data, we defined 82
recommendations for the care of patients with CMMRD. These guidelines do not consider
specifics of countries with low-resources or with entirely private health care systems. These
recommendations are not meant to be prescriptive and may be adjusted based on individual
decisions made, wherever possible, in multidisciplinary boards and after discussion with

CMMRD experts as well as with the patient and/or their family.



2. GUIDELINE SUMMARY

This guideline has been drawn from the best available evidence and the consensus of experts
in this area. It is reqularly updated to reflect changes in evidence. The expectation is that
clinicians will follow this guideline unless there is a compelling clinical reason to undertake

different management, specific to an individual patient.

Child/adolescent without cancer
suspected to have sporadic NF1/Legius syndrome Cancer patient
without an NF1/SPRED1 germline (L)PV

Indication criteria for CMIMRD testing; only one needs to be fulfilled to indicate testing (Rec. 1-4)

Rec. 6:
at least one
additional feature acc. to
CACMMRD guidelines,
(Table 3)

Rec.2:
aged <18 years
+ paediatric-high TMB

Rec. 4:
aged <18 years +

germline het. MMR
(LPV

clinical feature
Score 2 3 acc. to updated
CACMMRD guidelines
(Table 2)

MMR protein expression
loss in neoplastic + non-
neoplastic cells

no criteria fulfilled
no

CMMRD testing not CMMRD testing indicated
indicated Rec. 5: complete family history and physical examination if not already done

Germline DNA
(and RNA) available from
the patient

Unclear diagnosis of CMMRD
consider further analysis if
clinical presentation (Rec. 1)
is highly evocative of CMMRD

MR protein expression
loss in neoplastic + non-

no (patient deceased) R .

=

Confirmed diagnosis of CMMRD)

Genetic testing for germline MIVIR gene variants; the result dictates which further tests are needed (Rec. 12; Table 4; Table 5)

(i) 2x (L)PV confirmed
to be in trans affecting
a single MMR gene

(ii) % {L)PV or VUS confirmed to
be in trans with 1x VUS affecting
asingle MMR gene

(iii) 1x (L)PV or VUS
in an MMR gene

(iv) No (L)PV or VUS
inan MMR gene

faulty

splicing or reduced
expression of the wild
type allele(s) of an MMR
gene by transcript
analysis

additional criteria
fulfilled where required
(Table 5)

Positive result for
a validated ancillary test
(Table 4)

positive result for’
avalidated ancillary test
(Table 4)

no no

[~ |
L
——

v

( Confirmed diagnosis of CMMRD ) ( B RN ) ( Refuted diagnosis of CMMRD )

consider (additional) ancillary tests to corroborate the diagnosis Rec. 13: test for POLE and POLD1 (L)PVs if tested following Rec. 1, Rec. 2, o Rec. 4

Figure 1. Decision tree for the diagnosis of CMMRD



Table 1. Summary of surveillance recommendations

Exam ‘ Frequency Period Evidence*
Clinical examination Every 6 months | From diagnosis Strong
Brain MR Every 6 months | 2—20 years Strong
Annually From 20 years Moderate
Colonoscopy Annually** From 6 years Strong
Upper gastrointestinal Annually** Simultaneously with Strong
endoscopy colonoscopy or at least
from age 10 years
Video capsule endoscopy Annually From 10 years Strong
Gynaecologic | surveillance Annually From 20 years Strong
(clinical
examination &
transvaginal
ultrasound)
Prophylactic Not applicable | Discuss once family Moderate
surgery planning is completed
Abdominopelvic ultrasound for | Annually From 20 years Strong
gynaecological and urinary
tract cancer screening
Whole body MRI At least once At diagnosis or when Strong
anaesthesia is no longer
required
Discuss Moderate

optional annual

imaging

*This grading is based on published articles and expert consensus.

** Interval should be increased to once every 6 months once polyps are detected
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3. INTRODUCTION

Mismatch repair (MMR) is a cellular mechanism involved in the repair of replication errors
that escape proofreading by the exonuclease activity of the replicative DNA polymerases €
and 6 (Pol € and Pol &) (Jiricny, 2006). MMR deficiency resulting from inactivation of one of
four MMR genes (MLH1, MIM# 120436; MSH2, MIM# 609309; MSH6, MIM# 600678; PMS2,
MIM# 600259) leads to mutation accumulation in dividing cells and cancer (Zou et al., 2021).
Constitutional (hereafter referred to as germline) pathogenic variants (PVs) in one of these
four genes are associated with an increased risk of cancers involving multiple organs.
Individuals with a heterozygous germline MMR gene PV have Lynch syndrome (LS), an
autosomal dominant, adult-onset cancer predisposition syndrome. The LS cancer spectrum
includes mainly colorectal and endometrial carcinoma, as well as cancers of other organs at
a lower frequency, such as the small bowel, the urinary tract, the stomach, the ovaries and
the brain. In LS associated cancers, MMR deficiency results from somatic inactivation of the
wild-type allele of the germline mutated MMR gene. In 1999, two reports described the
phenotype of offspring from consanguineous parents within LS families who carried
homozygous MLH1 germline PVs and, hence, a constitutional MMR deficiency (CMMRD).
They developed haematological malignancies and a brain tumour in one individual, and
displayed clinical features reminiscent of neurofibromatosis type 1 (NF1) (Ricciardone et al.,
1999; Wang et al., 1999). Since then, well over 200 paediatric and young adult patients have
been reported carrying biallelic germline PV in one of the four MMR genes. This recessively
inherited condition is now recognised as a distinct childhood cancer predisposition syndrome
(OMIM #276300) named CMMRD syndrome or simply CMMRD. Other names used
previously include biallelic Mismatch Repair Deficiency (b MMRD), Mismatch Repair Cancer
Syndrome (MMRCS) or Brain Tumour Polyposis Syndrome (BTPS1). Although molecularly
not proven, it is retrospectively most likely that Jacques Turcot in 1959 described the first
cases of CMMRD when he reported two siblings with numerous colorectal adenomatous
polyps, colorectal carcinoma and malignant brain tumours, and so historically CMMRD cases

have also been described as Turcot syndrome (Turcot et al., 1959).

The cancer risk in CMMRD is one of the highest — if not the highest - among (childhood)

cancer syndromes. Individuals with CMMRD have a substantial risk of developing cancer
11



from their first year of life and thereafter, and it is extremely uncommon for a patient to have
no tumour diagnosis by their third decade of life (Vasen et al., 2014; Wimmer et al., 2014).
Without surveillance, patients often die before adulthood (Durno et al., 2021; Ghorbanoghli
et al., 2023). The known spectrum of CMMRD-associated cancers is broad and, in essence,
any cancer could be associated with CMMRD. The three most frequent cancer groups are (i)
haematological malignancies diagnosed in ~40% of patients, with T-cell lymphoblastic
lymphoma being most prevalent, (ii) malignant brain tumours in ~55% of patients, most
frequently high-grade gliomas (HGGs), and, (iii) colorectal carcinomas (CRC) and other LS-
associated tumours in ~50% of patients. Most patients develop digestive tract adenoma
ranging from a single adenoma (often with high-grade dysplasia) to polyposis in the second
decade of life. It is likely that any patient who is not under colorectal surveillance and reaches
adolescence or young adulthood will eventually develop CRC. Tumour types less frequently
seen in CMMRD include neuroblastoma, nephroblastoma, different types of sarcomas, and
others (Durno et al., 20173; Durno et al., 2021; Johannesma et al., 2011; Kratz et al., 2009;
Lavoine et al., 2015; Levi et al., 2015; Ripperger & Schlegelberger, 2016; Wimmer et al.,
2014). Overall, patients with biallelic MLH1/MSH2 PV show a more severe phenotype with an
earlier age at first tumour than those with biallelic MSH6 and PMS2 mutations (Bruekner et
al., 2023; Wimmer et al., 2014). Attenuated forms of CMMRD also exist. The few reported
cases have been linked to hypomorphic MMR variants and are characterised by a lower
frequency of both haematological and brain malignancies as well as a later onset of cancer

(Bruekner et al., 2023; Gallon et al., 2024; Liet al., 2015).

In childhood or adolescent cancer patients, the tumour type, additional non-malignant
neoplasia such as colorectal polyps, family history, and the presence of non-neoplastic
manifestations of CMMRD are important clinical indicators to raise suspicion of a CMMRD
diagnosis (Wimmer et al., 2014). The most prevalent of these non-neoplastic features are
café-au-lait maculae (CALMs) reminiscent of NF1 (Wimmer et al., 2017b), other hypo- and
hyper-pigmented skin patches (Wimmer et al., 2017b), and multiple developmental venous
anomalies (DVAs) (Raveneau et al., 2024; Shiran et al., 2018; Wimmer et al., 2017b). A scoring
system was formulated from these CMMRD-associated clinical features to provide clear
criteria to select patients for germline genetic testing (Wimmer et al., 2014).

12



Over 60% of CMMRD cases result from biallelic PMS2 PVs, over 20% from biallelic MSH6 PVs,
and less than 20% from either MLH1 PVs or MSH2 PVs (Ercan et al., 2024; Wimmer et al.,
2014). These numbers reflect the estimated population prevalence of heterozygous PV in
these four MMR genes (Win et al., 2017). The birth incidence is approximately one in a million
if parents are not related (Perez-Valencia et al., 2020; Suerink et al., 2019a). However, the
prevalence might be higher in populations with founder mutations and/or a high rate of
parental consanguinity. Indeed, approximately half of CMMRD cases are homozygous for a
MMR gene PV (Lavoine et al., 2015; Wimmer et al., 2014). Although both parents of a
CMMRD patient are obligate carriers of a monoallelic MMR gene PV, a family history of LS
associated cancers is often lacking (Lavoine et al., 2015) as the penetrance of monoallelic
MSH6 and especially PMS2 PVs is substantially lower than that of MSH2 and MLHz1 PVs,
which account for the majority of LS cancer patients (Dominguez-Valentin et al., 2020;

Moller et al., 2018; Suerink et al., 2019b).

Most of the variants found in CMMRD patients are truncating and so expected to cause
complete loss of expression and, consequently, function of the corresponding MMR protein.
However, almost 30% of those variants have been described as variant of uncertain
significance (VUS) (more frequently in MSH2 and MLHz than in PMS2 and MSH6) (Bodo et
al., 2015). This high rate of VUS and the difficulties of PMS2 analysis resulting from the
presence the PMS2CL pseudogene (Ganster et al., 2010; Hayward et al., 2007; Mandelker et
al., 2016; van der Klift et al., 2010), complicates diagnosis and has led to development of
ancillary tests that can confirm or exclude the diagnosis in patients in whom genetic testing
leads to aninconclusive result (Bodo et al., 2015; Chung et al., 2021; Chung et al., 2023; Gallon

et al.,, 2019; Gallon et al., 2023; Gonzalez-Acosta et al., 2020; Ingham et al., 2013).

Due to the high tumour risk and broad tumour spectrum, CMMRD patients need to be
subjected to extensive surveillance and several protocols for surveillance have been
proposed (Durno et al., 2017a; Tabori et al., 2017; Vasen et al., 2014). In observational

prospective studies, these protocols have proven to be effective for brain and digestive tract

13



tumours, but not for haematological malignancies (Durno et al., 2021; Ghorbanoghli et al.,

2023).

CMMRD cancers are inherently MMR deficient and this shapes tumour molecular pathology.
MMR deficient cancers have increased tumour mutational burden (TMB) and microsatellite
instability (MSI) as substitution and small insertion-deletion mutations generated during
DNA replication are not repaired. They are frequently classified as hypermutated, which is
typically defined as a TMB 210 mutations per megabase (mut/Mb). In CMMRD brain tumours,
itis also common to find concurrent polymerase proofreading deficiency caused by missense
variants in the exonuclease domains of replicative DNA polymerases Pol € or Pol &. This
results in ultramutated tumours with TMB >100mut/Mb (Andrianova et al., 2017; Shlien et
al., 2015; Waterfall & Meltzer, 2015). A high TMB is associated with response to
immunotherapy through translation of coding variants producing tumour-specific,
immunogenic neoantigens (Sha et al., 2020). MMR deficient tumours may also be
particularly responsive to immunotherapy as they produce highly immunogenic frameshift
peptides (FSPs). Insertion-deletion variants in coding microsatellites accumulate in MMR
deficient cancers, which create shifts in gene reading frames. When translated, these
frameshift mutations can generate long stretches of novel amino acid sequence — FSPs —
whereas point mutations create only single amino acid substitutions. FSPs can therefore
harbour many epitopes for immune cell receptor binding during antigen presentation, and
so more opportunity for immune cell activation than peptides containing substitution
variants (Kloor & von Knebel Doeberitz, 2016). It follows that immune checkpoint inhibitors
(ICls) are a promising drug class in the treatment of CMMRD cancers, with clinical responses
being observed in gastrointestinal and brain tumours (Das et al., 2022; Suerink et al., 2021a).
MMR deficiency also confers therapy-resistance to tumours, in particular against
chemotherapies that rely on functional MMR for their mechanism of action. The inefficacy
of temozolomide to treat MMR deficient brain tumours is of particular note for CMMRD

patients (Gan et al., 2022).

Current guidelines for the diagnosis of CMMRD and CMMRD cancer surveillance protocols

have been published from two expert groups, the European consortium Care for CMMRD

14



(C4CMMRD) and the International Replication Repair Deficiency Consortium (IRRDC) along
with collaborating health care organisations (Aronson et al., 2022; Durno et al., 20173;
Suerink et al., 2018; Tabori et al., 2017; Vasen et al., 2014; Wimmer et al., 2014). Recent
developments in diagnosis, in particular improved understanding of the CMMRD clinical
phenotype and the development of low cost and scalable assays to detect MSl in blood as a
pathognomonic feature of CMMRD (Chung et al., 2023; Gallon et al., 2023), and the efficacy
of cancer surveillance protocols (Durno et al., 2021; Ghorbanoghli et al., 2023) could not be
considered in earlier guidelines. Professional guidelines on genetic counselling, quality of life,
and cancer treatment are also lacking, and CMMRD healthcare practice is varied. Therefore,
up to date and comprehensive guideline recommendations for the diagnosis and

management of CMMRD are needed.
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4. COMPOSITION OF THE GUIDELINE GROUP

The European Reference Network (ERN) Guideline Group for people with CMMRD was
established by clinical geneticists and clinicians with expertise in CMMRD, as well as an
affected individual. These guidelines were written for healthcare practitioners caring for

CMMRD patients, but can be used by any interested party.

The CMMRD Guideline Group was supported by a Core Working Group, including ERN
GENTURIS healthcare provider members from different Member States and members of the
European C4CMMRD consortium, who are recognised experts and specialised in different
aspects of the diagnosis and management of CMMRD. The Core Working Group met online
monthly and drafted the guideline scope, clinical questions, recommendations and guideline
document and obtained feedback from the CMMRD Guideline Group. The recommendations
were finalised in a modified Delphi approach in which the Core Working Group, CMMRD
Guideline Group (including patient representative) and additional experts participated (see

chapter 8).
Approach to secure views and preference of target population

The ERN GENTURIS CMMRD Guideline Group was supported by a patient representative
who has experience with CMMRD. This patient representative was part of the core working

group and present during several of these meetings.

Involving the patient representative in the development of these guidelines and in the

Guideline Group helped to ensure that:

e The questions addressed are relevant to them and will make a positive impact on
patient care.

e Important aspects of the experience of iliness are considered.

e (Critical clinical and patient important outcomes are identified and prioritised.

e The balance of benefits and harms of the intervention is appropriately considered,
when recommendations are formulated in conjunction with patient values and

preferences.
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The patient representative advised on the scope, target population and clinical questions the
guideline aimed to address and provided feedback on the plain language summary and

patient journey.
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6. PURPOSE AND SCOPE OF THIS GUIDELINE

6.1 WHY WAS THIS GUIDELINE PRODUCED?

Before this guideline, there were different and limited guideline recommendations for the

diagnosis and management of CMMRD and there is substantial variability in clinical practice.

Currently, two main professional groups have set up an international cooperation in order to
improve diagnosis and care of CMMRD patients: the European C4CMMRD consortium and
the Canadian-led International Replication Repair Deficiency Consortium (IRRDC). In their
name, together, or through collaborations (with the US Multi-Society Task Force on
Colorectal Cancer and the Pediatric Cancer Working Group of the American Association for
Cancer Research), they have published different guidelines regarding diagnosis and

surveillance of CMMRD patients based on expert opinions and available data.

Since then, knowledge of the CMMRD phenotype and the suitability of different features as
indicators for CMMRD testing have advanced, and new ancillary assays have been developed
that complement genetic testing. Furthermore, observational prospective studies
conducted by C4CMMRD and IRRDC have demonstrated a survival benefit for individuals
with CMMRD who undergo surveillance. New data were also published on the efficacy of
immunotherapy for treatment of CMMRD patient cancers and for the treatment of MMR

deficient tumours in general.

It was desirable to update and merge the different guidelines on diagnosis and clinical
management (surveillance and treatment) of CMMRD patients in one comprehensive
guideline. There is a consensus that such a guideline is overdue to improve and standardise
diagnosis and management for the benefit of CMMRD patients and their families. Therefore,
ERN GENTURIS and the European consortium C4CMMRD undertook a common effort to

define recommendations for the care of CMMRD in Europe and beyond.

6.2 WHO IS THE GUIDELINE FOR?

The CMMRD Guideline Group has prepared this guideline document to assist healthcare
professionals in evidence-based diagnosis, genetic counselling, clinical management and
surveillance of people with CMMRD.
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Although the guidelines are written primarily for geneticists, paediatric haematologists-
oncologists and gastroenterologists, they can also be used by other physicians, patients or

other interested parties.

Clinical guidelines are statements to support decision making, based on systematically
evaluated evidence for a specified clinical setting. Whilst these clinical guidelines are based
on the latest published evidence, care of each individual remains primarily the responsibility
of their treating medical professionals. Decisions for care should always be based on the
needs, preferences and circumstances of each patient. Clinical guidelines should support
clinical decision making, but never replace clinical professionals. Guidelines present
recommendations based on expert opinion and published evidence and are not mandates.

These guidelines do not signify nor intend to be a legal standard of care.

6.3 WHATIS THE GUIDELINE ABOUT?

6.3.1 SCOPE

The scope of this guideline is to define the optimal diagnosis, surveillance, and clinical
management of people with CMMRD. The genetic counselling section also addresses

recommendations for their relatives.

6.3.2 HEALTH QUESTIONS

It is critical to define the key clinical questions regarding diagnosis, surveillance, and clinical

management of people with CMMRD.
Key clinical questions include, but are not restricted, to:
DIAGNOSIS

What clinical and molecular criteria should be used to indicate a genetic test for the diagnosis

of CMMRD?

Which technique is most favourable to use with regard to the performance, limitations, costs,

availability, turnaround time, invasiveness and acceptance of the technique?
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When is the diagnosis of CMMRD genetically confirmed and when can we clearly refute the

diagnosis of CMMRD?
GENETIC COUNSELLING

After a diagnosis of CMMRD in a patient, which people should receive genetic counselling

within the family?

What kind of reproductive issues should be discussed with CMMRD patients and/or their

parents?
Should the risk of having a child with CMMRD be discussed with LS carriers?
SURVEILLANCE

In people with CMMRD, what would be the optimal screening method, starting age, and

interval to detect each tumour type?
QUALITY OF LIFE

What is the psychological impact of a CMMRD diagnosis and what psychosocial support do
people with CMMRD benefit from?

CLINICAL MANAGEMENT

If a tumour is diagnosed, is the treatment different in the context of CMMRD compared to

the treatment of the same tumour in another context?

If it is different, what is the optimal, CMMRD-specific treatment?

6.3.3 POPULATION

The target population for this guideline is all individuals with CMMRD, which mainly consist
of children and young adults. Genetic counselling and genetic testing recommendations also
consider family members, such as the parents with a high likelihood of having LS and

patient’s siblings and the reproductive partners of CMMRD and LS carriers.
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6.3.4 CARE SETTING

The guideline is intended to support the decision making of geneticists, clinical geneticists,
(paediatric) oncologists, pathologists, molecular geneticists performing genetic testing,
(paediatric) gastroenterologists, (paediatric) dermatologists, and radiologist, in their
decisions on diagnosis, counselling, surveillance and clinical management of people with
CMMRD. The guideline can also be used by other physicians (general doctors, psychologists

and other specialists involved in CMMRD care), patients or other interested parties.

Implementation of this guideline will require dissemination to the different stakeholders.
Preferably, this European guideline should be adopted and diffused by the Directorate-
General of Health of each European Country. A more fragmented but rather more feasible
approach will be to disseminate these guidelines via professional and patient societies. A
concise version of these guidelines has been published in the European Journal of Human

Genetics.

6.3.5 AETIOLOGY & EPIDEMIOLOGY

Aetiology

The mismatch repair (MMR) system plays an important role in the correction of DNA
replication errors during cell division. This includes the recognition of base-base mismatches
and insertion/deletion loops (IDLs). IDLs occur frequently in microsatellites, tandem repeats
of short (1-9 nucleotides) DNA sequence motifs (Jiricny, 2006). Loss of MMR function due to
pathogenic variants in both copies of either the MLH1, MSH2, MSH6 or PMS2 gene
significantly increases mutation rate up to hundreds-fold (Zou et al., 2021). This mutator
phenotype can drive tumourigenesis through accumulation of additional mutations in
oncogenes and tumour suppressor genes (Negrini et al., 2010). For example, in colorectal
cancer (CRC), MMR deficient tumours have different spectra of mutated genes and mutation
types compared to MMR proficient tumours, with an increase in frameshift mutations at
coding microsatellites and C>T transitions (Ahadova et al., 2018; Cancer Genome Atlas, 2012;
Sekine et al., 2017), mutations that are characteristic of MMR deficient mutational signatures

(Alexandrov et al., 2020; Zou et al., 2021).
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In Lynch syndrome (LS), patients are born with an MMR gene PV in one allele and their cells
can become MMR deficient through acquisition of an inactivating second hit in the other, i.e.
the wild-type, allele of the same gene. Hence, LS carriers have an increased risk of MMR
deficient cancers (Latham et al., 2019). In CMMRD, caused by biallelic germline PV in one of
these four MMR genes, all cells of the individual are MMR deficient and replication errors
remain uncorrected from gestation onwards. The increased constitutional mutation rate of
CMMRD is thought to explain its severe phenotype as well as the presence of constitutional
microsatellite instability (Gallon et al., 2023; Zou et al., 2021). It is feasible that an increased
constitutional mutation rate could be responsible for somatic mutations of non-MMR genes
in otherwise normal tissues and causes some of the non-neoplastic clinical features of
CMMRD, such as café au lait spots (CALS) and other alterations of skin pigmentation, and
brain cavernomas (Alotaibi et al., 2008; Guerrini-Rousseau et al., 2024; Wimmer et al,,

2017b).

Other functions of the MMR system may also influence the presentation of CMMRD. For
example, the role of MMR in a signalling cascade that induces apoptosis upon DNA damage
results in the resistance of CMMRD tumours to some chemotherapies, and its role in
immunoglobulin class switch recombination causes abnormal immunoglobulin production in
CMMRD patients (Li, 2008; Tesch et al., 2018). Primary immunodeficiency has been observed
in rare cases, but a mechanistic association with CMMRD has not been proven (Peron et al.,

2008).

Epidemiology

The most commonly involved genesin CMMRD are PMS2 and MSH6 while biallelic MLH1 and
MSH2 PVs are rarer. This distribution of biallelic PVs fits with the frequency of monoallelic
PVs in these genes in the general population, in which PMS2 and MSH6 are about 2.5 - 4
times more prevalent than MLH1/MSH2 PVs (Win et al., 2017). The overrepresentation of
MLH1 and MSH2 PVsin clinically recognized Lynch syndrome patients reflects ascertainment
that occurs in cancer patients referred for genetic testing, since penetrance of PVs in these
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genes is higher than for PMS2 and MSH6 (Dominguez-Valentin et al., 2020; Goodenberger
et al., 2016; Haraldsdottir et al., 2017; Ten Broeke et al., 2018). Furthermore, it might be
speculated that an embryonic lethality of homozygous PVs in MSH2 or MLH1 may also
account for the distribution difference in CMMRD.

