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Introduction

Classification of pediatric cancer predisposing syndromes 

Cancer surveillance in children with predisposing syndromes

■ MEN1 and MEN2

■ Li-Fraumeni syndrome

■ DICER1 syndrome

■ Constitutional mismatch repair-deficiency syndrome (CMMRD) 

Overview



Hereditary tumors in children

 “A saúde dos Portugueses. Perspectiva 2015” DGS (data 2009-2013)

 Leading cause of death in children aged 5 to 14 years

 Second leading cause of death after accidents between 1-4 years

 >25% of patients may have criteria for referral to a cancer genetics clinic, based on family history, 
tumor type or physical findings (Knapke 2012)

 at least 10% of pediatric cancer patients harbor a pathogenic germline mutation in a known
cancer predisposition gene (Zhang 2015; Mody 2015; Parsons 2016)

 Some have +FH suggestive of a cancer predisposing syndrome

 Many others (up to 60%) do not have FH (Zhang 2015)

 > 100 CPSs were discovered during the past decades 

 Next generation sequencing (NGS) techniques 

 unravelling the somatic tumor mutations

 disclose underlying cancer predisposition syndrome

Type of tumor Fraction of
hereditary

tumors

Genes

Retinoblastoma 40-50% RB1

Adrenocortical carcinoma 40-60% TP53

Rhabdomyosarcoma of
embryonal
anaplastic subtype

73% TP53

Choroid plexos tumor 42-100% TP53



Hereditary tumors in children

 Majority Autosomal dominant

 Many do not follow Mendelian genetics:

 incomplete or reduced penetrance; age-dependent

 penetrance may vary according to the mutation 

 inter and intrafamilial variable expressivity

 de novo mutations (20-25% in FAP; 14% in Li-Fraumeni)

◼ post-zygotic (mosaics) de novo mutations (20% of the total of de novo mutations 
in Li-Fraumeni syndrome)

 parental gonadal mosaicism (e.g. SMARCB1, APC, DICER1 etc.)

 Autosomal recessive 

 most types of Fanconi anemia, many immunodeficiency syndromes

 X-linked 

 Dyskeratosis congenital caused by mutation of DKC1



When to suspect of a hereditary tumor?

 Family history of the same cancer or of related cancers

 same tumors or known tumor combinations (e.g. adrenocortical carcinoma and breast cancer)

 Earlier age of onset 

 compared to sporadic tumors of the same type

 Bilateral, multifocal, or multiple tumors

 Specific tumor types that frequently occur in the context of genetic predisposition

 e.g. choroid plexus tumor; adrenocortical carcinoma; pleuropulmonary blastoma

 Suggestive physical findings/non malignant manifestations

 e.g. congenital hypertrophy of the retina; specific skin lesions; macroglossia; macrocephaly; 
developmental delay or congenital defects



When should genetic testing be considered?

 Personal and/or family history (including ethnicity) is suspicious for 
genetic predisposition cancer

 Genetic test available and sufficient sensitivity and specificity to be 
interpreted

 The test result will impact:

 Individual’s diagnosis

 Cancer treatment

 Cancer surveillance

 Cancer risk clarification in family members



If at least one criterion is fulfilled, the 

patient may benefit from pediatric cancer 

referral/genetic counseling
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 ≥2 malignancies occurred in family members before age 18 years, including index patient

 Parent or sibling with current or history of cancer before age 45 years

 ≥2 first or second degree relatives in the same parental lineage with cancer before age 45 years

 The parents of the child with cancer are consanguineous

3. Genetic tumor analysis reveals defect suggesting a germline predisposition

4. A patient with ≥2 malignancies (e.g. secondary, bilateral, multifocal, metachronous)

5. A child with cancer and congenital or other anomalies

6. The patient suffers from excessive toxicity of cancer therapy
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Genetic diagnostic testing

 Timing of the genetic testing

 Should be made at the time of diagnosis

◼ Lowered lymphocyte counts following chemotherapy

◼ Difficult of obtaining a germline sample after donor bone marrow 
transplant

 If the child has a poor prognosis, DNA banking should be considered 

 Pretest genetic counseling and informed consent

 Children and parents should meet genetic counselor or other qualified 
professional prior to undergoing germline cancer genetic testing

 Appropriate language for age and understanding

 Incidental findings
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Genetic diagnostic testing

 Posttest genetic counseling

 Reinforce information

 Address age-specific risks and management

 Evaluate needs for additional psychologic support

 Revisit genetic counseling in the mid- to late teenage years and again at 
times of family planning 

