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CHAPTER 01 — INTRODUCTION

How Common Are CPS in Children with Cancer?
8–18%
Carry a CPS

Children with cancer harboring an identifiable 
germline predisposition syndrome

>150
Predisposing Genes

Germline genes involved in pediatric cancer 
predisposition syndromes

>50
Known CPS

Internationally classified cancer predisposition 
syndromes in children

Malformative 
syndromes

Pediatric-
specific

CPS

Adult-
specific

CPS



When Should We Suspect a CPS?
Three independent diagnostic pathways should each trigger a genetic evaluation — even in isolation.

Pediatric Cancer Diagnosis
Any malignancy at a young age, 
especially with unusual histology or 
bilateral/multifocal presentation, warrants 
germline testing.

Known Genetic Disorder
Pre-existing conditions such as NF1, Gorlin, 
or constitutional mismatch repair 
deficiency that intrinsically confer elevated 
cancer risk.

Atypical or Suspicious 
Tumor
Unusual tumor type, early age at onset, 
multiple primary tumors, or strong family 
history — all flags for underlying 
predisposition.

Each pathway, independently, is sufficient to initiate genetic counseling and germline evaluation. Do not wait for all three criteria to be 
met.

De Voer et Valle L., 2026, EJHG



The Role of the Pediatric Pathologist in CPS 
Detection
Germline genetic alterations account for approximately 8–18% of pediatric cancers. Histopathology is the cornerstone for classifying pediatric 
malignancies and identifying patients at high risk of an underlying CPS. Pathologists must recognize tumor types and be aware of underlying 
genetic aberrations — specific morphological patterns may be the first clue to a CPS.

Histopathologic Analysis
Morphologic patterns flag CPS probability and guide further 
molecular workup.

Molecular Integration
DNA and RNA testing produce integrated diagnostic reports 
combining somatic and germline data.

Clinical Detection
Non-tumoral findings and clinical features prompt targeted 
genetics referral.

Multidisciplinary Board
Integrate pathology, molecular data, and genetics expertise in 
tumor board settings.

Schurink B. et al., 2025, Virchows Archiv



Why Recognizing a CPS Is 
Clinically Critical

Diagnosis & Risk Stratification
Early identification enables tailored surveillance programs and early detection of subsequent 
malignancies, improving long-term outcomes.

Personalized & Safe Treatment
CPS may contraindicate specific therapies (e.g., radiotherapy in Gorlin syndrome) or guide targeted drug 
selection based on molecular vulnerability.

Family Cascade Testing
A germline diagnosis extends beyond the proband — cascade testing identifies at-risk relatives and 
enables preventive interventions.

Research & Clinical Trial Access
Patients with confirmed CPS may be eligible for genotype-specific clinical trials, accessing novel 
therapies and contributing to evidence generation.

Caeser et al., 2024, Familial Cancer



CHAPTER 02 — CLASSIC CPS

Li-Fraumeni Syndrome
One of the most severe cancer predisposition syndromes, caused by germline alterations of the TP53 tumor suppressor gene. Hallmarked by 
near-complete penetrance, a broad tumor spectrum, and early onset across pediatric and adult life.

1:5K
Prevalence

Estimated 1:5,000–1:20,000 individuals 
worldwide

80%
Lifetime Cancer Risk

Extremely high penetrance; multiple tumors 
across a lifetime are common

>350K
Germline TP53 Carriers

Estimated globally. Most frequent cause of 
autosomal dominant CPS in children

Classic, updated Chompret, and Birch criteria define indications for TP53 germline screening. Meeting any single criterion justifies genetic 
testing. Missense variants account for 73%, frameshift 9%, and nonsense 8% of pathogenic alterations.

Zhang, J. et al., 2015, NEJM



LFS: Prognostic and Therapeutic Implications

Radiotherapy Caution

Ionizing radiation should be minimized or avoided 

whenever possible. LFS patients face significantly 

elevated risk of radiation-induced secondary 

malignancies; treatment planning must carefully 

balance curative intent against long-term 

secondary cancer burden.