Up to now, well over 200 genetically proven patients with CMMRD have been published.
Based on the most recent empiric estimation of the carrier frequencies of MLH1, MSH2,
MSH6 and PMS2 PVs (Win et al., 2017) the incidence of CMMRD in the general population
was calculated to be one in a million children of unrelated parents (Suerink et al., 2019a). This
estimate is supported also by an empirical study assessing the frequency of CMMRD patients
among suspected NFi children without malignancy who tested negative for an NFz or
SPRED1 PV (Perez-Valencia et al., 2020). However, it must be assumed that the incidence
will be substantially higher in populations with founder MMR gene PVs and in children of
consanguineous parents. Indeed, homozygosity for founder variants or consanguineous
parentage were observed in 46/91 (50.5%) of CMMRD patients (Wimmer et al., 2014). This
number is supported by a French cohort, in which approximately half of the CMMRD cases
were homozygous for an MMR gene PV mainly due to parental consanguinity while the other
half were compound heterozygous and from unrelated parents (Lavoine et al., 2015).
Examples from specific populations have also been reported. Li and colleagues estimated
that one in 16 individuals of the Nunavik Inuit population is a carrier for the PMS2 ¢.2002A>G
p.(1le668*) PV, leading to a high frequency of CMMRD (Li et al., 2015). Similarly, the Icelandic
population has three MMR founder variants at relatively high frequencies: PMS2
c.736_741del6ins1 p.(Pro246Cysfs*3), PMS2 c.2T>A p.(Met1?), and MSH6 c.1754T>C
p.(Leus85Pro) with carrier frequencies of 0.234%, 0.092%, and 0.080%, respectively
(Haraldsdottir et al., 2017), which could lead to a higher birth incidence of CMMRD than the
estimated one in a million. A study of Jordanian paediatric/adolescent HGG patients found
that approximately 30% of tumours showed loss of MMR protein expression in both tumour
and normal cells, suggestive of a high CMMRD frequency, though this was not confirmed by
genetic testing. This may be explained by the high frequency of consanguineous parentage

in approximately 30% of the cohort (Amayiri et al., 2016).
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Limited data is available on the prevalence of CMMRD in specific cancer subtypes and will,
among other factors, depend on the strength of the association of the tumour type with
CMMRD and the rarity of the specific tumour subtype during childhood and adolescence. A
CMMRD prevalence of 9.1% (8/88) was reported in a national cohort of T-cell lymphoblastic
lymphoma patients aged <18 years (Kroeze et al., 2022). Mork et al. found CMMRD in 1.0%
(2/193) of young adult (age <35 years) CRC patients and de Voer et al. in 2.7% (2/74) of CRC
patients aged younger than 25 years (de Voer et al., 2021; Mork et al., 2015). From a report
of childhood/adolescent cancer patients, it can be deduced that CMMRD is associated with
approximately 2.5% (3/118) of high grade glioma cases (Supp. Tables S1 & S7in Grobner et
al., 2018). Finally, 7.4% (14/189) of childhood/adolescent non-Hodgkin lymphoma patients
who have secondary malignant neoplasia were found to have CMMRD in one recent study

(Attarbaschi et al., 2021).
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7. RECOMMENDATIONS

Recommendations in this guideline are divided into 5 sections: diagnosis, genetic

counselling, surveillance, quality of life, and clinical management

7-1  DIAGNOSIS RECOMMENDATIONS

Recommendations Strength

Rec.1 | CMMRD testing should be offered to all cancer patients who reach [ Strong
a minimum of three scoring points according to the revised

C4CMMRD indication criteria (Table 2).

Rec.2 | CMMRD testing should be offered to all cancer patients aged <18 | Strong
years with a tumour that has a paediatric-high* tumour
mutational burden (TMB), regardless of presence or absence of a

somatic POLE or POLDz pathogenic variant.

*(Grobner et al., 2018; Merino et al., 2020)

Rec.3 | CMMRD testing should be offered to all cancer patients with a [ Strong
tumour that has expression loss of one or more of the four MMR
proteins by immunohistochemical staining in neoplastic and in
non-neoplastic cells including tumour infiltrating leukocytes

and/or endothelial cells.

Rec. 4 | CMMRD testing should be offered to all cancer patients aged <18 | Strong
years in whom a heterozygous (likely) pathogenic variant in one of

the MMR genes was found by germline sequencing.

Rec.5 | A family history assessment and physical examination should be [ Strong
performed for any patient who fulfils inclusion criteria of CMMRD

testing as described in Rec. 2-4.
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Rec. 6

CMMRD testing should probably be offered in expert centres,
following an interdisciplinary discussion to all children suspected
to have sporadic NFi/Legius syndrome without cancer and
without an NF1/SPRED1 germline (L)PV after comprehensive
genetic analysis and who have at least one additional feature

defined by the C4CMMRD guidelines (Suerink et al 2018, Table 3).

Strong

Testing strategy

Rec. 7

Any testing strategy should aim to come to a definite diagnosis
that either confirms or refutes CMMRD in the patient, and to

identify the causative variants in the relevant MMR gene.

Strong

Rec. 8

Wherever possible, CMMRD testing of a patient with a (pre-
)malignancy should include immunohistochemical staining of all
four MMR proteins in tumour tissue to determine MMR protein
expression in neoplastic and in non-neoplastic cells, including

tumour infiltrating leukocytes and/or endothelial cells.

Strong

Rec. 9

The laboratory performing genetic CMMRD testing should be able
to offer transcript analysis of all four MMR genes and should be
able to apply assays that circumvent potential diagnostic pitfalls
that result from the high homology of PMS2 and its pseudogene
PMS2CL (either by partnership with a different laboratory or in

their own laboratory).

Strong

Rec. 10

The laboratory performing genetic CMMRD testing of an index
patient with a (pre-)malignancy should probably have one or more
validated ancillary assay(s) available (either by partnership with a
different laboratory or in their own laboratory) that can
definitively confirm or refute the diagnosis of CMMRD if genetic

testing renders an inconclusive result (the currently available

Strong
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ancillary assays testing for constitutional MMR deficiency are

listed in Table 4).

Rec.11

The laboratory performing genetic CMMRD testing of an index
patient without a (pre-)malignancy should have one or more
validated ancillary assay(s) available (either by partnership with a
different laboratory or in their own laboratory) that can
definitively confirm or refute the diagnosis of CMMRD if genetic
testing renders an inconclusive result (the currently available
ancillary assays testing for constitutional MMR deficiency are

listed in Table 4).

Strong

Diagnostic criteria

Rec. 12

The diagnosis of CMMRD should be considered confirmed in an

individual fulfilling one or more of the suggested criteria for

CMMRD testing (Rec.1, Rec.2, Rec.3, Rec.4, Rec.6) if, according to

the Table “Criteria for the confirmation of CMMRD” (Table 5):
(i) in one of the four MMR genes, two variants classified
according to internationally accepted classification criteria*
as (likely) pathogenic (PV or LPV) are identified and are
confirmed to be located in trans (note that in some cases
additional criteria need to be fulfilled);

OR
(ii) in one of the four MMR genes, one of two variants
identified and confirmed to be located in trans is classified as
a PV or LPV or variant of unknown significance (VUS) and the
other one is classified as a VUS and one or more clinically
validated ancillary test results is consistent with a CMMRD
diagnosis;

OR

Moderate
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(iii) in one of the four MMR genes, one variant is identified
and classified as a PV or LPV or VUS and there is evidence for
(a) faulty splicing not explained by the identified variant or (b)
reduced expression of the wild-type allele by transcript
analysis and one or more clinically validated ancillary test
results is consistent with a CMMRD diagnosis;
OR

(iv) no MMR gene variant classified as a PV or LPV or VUS is
identified, but one or more clinically validated ancillary test
results is consistent with a CMMRD diagnosis and there is
evidence by transcript analysis for (a) faulty splicing or (b)
reduced expression of the wild-type allele(s) of one of the

MMR genes.

*ClinGen InSiGHT Hereditary Colorectal Cancer/Polyposis

Variant Curation Expert Panel Specifications to the

ACMG/AMP Variant Interpretation Guidelines for MMR

genes.
Rec.13 | Cancer patients fulfilling the suggested criteria for CMMRD | Strong
testing, Rec.1, Rec.2 or Rec.4, in whom the diagnosis CMMRD
cannot be confirmed, should probably be tested for a germline
(likely) pathogenic variant in the exonuclease domains of POLE
and POLDz.
Rec.14 |In a deceased cancer patient fulfilling one or more of the [ Moderate

suggested criteria for CMMRD testing (Rec.1, Rec.2, Rec.4) for
whom no germline DNA/RNA is available and the diagnosis of
CMMRD cannot be confirmed by one or more of the criteria
outlined in Rec.12 and Table 5, the diagnosis of CMMRD should be

considered confirmed if immunohistochemical staining shows
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expression loss of one or more MMR proteins in neoplastic and in
non-neoplastic cells, including tumour infiltrating leukocytes
and/or endothelial cells, of the patient and expression in an

appropriate positive control.

Table 2: Revised C4CMMRD indication criteria for CMMRD testing in cancer patients*

CMMRD testing is indicated in a cancer patient reaching 23 points.

C4CMMRD scoring points assigned to (pre-)malignancies in the patient (at least one point is

mandatory):

Carcinoma of the Lynch syndrome (LS) spectrum* and/or a high-grade dysplastic | 3 points
adenoma of the digestive tract at age <25 years

Multiple colorectal adenomas at age <25 years and no genetic diagnosis/explanation | 3 points
upon testing for polyposis syndromes

T-cell lymphoblastic lymphoma (T-LBL) at age <18 years 2 points
WHO grade Ill or IV glioma at age <25 years 2 points
Any other malignancy at age <18 years 1 point
C4CMMRD scoring points assigned to additional features in the patient (optional):

Clinical sign of Neurofibromatosis type 1 (NF1)* and/or 24 hyperpigmented and/or | 2 points
hypopigmented skin alterations with @*>1 cm

2 or 3 hyperpigmented and/or hypopigmented skin alterations with @>1 cm 1 point
Do not count if two points are already given for “Clinical sign of NF1 and/or =4
hyperpigmented and/or hypopigmented skin alterations with @>1 cm”

Multiple pilomatrixomas 2 points
One pilomatrixoma 1 point
Agenesis of the corpus callosum 1 point
Non-therapy-induced cavernoma 1 point
Multiple developmental venous anomalies (DVAs, also known as cerebral venous | 2 points
angiomas) in separate regions of the brain

Paediatric systemic lupus erythematosus 1 point
Deficiency/reduced levels of IgG2/4 and/or IgA 1 point
C4CMMRD scoring points assigned to additional features in the family (optional):
Consanguineous parents 1 point
Diagnosis of LS in a first-degree or second-degree relative 2 points
Carcinoma from LS spectrum” before the age of 60 years in a first-degree, second- | 1 point
degree, and/or third-degree relative

A sibling with a (pre-)malignancy assigned two or three C4CMMRD scoring points 2 points
A sibling with any type of childhood malignancy 1 point

Abbreviations: C4,CMMRD = Care for CMMRD; (L)PV(s) = (likely) pathogenic variant(s); WHO = World Health

Organization; NF1 = neurofibromatosis type 1.
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*Original C4CMMRD criteria: Wimmer et al. Diagnostic criteria for constitutional mismatch repair deficiency
syndrome: suggestions of the European consortium 'care for CMMRD' (C4CMMRD). J Med Genet 2014;
51(6):355-65.

“Colorectal, endometrial, small bowel, urothelial, gastric, ovarian, and biliary tract cancer.
*Clinical sign in  the patient wused for the diagnosis of NF1 according to:
Legius et al. Revised diagnostic criteria for neurofibromatosis type 1 and Legius syndrome: an international
consensus recommendation. Genet Med 2021; 23(8):1506-1513.

#Diameter

Table 3: Selection strategy for CMMRD counselling and testing in a child suspected to
have NF1/Legius syndrome (without cancer) and a negative outcome of NF1/SPRED1
germline mutation analysis

Prerequisites:

» Suspicion of NF1 due to the presence of at least one diagnostic NFa1 feature”, including at least
two hyperpigmented skin patches reminiscent of CALMs.

» No (likely) pathogenic germline variant in NFz and SPRED1 detected using comprehensive and

highly sensitive mutation analysis protocols®.
» Absence of diagnostic NF1 sign(s) in both parents.
Additional features, at least one (either in the family or in the patient) is required:

In the family:

» Consanguineous parents.

P Genetic diagnosis of Lynch syndrome in one or both parental families.

» Sibling with diagnostic NF1 sign(s).

» A (deceased) sibling$ with any type of childhood malignancy.

P One of the following carcinomas of the Lynch syndrome spectrum: Colorectal, endometrial,
small bowel, urothelial, gastric, ovarian, and biliary tract cancer, before the age of 60 years in a
first-degree or second-degree relative.

In the patient:

P Atypical CALMs (irregular borders and/or pigmentation).

» Multiple hypopigmented skin patches.

» One or more pilomatrixoma(s) in the patient.

P Agenesis of the corpus callosum.

» Non-therapy-induced cavernoma.

P .Multiple developmental venous anomalies (also known as cerebral venous angiomas) in
separate regions of the brain.

Abbreviations: CMMRD - constitutional mismatch repair deficiency; NF1 - neurofibromatosis type 1; CALMs

- café-au-lait macules.

*Legius et al. Revised diagnostic criteria for neurofibromatosis type 1 and Legius syndrome: an international
consensus recommendation. Genet Med 2021; 23(8):1506-1513.

#Analysis protocol should include methods that identify andfor characterise unusual splice variants.
$This can be expanded to second-degree and third-degree relatives in populations with a high prevalence of
founder mutations.
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Table 4: Ancillary tests for assessing constitutional MMR deficiency

Validated test?

CMMRD confirmed

CMMRD refuted

Germline Microsatellite instability
(gMSI) testing acc. to Ingham et
al. 2013?

gMSiI ratios of at least two (usually
all three) microsatellite markers
the  validated
laboratory's internal thresholds

are above

Not possible by the test

Constitutional MSI (cMSI) testing
acc. to Gallon et al. 2019 and
2023°

cMSI score above the validated
laboratory’s internal thresholds

cMSI| score within the
score range of negative

controls

MSI  (hsMSI)
testing acc. to Gonzalez-Acosta et
al. 2020°

High-sensitivity

hsMSI score above the validated
laboratory’s internal thresholds

hsMSI score within the
score range of negative
controls

Ex vivo MSI (evMSI) + methylation
tolerance acc.to Bodo et al. 2015¢

evMSI| and methylation tolerance
above the validated laboratory’s

evMSIl and methylation

tolerance  within the

internal thresholds range of  negative

controls

MMRDness score within
the
negative controls

the
internal

MMRDness above
validated

thresholds

MMRDness testing by low-pass score

whole-genome sequencing/ score
LOGIC assay in blood leukocytes

acc. To Chung et al. 2022°¢

laboratory’s range of

Abbreviations: MMR = mismatch repair;, CMMRD - constitutional mismatch repair deficiency; MSI =
microsatellite instability; acc. = according; PV = pathogenic variant; (L)PV = (likely) pathogenic variant.
#Validation cohort should include (i) at least eight CMMRD patients with different genotypes with respect to
PVs and affected gene (for each of the four MMR genes at least one patient should be included), (ii) a large
number of negative controls consisting of at least twenty adult individuals aged >40 years without cancer
history and without a MMR gene (L)PV, (iii) at least ten confirmed MMR gene PV heterozygotes and, if available,
(iv) POLE and POLD1 PV heterozygotes.

2ngham et al. Simple detection of germline microsatellite instability for diagnosis of constitutional mismatch
repair cancer syndrome. Hum Mutat 2013; 34:847-52.

bGallon et al. A sensitive and scalable microsatellite instability assay to diagnose constitutional mismatch repair
deficiency by sequencing of peripheral blood leukocytes. Hum Mutat 2019; 40(5):649-655.

bGallon et al. Constitutional microsatellite instability, genotype, and phenotype correlations in Constitutional
Mismatch Repair Deficiency. Gastroenterology 2023; 164(4):579-592.

‘Gonzalez-Acosta et al. High-sensitivity microsatellite instability assessment for the detection of mismatch
repair defects in normal tissue of biallelic germline mismatch repair mutation carriers. J Med Genet 2020;
57(4):269-273.

‘Marin et al. A Validated Highly Sensitive Microsatellite Instability Assay Accurately Identifies Individuals
Harboring Biallelic Germline PMS2 Pathogenic Variants in Constitutional Mismatch Repair Deficiency. Clin

Chem 2024; 70(5):737-746.
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9Bodo et al. Diagnosis of Constitutional Mismatch Repair-Deficiency Syndrome Based on Microsatellite

instability and Lymphocyte Tolerance to Methylating Agents. Gastroenterology 2015; 149:1017-29.

eChung et al. Genomic Microsatellite Signatures Identify Germline Mismatch Repair Deficiency and Risk of

Cancer Onset. J Clin Oncol 2023; 41(4):766-777.

Table 5: Criteria for the confirmation of CMMRD

Genotype MMR gene genetic testing reason
Germline | C4CMMRD Cancer <18 Cancer with Cancer <18 C4CMMRD Incidental
MMR criteria for years with MMR protein | years with criteria for findingin
gene cancer paediatric expression heterozygous | children WES or
variants patient high TMB loss in germline without WGS
identified | fulfilled (Rec.2) neoplastic MMR gene cancer performed
(if two (Rec.1) and non- (L)PV suspectedto | for other
variants neoplastic (Rec.4) have NF1 reasonsin
are cells including [Legius a patient
identified, tumour syndrome without
they must infiltrating and a cancer
be lymphocytes negative
confirmed and/or NF1/SPRED1
to bein endothelial mutation
trans) cells analysis

(Rec.3) (Rec.6)
PV/PV v v v v Vv v
PV/LPV Vv V(PPAP-) v v Vv V(AT+)
LPV/LPV |V V(PPAP-) V(AT+) V(AT+) V(AT+) V(AT+)
(L)PV/VUS | V(AT+) V(AT+) V(AT+) V(AT+) V(AT+) V(AT+)
VUS/VUS | V(AT+) V(AT+) V(AT+) NA V(AT+) NA
(L)PV/X V(AT+;mRNA+) | V(AT+;mRNA+) | V(AT+;mRNA+) | V(AT+;mRNA+) | V(AT+;mRNA+) | NA
VUS/X V(AT+mRNA+) | V(AT+;mRNA+) | V/(AT+mRNA+) | NA V(AT+mRNA+) | NA
X/X V(AT+;mRNA+) | V(AT+;mRNA+) | V(AT+mRNA+) [ NA V(AT+;mRNA+) | NA

Abbreviations: C4,CMMRD = Care for CMMRD; MMR = mismatch repair; TMB = tumour mutation burden; PV =
pathogenic variant; LPV = likely pathogenic variant; (L)PV = likely pathogenic or pathogenic variant; VUS =

variant of unknown significance; WES = whole exome sequencing; WGS = whole genome sequencing; alleles

are separated by / and X indicates one allele without an identifiable (L)PV or VUS.

NA = not applicable

v/ = CMMRD confirmed without further ancillary test or transcript analysis
V(PPAP-) = CMMRD confirmed without further ancillary test if POLE /POLD1 germline mutation excluded (i.e.

polymerase proofreading associated polyposis negative: PPAP-)
V(AT+) = CMMRD confirmed if validated ancillary test positive for CMMRD (AT+)
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V(AT+;mRNA+) = CMMRD confirmed if validated ancillary test positive for CMMRD(AT+) and evidence by
transcript analysis for (a) faulty splicing (not explained by the identified variant) or (b) reduced expression of
the wildtype allele(s) (MRNA+)

7.2 GENETIC COUNSELLING RECOMMENDATIONS

Recommendations Strength

Rec.1 | Genetic counselling should be offered to parents and siblings of a | Strong
confirmed CMMRD patient, preferentially by a multidisciplinary
team with knowledge of CMMRD, consisting of a medical

geneticist, a paediatric oncologist and a psychologist.

Rec.2 | Toconfirm their carrier status, parents of a CMMRD patient should | Strong
be offered genetic testing for the (likely) pathogenic MMR gene

variants found in their child.

Rec.3 | Cascade genetic testing for (likely) pathogenic variants should be | Strong
offered to all adult relatives of a CMMRD patient, in both parental

branches.

Rec. 4 |[Siblings of a genetically confirmed CMMRD patient should be | Strong
offered genetic CMMRD testing regardless of age and phenotype.

Rec.5 [When performing CMMRD predictive testing in a minor or|Moderate
prenatal testing, pros and cons of revealing results of genetic
testing regarding Lynch syndrome should be discussed on a case-
by-case basis with the parents and the patient depending on their

age.

Rec. 6 |If the diagnosis of CMMRD is not confirmed by the identification | Moderate
of two (likely) pathogenic variants in one MMR gene but by
ancillary tests in the patient, siblings should probably be offered

ancillary tests to exclude a CMMRD diagnosis for them.
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Rec.

Prenatal or preimplantation genetic testing should be discussed

with parents of reproductive age of a CMMRD patient.

Strong

Rec.

Prenatal or preimplantation genetic testing should be discussed
with couples of reproductive age if both carry a pathogenic variant

in the same MMR gene.

Strong

Rec.

Testing the partner of a CMMRD patient for the MMR gene
involved should probably be discussed during genetic counselling,
considering possible consanguinity, common founder effect, and

family history suggestive of Lynch syndrome.

Strong

Rec.

10

The partner of a Lynch syndrome carrier should be offered genetic
testing of MMR genes if consanguinity is reported by the couple or
the partner is coming from a population with a known founder
variant or the family history of the partner is suggestive of Lynch

syndrome and genetic testing has not been performed yet.

Strong

Rec.

11

The partner of a Lynch syndrome carrier should not be actively
offered genetic testing of MMR genes in the absence of
consanguinity, a known founder mutation or a family history

suggestive of Lynch syndrome.

Moderate

Rec.

12

The child of a Lynch syndrome carrier should probably be offered
CMMRD testing, if the child has clinical features that add up to =2
C4CMMRD scoring points according to the revised criteria (Table

2: scoring points assigned to additional features in the patient).

Strong

7-3

SURVEILLANCE RECOMMENDATIONS

Recommendations

Strength
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Rec.1

CMMRD patients and/or their parents should be educated about

tumour risks associated with CMMRD.

Strong

Rec. 2

CMMRD patients and/or their parents should be educated about
symptoms related to the main tumours, especially dyspnoea and
superior vena cava syndrome for mediastinal lymphomas,
symptoms associated with pancytopenia for leukaemia,
neurological symptoms for brain tumours, and bleeding for

colorectal tumours.

Strong

Rec. 3

Pros and cons should be discussed among the CMMRD patient
and/or their parents and clinician to make a joint decision to

participate in a surveillance program.

Strong

Rec.4

CMMRD patients and/or their parents should probably be
encouraged to communicate their screening results in research

projects or databases to improve knowledge on CMMRD.

Strong

Rec. 5

In children and adults with CMMRD, clinical examination should be

performed every 6 months.

Strong

Rec. 6

Brain MRI should probably start at the initial CMMRD diagnosis or

at least at the age of 2 years.

Strong

Rec. 7

In CMMRD patients up to age 20 years, brain MRI should be

performed every 6 months.

Strong

Rec. 8

In CMMRD patients older than 20 years, a brain MRI should be

performed at least annually.

Moderate

Rec. 9

The first brain MRI should probably be performed with contrast
enhancement for all CMMRD patients.

Moderate
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Rec.

10

In patients with CMMRD without a previous brain tumour, MRI
should probably include anatomical sequence T2 FLAIR (if

possible in 3D) combined with MRI diffusion sequence.

Moderate

Rec.11

In patients with CMMRD with a previous brain tumour, MRI should
include anatomical sequences T2-FLAIR, diffusion sequence, and

T1+ contrast enhancement if possible in 3D.

Moderate

Rec.

12

Abdominal ultrasound should probably not be performed to

screen for abdominal lymphomas in CMMRD patients.

Weak

Rec.

13

Blood counts should probably not be performed to screen for

haematological (pre-)malignancies in CMMRD patients.

Weak

Rec.

14

Colonoscopy should be performed at least annually in CMMRD
patients and should probably start from the age of 6 years in

children with CMMRD.

Strong

Rec.

15

Upper gastrointestinal endoscopy should be performed annually
in CMMRD patients and should probably start at the same age as

colonoscopy or at least at the age of 10 years.

Strong

Rec.

16

Upper endoscopy should probably use push enteroscopy and

careful inspection of the ampullary region in CMMRD patients.

Moderate

Rec.

17

Upper endoscopy and colonoscopy should probably be done with

coloration in the context of CMMRD.

Strong

Rec.

18

The frequency of upper or lower endoscopy should probably
increase up to 6 months-interval once polyps are detected in the

context of CMMRD.

Strong

Rec.

19

Digestive tract surveillance for CMMRD patients, including
children, should probably be done in a centre with

gastroenterologists experienced in Lynch syndrome screening.

Moderate
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Rec.

20

The interval between two digestive tract examinations should not

exceed 12 months for CMMRD patients.

Strong

Rec.

21

Video capsule endoscopy should be performed annually in
CMMRD patients and should probably be performed from the age

of 10 years.

Strong

Rec.

22

Gynaecologic surveillance should probably be performed annually
from age 20 years in CMMRD patients and should include clinical

examination and transvaginal ultrasound.

Strong

Rec.

23

Prophylactic hysterectomy should probably be discussed once

family planning of the CMMRD patient is completed.