 Psycholsocial issues related to surveillance

 “Scanxiety” – anticipation of the surveillance test and wait to receive 
results

◼ Reporting as quickly as possible is strongly recommended



Classification of genetic variants

- Hereditary cancer (likely) confirmed

- Genetic testing in relatives should be offered

Richards, S. et al. “Standards and Guidelines for Interpretation of Sequence Variants: A joint consensus
recommendation of the American College of Medical Genetics and Genomics and Association for Molecular
Pathology.” Genetics in Medicine. 2015 17: 405-423.

https://www.ashg.org/education/csertoolkit/intro.html

- Hereditary cancer not confirmed nor excluded

- No genetic testing in relatives
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Classification of pediatric cancer predisposing syndromes 



Predisposing groups CCR Ped Oncol series Specific disorders Gene

Li-Fraumeni syndrome Li-Fraumeni syndrome Li-Fraumeni syndrome TP53

Neurofibromatoses

Neurofibromatosis 1 Neurofibromatosis type 1 NF1

Neurofibromatosis 2 
and related disorders

Neurofibromatosis type 2 NF2

Schwannomatosis SMARCB, LZTR1

Meningioma predisposition SMARCE1

Overgrowth syndromes,
Wilms tumors

Overgrowth syndromes 
and predisposition to 
Wilms tumors and 
hepatoblastoma

BWS/hemihypertrophy 1p15.5 locus

WAGR syndrome

Denys–Drash and Frasier syndromes WT1

Perlman syndrome DIS3L2

Bohring–Opiz syndrome ASXL1

Mulibrey Nanism TRIM37

Simpson–Golabi–Behmel syndrome GPC3, GPC4

Non-syndromic hereditary Wilms tumor

Neural tumor syndromes

Retinoblastoma and 
neuroblastoma

Hereditary retinoblastoma RB1

Hereditary neuroblastoma ALK, PHOX2B

Gorlin syndrome and 
rhabdoid tumor 
predisposition
syndrome

Gorlin syndrome PTCH1, SUFU

Malignant rhabdoid tumor syndrome SMARCB1, 
SMARCA4

Table: Major groups of pediatric cancer predisposition disorders.
[adapted from Brodeur et al, Clin Cancer Res. 2017 Jun 1;23(11):e1-e5.]



Predisposing groups CCR Ped Oncol series Specific disorders Gene

GI cancer syndromes

Inherited GI cancer 
syndromes in 
childhood

Familial adenomatous polyposis APC

MUTYH-associated polyposis MUTYH

Juvenile polyposis syndrome SMAD4, BMPR1A

Peutz–Jeghers syndrome STK11

Lynch syndrome MSH2, MSH6, MLH1, 
PMS2, EPCAM

CMMRD
Constitutional mismatch repair-
deficiency syndrome (CMMRD)

MSH2, MSH6, MLH1, 
PMS2

Neuroendocrine
syndromes

MEN and 
Hyperparathyroid-Jaw
Tumor Syndromes

Multiple endocrine neoplasia type 1 MEN

Multiple endocrine neoplasia type 2 RET

Hyperparathyroid-jaw tumor syndrome CDC73

von Hippel–Lindau
and hereditary
pheochromocytoma-
paraganglioma
syndromes

von Hippel–Lindau syndrome VHL

Hereditary paraganglioma/ 
pheochromocytoma syndrome

SDHA, SDHB, SDHC, 
SDHD, SDHAF2

Table: Major groups of pediatric cancer predisposition disorders (cont.)
[adapted from Brodeur et al, Clin Cancer Res. 2017 Jun 1;23(11):e1-e5.]



Predisposing
groups

CCR Ped
Oncol series

Specific disorders Gene

Leukemia-
predisposing
syndromes

Leukemia-
predisposing
conditions

LFS TP53

CMMRD

Susceptibility to ALL3 PAX5

GATA2-associated predisposition to 
myelodynsplasia/AML

GATA

CEBPA-associated predisposition to AML CEPBA

Thrombocytopenia, type 5 ETV6

Familial platelet disorder with associated
myeloid malignancy

RUNX1

Ataxia-pancytopenia syndrome SAMD9L

Myelodysplasia, infection, restriction of growth, 
adrenal hypoplasia, genital phenotypes, and 
enteropathy

SAMD9

DNA 
instability
syndromes

DNA repair
disorders

Ataxia telangiectasia ATM

Bloom syndrome BLM

Fanconi anemia FANCA-V, RAD51C

Xeroderma pigmentosum XPA, XPC, ERCC2, POLH, DDB2

Nijmegen breakage syndrome NBN

Diamond–Blackfan syndrome RPS7, RPS10, -RPS17, RPS19, RPS24, 
RPS26, RPL5, RPL11, RPL19, RPL35A

Dyskeratosis congenita DKC1, TINF2, TERC, TERT, NHP2, others

Rothmund–Thompson syndrome RECQL4

Table: Major groups of pediatric cancer predisposition disorders (cont.)
[adapted from Brodeur et al, Clin Cancer Res. 2017 Jun 1;23(11):e1-e5.]