WEE1 Inhibition — SHH 

Medulloblastoma

WEE1 represents a promising therapeutic target 

in LFS-associated SHH medulloblastoma. 

Combined inhibition with vincristine demonstrates 

preclinical efficacy, providing a compelling 

rationale for dedicated clinical trial investigation in 

this population.

SHH p53 altered MB: high risk protocols.

Immune Checkpoint Inhibitors

In a 3-year-old with metastatic choroidal 

melanoma and constitutional TP53 variant, 

nivolumab + ipilimumab achieved complete 

remission at 24 months. High PD-L1 expression 

in LFS tumors may predict ICI response and 

guide patient selection.

Choroid Plexus Carcinoma

A significant proportion of CPCs carry TP53 alterations. Mosaicism must be 

considered in apparently sporadic cases. Routine germline sequencing is 

recommended for all CPC diagnoses to ensure appropriate surveillance and 

family counseling.

Chen K. et al. 2024; Tuller P. et al., 2025; Kolodziejczak A. et al., 2026

SHH MB p53 altered

Mandatory genetic test for Li Fraumeni syndrome. High risk patients.





CHAPTER 02 — CLASSIC CPS

Neurofibromatosis Type 1
NF1 is one of the most common autosomal dominant genetic disorders in humans. Complete penetrance with extremely variable expressivity 
makes it a clinically heterogeneous and therapeutically challenging cancer predisposition syndrome.

1:2,500
Prevalence

Among the most common monogenic 
diseases worldwide

100%
Penetrance

All carriers develop clinical signs, though 
expressivity varies widely

50%
De Novo Variants

Half of cases have no family history

Genotype-Phenotype Highlights: 90–95% of causative variants are intragenic. Less than 10% are whole-gene deletions — associated 
with more severe phenotype, higher neurofibroma burden, and cognitive impairment. Diagnosis is primarily clinical; expressivity varies 
significantly even within the same family.

Peduto et al. 2023, Cancers



Selected cancer predisposition genes by biological function

The Lancet Child & Adolescent Health 2021 5142-154DOI: (10.1016/S2352-4642(20)30275-3)

Copyright © 2021 Elsevier Ltd

Germline and sporadic cancers driven by the RAS pathway: parallels and contrasts.

Ann Oncol. 2020;31(7):873-883.

Neurofibromatosis Type 1
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Constitutional Mismatch Repair Deficiency 
(CMMRD)
CMMRD is a rare, recessively inherited childhood cancer predisposition syndrome caused by biallelic germline mutations in any of the four mismatch repair genes 
(MLH1, MSH2, MSH6, or PMS2). Estimated prevalence: 1 in 1 million live births.

Tumor Spectrum
• Hematological: T-cell lymphoblastic 

lymphoma
• CNS: High-grade glioma, medulloblastoma
• Gastrointestinal: Colorectal cancer
Primary MMRD is a pan-cancer mechanism. 
Alterations in MSH2, MSH6, MLH1, or PMS2 cause 
dysfunctional protein, leading to errors during DNA 
replication. Gliomas are a major cause of cancer-
related death in individuals aged 0–40 years.

Malak Abedalthagafi 2018, Oncotarget; Logine Negm 
et al. 2025, The Lancet Oncol.



Radiological Response to Nivolumab in CMMRD

High tumor mutational burden secondary to MMRD 
creates robust immunogenicity, explaining the 
dramatic and durable response to immune 
checkpoint blockade in this patient population.