Moderate

Rec.

24

Annual urine cytology and urine dipstick should probably not be
offered to CMMRD patients.

Moderate

Rec.

25

Abdominopelvic ultrasound for gynaecological and urinary tract
cancer screening should probably be offered annually to CMMRD

patients, starting at 20 years of age.

Strong

Rec.

26

Breast cancer screening should probably follow general

population guidelines for CMMRD patients.

Moderate

Rec.

27

Whole body MRI should probably be offered to CMMRD patients
at least once, at diagnosis or when anaesthesia is no longer
required, for a general screening of low-grade tumours and

malformations to guide targeted screening.

Strong

Rec.

28

Resection or specific surveillance of low-grade lesions should be

offered to CMMRD patients.

Strong

Rec.

29

Even though evidence of its efficacy in screening is still weak in
CMMRD, whole-body MRI should probably be discussed with

CMMRD patients as an option for annual surveillance.

Moderate
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7.4 QUALITY OF LIFE RECOMMENDATIONS

Recommendations Strength

Rec.1 |[Psychological support should be offered to the patient and the | Strong
family during the entire process of evaluation before the diagnosis

of CMMRD.

Rec.2 |[Psychological support should be offered to patients with CMMRD | Strong
and their families at any time during treatment and cancer

surveillance.

Rec.3 |[Age adapted education about CMMRD should probably be |Strong
offered to CMMRD patients and their families.

Rec. 4 |Healthcare professionals involved in diagnosis and surveillance | Strong
should address the psychosocial implications of a diagnosis of

CMMRD.

7.5  CLINICAL MANAGEMENT RECOMMENDATIONS

Recommendations Strength

Rec.1 | Multiple patients with CMMRD have been cured from a cancer | Strong
diagnosis. Thus, in a CMMRD patient diagnosed with cancer, a

curative approach should be considered and evaluated.

Rec.2 |[For several cancer types, no CMMRD specific treatment|Strong
recommendations exist. Treatment of patients with CMMRD

related neoplasms should, therefore, probably be discussed in a
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multidisciplinary board with a treating physician, an expert for the

patient’s cancer type as well as a CMMRD expert.

Rec.3 |[Patients with CMMRD associated neoplasms should probably be | Strong
included in clinical trials whenever possible.

Rec.4 | CMMRD is probably not a contraindication for radiotherapy, if | Moderate
indicated.

Rec.5 [CMMRD is probably not a contraindication for haematopoietic | Moderate
stem cell transplantation, if indicated.

Rec.6 |Temozolomide should probably be avoided in patients with | Strong
CMMRD-associated high-grade glioma.

Rec.7 |The use of immunotherapy with a PDa inhibitor should be |Strong
considered for CMMRD patients with high-grade glioma,
preferentially within a clinical trial.

Rec.8 | CMMRD-associated low grade glioma should probably be |Strong
resected whenever possible without excessive neurological risks.

Rec. g9 |Front-line treatment of CMMRD-associated medulloblastoma | Moderate
should probably not differ from treatment of sporadic
medulloblastoma/primitive neuro-ectodermal tumours.

Rec.10 |[In case of CMMRD-associated non-Hodgkin Ilymphoma, | Moderate
chemotherapy should probably be similar to the treatment of the
same tumour without CMMRD.

Rec. 11 |In case of a second primary non-Hodgkin lymphoma in a CMMRD | Moderate

patient, standard first-line treatment adapted to the non-Hodgkin
lymphoma subtype taking into account cumulative doses of
chemotherapy previously received should probably be given

rather than a relapse treatment.
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Rec.

12

In case of CMMRD-associated leukaemia, chemotherapy should
probably be similar to the treatment of the same cancer without

CMMRD.

Moderate

Rec.

13

In case of diagnosis of a cancer of the Lynch spectrumina CMMRD
patient, treatment guidelines designed for patients with Lynch

syndrome associated tumours should be followed.

Strong

Rec.

14

Immunotherapy should be recommended as front-line treatment
of large, unresectable or metastatic colorectal tumours in a

CMMRD patient

Strong

Rec.

15

Immunotherapy should be performed front-line for all extra-
colorectal Lynch-related tumours in CMMRD patients ideally in

therapeutic trials.

Strong

Rec.

16

Immunotherapy should be discussed and encouraged within an
expert centre for any non-Lynch related tumour at any time during
treatment (diagnosis or relapse) of a CMMRD patient, especially if

standard therapeutic guidelines offer only low chance of cure.

Moderate

Rec.

17

CMMRD patients with multiple colonic adenomas should probably
be surgically managed according to guidelines developed for

other polyposis syndromes.

Strong

Rec.

18

CMMRD patients may present with multiple tumours at the same
time or may develop additional tumours during treatment. Thus,
cancer surveillance around the time of diagnosis and during the

period of cancer treatment should be offered.

Strong

Rec.

19

In CMMRD patients with a suspected relapse, a second primary
disease should be considered. This may influence the treatment

choice.

Strong
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Rec. 20 [In case of relapse of a CMMRD-associated tumour, molecular | Strong
analysis of samples at initial diagnosis and relapse should be
performed to differentiate a relapse from a second primary

tumour.

Rec. 21 | Fresh tumour specimens should be collected and stored (or|Strong
directly molecularly analysed) whenever possible and if the
CMMRD patient and/or their family approves. This may be

relevant for research as well as for clinical purposes (e.g. see Rec

19).

Rec. 22 | Advantages and potential side effects of preventive treatment | Moderate
with acetylsalicylic acid should probably be discussed with
CMMRD patients.

Rec. 23 | CMMRD patients with IgG/A reduced levels/deficiency should not | Strong
be treated to compensate for the inherent deficit in the absence

of clinical manifestations.

8. METHODS FOR GUIDELINE DEVELOPMENT

8.1 FORMULATING AND GRADING STATEMENTS AND CONSENSUS BUILDING

Literature search

The systematic literature search was performed by Agencia de Qualitat i Avaluacio Sanitaries
de Catalunya (AQuAS) in 3 databases (Pubmed, Cinhal and Embase) and retrieved 332 unique
references using the following terms: CMMRD [Title/Abstract] OR CMMR-D [Title/Abstract]
OR "constitutional mismatch repair deficiency" [Title/Abstract] OR "constitutive mismatch
repair deficiency" [Title/Abstract] OR "biallelic mismatch repair deficiency" [Title/Abstract]
OR bMMRD [Title/Abstract] OR "mismatch repair cancer syndrome" [Title/Abstract] OR
"OMIM 276300". Another 20 articles were selected using citation searching. Out of the 352
references screened, 258 were excluded because of a wrong design (conference abstracts),
wrong language (not English), wrong outcome (not responding to any of the questions of
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interest), wrong population (not CMMRD), and/or because the presented data was already
included from other references. The remaining 94 articles were summarised by AQUAS in a
comprehensive literature review. The core working group drafted the recommendations for
this guideline by building on this comprehensive literature review with additional articles

they identified and their expert knowledge.
Method for formulating recommendations

In day-to-day practice, clinicians will not have the time to explore the evidence as thoroughly
as a Guideline Group, nor devote as much thought to the trade-offs, or the possible
underlying values and preferences in the population. Therefore, the Core Working Group has
made recommendations even when confidence in effect is low, but a recommendation is
desirable due to potential patient benefit, with (potential) negative consequences being
considered. Such recommendations have been classified as ‘weak’. The recommendations
have been graded on the quality of evidence; balance between benefits and harms; include
the values and preferences of patients; and consider the feasibility, equity & acceptability of

implementation and use.

Literature was reviewed along with expert opinion to draft recommendations based on

literature and experts’ experiences and knowledge.

Recommendations were written in one of four stylistic formats: Should, Should Probably,

Should Probably Not, Should Not:

- Should & Should Not, were taken to mean - most well-informed people (those who
have considered the evidence) would take this action.
- Should Probably & Should Probably Not, were taken to mean - the majority of

informed people would take this action, but a substantial minority would not.
Grading of the recommendations

Asthe volume of peer-reviewed evidence for rare diseasesis typically limited due to the small
population sizes, and it is unlikely that the evidence will ever reach a fraction of that for a

more common disease, it creates a difficulty when considering the grading of the strength of
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evidence using Grading of Recommendations Assessment, Development and Evaluation

(GRADE).

As is typical for many rare diseases, the volume of peer-reviewed evidence available to
consider for these guidelines was small and came from a limited number of articles, which
typically reported on small samples or series. If the evidence is categorised and then graded
using standard approaches, that are designed to differentiate evidence, in circumstances
when there are large numbers of papers and there are likely to be more trials, then its small
volume means it would be graded as low. This is not an accurate reflection of the
combination of the experts’ experience and clinical consensus with the available evidence.
This is further compounded as there is a low likelihood of additional volumes of evidence that

could change the recommendation.

For this reason, and to balance the weight of both published evidence and quantify the
wealth of expert experience and knowledge, ERN GENTURIS uses the following scale to

grade the recommendation:

Strength Grading of Recommendation
Strong Expert consensus AND consistent evidence
Moderate Expert consensus WITH inconsistent evidence AND/OR new evidence

likely to support the recommendation

Weak Expert majority decision WITHOUT consistent evidence

Expert consensus (an opinion or position reached by a group as whole) or expert majority decision
(an opinion or position reached by the majority of the group) was established after reviewing the
results of the modified Delphi approach within the Core Working Group.

The findings of the literature review were organised against the PICO questions and

outcomes.

In addition, strength of recommendation has been determined through a consensus-based

approach (modified Delphi) and through active engagement of affected individuals and
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parent representatives, specifically balancing the desirable and undesirable consequences of
surveillance and alternative care strategies, quality of evidence, and values and preferences

held by the patient representatives.

The quantification of strength for a recommendation is a composite of harm and benefit. As
a general note for these recommendations, the harms a recommendation seeks to address
are often clear, however the magnitude of the benefit of a specific recommendation are
often not as clear. Therefore, the published evidence for a recommendation can often be

classified ‘weak’, even when experts are convinced that the recommendation is correct.
Consensus building using a modified Delphi approach

After drafting recommendations amongst the Guideline Group these were subjected to a
modified Delphi assessment. Delphi is a structured communication technique or method in
which opinions of a large number of experts are asked on a topic in which there is no
consensus, and this was used as a consensus building exercise. The goal is to reach consensus

after several rounds of questionnaires.

Experts included in this exercise were the eight members of the Core Working Group
(including one patient representative), the CMMRD Guideline Group (n=11), as well as other

(external) experts identified by the Guideline Group (n=53).

The survey consisted of two rounds, in which the threshold for consensus was defined by a
simple majority of the survey participants agreeing with the recommendation (>60% rated
“agree” or “totally agree”). Recommendations were graded using a 4-point Likert scale
(totally disagree, disagree, agree, totally agree) and a justification for the given rating was
obligatory. Even if consensus was met, recommendations were still modified if a higher

consensus was thought achievable from written responses.

All recommendations formulated by the Guideline Group (Chapter 7) were subjected to the
Delphi procedure. The facilitator of the Delphi survey provided anonymised summaries of
the experts’ decisions after each round as well as the reasons they provided for their
judgements. After two Delphi rounds, an agreement of 68% to 100% (median 92) was

reached for all 82 recommendations and their strength was graded as weak (n=2), moderate
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(n=23) or strong (n=57). The high rate of weak and moderate evidence is mainly due to the

paucity of data in the literature.

We would like to thank the 53 experts that were specifically consulted to participate in

the Delphi survey:

Dr. Munaza Ahmed

Clinical Geneticist

Department of Clinical Genetics, Great Ormond Street
Hospital, London, UK

Dr. Violetta Anastasiadou

Clinical Geneticist,
Paediatrician

Karaiskakio Foundation, Nicosia, Cyprus
Affiliated Partner of ERN GENTURIS

Desurmont, PharmD

Andishe Attarbaschi, MD Paediatric St. Anna children's hospital, Vienna, Austria
Oncologist
Stéphanie Baert- Geneticist Department of Genetics, Rouen University Hospital and

Inserm Unit U1245, Normandy Centre for Genomic and
Personalized Medicine, Rouen, France
Member of ERN GENTURIS

Patrick Benusiglio, MD,
PhD

Clinical Geneticist

Department of Medical Genetics, Pitié-Salpétriere
Hospital and Sorbonne University, Paris, France

Bruno Buecher, MD, PhD

Gastroenterologist,
Oncologist

Department of Genetics, Institut Curie, Paris, France
Member of ERN GENTURIS

Dr. Veronica Biassoni

Paediatrician

Pediatric Oncology Unit, Fondazione IRCCS Istituto
Nazionale dei Tumori, Milan, Italy
Member of ERN GENTURIS

Ignacio Blanco, MD, PhD

Clinical Geneticist,
Surgeon

Clinical Genetics Department, Hospital Germans Trias |
Pujol, Badalona, Spain
Member of ERN GENTURIS

Franck Bourdeaut, MD,
PhD

Paediatrician

Institut Curie, SIREDO pediatric cancer center, Paris,
France
Member of ERN GENTURIS

Carole Corsini, MD

Oncologist,
Geneticist

Department of cancer genetics, CHU Montpellier,
University of Montpellier, Montpellier, France

Prof. Karin Dahan

Clinical Geneticist

Institut de Pathologie et de Génétique, Charleroi,
Belgium

Dr. Bianca DeSouza

Clinical Geneticist

Imperial College Healthcare NHS Trust; Northwest
Thames Regional Genetics Service, London, UK

Nerea Dominguez-Pinilla, | Paediatric Pediatrics Service, Hematology and Oncology Unit,
MD Oncologist University Hospital 12 October, Madrid, Spain
Natacha Entz-Werle, MD, | Paediatric Pédiatrie Onco-Hématologie - Pédiatrie Ill - CHRU
PhD Oncologist Hautepierre, Strasbourg, France




Prof. D. Gareth Evans

Clinical Geneticist

The University of Manchester, Manchester, UK

Prof. Maurizio Genuardi

Clinical Geneticist

Dipartimento di Scienze della Vita e Sanita Pubblica,
Fondazione Policlinico Universitario A. Gemelli, IRCCS,
Rome, Italy

Member of ERN GENTURIS

Prof. Anne-Marie A.
Gerdes, MD, PhD

Clinical Geneticist

Department of Genetics, Rigshospitalet, Copenhagen,
Denmark
Member of ERN GENTURIS

Luis I. Gonzalez-Granado,
MD

Clinical
Immunologist

Department of Paediatrics, Hospital 12 de octubre,
Complutense University, School of Medicine, Madrid,
Spain

Hector Salvador
Hernandez, MD, PhD

Paediatrician

Department of Pediatric Oncology, Sant Joan de Deu
Hospital, Barcelona, Spain
Member of ERN GENTURIS

Yvette van lerland, MD,
PhD

Clinical Geneticist

Clinical Genetics, Erasmus University Medical Center,
Rotterdam, the Netherlands
Member of ERN GENTURIS

Prof. Danuta
Januszkiewicz-
Lewandowska, MD, PhD

Paediatric
Oncologist

Department of Pediatric Oncology, Hematology and
Transplantology, Poznan University of Sciences,
Poznan, Poland

Joost L.M. Jongen, MD,
PhD

Neuro-Oncologist

Department of Neurology, ErasmusMC, Rotterdam, the
Netherlands
Member of ERN GENTURIS

Tiina Kahre, MD, PhD

Clinical Geneticist

Head of the Department of Laboratory Genetics,
Genetics and Personalized Medicine Clinic, Tartu
University Hospital, Tartu, Estonia

Member of ERN GENTURIS

Evaggelia Karaoli, MD

Paediatric
Oncologist

Pediatric Oncology Haematology department,
Archbishop Makarios Ill Hospital, Nicosia, Cyprus
Affiliated partner of ERN GENTURIS

Prof. John-Paul Kilday

Paediatric Neuro-

Department of Paediatric Oncology, Royal Manchester

Oncologist Children’s Hospital. England, UK.
Prof. dr. Christof Kramm Paediatric Department of Pediatrics and Adolescent Medicine,
Oncologist Division of Pediatric Hematology and Oncology,
University Medical Center Gottingen, Gottingen,
Germany
Dr. Andreas Laner Geneticist MGZ — Medical Genetics Center, Munich, Germany

Member of ERN GENTURIS

Eric Legius, MD, PhD

Clinical Geneticist

Centre for Human Genetics, University Hospital
Leuven, Leuven, Belgium
Member of ERN GENTURIS

Jan L.C. Loeffen, MD, PhD

Paediatric
Oncologist

Princess Maxima Centre for Paediatric Oncology,
Utrecht, Netherlands
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Dr. Angela Mastronuzzi

Paediatric
Oncologist

Department of pediatric hematology and oncology,
IRCCS Istituto Ospedale Pediatrico Bambino Gesu,
Rome, ltaly

Member of ERN GENTURIS

Dr. Kevin Monahan

Gastroenterologist

Centre for Familial Intestinal Cancer, St Mark’s
Hospital, London, UK

Dr. Martine Muleris

Geneticist

Inserm UMR-S938, centre de recherche Saint-Antoine,
Paris, France

Fatima M. Nieto, PhD

Hereditary Cancer Group at the Bellvitge Biomedical
Resarch Instititute, (IDIBELL), Spain

Dr. Rianne Oostenbrink

Paediatrician

ErasmusMC - Sophia, dept general paediatrics,
ENCORE - NFa expertise center
Member of ERN GENTURIS

Enrico Opocher Paediatric Pediatric Hematology, Oncology and Stem Cell
Oncologist Transplant Division, Padua University Hospital, Padua,
ltaly
Member of ERN GENTURIS
Marta Pineda, PhD Molecular Catalan Institute of Oncology, IDIBELL, Spain.
Geneticist

Anna Poluha, MD, PhD

Clinical Geneticist

Department of Clinical Genetics Uppsala University
Hospital, Institute of Immunology, Genetics and
Pathology, Uppsala University Sweden

Vita Ridola, MD, PhD Paediatric Department of Pediatric Oncology, Mitera Children's
Oncologist Hospital, Athens, Greece
Tim Ripperger, MD, PhD Geneticist Department of Human Genetics, Hannover Medical

School, Hannover, Germany
Member of ERN GENTURIS

Jose Manuel Sanchez-
Zapardiel

Hereditary Cancer Laboratory, Hospital 12 de octubre,
Madrid, Spain

Astrid Marie Sehested

Paediatrician

Department of Paediatrics, Righospitalet, Copenhagen,
Denmark
Member of ERN GENTURIS

Dr. Markus G. Seidel

Paediatric
Oncologist

Division of Pediatric Hematology-Oncology and
Department of Pediatrics and Adolescent Medicine,
Medical University of Graz, Graz, Austria

Prof. dr. Irene Slavc

Paediatrician

Department of Pediatrics, Medical University of Vienna,
Vienna, Austria
Member of ERN GENTURIS

Dr. Verena Steinke-Lange

Clinical Geneticist

MGZ — Medical Genetics Center, Munich, Germany
Member of ERN GENTURIS




Dr. Cécile Talbotec

Department of Pediatric Gastroenterology, Hepatology
and Nutrition, Hospital Necker Enfants Malades, Paris,
France

Julie Tinat, MD, PhD

Geneticist

Génétique Médicale, CHU Bordeaux, Bordeaux, France

Prof. Marc Tischkowitz

Clinical Geneticist

Department of Medical Genetics, University of
Cambridge, Cambridge, UK

Pascale Varlet, MD, PhD

Neuropathologist

CHU Paris site sainte Anne, Paris, France

Marco Vitellaro, MD

Surgeon

Hereditary Digestive Tract Tumor Unit - Department of
Surgery - Fondazione IRCCS Instituto Nazionale dei
Tumori, Milan, Italy

Member of ERN GENTURIS

Karin Wadt, MD, PhD

Clinical Geneticist

Department of Clinical Genetics, And Department of
medical science, University hospital of Copenhagen
Member of ERN GENTURIS

Anja Wagner, MD, PhD

Clinical Geneticist

Department of Clinical Genetics, Erasmus University
Medical Centre, Rotterdam, The Netherlands
Member of ERN GENTURIS

Qing Wang

Geneticist

Laboratory of Constitutional Genetics for Frequent
Cancer HCL-CLB, Centre Léon Bérard, Lyon, France

Dr. Emma R. Woodward

Clinical Geneticist

Manchester Centre for Genomic Medicine, Manchester,
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8.2 INTERNAL AND EXTERNAL REVIEW

ERN GENTURIS has actively involved external experts from different speciality areas that are

relevant to the scope of the guideline to review the findings and recommendations

developed in this guideline by participation in the Guideline Group or as a Delphi participant.

In addition, the CMMRD Guideline Group engaged with the European Journal of Human

Genetics as an independent review of the guideline.

ERN GENTURIS first published the Guideline for the diagnosis, counselling, surveillance,

quality of life, and clinical management of CMMRD on 17 October 2024.

8.3 TIMELINE AND PROCEDURE FOR UPDATING THE GUIDELINE

Any new evidence that has been published will be updated to the Network clinical leads on

an annual basis and consideration for updating the guideline thereafter. New versions will be

published on the Network’s website and circulated through the ERN GENTURIS Members.
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8.4 FUNDING AND FINANCIAL SUPPORT

This guideline has been supported by the European Reference Network on Genetic Tumour
Risk Syndromes (ERN GENTURIS). ERN GENTURIS is funded by the European Union. For
more information about the ERNs and the EU health strategy, please visit
http://ec.europa.eu/health/ern. Potential conflict of interest for the individual authors and

Delphi participants are listed in chapter 5.
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9. SUMMARY OF EVIDENCE AND RECOMMENDATIONS

9.1 DIAGNOSIS - SUMMARY OF EVIDENCE AND GUIDELINE RECOMMENDATIONS

In these guidelines, we provide recommendations as to when CMMRD testing should be
offered to a patient with or without malignancy, recommendations for a testing strategy that
facilitates a definite diagnosis in a suspected patient, and recommendations as to when
CMMRD is confirmed or refuted in a suspected patient. The evidences for these guideline

recommendations are discussed in the following summary.
Indication criteria

Several different scenarios as to when CMMRD testing should be offered have been
described and guidelines have been developed for these scenarios. These were evaluated to

develop the recommendations given here.

The first indication criteria for CMMRD testing were developed for cancer patients by the
European C4CMMRD consortium (Wimmer et al., 2014). These "C4CMMRD criteria” use a
system of scoring points based on the clinical phenotype of the patient and are likely to be
highly sensitive as shown by subsequent studies (Baris et al., 2016; Lavoine et al., 2015). The
scoring system assigns a different number of points to different tumour types depending on
their representation within the malignancy spectrum of CMMRD. Specifically, for each
tumour type, the level of association with CMMRD was estimated by comparing the
proportion of cancer diagnoses of that tumour type in CMMRD to the proportion of cancer
diagnoses of that tumour type in the general population of an equivalent age. Tumour types
with a strong association with CMMRD were assigned three points. Patients with these
tumour types should be offered CMMRD testing regardless of whether they show additional
(non-neoplastic) features of CMMRD. Malignancies that are overrepresented in CMMRD but
less specific were assigned two points. CMMRD testing should be offered in patients with
these malignancies only when additional features or tumours that increase the total score to
at least three points are present. All other malignancies were assigned one point. Hence,
additional tumours or features strongly suggestive of CMMRD that increase the total score
to at least three C4CMMRD scoring points need to be present in a patient with one or more

of these malignancies to indicate CMMRD testing. Similar to the tumour types, several non-
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malignant features indicating CMMRD were weighted with one point or two points according
to their specificity for CMMRD based on their frequency in the general population.

Multiple subsequent studies have confirmed the overrepresentation of cancers assigned
three or two points in the "C4CMMRD criteria” in CMMRD patients (Amayiri et al., 2016; Baris
et al., 2016; Durno et al., 20173; Guerrini-Rousseau et al., 2019; Khdair-Ahmad et al., 2021;
Lavoine et al., 2015). However, updates in terminology and our knowledge of the CMMRD
phenotype require these guidelines to be revised.

Two tumours which were assigned two points in the original "C4CMMRD criteria”, non-
Hodgkin lymphoma (NHL) of the T-cell lineage and supra-tentorial primitive
neuroectodermal tumours (sPNET), should now be differently named. CMMRD-associated
NHL of the T-cell lineage falls mainly in the entity of T-cell lymphoblastic lymphoma (T-LBL).
sPNET no longer exists as a specific tumour entity and CMMRD-associated brain tumours
previously classified as sPNET fall mainly into the group of diffuse HGGs. Therefore, the
"C4CMMRD criteria” were, here, revised accordingly.