Predisposing groups CCR Ped Oncol series Specific disorders Gene

Miscellaneous syndromes

PTEN-, DICER1-, FH-
associated tumor 
susceptibility 
syndromes

PTEN hamartoma tumor syndrome PTEN

DICER1 syndrome DICER1

Hereditary leiomyomatosis and renal 
cancer syndrome

FH

RASopaties and other 
rare genetic conditions 
with increased cancer 
risk

Noonan syndrome PTPN11, SOS1, RAF1, 
RIT1, KRAS, others

Costello syndrome HRAS

Sotos syndrome NSD1

Weaver syndrome EZH2

Rubenstein–Taybi syndrome CREBBP, EP300

Schinzel–Giedion syndrome SETBP1

NKX2-1 syndrome NKX2-1

metabolic disorders L2HGA, FAH, others

Table: Major groups of pediatric cancer predisposition disorders (cont.)
[adapted from Brodeur et al, Clin Cancer Res. 2017 Jun 1;23(11):e1-e5.]



http://clincancerres.aacrjournals.org/pediatricseries

freely available at:

 An AACR-sponsored workshop was held in October 2016 in Boston, Massachusetts, USA

 11 countries

 65 professionals including 51 physician directors or codirectors of cancer predisposition
programs (pediatric oncologists or medical geneticists), 7 genetic counselors, 3
radiologists, 3 directors of adult cancer predisposition programs, and 1 pediatric
endocrinologist

 Review of existing guidelines from professional organizations, prior publications, cancer risk
estimates, and assessment of the potential side effects associated with screening, balanced
against the potential morbidity and mortality of clinically detected tumors of more advanced
stage

 The main goal:

 to establish international consensus recommendations for cancer surveillance of
children and adolescents for the most common cancer predisposition syndromes

 These syndromes were organized into 9 groups based on specific themes

 Attendees were organized into these groups based on prior experience and expertise



http://clincancerres.aacrjournals.org/pediatricseries

freely available at:

 A ≥5% chance of developing a childhood cancer was considered to be a reasonable threshold
to recommend screening

 Conditions for which the cancer risk was between 1% to 5% were addressed individually

 For some newly described or rare disorders, no prior guidelines existed, so the committees
endeavored to develop consensus recommendations as to whether surveillance was
indicated, and what tests and schedule would be a good starting point for surveillance
recommendations

 Unanimous agreement that providing surveillance recommendations where none existed
would provide a foundation on which to make rational decisions for the management of
children with cancer predisposition going forward.

 Consistent approaches worldwide will facilitate future revisions of the proposed
recommendations and evolution of surveillance protocols.

 These recommendations are likely to change over time, as more experience and information
become available.

 New syndromes, as well as more specific information about genotype-phenotype
associations and gene-gene or gene-environment interactions, will allow screening
recommendations to be further customized.
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Multiple endocrine neoplasia type 1
Wasserman et al. Clin Cancer Res. 2017 Jul 1;23(13):e123-e132



Multiple endocrine neoplasia type 2
Wasserman et al. Clin Cancer Res. 2017 Jul 1;23(13):e123-e132

Familial medullary thyroid carcinoma is 
now widely considered to be a variant 
of MEN2A with decreased penetrance 
of pheochromocytoma and primary
hyperparathyroidism

American Thyroid Association risk
categories for aggressive MTC:

- ATA-HST, highest risk
- ATA-H, high risk
- ATA-MOD, moderate risk. 

CEA - carcinoembryonic antigen; 
Ctn - calcitonin;
HPTH - hyperparathyroidism; 
RET - REarranged during Transfection;
TTX - total thyroidectomy. 



Li-Fraumeni syndrome     Bougeard et al. J Clin Oncol. 2015 Jul 20;33(21):2345-52



 4% had developed a tumor during the first year of life

 22% had developed a tumor by age 5

 41% had developed a tumor by age 18

Li-Fraumeni syndrome     Bougeard et al. J Clin Oncol. 2015 Jul 20;33(21):2345-52



89 carriers in 39 unrelated families

 49 (55%) initially declined surveillance 

 61 symptomatic tumors were diagnosed in 88% (43/49) patients 
 21% (19) patients crossed over from the non-surveillance to the surveillance group

 66% (59/89) individuals underwent surveillance for a median of 32 months (IQR 12–87)

 40 asymptomatic tumors detected in 32% (19/59) patients 
 2 additional cancers were diagnosed between surveillance assessments (false negatives)
 2 biopsied lesions were non-neoplastic entities on pathological review (false positives)