Equally, new findings regarding non-malignant features of CMMRD necessitate the revision
of the original "C4CMMRD criteria”. Specifically, multiple developmental venous anomalies
(DVAs, also known as cerebral venous angiomas) of the brain were identified as a feature
that is very frequent in CMMRD (73-100% patients) (Guerrini-Rousseau et al., 2019; Kerpel et
al., 2020; Raveneau et al., 2024; Shiran et al., 2018), but is rare (<1% of individuals) in the
general population (Gokce et al., 2014). Hence, this new feature is now included with two
points in the revised C4CMMRD criteria. Note however, that a single DVA was found in 10%
of NF1 patients analysed, most of whom had either low-grade or high-grade gliomas, in 14%
of patients with Lynch syndrome and high-grade gliomas, and in 6% of all sporadic patients
with high-grade gliomas, while multiple DVA were found in 83% of CMMRD with high-grade
gliomas and 3% of the analysed NF1 patients, but in none of the sporadic or Lynch syndrome
patients with HGGs (Raveneau et al., 2024).

Paediatric systemic lupus erythematosus, which is rare in the general population with a
prevalence of 3.3-3.8 per 100,000 children, was found in a total five of roughly 200 reported
CMMRD patients (2.5%) and is, hence, also significantly overrepresented in CMMRD
(Toledano et al., 2020; Vassantachart et al., 2022). Paediatric systemic lupus erythematosus

was, therefore, also included with one point in the revised C4CMMRD criteria.
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So far, unpublished results of the Gustave Roussy university hospital, which systematically
applied the original C4CMMRD criteria, showed that assigning two points to two or more
hyperpigmented and/or hypopigmented skin alterations was too inclusive leading to testing
for CMMRD in many non-CMMRD patients. This caused often unnecessary anxiety in
patients and their families as well as extensive diagnostic effort to refute the diagnosis.
Therefore, this feature was assigned only one point in the revised criteria. However, clinical
signs of neurofibromatosis type 1 (NF1) and/or =4 hyperpigmented and/or hypopigmented
skin alterations with a diameter over 1 cm remained weighted with two points. Note, that it
has been shown in a small number of patients with CMMRD that an NF1 phenotype may
result from a (postzygotic) NF1 pathogenic variant (PV) identifiable in blood leukocytes
(Alotaibi et al., 2008; Guerrini-Rousseau et al., 2024). Therefore, it is advisable to consider
CMMRD also in genetically confirmed (mosaic) NF1 patients who have a malignancy that is
not typical of NF1, such as a paediatric diffuse HGG or T-cell lymphoblastic lymphoma.

Finally, for clarity of presentation, all non-malignant features were divided into features
present in the patient and those present in the family. The revised "C4CMMRD criteria” (Rec.

1) are summarised in Table 2.

In addition to clinical features, CMMRD may be suspected from evaluation of molecular
features of the patient and/or their tumour.

Tumour profiling by whole exome or genome sequencing (WES, WGS) of paediatric cancers
isincreasingly performed/available, either as part of the clinical work-up of these tumours or
in a research setting. WES and WGS (and sometimes gene panel sequencing, typically
covering 21 megabase of DNA sequence) can be used to estimate tumour mutational burden
(TMB). TMB is quantified by the number of somatic mutations per megabase (Mut/Mb) of
DNA sequence covered. TMB can have implications for prognosis and therapy with tumours
separated into two groups, those with a high TMB (also called hypermutated) and those with
a low TMB. This dichotomisation generally uses a threshold of 10 Mut/Mb. However,
sequencing and analysis methods vary and so does the classification threshold used (Sha et
al., 2020). Paediatric tumours are generally characterised by a low TMB (Grébner et al.,
2018). In contrast, Shlien et al. showed that nearly all CMMRD brain and less frequently other

CMMRD-associated tumours are ultra-hypermutated (generally defined as a TMB >100
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Mut/Mb). Ultra-hypermutation has been linked to concurrent MMR deficiency and
polymerase epsilon or delta proofreading deficiency. In CMMRD, the latter is acquired by
early somatic PVs in POLE or POLDz1 (Shlien et al., 2015). Further studies confirmed that
(ultra-)hypermutation isa common feature in different types of CMMRD-associated tumours
(Bouffet et al., 2016; Campbell et al., 2017; Oshrine et al., 2019). MMR deficiency and
concurrent MMR and polymerase proofreading deficiency are associated with specific

COSMIC signatures such as SBS6, SBS14, SBS15, SBS20, SBS21, SBS26 or SBS44 and these

signatures are found in hypermutated tumours of patients with CMMRD (Hodel et al., 2020).
Although these features are highly indicative for CMMRD, they are not pathognomonic as
paediatric hypermutated tumours may also arise in patients with specific germline POLE PV
(Sehested et al., 2022) or in patients with heterozygous POLD1 or POLE germline PVs
combined with a heterozygous PMS2 PV (Berrino et al., 2022; Michaeli et al., 2022;
Schamschula et al., 2022). Taken together, a TMB that is unusually high for a paediatric
tumour should raise suspicion of CMMRD and even more so if the mutational signature
indicates MMR deficiency with or without concurrent polymerase proofreading deficiency
(Rec. 2).

Biallelic truncating and other MMR gene PVs typically lead to expression loss of the
respective MMR protein, identifiable by immunohistochemical staining (IHC). Loss of
expression of MSH2 and MLHz1 often also leads to loss of their respective heterodimerisation
partners MSH6 and PMS2 (Mojtahed et al., 2011). Universal screening by IHC of all colorectal
and other Lynch syndrome-associated tumours is recommended by many national and
international medical professional organizations and is performed in many European
countries (Balmana et al., 2013; Stoffel et al., 2015). In contrast to LS, where MMR protein
expression loss is restricted to neoplastic cells, CMMRD is often characterized by MMR
protein expression loss in both neoplastic and non-neoplastic cells including endothelial cells
in intratumoural blood vessels and tumour infiltrating leukocytes (Bakry et al., 2014),
observation of which should entail CMMRD diagnostic work-up (Rec. 3).

Single and trio germline WES and WGS is performed increasingly in paediatric cancer
patients in a clinical or research setting and may reveal a heterozygous (L)PV in one of the
MMR genes (Kratz et al., 2022). It is well known that PV in the notoriously difficult to analyse

PMS2, but also in the other MMR genes, may escape detection by WES or WGS. Therefore,
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identification of a heterozygous (L)PV in PMS2 or in one of the other three MMR genes in a
paediatric, adolescent or young adult cancer patient should entail CMMRD diagnostic work-
up (Rec. 4).

To potentially strengthen the suspicion of CMMRD in a patient who fulfils one of the three
molecular-based criteria for CMMRD testing outlined above (Rec. 2-4), a careful family
history assessment and physical examination of the patient should be performed to
determine if the C4CMMRD criteria for cancer patients are also fulfilled (Rec. 5). Note that in
Rec. 12 and Table 5 the criteria for confirmation of CMMRD slightly differ between patients
who only fulfil the indication for testing according to Rec. 2-4 when compared to patients
who also fulfil the indication outlined in Rec. 1. A systematic recording of the identified
neoplastic and non-neoplastic clinical findings and their family history will help to improve

our knowledge on the phenotypic presentation of CMMRD.

CMMRD phenotypically overlaps with neurofibromatosis type 1 (NF1) and Legius syndrome
(LGSS). CALMs are present in 62—97% of CMMRD patients, and approximately 20% of
CMMRD patients show more than one diagnostic NF1 feature (Legius et al., 2021; Wimmer
etal., 2017b). Hence, prior to malignancy, CMMRD may be indistinguishable from NF1/LGSS,
as exemplified by several cases who received an incorrect initial diagnosis of NF1 — for
example, see (Suerink et al., 2018). CMMRD is therefore a possible albeit rare differential
diagnosis in otherwise healthy children with CALMs (with or without other clinical signs of
NF1/LGSS) when no causative NF1 or SPRED1 PV is identified, and no signs of NF1 are found
in the parents. Although mosaic/segmental NF1 is the most likely differential diagnosis in a
child with CALMs when no causative germline variants are identified in NF1 or SPRED1, NF1
somatic testing can be omitted prior to CMMRD testing since it requires invasive procedures
(Suerink et al., 2019a). Testing of these children for CMMRD may provide an opportunity for
CMMRD cancer surveillance prior to onset of the first malignancy. However, it was estimated
and later experimentally confirmed that the prevalence of CMMRD is as low as 0.4% in
suspected sporadic NFi1 children from non-consanguineous parents for whom no
constitutional/germline NF1 or SPRED1 PV is identified (Perez-Valencia et al., 2020; Suerink
et al., 2019a). Considering this low prevalence and balancing the benefits of a diagnosis in

these children against the potential harms of CMMRD testing in a healthy child, the
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C4CMMRD consortium has formulated consensus guidelines advocating testing of CMMRD
in preselected patients with a higher a priori risk, rather than reflex testing of all suspected
sporadic NF1/LGSS children lacking a causative NF1 or SPRED1 variant (Suerink et al., 2019a).
These C4CMMRD consensus guidelines propose criteria for preselection, including exclusion
of NF1/LGSS with highly sensitive mutation analysis (including methods that identify and
characterise unusual splice variants) and, in addition to the features that led to the suspected
diagnosis of NF1/LGSS, presence of features in the child and/or their family that are
indicative for CMMRD (see Table 3; (Suerink et al., 2019a)). However, the sensitivity and
specificity as well as positive predictive value and negative predictive value of these criteria
are currently unknown. Therefore, CMMRD testing should probably be offered in specialised
centres, following an interdisciplinary discussion, to all children who fulfil the preselection

criteria (Rec. 6, Table 3).

Testing strategy

Diagnosing CMMRD in a patient has important management implications for the patient and
their entire family. Furthermore, raising the suspicion of CMMRD in a child is likely to cause
anxiety in the parents and the child. Hence, it should be the aim of any testing strategy to
come to a definite diagnosis that either confirms or refutes CMMRD in the patient, and to
identify the causative variants in the relevant MMR gene (Rec. 7), so that subsequent cascade
testing of relatives will be possible (see also chapter 9.2. Summary of evidence and guideline

Recommendations for Genetic Counselling).

The first diagnostic steps in patients with suspected CMMRD can follow the protocols
developed for Lynch syndrome, which includes IHC of the four MMR proteins to assess loss
of the affected MMR protein (Rec. 8). Especially if tumour or biopsy tissue of solid tumours is
available, IHC can be effectively employed and is easily accessible at most clinical pathology
laboratories. It is a comparably inexpensive test with a low turnaround time (Southey et al.,
2005). Performing it prior to genetic testing will have the advantage that it may guide
targeted gene mutation analysis and may reinforce the suspected diagnosis. Depending on
the nature of the causative MMR gene variants, tumours of CMMRD patients often show
nuclear expression loss of the affected MMR protein in neoplastic and in non-neoplastic cells
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including intratumoural endothelial cells and tumour-infiltrating leukocytes (see also Rec. 3).
This is highly indicative for CMMRD, but it should be kept in mind that especially, but not
only, PMS2 is expressed in some tissues at very low levels which may lead to an apparently
negative staining in all cells of a tissue that is not related to CMMRD. Due to this potential
pitfall, IHC should be used to confirm the diagnosis CMMRD only in suspected CMMRD
patients for whom no germline DNA/RNA is available to confirm the diagnosis by the criteria
outlined in recommendation 12 and Table 5 (see Rec.14). Furthermore, a normal IHC staining
result cannot exclude CMMRD, because non-truncating variants causative of CMMRD may
be associated with expression of the non-functional but immunohistochemically stainable

protein.

Over 50% of the CMMRD cases are caused by biallelic variants in PMS2. Due to the presence
of pseudogenes, specifically PMS2CL which shares homologous sequences with the 3' region
of PMS2 (exons 9 and 11-15), analysis of this gene by standard sequencing techniques
(Sanger and next generation sequencing (NGS)) can be challenging. Regions of PMS2 are
even considered a “sequencing dead zone” (Mandelker et al., 2016). Several strategies have
been developed to effectively identify (L)PV variants in the functional PMS2 gene (Etzler et
al., 2008; van der Klift et al., 2016; Vaughn et al., 2011; Vaughn et al., 2010; Wernstedt et al.,
2012). These or other strategies that effectively circumvent potential pitfalls of PMS2
mutation analysis should be available in laboratories offering CMMRD testing to assure that
PMS2 variants in CMMRD are reliably and effectively detected (Rec. 9).

Transcript analysis can identify potential splice effects of a variant, which may be important
for its classification. Transcript analysis is also a very useful tool to assess expression of the
alleles, which can indicate presence of variants that escape detection by targeted (e.g. gene
panel or exome) sequencing of genomic DNA (gDNA), such as deep-intronic variants. Hence,
transcript analysis may become necessary to come to a definitive diagnosis that either
confirms or excludes CMMRD in cases where gDNA sequencing cannot render an
unequivocal result (Rec. 9), e.g. in cases where variants of unknown significance (VUS) or
only one or no MMR gene variants are identified (for further details see below the summary

of evidences for diagnostic criteria recommendations).
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Due to the limitations inherent to genetic testing, ancillary tests to assess the underlying
molecular pathology of CMMRD, that is the constitutional loss of MMR function, have been
developed and used to confirm CMMRD in cases where genetic testing renders an
inconclusive result (e.g. by detection of one or more VUS or failure to detect biallelic PVs).
Table 4 lists available ancillary tests that mostly assess microsatellite instability (MSI) in
constitutional DNA extracted from blood leukocytes, which is a hallmark (arguably
pathognomonic) feature of CMMRD. These assays include germline MSI (gMSI) which is
based on fragment length analysis of three MSI markers (Ingham et al., 2013). This assay has
limitations and is insensitive to MSH6-associated CMMRD because it relies on dinucleotide
repeat MSI markers. NGS-based assays that test for constitutional MSI in larger panels of
selected markers have been shown to have 100% sensitivity and specificity (Gallon et al.,
2019; Gallon et al., 2023; Gonzalez-Acosta et al., 2020). Equally, MSI analysis of Epstein Barr
Virus-immortalised lymphocytes using fragment length analysis of mononucleotide repeat
MSI markers and parallel analysis of cell tolerance to methylating agents, another functional
consequence of CMMRD, can both confirm and largely exclude a CMMRD diagnosis (Bodo et
al., 2015). These assays have all been evaluated on blinded cohorts of patients and control
samples collected by the European C4CMMRD consortium. The “low coverage whole
genome instability characterization” (LOGIC) assay can also confirm CMMRD through low-
pass whole-genome sequencing and assessment of genome-wide MSI (MMRDness). This
assay has been developed and evaluated by the International Replication Repair Deficiency
Consortium (IRRDC) (Chung et al., 2021; Chung et al., 2023).
These assays are currently available only in a few European laboratories and some have not
been clinically validated and are available only as a research test. None of the constitutional
MSI assays is currently available as a commercial kit. Hence, it is unlikely that all laboratories
performing genetic CMMRD testing will establish one of these assays. Given the rarity of
CMMRD, it is reasonable to recommend that laboratories offering CMMRD testing within
Europe should have agreements with a laboratory offering one or more of these assays to
assure an ancillary test is available to complement genetic testing if needed to reach a
definitive diagnosis (Rec. 10). When testing for CMMRD as differential diagnosis of NF1 in
children without malignancy, a definitive conclusion regarding presence or absence of
CMMRD should be reached. Therefore, testing in this situation should be performed only in
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specialised centres (Suerink et al., 2019a). In these centres, one or more validated ancillary
assays should be available, either in their own laboratory or through cooperation partners

(Rec. 11).

Diagnostic criteria

Identification of two variants in one of the MMR genes classified as (L)PV, which are
confirmed to be located in trans by genetic testing, confirms the diagnosis CMMRD in a
patient who fulfils one or more of the suggested criteria for CMMRD testing (see above as
well as Rec.1, Rec. 2, Rec.3, Rec. 4 and Rec.6). Note that a careful family history assessment
and physical examination should be performed for all patients who fulfil the CMMRD testing
criteria as described in Rec. 2, Rec.3, or Rec. 4 (Rec. 5).

In cases where a homozygous or two compound heterozygous LPV are identified and the
patient neither fulfils the C4CMMRD criteria for cancer patients (Rec.1) nor has a hyper- or
ultra-mutated tumour (Rec. 2) the level of CMMRD suspicion is lowered and CMMRD should
be considered definite only when an ancillary test confirms the diagnosis. The same should
be the case when an LPV in trans with a PV is incidentally identified by WES/WGS performed
for other reasons in a patient without cancer.

Confirmation of CMMRD by an ancillary test is also needed if genetic testing in one of the

MMR genes identifies one or two variants which are in trans but cannot both be classified as

(L)PV, according to the most recent internationally accepted criteria (by the ClinGen InSiGHT

Hereditary Colorectal Cancer/Polyposis Variant Curation Expert Panel: for criteria

specifications, see https://cspec.genome.network/cspec/ui/svi/affiliation/50099).

Due to its inherent limitations even when combining different methods including transcript
analysis, genetic testing may fail to identify a causative MMR gene alteration. However, even
in such cases, application of appropriately designed transcript analyses should be able to
confirm expression loss of the “apparent wild-type” allele(s) in a CMMRD patient. Therefore,
loss of allele expression or faulty splicing due to an unidentified splice variant should be
confirmed in addition to performing a validated ancillary test to confirm the diagnosis of
CMMRD in a suspected patient in whom only one (L)PV or VUS or no potentially causative

MMR gene variant is identified.
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Showing expression of two alleles at least one being a full-length wild-type transcript largely
refutes CMMRD as does the exclusion by ancillary testing in a patient without two (L)PV in
trans. Note that gMSlI testing cannot be used to exclude MSH6-associated CMMRD.

When applying the criteria summarized in Rec.12 and Table 5 to confirm a suspected CMMRD
diagnosis, physicians should use their medical expertise to judge the plausibility of the
combined genetic and ancillary testing result and question these results if unexplainable
discrepancies become apparent. An interdisciplinary team (geneticist, physician,
pathologist) would be necessary to discuss these difficult cases.

Specific heterozygous POLE germline PV as well as a digenic combination of a heterozygous
germline POLE or POLDz1 PV and a heterozygous germline MMR gene PV have been shown
to cause a phenotype reminiscent of CMMRD (Berrino et al., 2022; Lindsay et al., 2019;
Michaeli et al., 2022; Schamschula et al., 2022; Sehested et al., 2022; Wimmer et al., 2017a).
Therefore, cancer patients with or without heterozygous MMR (L)PV or VUS in whom the
suspected diagnosis of CMMRD cannot be confirmed should probably be tested for germline
POLE and POLD1 exonuclease domain variants (Rec. 13). At least in cases with a paediatric

high TMB, this should be done in parallel with genetic testing of the MMR genes.

Recommendations Strength

Rec.1 | CMMRD testing should be offered to all cancer patients who reach | Strong
a minimum of three scoring points according to the revised

C4CMMRD indication criteria (Table 2).

Rec.2 | CMMRD testing should be offered to all cancer patients aged <18 | Strong
years with a tumour that has a paediatric-high* tumour
mutational burden (TMB), regardless of presence or absence of a

somatic POLE or POLD1 pathogenic variant.

*(Grobner et al., 2018; Merino et al., 2020)

Rec.3 | CMMRD testing should be offered to all cancer patients with a [ Strong

tumour that has expression loss of one or more of the four MMR
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proteins by immunohistochemical staining in neoplastic and in
non-neoplastic cells including tumour infiltrating leukocytes

and/or endothelial cells.

Rec. 4

CMMRD testing should be offered to all cancer patients aged <18
years in whom a heterozygous (likely) pathogenic variant in one of

the MMR genes was found by germline sequencing.

Strong

Rec. 5

A family history assessment and physical examination should be
performed for any patient who fulfils inclusion criteria of CMMRD

testing as described in Rec. 2-4.

Strong

Rec. 6

CMMRD testing should probably be offered in expert centres
following an interdisciplinary discussion to all children suspected
to have sporadic NFi/Legius syndrome without cancer and
without an NF1/SPRED1 germline (L)PV after comprehensive
genetic analysis and who have at least one additional feature

defined by the C4CMMRD guidelines (Suerink et al 2018, Table 3).

Strong

Testing strategy

Rec. 7

Any testing strategy should aim to come to a definite diagnosis
that either confirms or refutes CMMRD in the patient, and to

identify the causative variants in the relevant MMR gene.

Strong

Rec. 8

Wherever possible, CMMRD testing of a patient with a (pre-
)malignancy should include immunohistochemical staining of all
four MMR proteins in tumour tissue to determine MMR protein
expression in neoplastic and in non-neoplastic cells, including

tumour infiltrating leukocytes and/or endothelial cells.

Strong

Rec. 9

The laboratory performing genetic CMMRD testing should be able
to offer transcript analysis of all four MMR genes and should be

able to apply assays that circumvent potential diagnostic pitfalls

Strong
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that result from the high homology of PMS2 and its pseudogene
PMS2CL (either by partnership with a different laboratory or in

their own laboratory).

Rec. 10

The laboratory performing genetic CMMRD testing of an index
patient with a (pre-)malignancy should probably have one or more
validated ancillary assay(s) available (either by partnership with a
different laboratory or in their own laboratory) that can
definitively confirm or refute the diagnosis of CMMRD if genetic
testing renders an inconclusive result (the currently available
ancillary assays testing for constitutional MMR deficiency are

listed in Table 4).

Strong

Rec. 11

The laboratory performing genetic CMMRD testing of an index
patient without a (pre-)malignancy should have one or more
validated ancillary assay(s) available (either by partnership with a
different laboratory or in their own laboratory) that can
definitively confirm or refute the diagnosis of CMMRD if genetic
testing renders an inconclusive result (the currently available
ancillary assays testing for constitutional MMR deficiency are

listed in Table 4).

Strong

Diagnostic criteria

Rec. 12

The diagnosis of CMMRD should be considered confirmed in an
individual fulfilling one or more of the suggested criteria for
CMMRD testing (Rec.1, Rec.2, Rec.3, Rec.4, Rec.6) if, according to
the Table “Criteria for the confirmation of CMMRD" (Table 5):
(i) in one of the four MMR genes, two variants classified
according to internationally accepted classification criteria*

as (likely) pathogenic (PV or LPV) are identified and are

Moderate
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OR

OR

OR

confirmed to be located in trans (note that in some cases

additional criteria need to be fulfilled);

(ii) in one of the four MMR genes, one of two variants
identified and confirmed to be located in trans is classified as
a PV or LPV or variant of unknown significance (VUS) and the
other one is classified as a VUS and one or more clinically
validated ancillary test results is consistent with a CMMRD

diagnosis;

(iii) in one of the four MMR genes, one variant is identified
and classified as a PV or LPV or VUS and there is evidence for
(a) faulty splicing not explained by the identified variant or (b)
reduced expression of the wild-type allele by transcript
analysis and one or more clinically validated ancillary test

results is consistent with a CMMRD diagnosis;

(iv) no MMR gene variant classified as a PV or LPV or VUS is
identified, but one or more clinically validated ancillary test
results is consistent with a CMMRD diagnosis and there is
evidence by transcript analysis for (a) faulty splicing or (b)
reduced expression of the wild-type allele(s) of one of the

MMR genes.

*ClinGen InSiGHT Hereditary Colorectal Cancer/Polyposis

Variant Curation Expert Panel Specifications to the

ACMG/AMP Variant Interpretation Guidelines for MMR

genes.
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Rec.13 | Cancer patients fulfilling the suggested criteria for CMMRD | Strong
testing, Rec.1, Rec.2 or Rec.4, in whom the diagnosis CMMRD
cannot be confirmed, should probably be tested for a germline
(likely) pathogenic variant in the exonuclease domains of POLE

and POLDz.

Rec.14 |In a deceased cancer patient fulfilling one or more of the [ Moderate
suggested criteria for CMMRD testing (Rec.1, Rec.2, Rec.4) for
whom no germline DNA/RNA is available and the diagnosis of
CMMRD cannot be confirmed by one or more of the criteria
outlined in Rec.12 and Table 5, the diagnosis of CMMRD should be
considered confirmed if immunohistochemical staining shows
expression loss of one or more MMR proteins in neoplastic and in
non-neoplastic cells, including tumour infiltrating leukocytes
and/or endothelial cells, of the patient and expression in an

appropriate positive control.

Table 2: Revised C4CMMRD indication criteria for CMMRD testing in cancer patients*
Indication for CMMRD testing in a cancer patient reaching =3 points.

C4CMMRD scoring points assigned to (pre-)malignancies in the patient (at least one point is

mandatory):
Carcinoma of the Lynch syndrome (LS) spectrum* and/or a high-grade dysplastic | 3 points

adenoma of the digestive tract at age <25 years

Multiple colorectal adenomas at age <25 years and no genetic diagnosis/explanation | 3 points
upon testing for polyposis syndromes

T-cell lymphoblastic lymphoma (T-LBL) at age <18 years 2 points
WHO grade Ill or IV glioma at age <25 years 2 points
Any other malignancy at age <18 years 1 point

C4CMMRD scoring points assigned to additional features in the patient (optional):

Clinical sign of Neurofibromatosis type 1 (NF1)* and/or 24 hyperpigmented and/or | 2 points
hypopigmented skin alterations with @#>1 cm

2 or 3 hyperpigmented and/or hypopigmented skin alterations with @>1 cm 1 point
Do not count if two points are already given for “Clinical sign of NF1 and/or 24
hyperpigmented and/or hypopigmented skin alterations with @>1 cm”

Multiple pilomatrixomas 2 points

One pilomatrixoma 1point
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Agenesis of the corpus callosum 1 point

Non-therapy-induced cavernoma 1 point
Multiple developmental venous anomalies (DVAs, also known as cerebral venous | 2 points

angiomas) in separate regions of the brain

Paediatric systemic lupus erythematosus 1 point
Deficiency/reduced levels of IgG2/4 and/or IgA 1 point
C4CMMRD scoring points assigned to additional features in the family (optional):
Consanguineous parents 1point
Diagnosis of LS in a first-degree or second-degree relative 2 points

Carcinoma from LS spectrum” before the age of 60 in a first-degree, second-degree, | 1 point
and/or third-degree relative
A sibling with a (pre-)malignancy assigned two or three C4CMMRD scoring points 2 points

A sibling with any type of childhood malignancy 1 point
Abbreviations: C4,CMMRD = Care for CMMRD; (L)PV(s) = (likely) pathogenic variant(s); WHO = World Health
Organization; NF1 = neurofibromatosis type 1.

*Original C4CMMRD criteria: Wimmer et al. Diagnostic criteria for constitutional mismatch repair deficiency
syndrome: suggestions of the European consortium ‘care for CMMRD' (C4CMMRD). J Med Genet 2014;
51(6):355-65.

*Colorectal, endometrial, small bowel, urothelial, gastric, ovarian, and biliary tract cancer.
*Clinical sign  in  the patient wused for the diagnosis of NF1 according to:
Legius et al. Revised diagnostic criteria for neurofibromatosis type 1 and Legius syndrome: an international

consensus recommendation. Genet Med 2021; 23(8):1506-1513.
#Diameter

Table 3: Selection strategy for CMMRD counselling and testing in a child suspected to
have NF1/Legius syndrome (without cancer) and a negative outcome of NF1/SPRED1
germline mutation analysis

Prerequisites:

» Suspicion of NF1 due to the presence of at least one diagnostic NFa feature”, including at least
two hyperpigmented skin patches reminiscent of CALMs.

» No (likely) pathogenic germline variant in NF1 and SPRED1 detected using comprehensive and

highly sensitive mutation analysis protocols®.
» Absence of diagnostic NF1 sign(s) in both parents.

Additional features, at least one (either in the family or in the patient) is required:

In the family:

» Consanguineous parents.

P Genetic diagnosis of Lynch syndrome in one or both parental families.

» Sibling with diagnostic NF1 sign(s).

» A (deceased) sibling® with any type of childhood malignancy.

P One of the following carcinomas of the Lynch syndrome spectrum: Colorectal, endometrial,
small bowel, urothelial, gastric, ovarian, and biliary tract cancer, before the age of 60 years in a
first-degree or second-degree relative.

In the patient:
P Atypical CALMs (irregular borders and/or pigmentation).




separate regions of the brain.

P Agenesis of the corpus callosum.

» Multiple hypopigmented skin patches.
P One or more pilomatrixoma(s) in the patient.

» Non-therapy-induced cavernoma.

P .Multiple developmental venous anomalies (also known as cerebral venous angiomas) in

Abbreviations: CMMRD - constitutional mismatch repair deficiency; NF1 - neurofibromatosis type 1; CALMs

- café-au-lait macules.

*Legius et al. Revised diagnostic criteria for neurofibromatosis type 1 and Legius syndrome: an international

consensus recommendation. Genet Med 2021; 23(8):1506-1513.

#Analysis protocol should include methods that identify and/or characterise unusual splice variants.

$This can be expanded to second-degree and third-degree relatives in populations with a high prevalence of

founder mutations.

Table 4: Ancillary tests for assessing constitutional MMR deficiency

Validated test”

CMMRD confirmed

CMMRD refuted

Germline Microsatellite instability
(gMS]) testing acc. to Ingham et
al. 2013?

gMSl ratios of at least two (usually
all three) microsatellite markers
the  validated
laboratory's internal thresholds

are above

Not possible by the test

Constitutional MSI (cMSI) testing
acc. to Gallon et al. 2019 and
2022°

cMSI score above the validated
laboratory's internal thresholds

cMSI
score range of negative

score within the

controls

MSI  (hsMSI)
testing acc. to Gonzalez-Acosta et

High-sensitivity

al. 2020°¢

hsMSI score above the validated
laboratory's internal thresholds

hsMSI score within the
score range of negative
controls

Ex vivo MSI (evMSI) + methylation
tolerance acc.to Bodo et al. 2015¢

evMSI| and methylation tolerance
above the validated laboratory's
internal thresholds

evMSIl and methylation

tolerance  within the
range  of  negative
controls

MMRDness testing by low-pass
whole-genome sequencing/
LOGIC assay in blood leukocytes

acc. to Chung et al. 2022°¢

above the
internal

MMRDness
validated
thresholds

score
laboratory's

MMRDness score within
the
negative controls

score range of

Abbreviations: MMR = mismatch repair;, CMMRD - constitutional mismatch repair deficiency; MSI

microsatellite instability; acc. = according; PV = pathogenic variant; (L)PV = (likely) pathogenic variant.

#Validation cohort should include (i) at least eight CMMRD patients with different genotypes with respect to
PVs and affected gene (for each of the four MMR genes at least one patient should be included), (ii) a large
number of negative controls consisting of at least twenty adult individuals aged >40 years without cancer
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history and without a MMR gene (L)PV, (iii) at least ten confirmed MMR gene PV heterozygotes and, if available,
(iv) POLE and POLD1 PV heterozygotes.

3lngham et al. Simple detection of germline microsatellite instability for diagnosis of constitutional mismatch
repair cancer syndrome. Hum Mutat 2013; 34:847-52.

bGallon et al. A sensitive and scalable microsatellite instability assay to diagnose constitutional mismatch repair
deficiency by sequencing of peripheral blood leukocytes. Hum Mutat 2019; 40(5):649-655.

bGallon et al. Constitutional microsatellite instability, genotype, and phenotype correlations in Constitutional
Mismatch Repair Deficiency. Gastroenterology 2022; S0016-5085(22)01444-5. Online ahead of print.
‘Gonzalez-Acosta et al. High-sensitivity microsatellite instability assessment for the detection of mismatch
repair defects in normal tissue of biallelic germline mismatch repair mutation carriers. J Med Genet 2020;
57(4):269-273.

‘Marin et al. A Validated Highly Sensitive Microsatellite Instability Assay Accurately Identifies Individuals
Harboring Biallelic Germline PMS2 Pathogenic Variants in Constitutional Mismatch Repair Deficiency. Clin
Chem 2024; 70(5):737-746.

9Bodo et al. Diagnosis of Constitutional Mismatch Repair-Deficiency Syndrome Based on Microsatellite
instability and Lymphocyte Tolerance to Methylating Agents. Gastroenterology 2015; 149:1017-29.

eChung et al. Genomic Microsatellite Signatures Identify Germline Mismatch Repair Deficiency and Risk of
Cancer Onset. J Clin Oncol 2023; 41(4):766-777.

Table 5: Criteria for the confirmation of CMMRD

Genotype MMR gene genetic testing reason
Germline | C4CMMRD Cancer <18 Cancer with Cancer <18 C4CMMRD Incidental
MMR criteria for years with MMR protein | years with criteria for finding in
gene cancer paediatric expression heterozygous | children WES or
variants patient high TMB loss in germline without WGS
identified | fulfilled (Rec.2) neoplastic MMR gene cancer performed
(if two (Rec.1) and non- (LPV suspectedto | for other
variants neoplastic (Rec.4) have NF1 reasons in
are cells including [/Legius a patient
identified, tumour syndrome without
they must infiltrating and a cancer
be lymphocytes negative
confirmed and/or NF1/SPRED1
to bein endothelial mutation
trans) cells analysis

(Rec.3) (Rec.6)
PV/PV v v v v Vv Vv
PVILPV [V V(PPAP-) v v v V(AT+)
LPV/LPV |V V(PPAP-) V(AT+) V(AT+) V(AT+) V(AT+)
(L)PV/VUS | V(AT+) V(AT+) V(AT+) V(AT+) V(AT+) V(AT+)
VUS/VUS | V(AT+) V(AT+) V(AT+) NA V(AT+) NA




(L)PV/X V(AT+mRNA+) | V(AT+mRNA+) | V(AT+;mRNA+) | V(AT+mRNA+) | V/(AT+;mRNA+) | NA
VUS/X V(AT+;mRNA+) | V(AT+;mRNA+) | V(AT+mRNA+) [ NA V(AT+mRNA+) | NA
X/X V(AT+mRNA+) | V(AT+mRNA+) | V(AT+;mRNA+) | NA V(AT+mRNA+) | NA

Abbreviations: C4,CMMRD = Care for CMMRD; MMR = mismatch repair; TMB = tumour mutation burden; PV =
pathogenic variant; LPV = likely pathogenic variant; (L)PV = likely pathogenic or pathogenic variant; VUS =
variant of unknown significance; WES = whole exome sequencing; WGS = whole genome sequencing; alleles
are separated by / and X indicates one allele without an identifiable (L)PV or VUS.

NA = not applicable

v = CMMRD confirmed without further ancillary test or transcript analysis

V(PPAP-) = CMMRD confirmed without further ancillary test if POLE /POLD1 germline mutation excluded (i.e.
polymerase proofreading associated polyposis negative: PPAP-)

V(AT+) = CMMRD confirmed if validated ancillary test positive for CMMRD (AT+)

V(AT+;mRNA+) = CMMRD confirmed if validated ancillary test positive for CMMRD(AT+) and evidence by

transcript analysis for (a) faulty splicing (not explained by the identified variant) or (b) reduced expression of the

wildtype allele(s) (IMRNA+)

GENETIC COUNSELLING - SUMMARY OF EVIDENCE AND GUIDELINE
RECOMMENDATIONS

9.2

Genetic counselling should be recommended to the family of a CMMRD patient and it should
include information about the potential 25% recurrence risk in siblings and the risk of Lynch
syndrome (LS)-associated cancer development in both parents and other relatives at risk of
being affected by LS (Rec. 1). Cascade testing must be offered to relatives including parents
(Rec. 2-3) as they also need to be informed about LS surveillance programs (Durno et al.,

20173; Suerink et al., 2019b; Wimmer et al., 2014).

Genetic counselling for siblings should be offered by a multidisciplinary team consisting of a
paediatric oncologist, a medical geneticist and a psychologist (Wimmer et al., 2014) (Rec. 1).
Besides family screening, education about the disease should also be offered to the family
(Kebudi et al., 2020). For siblings, the proposal of a genetic test can be done at any age so
that early surveillance can be offered if CMMRD is identified (Rec. 4). However, one should
not ignore the fact that testing young siblings may reveal LS in a minor despite there being
no recommendations to offer surveillance measures at this age. This issue should be

discussed with the parents before the genetic test is performed (Rec. 5).
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If the diagnosis of CMMRD is not confirmed by the identification of two (likely) pathogenic
variants in one MMR gene but is confirmed by ancillary tests in the patient, siblings may also
be tested by ancillary tests to confirm or exclude CMMRD (Rec. 6). Ancillary tests may also
help to rule out a diagnosis of CMMRD in a child with mild clinical features of CMMRD, such
as e.g. four or more CALMs and a known diagnosis of LS in one parent (Rec. 12), to avoid
revealing LS status during childhood. There are no published examples of this type of
situation, but some were reported and discussed at the C4CMMRD Consortium conference
on 16 November 2022 in Paris. A diagnosis of CMMRD will affect family planning and future
reproductive decisions of the parents as well as of the CMMRD patient if they are of, or when
they reach, reproductive age. Pre-implantation genetic testing or prenatal testing is possible
when the biallelic MMR PVs are identified (Durno et al., 2017a; Durno et al., 2015) and should
be discussed with parents of a CMMRD patient (Rec. 7) and with couples of reproductive age
if both of them carry a pathogenic variant in the same MMR gene (Rec. 8). In France, there
has been one birth following preimplantation genetic diagnosis for a couple in this situation
(Corsini C., Montpellier, personal data reported during C4CMMRD meeting in Paris, Nov

2022).

There is discussion of whether LS carriers of reproductive age should be informed about the
risk of CMMRD syndrome for their offspring and of the possibility of testing their partner
before pregnancy. This is particularly relevant for the PMS2 gene since, based on data from
first degree relatives in the Colon Cancer Family Registry, the frequency of PMS2 PV carriers
inthe general populationis 1in 714 and they may not present as LS due to the low penetrance
of PMS2 PV in the heterozygous state (Win et al., 2017). Therefore, the a priori risk for a
PMS2-associated LS carrier to give birth to a child affected with CMMRD is estimated to be
1/2856 (1/4 x1/714) and for a PMS2-associated CMMRD patient it is estimated to be 1/1428
(1/2 x 1/714). These risks are higher in cases of consanguinity of the couple or in populations
with founder effects (Goldberg et al., 2015).

Currently, there are no published recommendations regarding whether to test the partner of
a Lynch or CMMRD syndrome patient outside the context of consanguinity or founder effect.
This question was discussed at the last C4CMMRD Consortium meeting in November 2022

in Paris without reaching a consensus. Indeed, such a recommendation depends on the
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possibilities of access to genetic testing in each country (costs, prescription habits, and
access to genetic counselling). Furthermore, it should be considered that a complete analysis
of an MMR gene in the partner could reveal a VUS making genetic counselling complicated
and that comprehensive PMS2 analysis, as explained above, remains complex and limited to
certain laboratories. The recommendations given here (Rec. 9-11) rely entirely on the Delphi
process, which reached a consensus that genetic testing of MMR genes should not be offered
to partners of an LS carrier in the absence of consanguinity, the partner belonging to a
population with a known founder variant, or the partner having a family history suggestive
of LS. However, testing should be offered to the partner of an LS carrier in the presence of

any of these three criteria, as well as to partners of CMMRD patients.

Recommendations Strength

Rec.1 | Genetic counselling should be offered to parents and siblings of a | Strong
confirmed CMMRD patient, preferentially by a multidisciplinary
team with knowledge of CMMRD, consisting of a medical

geneticist, a paediatric oncologist and a psychologist.

Rec.2 | Toconfirm their carrier status, parents of a CMMRD patient should | Strong
be offered genetic testing for the (likely) pathogenic MMR gene

variants found in their child.

Rec.3 | Cascade genetic testing for (likely) pathogenic variants should be | Strong
offered to all adult relatives of a CMMRD patient, in both parental

branches.

Rec. 4 |Siblings of a genetically confirmed CMMRD patient should be | Strong
offered genetic CMMRD testing regardless of age and phenotype.

Rec.5 |When performing CMMRD predictive testing in a minor or|Moderate
prenatal testing, pros and cons of revealing results of genetic

testing regarding Lynch syndrome should be discussed on a case-

70



by-case basis with the parents and the patient depending on their

age.

Rec.

If the diagnosis of CMMRD is not confirmed by the identification
of two (likely) pathogenic variants in one MMR gene but by
ancillary tests in the patient, siblings should probably be offered

ancillary tests to exclude a CMMRD diagnosis for them.

Moderate

Rec.

Prenatal or preimplantation genetic testing should be discussed

with parents of reproductive age of a CMMRD patient.

Strong

Rec.

Prenatal or preimplantation genetic testing should be discussed
with couples of reproductive age if both carry a pathogenic variant

in the same MMR gene.

Strong

Rec.

Testing the partner of a CMMRD patient for the MMR gene
involved should probably be discussed during genetic counselling,
considering possible consanguinity, common founder effect, and

family history suggestive of Lynch syndrome.

Strong

Rec.

10

The partner of a Lynch syndrome carrier should be offered genetic
testing of MMR genes if consanguinity is reported by the couple or
the partner is coming from a population with a known founder
variant or the family history of the partner is suggestive of Lynch

syndrome and genetic testing has not been performed yet.

Strong

Rec.

11

The partner of a Lynch syndrome carrier should not be actively
offered genetic testing of MMR genes in the absence of
consanguinity, a known founder mutation or a family history

suggestive of Lynch syndrome.

Moderate

Rec.

12

The child of a Lynch syndrome carrier should probably be offered
CMMRD testing, if the child has clinical features that add up to =2

Strong

71



C4CMMRD scoring points according to the revised criteria (Table

2: scoring points assigned to additional features in the patient).

9.3 SURVEILLANCE - SUMMARY OF EVIDENCE AND GUIDELINE RECOMMENDATIONS
CMMRD patients have a high risk of malignancies from their first year and throughout their
life. The tumour spectrum includes primarily haematological malignancies, brain tumours
and intestinal tract tumours. Three main publications propose guidelines for surveillance of
CMMRD patients based on expert opinions and available data of the frequencies and the age
at diagnosis of different tumour entities. These are: the European C4CMMRD Consortium
(Vasen et al., 2014), the US Multi-Society Task Force on Colorectal Cancer (Durno et al.,
2017a) and the Pediatric Cancer Working Group of the American Association for Cancer
Research (AACR) (Tabori et al., 2017). Of note, these recommendations were published
several years ago and were based on limited evidence. An overview of these surveillance

protocols can be found in section 10 Table 6.

Although a randomized controlled trial would be needed to determine the extent to which
surveillance recommendations improve the prognosis of patients with CMMRD, ethical
considerations and the limited number of patients make such a study unfeasible. As a result,
current evidence for the efficacy of surveillance in CMMRD patients is drawn from studies of
other cancer predisposition syndromes such as Lynch syndrome and Li-Fraumeni syndrome,
as well as from observational prospective studies in individuals with CMMRD conducted by
the European C4CMMRD consortium and the IRRDC. These studies have demonstrated a
survival benefit for those individuals with CMMRD who undergo surveillance compared to

those who do not (Durno et al., 2021; Ghorbanoghli et al., 2023).

It is widely accepted that CMMRD patients and their parents should be educated about
tumour risks associated with CMMRD and about symptoms related to the main tumours
especially dyspnoea and superior vena cava syndrome for mediastinal lymphoma, symptoms
associated with pancytopenia (e.g. bruising, recurrent infections, pallor, fatigue, etc.) for

leukaemia, neurological symptoms for brain tumours, and bleeding for colorectal tumours
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(Rec. 1-2). The three major international groups also consistently recommend a clinical

examination for children and adults with CMMRD every 6 months (Rec. 5).

Pros and cons of more specific surveillance modalities should be discussed with the CMMRD
patient and/or their parents so that they, together with the clinician, can make an informed
joint decision to participate in a surveillance program (Rec. 3). No direct evidence of the
health risks associated with surveillance is reported in the literature. Nonetheless, some
potential risks should be discussed: in particular, the specific adverse events of each
procedure and complications of general anaesthesia necessary for some recommended
examinations (MRl in young children, digestive tract endoscopies).

A greater awareness of being at high risk for developing cancers may increase psychological
distress before and after surveillance examinations. In addition, examinations may reveal
small lesions of unknown significance in asymptomatic patients for which the only

management option is monitoring at a short follow-up interval, which may increase anxiety.

CMMRD patients and their families should also be encouraged to participate in research
projects evaluating the surveillance programs and to register in a database to improve

knowledge of CMMRD (Rec. 4).
Overall effectiveness of the previously proposed surveillance modalities

The C4CMMRD Consortium reported prospective follow-up results of 22 patients
undergoing their proposed surveillance protocols (Ghorbanoghli et al., 2023). During a mean
follow-up of 4 years, the program detected nine asymptomatic malignant tumours including
three brain tumours, three upper gastrointestinal tract cancers and three colorectal cancers.
Most tumours were successfully treated. In addition, many adenomas of the duodenum and
colorectum were detected and subsequently removed. At the end of the follow-up period, 16

out of 22 patients (73%) who participated in the surveillance program were still alive.

In 2015, the IRRDC described preliminary evidence that supported the benefit of surveillance
protocols to CMMRD patients (Durno et al.,, 2015), and subsequently published an

observational study that provides the best evidence for the efficacy of the different
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modalities to date (Durno et al., 2021). In this study, a total of 191 malignant tumours in 110
patients were identified. For patients undergoing surveillance according to the protocol
proposed by the Paediatric Cancer Working Group of the AACR (Tabori et al., 2017), 100% of
gastrointestinal and other solid tumours, as well as 75% of the brain cancers were detected
in asymptomatic patients. In contrast, only 16% of haematological malignancies were
detected by screening. Of note, among the 191 tumours reported in this study, only 12 (6%)

were outside the classical spectrum of CMMRD.

Taken together, both studies show that surveillance of the digestive tract and the brain led
to early detection of tumours supporting the effectiveness of the suggested surveillance
measures (Durno et al., 2021; Ghorbanoghli et al., 2023). Haematological tumours were
mainly discovered incidentally and between follow-up examinations. Hence, monitoring for

haematological malignancies has not proven to be effective.
Overall survival benefit of the surveillance modalities

The IRRDC study included a prospective cohort of 89 patients under full, partial, or no
surveillance. The prospective observational data showed that a patient’s 5-year overall
survival (OS) was significantly higher when an asymptomatic cancer was detected compared
to a symptomatic cancer (90% vs 50%, p=0.001). Subgroup analysis found the 5-year OS of
central nervous system tumour patients was significantly higher when the tumour was
detected asymptomatically compared to symptomatic tumours (72% vs 33%, p=0.04). For
gastrointestinal cancer patients, the 5-year OS for tumours detected asymptomatically was
superior to symptomatic tumours, although this difference did not reach statistical

significance (100% vs 81%, p=0.18) (Durno et al., 2021).

Survival was significantly different depending on the extent of the surveillance with 4-year
overall survival being 79% for those under full surveillance compared to 54% for those under
partial surveillance (p<0,0001) and 15% for those who did not follow surveillance (p<o,001)..
In multivariable analysis, including age, sex, gene affected, and resources available,

surveillance was the single variable associated with improved OS in patients with CMMRD
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(p=0.0001). However, no statistically significant difference was observed in mortality

between the full surveillance and partial surveillance cohorts (Durno et al., 2021).

A further outcome assessed in this report is the likelihood of transformation of low-grade
CMMRD tumours to high-grade cancers. Of the 64 low-grade tumours detected, the
cumulative likelihood of transformation to high-grade cancer was 81% for gastrointestinal

cancers within 8 years and 100% for gliomas within 6 years (Durno et al., 2021).

Brain tumours

Brain tumours are the most frequent tumour in CMMRD patients accounting for 35%
(Wimmer et al., 2017b) to 44% (Aronson et al., 2022) of all malignancies and occurring in over
half of patients (Guerrini-Rousseau et al., 2019; Rigaud et al., 2024; Wimmer et al., 2017b). In
addition, HGGs are the main cause of death in these patients (Guerrini-Rousseau et al., 2019;

Lavoine et al., 2015).

The three major international groups providing recommendations for CMMRD surveillance
agree on the importance of brain MRI for early detection. They recommend that brain MRI
should be performed at the time of CMMRD diagnosis or no later than age two years (Durno
etal., 20173; Tabori et al.,, 2017; Vasen et al., 2014), with consensus on an interval of every six
months in children (C4CMMRD proposes every 6-12 months) (Rec. 6-7).

Both the IRRDC study and the C4CMMRD study evaluating the previous guidelines support
a six-month interval for brain MRI. Only six out of 24 brain tumours found in patients
undergoing brain tumour surveillance were detected symptomatically, and these six
tumours were found in patients who had longer brain MRl intervals (1 year, 1.5 years, and 8
months) or interruptions in their surveillance (Durno et al., 2021; Ghorbanoghli et al., 2023).
The majority of the published CMMRD patients developed brain tumours in childhood and
adolescence (mean age at diagnosis of 9-10 years, range 2-40 years) (Durno et al., 2021;
Wimmer et al., 2014). As most CMMRD-patients do not reach adulthood, we have no studies

assessing the brain tumour risk in an adult population. Nonetheless, given their already
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intensive surveillance program, the recommendation to perform annual screening in adults
from the age of 20 years by brain imaging achieved consensus (Rec. 8).

There is no consensus on the MRI sequences to be performed for the screening of brain
tumours associated with CMMRD. Except for patients who already have a brain tumour,
contrast enhancement injection is recommended only for the first MRI. To avoid
intracerebral accumulation of contrast products, the following MRIs can probably be offered
without injection. Paediatric neuro-radiologists of the French paediatric oncology society
(SFCE)) recommend anatomical sequences T2-FLAIR (if possible in 3D) combined with a MRI

diffusion sequence. In case of a doubtful cerebral lesion, an injection is recommended. (Rec.