 5 year overall survival 

 88·8% (95% CI 78·7–100) in the surveillance group
 59·6% (47·2–75·2) in the non-surveillance group (p=0·0132)

 long-term compliance with a comprehensive surveillance protocol is feasible

 early tumor detection through surveillance is associated with improved long-term survival

49% (21/43) 
of the individuals initially not on surveillance 

who developed cancer were alive after a 
median follow-up of 46 months (IQR 22–72)

84% (16/19) of the individuals 
undergoing surveillance who developed 
cancer (p=0·012) after a median follow-

up of 38 months (12–86) 



Family history of 

- Breast cancer at or around 20
• awareness and screening can be 
considered to begin 5 to 10 years 
before the earliest age of onset. 
•risk-reducing bilateral 
mastectomy should be 
considered and discussed with 
female patients;

- Gastrointestinal cancer:
• upper endoscopy and 
colonoscopies every 2 to 5 years 
starting at age 25 years or 5 years 
before the earliest age of onset in 
the family

Li-Fraumeni syndrome     Kratz et al. Clin Cancer Res. 2017 Jun 1;23(11):e38-e45



Li-Fraumeni syndrome     Bougeard et al. J Clin Oncol. 2015 Jul 20;33(21):2345-52



DICER1 syndrome Schultz et al. Clin Cancer Res. 2018 May 15;24(10):2251-2261

(Sertoli-Leydig cell tumor)

(Pleuropulmonary blastoma)





Constitutional mismatch repair-deficiency syndrome

(CMMRD)                                  Wimmer et al. J Med Genet. 2014 Jun;51(6):355-65



Constitutional mismatch repair-deficiency syndrome

(CMMRD)                                  Wimmer et al. J Med Genet. 2014 Jun;51(6):355-65



Chromosomal abnormalities

The resected colonThe MR enterography 
identified large and small 

bowel polyps

Referred because of developmental delay and dysmorphisms
significant abdominal distension (which was painful most of
the time), umbilical hernia, rectal prolapse, anemia and ASD, 
2 café-au-lait spots
macrocephaly
- At age 2y: 54cm > P99 (+3.8 SD) 
- At age 11y: 60cm > P99 (+4.7 SD) 

10q23.1q23.31 (3.34 Mb) de novo deletion, which 
encompasses, among others, the PTEN and BMPR1A genes

- subtotal colectomy and resection of the larger ileal
polyps by intraoperative enteroendoscopy and
colonoscopic polypectomy in the rectal stump
- 110 colonic polyps greater than 1 cm (the biggest ones
with 4.5 and 3.5 cm of height) and of the 21
endoscopically resected polyps, revealed juvenile
polyposis, without features of dysplasia.



Chromosomal abnormalities



Whole-body MRI in cancer surveillance in 

children with predisposing syndromes



Who should responsible for coordinating the 

surveillance?

 General pediatrician?

 Pediatric oncologists/hematologists?

 Pediatric cancer genetics clinic?

 Organized multidisciplinary team focused on hereditary cancer



Inherited Gastrointestinal cancer syndromes
Achatz et al. Clin Cancer Res;23(13); e107–e14



RASopathies and Other Rare Genetic Conditions 
Villani et al. Clin Cancer Res; 23(12); e83–e90



Tumors highly correlated with specific syndromes
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 Type of tumor Syndrome

Adrenocortical carcinoma Li Fraumeni syndrome, BWS, MEN1, FAP
Atypical teratoid malignant rhabdoid tumor Rhabdoid Predisposition syndrome
Cerebellar gangliocytoma PTEN hamartoma tumor syndrome
Choroid Plexus Carcinoma Li Fraumeni syndrome
Endolymphatic sac tumors Von Hippel-Lindau syndrome
Hemangioblastoma Von Hippel-Lindau syndrome
Hepatoblastoma FAP, BWS

Juvenile myelomonocytic leukemia
Neurofibromatosis type 1, Noonan syndrome, 
CBL germline syndrome,
Constitutional Mosaic Trisomy 8

Low hypodiploid acute lymphoblastic leukemia Li Fraumeni syndrome
Malignant peripheral nerve sheath tumor Neurofibromatosis type 1

(Malignant) Schwannoma
Neurofibromatosis type 1 and type 2,
Schwannomatosis, Carney complex

Medullary thyroid carcinoma MEN2
Medulloblastoma (in particular age < 3y) FAP, Gorlin syndrome, SUFU germline mutations
Optic pathway glioma Neurofibromatosis type 1
Ovarian Sertoli-Leydig cell tumor DICER1 syndrome
Pleuropulmonary blastoma DICER1 syndrome
Pineoblastoma DICER1 syndrome, Retinoblastoma predisposition syndrome
Pituitary blastoma DICER1 syndrome
Retinoblastoma Retinoblastoma predisposition syndrome