9-11).
Leukaemia and lymphoma

Lymphoid and other haematological malignancies are among the most common
malignancies observed in children with CMMRD, occurring in about one third of CMMRD
patients. In total, they account for about 20% of CMMRD-associated tumours (Durno et al.,
2021; Wimmer et al.,, 2014). Lymphomas are the most frequent (around two thirds of
haematological malignancies) and analysis of patients registered in the C4CMMRD and
IRRDC databases shows that most haematological malignancies are of T-cell origin and 82%
of those present as T-lymphoblastic lymphoma (T-LBL) (Rigaud et al., 2024; Ripperger &
Schlegelberger, 2016). Leukaemias are less frequent in CMMRD accounting for only a third
of haematological malignancies and less than 7% of all malignancies (Durno et al., 2021;
Wimmer et al., 2014) including mostly acute lymphoblastic leukaemia and acute myeloid
leukaemia. The median age at diagnosis is 8 years for leukaemia according to compiled data
of CMMRD patients (Durno et al., 20173). In the C4CMMRD database, around 100 patients
were included before 2022 and nine experienced a leukaemia: four with ALL, four with AML
and one with chronic myeloid leukaemia. The median age at diagnosis was four years (1.7-12

years) (unpublished data).

Guidelines for lymphoma surveillance of the three previous publications are very
heterogeneous (see also Table 5 in section 10). The Pediatric Cancer Working Group of the

AACR recommends an abdominal ultrasound every 6 months starting at the age of one
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(Tabori et al., 2017). In addition, it has been proposed that annual whole-body MRI (WBMRI)
could be alternated with abdominal ultrasound (Tabori et al., 2017). By contrast, the
European C4CMMRD Consortium recommends clinical examination every 6 months starting
at the age of one year, with abdominal ultrasound as an optional intervention (Vasen et al.,
2014). For leukaemia, all groups had agreed on the recommendation of a complete blood

count every 6 months and starting at the age of one year (Aronson et al., 2022).

The prospective study of the IRRDC did not find an impact of these screening guidelines on
early diagnosis or outcome of haematological malignancies in CMMRD patients (Durno et
al., 2021). Considering the rapid tumour growth of paediatric NHL, screening requires short
intervals between evaluations, which should be performed at least every 3 months. In
addition, abdominal ultrasound is not able to detect T cell lymphoma, which is the most
frequent NHL subtype in CMMRD. Regular chest X-rays are not recommended for screening

because of the potential genotoxic effects of repeated exposure to X-rays.

While blood count may be useful in cases of bone marrow infiltration, it has limited value in
ALL or NHL surveillance (Porter et al., 2017). Although regular blood sampling for detection
of circulating T-cell rearrangement may be a potential option for early diagnosis of T
lymphoblastic NHL, its effectiveness in CMMRD is unknown and needs further evaluation in
research studies. This is in agreement with a review, where the effectiveness of
haematological screening was questioned because NHL and ALL are rapidly growing
tumours and monitoring may not improve outcomes for these patients (Westdorp et al.,

2017).

Based on these observations and considerations, we recommend only clinical monitoring
every 6 months (Rec. 5) and do not recommend abdominal ultrasound or systematic blood

count (Rec. 12-13).
Lynch syndrome-related tumours

Colorectal cancer
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Among Lynch syndrome-related tumours, colorectal cancers are the most frequent in
CMMRD with a median age of onset of 16 years (range 8-48 years) (Aronson et al., 2016;
Durno et al., 2017b; Wimmer et al., 2014). The CMMRD intestinal tract phenotype also
includes adenomatous polyps ranging from development of a single adenoma to polyposis.
All expert groups agree on annual colonoscopy as the most effective intervention as it
facilitates both early cancer detection and polyp removal before progression into cancer. The
prospective observational studies of both the IRRDC group and C4CMMRD Consortium
confirmed the effectiveness of colonoscopy (Durno et al., 2021; Ghorbanoghli et al., 2023).
However, there are some differences in previous guidelines regarding the starting age for
colonoscopic surveillance. Based on the earliest age of onset in 53 CMMRD patients with one
or more colorectal cancers, the European C4CMMRD consortium recommended starting
surveillance colonoscopy at the age of 8 years (Wimmer et al., 2014). Levi et al. also suggest
starting at 8 years, because no significant gastrointestinal findings were made prior to this
age in their 11-case series (Levi et al., 2015). In contrast, (Herkert et al., 2011) suggest yearly
colonoscopy starting at age 6 years as first adenomas were identified at age 7 years in one of
their patients (Herkert et al., 2011). Durno et al. recommend starting at age 6 years (Durno
etal., 2017a) and Taboriet al. recommend starting at age 4 to 6 years due to reports of colonic
polyps at 6 years of age (Tabori et al., 2017). Prospective evaluation of the surveillance
benefits revealed no cases of colorectal cancer below the age of 8 years (Durno et al., 2021;
Ghorbanoghli et al., 2023). The current data of the C4CMMRD database reports the earliest
colorectal cancer at the age of 7.5 years and earliest adenoma at the age of 6 years.
Therefore, colonoscopy should start at an age of 6 years to detect adenomas that may
progress to cancer (Rec. 14). The progression of adenomas to malignancy in CMMRD is one
of the most rapid of any inherited colorectal cancer syndrome (Aronson et al., 2016; Shlien
et al.,, 2015), and surveillance intervals should, therefore, not exceed 1 year (Rec. 20).
Increasing the colonoscopy frequency from a 1 year to an approximately 6-months interval
once polyps are detected is recommended (Rec. 18), with resection of all lesions, irrespective
of size. In cases of polyposis with high-grade dysplasia or cancer or too many polyps to
remove by endoscopy, surgical intervention is recommended with (sub)total colectomy with
ileorectal anastomosis, followed by close endoscopic monitoring of the rectum every 6 to 12

months (Section 9.5 — Rec. 17). lleal pouch-anal anastomosis may be necessary depending
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on rectal polyp burden. If the monitoring schedule or surgical modalities are different, they

must be discussed by a specialist board.

The surveillance guidelines of the European C4CMMRD Consortium also suggested that a
paediatric gastroenterologist should perform the procedure together with an adult
gastroenterologist with experience of endoscopic mucosal resection of large non-polypoid
lesions (Vasen et al., 2014). More generally, the European Society of Gastrointestinal
Endoscopy (ESGE) recommends that individuals with Lynch syndrome should be followed in
dedicated units that practice monitoring of compliance and endoscopic performance
measures with high quality surveillance colonoscopy (van Leerdam et al., 2019). This is

equally advisable for CMMRD patients (Rec. 19).

No data is available concerning the value of using a virtual or indigo carmine coloration
during colonoscopy in CMMRD patients. Although some publications have suggested that
such coloration may improve detection of flat adenomas in Lynch syndrome (Har-Noy et al.,
2019; Perrod et al., 2021), this is still a matter of debate. In familial adenomatous polyposis,
endoscopy with coloration may also help to determine the exact polyp burden in both the
colorectum and duodenum to inform surgical decisions (Huneburg et al., 2020; Matsumoto
et al., 2009). Therefore, it is recommended that both upper endoscopy and colonoscopy

should probably be done with (virtual) coloration in the context of CMMRD (Rec. 17).

Upper gastro-intestinal lesions

Early onset adenomas and cancers of the small bowel and stomach are described in patients
with  CMMRD. Levi and colleagues (Levi et al., 2015) report tumours in the upper
gastrointestinal tract in two of 211 CMMRD patients. In the review by Durno et al. (Durno et
al., 2017a), one half of CMMRD patients had small bowel adenomas, diagnosed at a median
age of 12 years (range 10-20 years). In a cohort of 24 CMMRD patients with available data of
the digestive tract, four had small bowel cancer at a median age of 18 years (range 11-42
years) (Aronson et al., 2016; Durno et al., 2017a). In the C4CMMRD database, three of 36
patients with data of the digestive tract available had a small bowel cancer at 21, 26 and 44

years of age (unpublished data).
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During prospective follow up of 20 CMMRD patients, five patients had duodenal adenomas
at a median age of 18.6 years (range: 10.1-28.1 years), two had gastric cancer (the youngest
at 10 years of age was diagnosed during surveillance 16 months after their previous upper
gastrointestinal tract endoscopy), one oesophageal cancer and one small bowel (jejunal)
cancer (Ghorbanoghli et al., 2023). All upper gastro-intestinal lesions were found during
surveillance. Only one patient, not under surveillance, developed a symptomatic small bowel
cancer at age 26 (Ghorbanoghli et al., 2023).

Among the 110 patients included in the full study cohort of the IRRDC assessment of
surveillance guidelines, nine patients developed small bowel cancers between g and 33 years
of age, three patients developed stomach cancer at 9, 25, and 33 years, and two patients

developed biliary tract cancers at 13 and 22 years (Durno et al., 2021).

Annual video capsule endoscopy (VCE) and gastroscopy are the interventions recommended
by the two expert groups, although some differences in the guidelines are found. The
European C4CMMRD Consortium recommends starting VCE and gastroscopy at the age of
10 years, while the IRRDC recommends starting at the age of 8 years (see table 2 in (Aronson
et al., 2022)). Herkert et al. also suggested yearly endoscopy and VCE from age 8 years
(Herkert et al., 2011). An additional recommendation from the IRRDC is to increase the
gastroscopy to every 6 months when polyps are identified. Very young children are generally
able to swallow the capsule unaided, but those who are undergoing endoscopic surveillance
under general anaesthesia can have the capsule placed endoscopically at the same time
(Herkert et al., 2011; Vasen et al., 2014). Given the diagnoses of small bowel and stomach
cancers in CMMRD patients as young as g years, it is recommended VCE and gastroscopic
surveillance are started at the same time as colonoscopic surveillance, or at age 10 years at
the latest, and performed annually with increased frequency to 6-month intervals after

detection of polyps (Rec. 15, 18, 21)

It is important to note some limitations of VCE for small-bowel surveillance. In a report from
the IRRDC the authors mention the potential for incomplete studies, a high rate of false
positive examinations and the possibility of a false negative examination. They also
recommend considering additional endoscopic modalities to complement VCE, such as push
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enteroscopy with careful inspection of the ampullary region because small bowel neoplasms

are often proximally located and may be missed on VCE (Shimamura et al., 2018) (Rec. 16).

MRI of the small bowel is an alternative to VCE, but there are no published data on its use in
patients with CMMRD. It has therefore not been included in the recommendations, but could

be considered as part of a case-by-case discussion.

Gynaecological and urinary tract tumours

The incidence of gynaecological and urinary tract tumours in CMMRD is unknown, especially
as the majority of these tumours in CMMRD have been reported at an age that most CMMRD
patients do not reach. Very few such tumours have been described so far with an early age
of onset. Specifically, there are fewer than ten patients with renal or urinary tract cancers,
which were diagnosed from age 11 to 22 years. There are also fewer than ten endometrial
cancers, which were diagnosed from age 19 to 44 years (Durno et al., 2017a). Otherwise,
there have been singular cases of an ovarian cancer at age 17 years (Vaughn et al., 2010),
endometrioid adenocarcinomas affecting both ovaries at age 26 years (Ramchander et al.,
2017), an ovarian neuroectodermal tumour at age 21 years, and endometrial

adenocarcinoma of the uterus and ovary at age 23 years (Trimbath et al., 2001).

Both the European C4CMMRD Consortium and the IRRDC follow recommendations
proposed for Lynch syndrome carriers for urinary tract surveillance albeit starting at an
earlier age, which include annual urine cytology and urine dipstick from the age of 20 years.
The US Multi-Society Task Force recommends annual urine analysis starting at the age of 10
years and to consider MRI. It should be noted that numbers to test the effectiveness of these
surveillance measures in CMMRD are much too small. Furthermore, for Lynch syndrome,
there is no consensus on screening protocols for urinary tract tumours and none of these

measures have been proven to be effective.

For gynaecological surveillance, expert groups recommend annual gynaecological

examination, transvaginal ultrasound and endometrial biopsy starting at the age of 20 years.
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As very few female CMMRD patients reach an age at which they have completed
childbearing, recommendations for risk-reducing hysterectomy and salpingo-
oophorectomy do not exist. However, as for Lynch syndrome, this could be discussed after

completion of childbearing (Rec. 23).

The two prospective evaluations of surveillance efficacy (Durno et al., 2021; Ghorbanoghli et
al., 2023) did not specifically evaluate these recommendations for gynaecological and
urinary tract tumours. Five patients had urinary tract tumours: two nephroblastomas, which
are not part of the LS spectrum, at three and four years, two transitional renal cell carcinomas
at 11 and 43 years, and one papillary transitional cell carcinoma at 15 years of age. Another
one developed a bladder cancer at 48 years, and one a uterus cancer at 30 years. Only eight
patients were older than 18 years at the beginning of the surveillance periods across both

studies.

Expert advice during the Delphi process was to not recommend annual urine cytology and
urine dipstick to CMMRD patients because their benefit has not been demonstrated (Rec.
24). The same decision was made for endometrial biopsy. However, experts stated that
abdomino-pelvic ultrasound for gynaecological and urinary tract cancer screening, as well as
clinical examination and transvaginal ultrasound for gynaecological surveillance should

probably be offered annually, starting at 20 years of age (Rec. 22, 25).

As breast cancer is rarely reported in CMMRD patients (two cases at 22 and 30 years of age
are reported in (Durno et al., 2021)), there is currently no indication for an increased breast
cancer risk and need for specific breast cancer screening in CMMRD. Hence, we propose to

follow general population guidelines for monitoring (Rec. 26).
Whole-body MRI

The latest published recommendations by the Pediatric Cancer Working Group of the AACR
introduced a WBMRI once a year starting at the age of 6 years as a potentially useful
screening tool with the advantage of not requiring anaesthesia (Tabori et al., 2017).

Considering the tumour spectrum in CMMRD, WBMRI may not have the same efficacy as in
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Li-Fraumeni syndrome, where sarcomas are more frequent (Ballinger et al., 2017; Frebourg
et al., 2020; Tewattanarat et al., 2022). Data to assess its efficacy as a surveillance tool in
CMMRD patients are lacking. In the publication reporting the IRRDC experience, only one
tumour (type not specified) of 193 was detected by WBMRI (Durno et al.,, 2021). We
considered the data currently insufficient to draw conclusions on the effectiveness of
WBMRI. We thus propose to include surveillance by WBMRI as optional in the
recommendations except for the recommendation to offer WBMRI at least once at diagnosis
or when the young patient no longer needs general anaesthesia for MRIs to detect
malformations and low-grade tumours requiring resection or adapted surveillance (Rec. 27-
29). Only an analysis of a large series of patients with a surveillance program including
WBMRI will allow to assess the value of this exam for CMMRD, thus we encourage collecting
data on WBMRI so that its benefitin CMMRD can be assessed. As brain tumours are the major

oncological risk in CMMRD patients, WBMRI should not replace specific brain imaging.
Cost, cost-effectiveness, invasiveness, acceptability of surveillance interventions

No information is available in literature regarding cost, cost-effectiveness, invasiveness or

acceptance of the different surveillance interventions.

Recommendations Strength

Rec.1 | CMMRD patients and/or their parents should be educated about | Strong

tumour risks associated with CMMRD.

Rec.2 [CMMRD patients and/or their parents should be educated about | Strong
symptoms related to the main tumours, especially dyspnoea and
superior vena cava syndrome for mediastinal lymphomas,
symptoms associated with pancytopenia for leukaemia,
neurological symptoms for brain tumours, and bleeding for

colorectal tumours.




Rec.3 |Pros and cons should be discussed among the CMMRD patient | Strong
and/or their parents and clinician to make a joint decision to
participate in a surveillance program.

Rec.4 |CMMRD patients and/or their parents should probably be |Strong
encouraged to communicate their screening results in research
projects or databases to improve knowledge on CMMRD.

Rec.5 [Inchildrenandadults with CMMRD, clinical examination should be | Strong
performed every 6 months.

Rec. 6 [Brain MRIshould probably start at the initial CMMRD diagnosis or | Strong
at least at the age of 2 years.

Rec.7 |In CMMRD patients up to age 20 years, brain MRI should be | Strong
performed every 6 months.

Rec.8 [In CMMRD patients older than 20 years, a brain MRI should be | Moderate
performed at least annually.

Rec. 9 | The first brain MRI should probably be performed with contrast | Moderate
enhancement for all CMMRD patients.

Rec. 10 |In patients with CMMRD without a previous brain tumour, MRI | Moderate
should probably include anatomical sequence T2 FLAIR (if
possible in 3D) combined with MRI diffusion sequence.

Rec.11 |In patients with CMMRD with a previous brain tumour, MRI should | Moderate
include anatomical sequences T2-FLAIR, diffusion sequence, and
T1+ contrast enhancement if possible in 3D.

Rec.12 [Abdominal ultrasound should probably not be performed to|Weak
screen for abdominal lymphomas in CMMRD patients.

Rec.13 [Blood counts should probably not be performed to screen for | Weak

haematological (pre-)malignancies in CMMRD patients.




Rec.

14

Colonoscopy should be performed at least annually in CMMRD
patients and should probably start from the age of 6 years in

children with CMMRD.

Strong

Rec.

15

Upper gastrointestinal endoscopy should be performed annually
in CMMRD patients and should probably start at the same age as

colonoscopy or at least at the age of 10 years.

Strong

Rec.

16

Upper endoscopy should probably use push enteroscopy and

careful inspection of the ampullary region in CMMRD patients.

Moderate

Rec.

17

Upper endoscopy and colonoscopy should probably be done with

coloration in the context of CMMRD.

Strong

Rec.

18

The frequency of upper or lower endoscopy should probably
increase up to 6 months-interval once polyps are detected in the

context of CMMRD.

Strong

Rec.

19

Digestive tract surveillance for CMMRD patients, including
children, should probably be done in a centre with

gastroenterologists experienced in Lynch syndrome screening.

Moderate

Rec.

20

The interval between two digestive tract examinations should not

exceed 12 months for CMMRD patients.

Strong

Rec.

21

Video capsule endoscopy should be performed annually in
CMMRD patients and should probably be performed from the age

of 10 years.

Strong

Rec.

22

Gynaecologic surveillance should probably be performed annually
from age 20 years in CMMRD patients and should include clinical

examination and transvaginal ultrasound.

Strong

Rec.

23

Prophylactic hysterectomy should probably be discussed once

family planning of the CMMRD patient is completed.

Moderate




Rec. 24 | Annual urine cytology and urine dipstick should probably not be | Moderate
offered to CMMRD patients.

Rec. 25 | Abdominopelvic ultrasound for gynaecological and urinary tract | Strong
cancer screening should probably be offered annually to CMMRD

patients, starting at 20 years of age.

Rec.26 |Breast cancer screening should probably follow general |Moderate

population guidelines for CMMRD patients.

Rec. 27 | Whole body MRI should probably be offered to CMMRD patients | Strong
at least once, at diagnosis or when anaesthesia is no longer
required, for a general screening of low-grade tumours and

malformations to guide targeted screening.

Rec. 28 | Resection or specific surveillance of low-grade lesions should be | Strong

offered to CMMRD patients.

Rec. 29 | Even though evidence of its efficacy in screening is still weak in | Moderate
CMMRD, whole-body MRI should probably be discussed with

CMMRD patients as an option for annual surveillance.

9.4 QUALITY OF LIFE - SUMMARY OF EVIDENCE AND GUIDELINE
RECOMMENDATIONS

There are no available studies specifically addressing the quality of life of CMMRD patients
and their family, which is needed to better understand the impact of the diagnosis and of

living with CMMRD.

Most authors who briefly address this topic in case reports, reviews or consensus statements
agree that the diagnosis of CMMRD in a child has important implications not only for the
child, but also for the entire family (Baig et al., 2019; Biller et al., 2016; Durno et al., 201g;
Ozyoruk et al.,, 2021; Ramchander et al., 2017; Ripperger & Schlegelberger, 2016; Wimmer et

al., 2014; Wimmer et al., 2017b).
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Healthcare professionals need to understand and address the psychosocial implications of
genetic testing for CMMRD to best offer psychological support to the patient and their family
and to avoid refusal of medical care (Urganci et al., 2015). For this, psychological support
should be offered to the patient and the family during the entire process of diagnostic
evaluation (Ramchander et al., 2017; Suerink et al., 2021a; Wimmer et al., 2014; Wimmer et
al., 2017b). The family needs to be aware of the implications of the test result and of the high
risk of multiple malignancies in a CMMRD patient (Wimmer et al., 2014). Moreover, because
surveillance does not guarantee prevention of cancer, it may cause a great psychological
burden in families with a CMMRD child (Ozyoruk et al., 2021).The vast majority of individuals
will likely experience specific worries about CMMRD and about how to cope with a cancer

diagnosis and cancer risk in their family (Suerink et al., 2021a).

Regarding parents of CMMRD children, a case report by Bruwer et al. (2014) stated that
knowing the test results of their children helped them alleviate the uncertainty and anxiety
associated with the unknown, and that they felt some sense of empowerment by being

informed (Bruwer et al., 2014).

There is no available publication regarding compliance with surveillance programs of

CMMRD patients.

Recommendations Strength

Rec.1 |Psychological support should be offered to the patient and the | Strong
family during the entire process of evaluation before the diagnosis

of CMMRD.

Rec.2 |[Psychological support should be offered to patients with CMMRD | Strong
and their families at any time during treatment and cancer

surveillance.




Rec.3 |[Age adapted education about CMMRD should probably be |Strong
offered to CMMRD patients and their families.

Rec. 4 |Healthcare professionals involved in diagnosis and surveillance | Strong
should address the psychosocial implications of a diagnosis of

CMMRD.

9.5 CLINICAL MANAGEMENT - SUMMARY OF EVIDENCE AND GUIDELINE
RECOMMENDATIONS

Data allowing assessment of the efficacy of standard management for CMMRD-associated
tumours are still limited. Given the involvement of the MMR pathway in the induction of cell
death after DNA damage (Gupta & Heinen, 2019; Mas-Ponte et al., 2022), there are concerns
about the risk of resistance of CMMRD-associated tumours to several types of genotoxic
agents. However, clinical data comparing response to treatment in CMMRD-associated

tumours with those reported in sporadic tumours are still lacking.

Chemotherapy

No systematic studies evaluating the efficacy and toxicity of radiotherapy or chemotherapy
have been conducted in CMMRD patients. There are pre-clinical data suggesting tolerance
of CMMRD-associated tumours to several types of chemotherapy such as thiopurines and
methylating agents, which rely on a functional MMR system to be effective. (Aquilina et al.,
1990; Bignami et al., 2003; Gupta & Heinen, 2019; Karran et al., 2003; Mas-Ponte et al., 2022;
Stojicetal., 2004). Furthermore, the resistance of EBV-transformed lymphocytes of CMMRD
patients to the methylating agent temozolomide has been extensively studied and can be
used as an ancillary assay to confirm or refute a CMMRD diagnosis if genetic testing is
inconclusive (see 9.1 Rec. 12 and Tables 3 and 4) (Bodo et al., 2015). Data concerning other
drugs are more controversial. Pre-clinical data suggest that a functional MMR pathway is
essential to maintain the sensitivity to several drugs such as cisplatin (Sawant et al., 2015;
Stojic et al., 2004) or 5-fluorouracil (5-FU) (Meyers et al., 2001). However, meta-analysis of

clinical trials performed in Lynch syndrome do not rule out the efficacy of 5 FU or platinum-
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based treatment in patients with germline MMR PVs and, hence, MMR deficient tumours

(Tomasello et al., 2022).

Several authors have suggested that chemotherapy may increase the risk of second
malignancies in CMMRD by increasing the rate of unrepaired somatic mutations (Karran et
al., 2003), but we are still lacking studies allowing evaluation of the role of chemotherapy in

the pathogenesis of second malignancies in CMMRD patients.

Immunotherapy

Due to the role of the MMR system in replication error repair, most tumours of patients with
CMMRD are hypermutated and can even be ultramutated due to a combined constitutional
MMR and somatic polymerase proofreading defect (Andrianova et al., 2017; Shlien et al.,
2015; Waterfall & Meltzer, 2015). These mutations lead to the formation of tumour-specific
neoantigens, which may serve as targets for the immune system and thus, MMR deficient
tumours are more likely to respond to immune checkpoint blockade therapy (reviewed by

(Michaeli & Tabori, 2018; Westdorp et al., 2017).

There is growing evidence of the efficacy of immune checkpoint inhibitors (ICl) in cancer
patients with an impaired MMR system such as Lynch syndrome or CMMRD patients
(Bouffet et al., 2016; Therkildsen et al., 2021). The efficacy of ICls in the treatment of
metastatic MSI colorectal cancer was first demonstrated in 2015 (Andre et al., 2020; Le et al.,
2017; Le et al., 2015). Since then, other studies suggest an important role of ICl in the
adjuvant and neoadjuvant setting (Cercek et al.,, 2022). In 2017 Pembrolizumab and
Nivolumab were approved by the Food and Drug Administration (FDA) for the treatment of
MMR-deficient cancers, regardless of tumour site or histology (reviewed by Quinn et al.
(Quinn & Nichols, 2017) and Michaeli et al. (Michaeli & Tabori, 2018)). Immunotherapy should
be discussed for the treatment of any tumour arising in the context of CMMRD, especially
tumours of the Lynch syndrome-spectrum, from the initial phase of management to

management for advanced disease.



Several durable responses after ICl in diverse tumour types have been described in CMMRD
patients (AlHarbi et al., 2018; Bouffet et al., 2016; Mishra et al., 2022; Paul et al., 2020;
Pavelka et al., 2019; Rittberg et al., 2021; Westdorp et al,, 2017; Xie et al., 2021). The
C4MMRD consortium reported that among a series of 18 CMMRD patients treated with ICI
(13 with HGG, four with digestive tract tumours and four with NHL including three patients
with both NHL and another tumour), eight (44%) benefited from the treatment with a

durable response and/or a stabilization (Suerink et al., 2021a).

More recently, the IRRDC reported a series of 38 patients with CMMRD (n=28), Lynch
syndrome (n=8) or polymerase proofreading deficiency (n=2) treated with an ICI. A response
or a stable disease was observed in 55.5% of the tumours. The response was sustained in 80%
of the cases at last follow-up (median duration 1.87 years). The 3-year survival was 41.4%
(Das et al., 2022). Response rate was 64% in brain tumours (n=31) and 100% in the non-CNS
solid tumours (n=11) whereas none of the three cases with lymphoma or leukaemia
experienced a response. Response to ICl was associated with ultra-high mutation burden
(>100 mutations per Mb) in patients with combined MMR and polymerase proofreading
deficiency. Also, in tumours with a mutation burden <100 mutations per Mb, response was
associated with the burden of microsatellite insertions and deletions. Importantly, pseudo-
progressions linked to an acute reaction to immunotherapy (a tumour flare reaction) were
reported in 27% of the patients in this series. Distinguishing these flare effects from a true
tumour progression is crucial since durable responses were observed in the patients who
continued treatment with ICl after flare reaction (Das et al., 2022). Furthermore, the genomic
and immune profile of tumours experiencing flare was similar to those of patients who
experienced a response suggesting that the patients who experience a flare effect are likely
to be responders.

Additionally, Bouffet et al. reported that low-grade tumours of CMMRD patients, including
low-grade gliomas, are not (ultra-)hypermutated and, therefore, are not expected to

respond to PD-1 blockade (Bouffet et al., 2016).

Specific considerations for management of brain tumours
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High-grade gliomas (HGGs)

To date, surgery is still the mainstay for resectable HGG. There is some data suggesting that
neo-adjuvant administration of ICl could improve the prognosis of high- grade glioma
outside the CMMRD spectrum (Cloughesy et al., 2019). Given the high response rate to ICl in
patients with CMMRD, including ICl in the front-line treatment of patients with HGG should
be an option whenever possible (Rec. 7).

CMMRD syndrome is not associated with increased radiosensitivity. No side effects have
been described in patients who received both ICl and radiotherapy with large radiation fields
(Sahebjam et al., 2021). Therefore, there is currently no evidence to support a
contraindication to offering concomitant immunotherapy to patients treated with broad

irradiation fields (including craniospinal irradiation) (Rec. 4).

Preclinical data highlight the risk of resistance of MMR-deficient HGGs to temozolomide
(Abidi et al., 2021; Carrato et al., 2021; Johannesma et al., 2011; Kebudi et al., 2020; Pollack
etal., 2010; Ripperger et al., 2010; Scott et al., 2007; Touat et al., 2020; Westdorp et al., 2017).
Moreover, it has been shown that recurrent glioblastomas after temozolomide frequently
exhibit a hypermutated phenotype with defective MMR (Touat, Nature 2020) confirming
previous preclinical evidence that MMR defects are a major mechanism of resistance to
temozolomide (Gan et al., 2022). Taken together, temozolomide is no longer recommended
in CMMRD patients despite the lack of a study comparing the efficacy of temozolomide in a

series of patients with sporadic and CMMRD-associated HGG (Rec. 6).

Data about natural history of low-grade glioma in CMMRD were provided by Durno at al.
through reporting the experience of brain surveillance MRl in CMMRD patients. All six non-
resected low-grade gliomas underwent transformation into malignant HGG in a median of
1.7 years (Durno et al., 2021). Therefore, resection, whenever possible, without excessive

neurological risks, is clearly advisable (Rec. 8).

No evidence for a specific treatment of CMMRD-associated medulloblastoma could be found

in the literature. Currently, it should probably not differ from treatment of sporadic
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medulloblastoma, except for the use of temozolomide as maintenance or second-line

therapy, which is not recommended in CMMRD (Rec. 6, 9).

Specific considerations for management of haematological malignancies
Haematological malignancies

Evidence for best treatment of haematological malignancies in CMMRD patients is still
limited. The reduced biologic activity of thiopurines in MMR deficient cells has been
suspected to be associated with a lower efficacy of treatment in this population and to be
involved in the genesis of second malignancies (Kroeze et al., 2022; Lavoine et al., 2015;
Ripperger et al., 2021). Kroeze et al. (2022) indirectly demonstrate the low biological effect
of 6-mercaptopurine in vivo by showing that the doses of Purinethol had to be increased at
the maximum level (200% of starting dose) without inducing any haematotoxicity during

maintenance in four patients with a lymphoblastic lymphoma (Kroeze et al., 2022).

Several publications on small series of CMMRD-associated NHL reported lower survival when
compared to sporadic lymphomas due to an excess of second malignancies but also of a
slight excess of progressions/relapses mainly in T cell lymphoblastic lymphomas. B cell
lymphomas are rarer and seem not to be associated with an excess of treatment failures
(Kroeze et al.,, 2022; Lavoine et al., 2015; Ripperger & Schlegelberger, 2016). In the
collaborative study performed by the European C4CMMRD Consortium , the IRRDC in
Canada and the European Intergroup for childhood non-Hodgkin Lymphoma (EICNHL),
which reviewed 100 CMMRD-associated NHL in 74 patients, the 3-year cumulative risk of
progression/relapse after a first ymphoma treated with current chemotherapy regimen was
20.8%. This rate is considered acceptable in a series of patients treated over a long period of
time and, for a third of them, after a previous malignancy. However, the risk of second
malignancies including multiple NHL was very high in these patients leading to poor overall
survival (Rigaud et al., 2024). The role of genotoxic chemotherapy in the genesis of these
second malignancies could not be assessed. Considering that response to current
chemotherapy regimen in CMMRD-associated NHL is similar to that in sporadic NHL, and as

there is no evidence showing chemotherapy's contribution to the development of secondary
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malignancies, nor any alternative treatment that has proven to be equally effective, the
treatment approach for CMMRD NHL should probably be similar to the current standard
regimens used for non-CMMRD cases (Rec. 10). In the recent collaborative study on CMMRD-
associated NHL, all 20 second lymphomas were treated with curative intent with most
(15/20) following standard regimens designed for initial treatment of each NHL subtype. As
only 3/20 patients experienced a failure (one toxicity-related death, one early progression
and one relapse), this strategy is probably suitable for second NHL (Rec. 11). As in all second
malignancies, the cumulative doses of each drug already received by the patient should be
taken into account in the decision-making process.

No study comparing the outcome of CMMRD-associated leukaemias with sporadic
leukaemias of the same subtype has been performed so far. Currently, treatment should

probably not differ from treatment of sporadic leukaemias (Rec. 12).

Haematopoietic stem cell transplantation seems feasible. In their literature review from
2016, Ripperger and Schlegelberger (Ripperger & Schlegelberger, 2016) reported five
patients treated with haematopoietic stem cell transplantation with no major side effects
except for a post-transplant lymphoproliferative disorder in one patient (Elhasid et al., 2015)

(Rec. ).

Colorectal cancers and polyps

Recommendations for colorectal cancer management are well established for patients with
Lynch syndrome (Ozyoruk et al., 2021), but very few data are available for CMMRD patients.
The European Consortium C4CMMRD and the US Multi-Society Task Force on Colorectal
Cancer, agree on the recommendation of extensive gastrointestinal surgery as the treatment
of choice in CMMRD patients with colorectal cancer. However, the balance of benefits and
risks of extensive surgery for treatment of CMMRD colorectal cancer is unclear (Levi et al.,
2015). Extensive polyposis of the colon is not frequent (median number of adenoma per
patient is 12 in the European C4CMMRD database-personal data C. Colas) so most of the
time polyps may be managed by endoscopic resection (van Leerdam et al., 2019). Surgical

decisions must always take into account individual situations, in particular other tumour
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histories, and be discussed by a specialised board. In patients with colonic adenomas
containing high-grade dysplasia or cancer, or when there are too many polyps to remove
endoscopically, total or subtotal colectomy with ileorectal anastomosis should be discussed
on a case-by-case basis as in other polyposis syndromes (Rec. 17). In the case of rectal cancer,
a proctocolectomy with ileal pouch-anal anastomosis may be necessary (Durno et al., 20173;

Tabori et al., 2017; Vasen et al., 2014).

The impact of a deficient MMR pathway on the efficacy of use of 5-FU is still a matter of
debate (Aggarwal et al., 2022). While preclinical data and several trials lead to consider MMR
deficient colorectal cancers as having a degree of tolerance for 5-FU (Carethers et al., 1999)
this drug is not contra-indicated in patients with Lynch syndrome (Tomasello et al., 2022).
However, ICls have shown their efficacy in this context and now represent the standard of
care for metastatic and advanced colorectal cancer patients with Lynch syndrome (Jin &
Sinicrope, 2022). Therefore, it is recommended that management of cancers of the Lynch
syndrome-spectrum in a CMMRD patient follow treatment guidelines designed for patients
with Lynch syndrome associated tumours, and thatimmunotherapy should be used as front-
line treatment of large, unresectable or metastatic colorectal tumours in a CMMRD patient

(Rec. 13-14).

In addition, several case reports suggest a potential preventive effect of immunotherapy on
polyposis development. In one CMMRD case, it was reported that colonic adenomas
gradually decreased in number and size during treatment of a medulloblastoma with anti-
PD1, but new polyps appeared one year after the end of the anti-PD1 treatment (Ozyoruk et
al., 2021). Another patient received pembrolizumab (200 mg/course) at 3 week intervals for
6 months as neoadjuvant therapy for gastric cancer and a clinical improvement of the
polyposis phenotype was observed, together with no immune-related adverse events

(Tanimura et al., 2022).

Other Lynch syndrome-associated tumours: ovarian, endometrium and gastric tumours
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There is no specific evidence in literature for the treatment of these tumours in CMMRD
patients. Their management should probably not differ from those in a LS context,

highlighting the role of immunotherapy (Rec. 13, 15).

Specific considerations for management of other tumours

Other tumours are rare in CMMRD accounting for less than 10% of the cases. Several tumour
types have been described including sarcomas, nephroblastomas, neuroblastomas and
retinoblastomas. Although there is no direct evidence of the efficacy of ICls in these tumour
types in CMMRD patients, ICls may be effective in MMR deficient tumours across a variety of

different tumour types (Le et al., 2017) (Rec. 16).

Multiple tumours

Considering the high incidence of multiple tumours in CMMRD patients, we recommend
separate sampling and molecular analysis of synchronous tumours as they might be distinct
entities. Cancer surveillance should be performed at the time of diagnosis as well as during
and after the period of cancer treatment according to the guidelines (rec. 18).

In this context, in case of suspicion of a relapse, it is crucial to consider the possibility of a
second primary disease rather than a relapse and to perform molecular analysis of samples

at initial diagnosis and relapse in order to be able to make an accurate diagnosis (rec. 19-20)

Biobanking

There are several aspects of CMMRD-associated tumours that require further investigation
(predictive biomarkers for immunotherapy response, the impact of chemotherapy on the
development of multiple malignancies, and the underlying mechanisms of progression from
low-grade to malignant tumours; see section 11 - Future Research). Collecting and preserving
fresh tumour specimens is crucial due to the rarity of this condition. Additionally, access to
frozen material from previous tumours is vital for patient care, especially when comparing
genomic analyses of two sequential tumours to differentiate between relapse and the

development of a second malignancy (rec. 19-21).

Prevention of colorectal cancer with low-dose acetylsalicylic acid
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Several studies performed in patients with Lynch syndrome have shown a significant
reduction of colorectal cancer risk associated with prolonged administration of low dose
acetylsalicylic acid (reviewed by Serrano et al. (Serrano et al., 2022). The CAPP2 trial
compared a 2-y treatment with aspirin at 600 mg to placebo in patients with Lynch syndrome
and demonstrated that acetylsalicylic acid significantly decreased the risk of colorectal
cancer at 10-years of follow-up (adjusted HR = 0.65, 95% Cl [0.43—0.97]) without increasing
the risk of serious adverse events (Burn et al., 2020). However, no difference was seen
concerning the risk of other cancers of the Lynch syndrome spectrum (adjusted HR = 0.94,
95% Cl [0.59-1.50]). International guidelines suggest discussing with Lynch syndrome

carriers the possibility of using low-dose acetylsalicylic acid for colorectal cancer prevention.

Data on acetylsalicylic acid as a preventive drug for colorectal cancer in CMMRD are very
limited. As the risk of tumours is much higher in CMMRD than in Lynch syndrome, the
beneficial effect of acetylsalicylic acid in CMMRD patients may be different and still has to be
evaluated (Durno et al., 2017a). Additionally, the potential benefit has to be balanced with
the theoretical haemorrhagic risk in brain tumours and developmental venous anomalies
(Guerrini-Rousseau et al., 2019). Leenders et al. (2018) reported the case of a PMS2 CMMRD
patient who took acetylsalicylic acid during 5.5 years with no adverse event and had not
developed gastrointestinal lesions at 16 years of age (Leenders et al., 2018). Two other
patients have been reported but with a short follow-up (Biller et al., 2016; Ramchander et al.,
2017). The short follow-up data available and unpublished anecdotal cases of patients who
have continued to develop new polyps under long-term acetylsalicylic acid intake do not
allow any conclusion about the possible efficacy of acetylsalicylic acid in CMMRD. However,
the potential benefits and side effects of preventive treatment with acetylsalicylic acid

should probably be discussed with CMMRD patients (Rec. 22).

Immunoglobulins defects

The MMR system is involved in immunoglobulin class-switch recombination and in somatic
hypermutation. Both processes are needed for B cell maturation and for diversification and
specification of the mammalian immunoglobulin repertoire. Although 1gG2/4 subclass

deficiency, IgA deficiency, or - rarely - more severe phenotypes of antibody formation, B cell
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class switch, maturation, and memory formation defects may be found in patients with

CMMRD, they are neither constant nor obligatory diagnostic hallmarks of this syndrome and

tend to lack a clinical correlate (Tesch et al., 2018). Hence, CMMRD patients should not be

treated to compensate for the inherent deficit in the absence of clinical manifestations (Rec

23).

Recommendations

Rec.

Multiple patients with CMMRD have been cured from a cancer
diagnosis. Thus, in a CMMRD patient diagnosed with cancer, a

curative approach should be considered and evaluated.

Strength

Strong

Rec.

For several cancer types, no CMMRD specific treatment
recommendations exist. Treatment of patients with CMMRD
related neoplasms should, therefore, probably be discussed in a
multidisciplinary board with a treating physician, an expert for the

patient’s cancer type as well as a CMMRD expert.

Strong

Rec.

Patients with CMMRD associated neoplasms should probably be

included in clinical trials whenever possible.

Strong

Rec.

CMMRD is probably not a contraindication for radiotherapy, if

indicated.

Moderate

Rec.

CMMRD is probably not a contraindication for haematopoietic

stem cell transplantation, if indicated.

Moderate

Rec.

Temozolomide should probably be avoided in patients with

CMMRD-associated high-grade glioma.

Strong

Rec.

The use of immunotherapy with a PDz1 inhibitor should be
considered for CMMRD patients with high-grade glioma,

preferentially within a clinical trial.

Strong
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Rec.

8

CMMRD-associated low grade glioma should probably be

resected whenever possible without excessive neurological risks.

Strong

Rec.

9

Front-line treatment of CMMRD-associated medulloblastoma
should probably not differ from treatment of sporadic

medulloblastoma/primitive neuro-ectodermal tumours.

Moderate

Rec.

10

In case of CMMRD-associated non-Hodgkin lymphoma,
chemotherapy should probably be similar to the treatment of the

same tumour without CMMRD.

Moderate

Rec.

11

In case of a second primary non-Hodgkin lymphoma in a CMMRD
patient, standard first-line treatment adapted to the non-Hodgkin
lymphoma subtype taking into account cumulative doses of
chemotherapy previously received should probably be given

rather than a relapse treatment.

Moderate

Rec.

12

In case of CMMRD-associated leukaemia, chemotherapy should
probably be similar to the treatment of the same cancer without

CMMRD.

Moderate

Rec.

13

In case of diagnosis of a cancer of the Lynch spectrumina CMMRD
patient, treatment guidelines designed for patients with Lynch

syndrome associated tumours should be followed.

Strong

Rec.

14

Immunotherapy should be recommended as front-line treatment
of large, unresectable or metastatic colorectal tumours in a

CMMRD patient

Strong

Rec.

15

Immunotherapy should be performed front-line for all extra-
colorectal Lynch-related tumours in CMMRD patients ideally in

therapeutic trials.

Strong
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Rec.

16

Immunotherapy should be discussed and encouraged within an
expert centre for any non-Lynch related tumour at any time during
treatment (diagnosis or relapse) of a CMMRD patient, especially if

standard therapeutic guidelines offer only low chance of cure.

Moderate

Rec.

17

CMMRD patients with multiple colonic adenomas should probably
be surgically managed according to guidelines developed for

other polyposis syndromes.

Strong

Rec.

18

CMMRD patients may present with multiple tumours at the same
time or may develop additional tumours during treatment. Thus,
cancer surveillance around the time of diagnosis and during the

period of cancer treatment should be offered.

Strong

Rec.

19

In CMMRD patients with a suspected relapse, a second primary
disease should be considered. This may influence the treatment

choice.

Strong

Rec.

20

In case of relapse of a CMMRD-associated tumour, molecular
analysis of samples at initial diagnosis and relapse should be
performed to differentiate a relapse from a second primary

tumour.

Strong

Rec.

21

Fresh tumour specimens should be collected and stored (or
directly molecularly analysed) whenever possible and if the
CMMRD patient and/or their family approves. This may be

relevant for research as well as for clinical purposes (e.g. see Rec

19).

Strong

Rec.

22

Advantages and potential side effects of preventive treatment
with acetylsalicylic acid should probably be discussed with
CMMRD patients.

Moderate
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Rec. 23

CMMRD patients with IgG/A reduced levels/deficiency should not
be treated to compensate for the inherent deficit in the absence

of clinical manifestations.

Strong
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10. WHAT DO OTHER GUIDELINES STATE?

These are the first comprehensive guidelines addressing the most important aspects of care
for CMMRD consisting of 82 recommendations across five sections: diagnosis, genetic
counselling, surveillance, quality of life, and clinical management. Previous guidelines focused
only on one or two of these topics, mainly diagnosis and surveillance, and mentioned other
aspects of CMMRD care, such as clinical management, genetic counselling and quality of life,
only in their discussions. In the following, we compare the recommendations given here with
recommendations in existing guidelines for the diagnosis and surveillance of CMMRD only
due to a lack of previous guidelines on genetic counselling, quality of life, and clinical

management.

Section 7.1 on the diagnosis of CMMRD includes three subsections. The first subsection
includes five recommendations (Rec 1, 2, 3, 4 and 6) on which children/young adults should
be tested for CMMRD. Previous guidelines addressing this question come from the
C4CMMRD consortium (Suerink et al., 2018; Wimmer et al., 2014), from an international
consensus working group consisting of IRRDC and C4CMMRD members (Aronson et al.,
2022), and from the US Multi-Society Task Force on Colorectal Cancer (Durno et al., 2017a).
The recommendations 1 and 6 are based on C4CMMRD guidelines for the clinical indication
of diagnostic CMMRD testing in cancer patients (Wimmer et al., 2014, Table 1), and in
children suspected to have sporadic NF1/LGSS without cancer and without an NF1/SPRED1
germline (L)PV after comprehensive genetic analysis (Suerink et al., 2018, Table 2). While the
latter guidelines are included here without any change, the guidelines on the clinical
indication for CMMRD testing in cancer patients have been adapted to include novel findings
(for details see 9.1). The original C4CMMRD guidelines (Wimmer et al., 2014) are widely used
and were included also as a diagnostic entry point in recommendations from the
international consensus working group, consisting of members of the IRRDC and C4CMMRD
(Aronson et al., 2022) and the Pediatric Cancer Working Group of the AACR (Tabori et al.,
2017). In a consensus statement of the US Multi-Society Task Force on Colorectal Cancer, in
addition to clinical features covered by the C4CMMRD guidelines for cancer patients, a
tumour with a high TMB (Rec. 2) or expression loss of one or more of the four MMR proteins

in neoplastic and in non-neoplastic cells (Rec. 3) are recommended criteria for CMMRD
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testing (Durno et al., 2017b). The identification of a heterozygous (likely) pathogenic variant
in one of the MMR genes in a cancer patient aged <18 years (Rec. 4) has not been defined in
any previous guidelines as an indication for CMMRD testing. One study suggested testing all
malignant brain tumours for expression loss of one or more MMR genes to screen for
CMMRD (Carrato et al., 2021). However, we did not include this recommendation in these

guidelines as the clinical utility of this approach needs further exploration.

In the second and third subsections of the diagnosis section 7.1, we have formulated an
optimal CMMRD testing strategy (Rec. 7-11) and criteria for a definitive CMMRD diagnosis
(Rec. 12-14) across eight recommendations. Some aspects of these have been discussed in
previous guidelines (Suerink et al., 2018; Wimmer et al., 2014) and/or formulated into the
diagnostic criteria provided in the international consensus working group recommendations
(Aronson et al, 2022). However, there are several differences in the present
recommendations compared to these earlier guidelines. Here, Table 4 lists ancillary tests
that can confirm or refute CMMRD if genetic testing is inconclusive. In contrast to the
previous recommendations (Aronson et al., 2022), IHC of the four MMR proteins is not
included as an ancillary test in this list, as this approach can generate both false positive and
false negative results and, therefore, is not suitable to confirm or refute CMMRD. Similarly,
the in vitro repair assay developed by Shuen et al (Shuen et al., 2019) is not listed as an
ancillary test, because we are not aware of its use in Europe. To our knowledge it has not
been evaluated in a validation cohort that is independent from the cohort of 20 confirmed
CMMRD cases used to set the diagnostic threshold of 10% repair activity. All ancillary assays
listed in Table 4 have been evaluated in large cohorts of positive and negative controls. With
the exception of the gMSI assay (Ingham et al., 2013), which is insensitive to MSH6-
associated CMMRD, all have achieved 100% specificity and sensitivity (Bodo et al., 2015;
Chung et al., 2023; Gallon et al., 2023; Gonzalez-Acosta et al., 2020). A positive result from
any of these single ancillary tests (including the gMSI assay) can confirm a CMMRD diagnosis
when genetic testing is inconclusive, provided that the assay has been thoroughly evaluated
in the laboratory. This is in contrast to the diagnostic criteria of the international consensus
working group (Aronson et al.,, 2022). For cases lacking homozygosity or compound
heterozygosity of MMR variants classified as pathogenic (class 5 according to the ClinGen
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InSiGHT Hereditary Colorectal Cancer/Polyposis Variant Curation Expert Panel), the

international consensus working group defined “hallmark cancers” of CMMRD and
recommended distinct diagnostic criteria with respect to ancillary assay test results between
cases in whom a hallmark cancer is present or absent. In absence of a hallmark cancer, two
ancillary assays need to be positive to confirm a CMMRD diagnosis, whereas in presence of
a hallmark cancer, one positive ancillary assay is sufficient. The concept of hallmark cancers
determining likelihood of a CMMRD diagnosis and, therefore, dictating criteria for diagnosis
by ancillary tests is not adopted by these guidelines. However, the adaptations of C4CMMRD
indication criteria for CMMRD testing in cancer patients (Table 2, see also 9.1) have become
more stringent and, likely, more specific. Therefore, patients selected for CMMRD testing
will have a higher probability of having CMMRD when compared to the original C4CMMRD
criteria (Wimmer et al., 2014). Furthermore, the present recommendations provide more
comprehensive guidance for the diagnosis of patients in whom only one or no MMR variant
classified as (L)PV or VUS is identified. In such cases, transcript analysis should show either
faulty splicing or reduced expression of the wild-type allele(s) in addition to a positive
ancillary test result for a CMMRD diagnosis to be made (Rec. 12, Table 5). Transcript analysis
is not included in the international consensus working group recommendations (Aronson et
al., 2022). Another difference between the diagnotic criteria of these guidelines and of those
of the international consensus working group is that the present criteria make no distinction

between a definite and a likely diagnosis.

Previous surveillance protocols for CMMRD patients were provided by the C4CMMRD
consortium (Vasen et al., 2014), the Pediatric Cancer Working Group of the AACR (Tabori et
al., 2017) and the US Multi-Society Task Force on Colorectal Cancer (Durno et al., 2017b).

Table 6 compares these previous recommendations with those given in section 7.3.

Sections 7.2, 7.4 and 7.5 contain recommendations regarding the genetic counselling, the
quality of life and the clinical management of CMMRD patients. Recommendations
addressing these topics have been formulated for the first time in these guidelines. For
previous publications that provide the evidence underpinning these recommendations, see
sections 9.2, 9.4 and 9.5.
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Table 6: Comparison of cancer surveillance protocols for CMMRD patients

ERN GENTURIS
Guidelines

C4CMMRD
Guidelines (Vasen et

al. 2014)

Pediatric Cancer

working group of the

AACR (Tabori et al.
2017)

US Multi-Society
Task Force on
colorecal cancer
(Durno et al. 2017)

Education of and communication with CMMRD patients and/or their parent(s)

Tumour risk

educate about
tumour risks
associated with
CMMRD

no recommendation

no recommendation

no recommendation

Tumor related

educate about

advice to contact

educate about

no recommendation

their screening
results in research
projects or databases

symptoms symptoms related to | doctor in case of symptoms of
the main tumours unusual signs or tumours causing
symptoms abdominal masses
and haematologic
malignancies
Surveillance discuss pros and cons | best approach might | norecommendation | norecommendation
to make a joint be to discuss pros
decision with the and cons to make a
clinician on joint decision with
surveillance program | the clinician on
participation surveillance program
participation
Research probably encourage | norecommendation | norecommendation | norecommendation
participation to communicate

Clinical examination to screen for all tumours

brain MRI

Age to start not specified 1year no recommendation | norecommendation
Periodicity 1x/6 months 1x/6 months n.a. n.a.
Modality not specified not specified n.a. n.a.
Whole body MRI to screen for all tumours
Age to start probably at CMMRD | no recommendation | 6 years uncertain (rapid
diagnosis or when (a prospective WBMRI might be
anaesthesia is no randomised trial considered)
longer required needed to test
efficacy of WBMRI
1x/year)
Periodicity probably at least n.a. 1x/year n.a.
once
probably discuss with
patient and/or their
parents annual as an
screening option
with weak evidence
of efficacy
Modality not specified n.a. should not replace n.a.

Brain MRI to screen for brain tumors
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Age to start probably at CMMRD | 2 years at CMMRD diagnosis | 2 years
diagnosis or at least
2 years

Periodicity 1x/6 months at age 1x/6-12 months 1x/6 months 1x/6 months
<20 years, at least
1x/year at age 220
years

Modality first brain MRI not specified should not be optional head
probably with replaced with WB- ultrasound starting
contrast MRI at 6 months until
enhancement fusion of fontanelle

in patients without a
previous brain
tumour, probably
include anatomical
sequence T2 FLAIR
(if possible in 3D)
combined with MRI
diffusion sequence

in patients with a
previous brain
tumour, include
anatomical
sequences T2-FLAIR,
diffusion sequence,
and T1+ contrast
enhancement (if
possible in 3D)

Abdominal ultrasound and blood counts

)malignancies

to screen for abdominal

lymphomas and other haematological (pre-

Age to start probably neither 1year birth (blood count) 1year
should be performed 1 year (abdominal
ultrasound)
Periodicity n.a. 1x/6 months 1x/6 months 1x/6 months
Modality n.a. blood count, optional | optional blood count, | blood count only

abdominal
ultrasound

optional abdominal
ultrasound

(lleo)colonoscopy to screen for colorectal cancer and terminal ileal cancer

Age to start probably 6 years 8 years 4-6 years 6 years

Periodicity 1x/year (do not 1x/year 1x/year 1x/year
exceed 1 year
interval)
probably increase increase frequency to | increase frequency increase frequency to
frequency upto 6 1x/6 months interval | once polyps are 1x/6 months interval
months-interval once | once polyps are detected once polyps are
polyps are detected detected detected

Modality probably perform use chromoscopy not specified not specified

with coloration

probably perform in
a centre with
gastroenterologists
experienced in Lynch
syndrome screening

Upper gastrointestinal endoscopy to screen for oesophageal, gastric, and duodenal cancer
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Age to start probably same as 10 years 4-6 years 8 years
colonoscopy or at
least 10 years

Periodicity 1x/year (do not 1x/year 1x/year 1x/year
exceed 1 year
interval)
probably increase increase frequency
frequency upto 6 once polyps are
months-interval once detected
polyps are detected

Modality probably use push can be done at the not specified not specified

enteroscopy and
careful inspect of the
ampullary region

same time as
colonoscopy under
general anaesthesia

probably perform
with coloration

probably perform in
a centre with
gastroenterologists
experienced in Lynch
syndrome screening

Video capsule endoscopy to screen for g

astrointestinal cancer

Age to start probably 10 years 10 years 4-6 years 8 years
Periodicity 1x/year 1x/year 1x/year 1x/year
Modality not specified not specified not specified not specified
Monitoring of haemoglobin levels to screen for gastrointestinal cancers

Age to start no recommendation | norecommendation | norecommendation | 8years
Periodicity n.a. n.a. n.a. 1x/6 months
Modality n.a. n.a. n.a. not specified
Clinical examination and transvaginal ultrasound to screen for gynaecological cancer

Age to start 20 years 20 years 20 years 20 years
Periodicity probably 1x/year 1x/year 1x/year 1x/year
Modality not specified not specified not specified not specified
Pipelle or curettage to screen for gynaecological cancer

Age to start no recommendation | 20 years 20 years 20 years
Periodicity n.a. 1x/year 1x/year 1x/year
Modality n.a. not specified not specified not specified
Abdominopelvic ultrasound to screen for gynaecological and urinary tract cancer

Age to start 20 years no recommendation | norecommendation | norecommendation
Periodicity probably 1x/year n.a. n.a. n.a.
Modality not specified n.a. n.a. n.a.

Annual urine cytology and urine dipstick to screen for urinary tract cancer

Age to start probably do not offer | 20 years 20 years 10 years
Periodicity n.a. 1x/year 1x/year 1x/year
Modality n.a. not specified not specified alternative MRI to be

considered

Breast cancer screening
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probably follow
general population
guidelines

no recommendation

no recommendation

no recommendation

Offer specific surveillance of low-grade lesions

recommended

no recommendation

no recommendation

no recommendation
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11. SUGGESTIONS FOR FUTURE RESEARCH

CMMRD has a birth incidence of approximately one in a million based on the estimated
frequency of Lynch syndrome carriers in the general population and the chance that parents
carrying PVs in the same MMR gene will have a child inheriting both PVs (Suerink et al.,
2019a). Being so rare, characterisation of CMMRD pathology and clinical course is difficult
and requires concerted, international effort. Therefore, a general priority for future research
is to maintain and expand the clinical and academic networks around CMMRD. Patient
databases are of particular importance, allowing better description of the syndrome and
prospective follow up of patients that will support all aspects of future research. Currently,
there are two major databases maintained by the IRRDC and European C4£CMMRD
consortium, but many countries have few or no patients listed within these or within
databases of their own. Therefore, a sustained effort to collate patient data and samples is
needed. Similarly, biobanking of CMMRD neoplastic and non-neoplastic tissues would
provide a resource for a variety of studies into CMMRD-related tumourigenesis that are
currently not possible. Following are more specific suggestions for future research.

The estimations of the population frequency of CMMRD have not been confirmed
empirically, and studies dedicated to the detection of CMMRD among different patient
populations are lacking. The few studies that can provide empirical evidence typically report
diagnoses from (L)PV only, meaning potential CMMRD cases whose MMR variants were not
detected or were considered VUS were not reported (Attarbaschi et al., 2021; de Voer et al.,
2021; Supp. Tables S1 & S7 in Grobner et al., 2018; Kroeze et al., 2022). Therefore, there is
some uncertainty in the frequency of CMMRD in different patient groups and studies
designed to specifically address this could be informative for future testing guidelines. P
rospective screening for CMMRD in relevant patient cohorts (paediatric high-grade glioma
or T-lymphoblastic lymphoma patients, children suspected of sporadic NF1, etc.) using
scalable, highly reliable, and low-cost ancillary assays, should improve frequency estimation
which will have an impact on future guidelines for CMMRD diagnosis. Such studies would
also lay the basis for an evaluation of the sensitivity and specificity of the clinical indication
criteria for CMMRD in cancer patients (Table 2) to assess their efficacy and potential
weaknesses for refinement. Several relatively low cost, high sensitivity, and high specificity

methods are now available that could be used for molecular screening for CMMRD. These
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utilise next generation sequencing to detect MSI in non-neoplastic peripheral blood
leukocytes as a diagnostic hallmark of CMMRD. These include amplicon sequencing of select
MSI markers (Gallon et al., 2019; Gallon et al., 2023; Gonzalez-Acosta et al., 2020; Marin et
al., 2024) and the Low-pass Genomic Instability Characterization (LOGIC) assay that uses low
depth whole genome sequencing (Chung et al., 2023). Although associated with more
limitations, tumour-based molecular screening for CMMRD may also be useful. For example,
screening by IHC analysis of MMR protein expression in tumour and normal cells (Carrato et
al., 2021) and analyses of tumour mutation burden and mutational signatures (Grébner et al.,
2018; Thatikonda et al., 2023) could be used to identify patients for germline genetic testing.
Another advantage of these ancillary assays is that they can be used to interpret the
pathogenicity of VUS or can detect CMMRD diagnoses missed by routine genetic analysis.
For example, structural variants disrupting MMR genes or variants in exons 12-15 of PMS2
can be difficult to detect by conventional short read sequencing technologies.

CMMRD cases are often detected by testing of patients fulfilling specific clinical
characteristics, including age of cancer diagnosis and type of cancer, which likely biases our
understanding of the CMMRD phenotype. In Lynch syndrome, it has been shown through
decades of research that ascertainment bias initially led to a significant over-estimation of
cancer risk. Early reports based predominantly on probands and high risk families suggested
an average age of CRC diagnosis of 44 years, whereas risk estimation using Lynch syndrome
carriers ascertained both from high risk families and through molecular testing (for example,
cascade testing of unaffected relatives) found a much later average age of onset of 61 years
(Hampel et al., 2005). Through extensive characterisation of affected families, it also became
apparent that extracolonic manifestations of Lynch syndrome are a significant part of their
tumour burden (Watson et al., 2008). These observations of a lower penetrance and broader
cancer spectrum compared to early studies have been confirmed by the Prospective Lynch
Syndrome Database study that includes prospective data from over 6000 Lynch syndrome
gene carriers (Dominguez-Valentin et al., 2020; Moller et al., 2017). Similarly, it is probable
that the CMMRD phenotype is overall less severe and may be more diverse than we currently
estimate, and this may have implications for future diagnosis and management guidelines.
Molecular screening for Lynch syndrome has significantly impacted our understanding of its
frequency and phenotype by reducing clinical ascertainment bias. Strategies include

109



universal testing of colorectal and endometrial cancers for loss of MMR function either
through IHC, MSI analysis, or tumour sequencing to select patients for germline genetic
analysis, as well as immediate germline testing in cases with personal or family history
indicative of Lynch syndrome. Molecular screening for CMMRD in relevant patient cohorts
could also be implemented and may improve diagnosis, frequency estimation, and
phenotype characterisation. For example, Perez-Valencia et al used an amplicon
sequencing-based MSI assay of peripheral blood leukocytes (constitutional MSI analysis) to
screen for CMMRD in children suspected of sporadic NF1 who do not have a germline NFz or
SPREDz1 PV (following comprehensive genetic testing) and who had not developed cancer,
and confirmed a CMMRD diagnosis in 3/735 (0.41%, 95% Cl: 0.08-1.19%) cases (Perez-
Valencia et al., 2020). This empirical estimate was very similar to the estimate of 0.39%
calculated by Suerink et al and hence supported their recommendations for targeted
CMMRD testing in this population (Suerink et al., 2019a). Prospective studies need to be
performed to evaluate the sensitivity, specificity, PPV and NPV of the guidelines proposed
by Suerink et al for CMMRD in this population. CMMRD patients identified at a young age
without cancer but due to their NFa-like phenotype may also provide an unbiased patient

cohort for the evaluation of the natural history and the cancer risks of CMMRD.

The established CMMRD phenotype encompasses a broad tumour spectrum and age of
onset. However, characterisation of CMMRD cancer risk and its modifiers is limited by the
rarity of the syndrome. Previous studies have hinted at genotype-risk correlations. In 2014,
Wimmer et al. reported on the cancer diagnoses of 146 CMMRD patients, and found that
constitutional PMS2 deficiency was associated with a higher incidence of brain tumours,
lower incidence of haematological malignancies, and later age of onset relative to
constitutional MLHa or MSH2 deficiency (Wimmer et al., 2014). This is similar to the reduced
penetrance of heterozygous PMS2 variants in Lynch syndrome (Moller et al., 2017).
Hypomorphic MMR variants have also been linked to less severe CMMRD phenotypes. For
example, individuals homozygous for the “leaky” splice variant PMS2 ¢.2002A>G p.(Ile668*)
have an attenuated CMMRD phenotype with an average age of first cancer diagnosis falling
between that of CMMRD and Lynch syndrome caused by alternative PMS2 PVs, and with a
predominance of CRC diagnoses over other tumour types (Li et al., 2015). Additional,
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attenuated forms of CMMRD are likely to be linked to other, specific MMR gene variants and
CMMRD cancerrisk s likely to be, in part, determined at the nucleotide-level of the causative
germline PV. Further exploration of MMR genotype-phenotype correlations in CMMRD,
including characterisation of hypomorphic variants (Gallon et al., 2024; Li et al., 2015) could
facilitate better risk stratification and provide general insight into MMR function.

Although cancer surveillance in CMMRD has been shown to improve survival (Durno et al.,
2021; Ghorbanoghli et al., 2023) further assessment of its efficacy and impact, as well as
novel forms, need further assessment. Here, WBMRI is recommended at least once for
CMMRD patients for the detection of low grade/pre-malignant tumours but the benefits of
this and its use in regular surveillance are uncertain. Therefore, evaluation of the clinical
utility of WBMRI in prospective studies is needed. Novel surveillance technologies for specific
tumour types may also become available. For example, there is currently no recommended
surveillance for urinary tract tumours in CMMRD. However, recent advancements in the
context of urinary tract cancer screening in the general population or Lynch syndrome may
be applicable to CMMRD, in particular the sequencing of urinary cell free DNA to detect
tumour-specific MSI, somatic variants, and methylation profiles (Dudley et al., 2019; Phelps
et al., 2022; Ward et al., 2023; Xiao et al., 2022). Recent data suggest surveillance for
haematological malignancies is ineffective and novel approaches are needed given the
exceptional risk in CMMRD. The improved overall survival of CMMRD patients due to
surveillance and therapeutic advancements would mean that more patients will reach an
older age. This has implications for both our understanding of the CMMRD phenotype and
its management. In particular, the CMMRD cancer spectrum may change with age and
surveillance protocols may need to be adapted accordingly. For example, genitourinary tract
cancers may be more prevalent in adult patients (Durno et al.,, 2021). Surveillance
recommendations include 6 monthly appointments and invasive procedures, and studies on
the acceptability and psychological impact of, as well as long-term adherence to surveillance
interventions are currently lacking.

CMMRD cancer risk could also be managed through prevention, though there are currently
no recommendations on prevention outside of extensive colectomy for patients with
colorectal polyposis or cancer, or hysterectomy for individuals who have completed
childbearing. Immune-based prophylaxis may provide a novel approach to CMMRD cancer
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prevention given the immunogenicity of MMR deficient tumours and the response of
CMMRD tumours to ICls (Das et al., 2022; Suerink et al., 2021b). Vaccines for MMR deficient
intestinal cancer in a murine model of Lynch syndrome (MSH2 deficient intestinal tract) were
found to reduce cancerincidence and mortality (Gebert et al., 2021). The murine vaccine uses
frameshift peptides, the translational products of genes containing insertion-deletion
variants in coding microsatellites that are recurrent in intestinal MMR deficient tumours, to
stimulate an anti-tumour immune response (Hernandez-Sanchez et al., 2022). Equivalent
vaccines have been developed based on frameshift peptides associated with MMR deficient
cancers in humans, and have been shown to be safe in a phase I/lla clinical trial (Kloor et al.,
2020) and to induce an immune response (Kloor et al., 2020; Leoni et al., 2020). Therefore,
vaccination of CMMRD patients with frameshift peptide neoantigens could be trialled in the
future. Alternatively, daily acetylsalicylic acid intake approximately halved the incidence of
CRCin Lynch syndrome carriers in the CAPP2 randomised control trial (Burn et al., 2020) and
could be beneficial to CMMRD patients (Leenders et al., 2018). However, there is currently
no strong evidence to support a reduction of cancer incidence by acetylsalicylic acid or other
non-steroidal anti-inflammatory drugs in CMMRD, and further studies are needed.
Preventive effect of the use of ICls on polyposis has been published in 2 children treated with
anti-PD1 immunotherapy for medulloblastoma and gastric cancer, and showed a reduction
in the Gl polyps during treatment (Ozyoruk et al., 2021; Tanimura et al., 2022), while this has
not been observed in other anecdotal cases. In addition, in a large series of adult patients
with various cancer types, inclusion of ICl in the treatment of a first primary cancer was
shown to be associated with a reduced incidence of second primary cancers as compared to
those patients treated without ICl (Heudel et al., 2021). This finding should lead to evaluation
of whether ICl may also reduce the risk of multiple cancers in CMMRD patients.

The loss of MMR function in CMMRD tumours makes them resistant to certain
chemotherapies, in particular thiopurines and methylating agents (Aquilina et al., 1990;
Bignami et al., 2003; Gupta & Heinen, 2019; Karran et al., 2003; Mas-Ponte et al., 2022; Stojic
et al., 2004), whilst sensitising them to ICls (Das et al., 2022; Suerink et al., 2021b). CMMRD
tumours, therefore, may require specific management and, in general, more substantial
reports on the responses of different tumour types to different treatment regimens are
needed. Mechanisms of therapy resistance require exploration. In particular, some CMMRD
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tumours are refractory to the promising new drug class of ICls. There are several hypotheses
regarding ICl-resistance of MMR deficient tumours, including both innate and acquired
mechanisms based on often complex cellular and chemical interactions. Examples include
immunosuppression by different cell types, receptors, and cytokines, tumour metabolism,
specifically lactate production, activation of specific signalling pathways such as the WNT/B-
catenin pathway, and loss of antigen expression (Sahin et al., 2019). Research in this area is
ongoing and our understanding is rapidly changing. As an example, it was initially thought
that loss of 82M expression, and so disruption of antigen presentation, may be a mechanism
of ICl-resistance. However, it was found in one study that 4/7 MMR deficient CRCs with loss
of B2M had partial response to ICls, whilst the other 3/7 had stable disease, showing that 82M
expression may not be needed for ICl response (Middha et al., 2019). Promising biomarkers
for ICI response include TMB, with higher TMB being predictive of positive ICI response
among MMR deficient metastatic CRCs (Schrock et al., 2019), and measures of intra-
tumoural immune activity, such as Immunoscore® (El Sissy et al., 2021; Hijazi et al., 2023).
Studies of biomarkers of ICI response and resistance in the context of different CMMRD
tumours are needed.

Studies of CMMRD tumourigenesis pathways will improve our understanding of the CMMRD
phenotype and allow us to optimise management. Frequent alterations of the Ras/MAPK
pathway have been shown in hypermutated tumours (Campbell et al, Cancer Discovery 2021).
The efficacy of MEK inhibitors as monotherapy or in combination with PD1 inhibitors is an
ongoing question, which could be the subject of a therapeutic trial in the context of tumors
associated with MMR-deficiency. Topics of interest include the progression of low grade into
high-grade lesions, including gastrointestinal tumours and glioma (Durno et al., 2021), and
the relationship between first and second tumours, specifically whether these represent
related clones and whether secondary malignant neoplasia can be caused by previous cancer
therapy (Karran et al.,, 2003; Kroeze et al.,, 2022; Lavoine et al., 2015; Ripperger &
Schlegelberger, 2016). Systematic collection of neoplastic tissues will be particularly useful
to answer these questions. Model systems, such as cell lines, organoids, and mice, may also

be helpful.
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12. GLOSSARY

Description

5-FU 5-Fluorouracil

AACR American Association for Cancer Research

ACMG American College of Medical Genetics

ALL Acute Lymphoblastic Leukaemia

C4CMMRD Care for CMMRD

CALM Café-Au-Lait Macule

CAPP2 trial Cancer Prevention Programme 2 trial
A trial looking at preventing bowel cancer with acetylsalicylic acid or resistant
starch

Cl Confidence Interval

ClinGen InSiGHT

https://clinicalgenome.org/affiliation/50099/

CMMRD Constitutional Mismatch Repair Deficiency

COSMIC Catalogue Of Somatic Mutations In Cancer
https://cancer.sanger.ac.uk/signatures/

CRC Colorectal cancers

DNA Deoxyribonucleic acid

DVA Developmental Venous Anomaly

EBV Epstein-Barr Virus

EICNHL European Intergroup for childhood non-Hodgkin Lymphoma

ePAG European Patient Advocacy Group

ERN European Reference Network

ESGE European Society of Gastrointestinal Endoscopy

FDA Food and Drug Administration

FLAIR Fluid-Attenuated Inversion Recovery

gDNA Genomic DNA

GENTURIS Genetic Tumour Risk Syndromes

Gl Gastrointestinal
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https://clinicalgenome.org/affiliation/50099/
https://cancer.sanger.ac.uk/signatures/

gMsl Germline Microsatellite Instability

HR Hazard ratio

ICI Immune Checkpoint Inhibitors

Ig Immunoglobulin

IHC Immunohistochemistry

IRRDC International Replication Repair Deficiency Consortium

LFS Li-Fraumeni Syndrome

LGSS Legius Syndrome

LOGIC Low coverage whole genome instability characterization

LPV Likely Pathogenic Variant

LS Lynch Syndrome

Mb Megabase

MLH1 MutL protein Homolog 1
https://www.genecards.org/cgi-bin/carddisp.pl?gene=MLH1

MMR Mismatch Repair

MMRd Mismatch Repair-deficient

MRI Magnetic Resonance Imaging

MSH2 MutS protein Homolog 2
https://www.genecards.org/cgi-bin/carddisp.pl?gene=MSH2

MSH6 MutS protein Homolog 6
https://www.genecards.org/cgi-bin/carddisp.pl?gene=MSH6

MSI Microsatellite Instability

MS-indels Microsatellite insertions/deletions

Mut Mutation(s)

NFa1 (syndrome) [ Neurofibromatosis type 1

NFz1 (gene) Neurofibromin 1
https://www.genecards.org/cgi-bin/carddisp.pl?gene=NF1

NGS Next Generation Sequencing

NHL Non-Hodgkin Lymphoma

NPV Negative Predictive Value
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https://www.genecards.org/cgi-bin/carddisp.pl?gene=MLH1
https://www.genecards.org/cgi-bin/carddisp.pl?gene=MSH2
https://www.genecards.org/cgi-bin/carddisp.pl?gene=MSH6
https://www.genecards.org/cgi-bin/carddisp.pl?gene=NF1

Diameter

(01 Overall Survival

PD-1 Programmed cell death protein 1
Encoded by the PDCD1 gene:
https://www.genecards.org/cgi-bin/carddisp.pl?gene=PDCD1

PMS2 Postmeiotic Segregation Increased 2
https://www.genecards.org/cgi-bin/carddisp.pl?gene=PMS2

PMS2CL PMS2 C-terminal Like Pseudogene
https://www.genecards.org/cgi-bin/carddisp.pl?gene=PMS2CL

POLD1 DNA Polymerase Deltaa
https://[www.genecards.org/cgi-bin/carddisp.pl?gene=POLD1

POLE DNA Polymerase Epsilon
https://www.genecards.org/cqgi-bin/carddisp.pl?gene=POLE

PPV Positive Predictive Value

PV Pathogenic Variant

Rec. Recommendation

RNA Ribonucleic acid

SBS Single Base Substitution

SFCE Société Francaise Cancers Enfant
(French paediatric oncology society)

sPNET Supratentorial Primitive Neuroectodermal Tumours

SPRED1 Sprouty Related EVHa Domain Containing 1
https://www.genecards.org/cgi-bin/carddisp.pl?gene=SPRED1

T-LBL T-cell Lymphoblastic Lymphoma

TMB Tumour Mutation Burden

VCE Video Capsule Endoscopy

VUS Variant of Unknown Significance

WBMRI Whole-body Magnetic Resonance Imaging

WES Whole Exome Sequencing

WGS Whole Genome Sequencing

WHO World Health Organization
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