Alphones S. et al. 2021, Child's Nervous System

ICIs in Pediatric CNS Tumors: A 
Systematic Review

Gulsuna et al. | Published November 2025

309 Patients
12 studies · Mean age 10.35 yrs · 64% HGG

ORR 4.1%
3 CR + 9 PR · SD in 30.7% · PD predominant

CMMRD Benefit
Hypermutated HGG ORR 10% vs. 4.5% 
overall

Safety
Grade ≥3 irAEs up to 50% with 
dual/combo therapy · No treatment-
related deaths

Conclusion
Limited benefit outside molecularly 
defined subgroups · Biomarker-driven 
selection essential



CHAPTER 04 — CPS ACROSS TUMOR TYPES

Atypical Teratoid Rhabdoid Tumour (ATRT)

SMARCB1 
(RTPS1)

The vast majority of  
individuals with SMARCB1-

related RTPS have a de novo 
disease-causing SMARCB1 

germline variant

Proportion of RTPS Attributed 
to Disease-Causing Variants in 

Gene: 85%-95% 

Penetrance of SMARCB1-
related RTPS may be 

extremely high (>90%  by age 5 
years)  

The risk of germline mutations 
is reported to be between 26% 
and 41% in SMARCB1-deficient 

tumours

SMARCA4 
(RTPS2)

Most reported individuals 
diagnosed with SMARCA4-

related RTPS inherited a 
disease-causing variant from a 
parent without a history of a 
rhabdoid tumor or SCCOHT

Proportion of RTPS Attributed 
to Disease-Causing Variants in 

Gene: 5%-15%

Less is know. The penetrance 
of SMARCA4-related RTPS 
appears to be incomplete

May be substantially higher 
in SMARCA4-deficient tumours

Common 
Characteristics

Autosomal dominant

More than 70% of individuals with 
RTPS present before age 12 months 

with synchronous tumors

Potentially have a worse prognosis
than those with a sporadic rhabdoid
tumor, although long-term survival

has been reported in some 
individuals

2/3 de novo



Del Baldo et al, Front. Oncol. 11:586288 (2021)

Unaffected adult carriers and 
gonadal mosaicism have been 
reported: if the SMARCB1 or 
SMARCA4 disease-causing variant 
identified in the proband cannot be 
detected in the constitutional DNA 
of either parent, the recurrence risk 
to sibs is still greater than that of 
the general population because of 
the possibility of parental germline 
mosaicism. Germline mosaicism 
may account for up to half of the 
families with sibs affected by RTPS. 

Warning

Pay attention to p53
somatic mutation
according to variant
allele frequency



Genetic Predisposition to Wilms Tumour



Abbreviations: CMBE, ciliary-body medulloepithelioma; cERMS, cervical embryonal rhabdomyosarcoma; 

CN, cystic nephroma; DTC, differentiated thyroid carcinoma; MNG, multinodular goiter; NCMH, nasal
chondromesenchymal hamartoma; OSCST, ovarian sex cord-stromal tumor; PitB, pituitary blastoma or 
pineobastoma; SLCT, Sertoli–Leydig cell tumor.

DICER 1 spectrum

Choong CS et al. Trends Mol Med. 2012 Sep;18(9):503-5. 



CHAPTER 02 — CLASSIC CPS

Retinoblastoma & the RB1 Gene
Retinoblastoma is very common in people with heritable RB1 alterations, occurring in 9 of 10 ind ivid ua ls with a pathogenic RB1 germline variant. Frequent eye examinations for 
early detection — when tumors are most treatable — are strongly recommended for all carriers.

Tumors Associated with Hereditary 
Retinoblastoma
• Osteosarcoma — most common secondary 

malignancy
• Soft tissue sarcomas
• Melanoma
• Bra in/pineal tumors (trilateral retinoblastoma)
• Epithelial cancers in adult survivors: lung, breast, 

bladder

Risk of secondary malignancies is further 
increased after radiotherapy and persists 
lifelong. Surveillance must continue into 
adulthood.

Dimaras H. et al. 2015, Nature Reviews Disease Primers; ES 
Knudsen, 2020, Comm. Biology



Lynch Syndrome?
Hereditary Cancer Syndrome
Autosomal dominant; germline variants in MLH1, MSH2, MSH6, PMS2, or EPCAM

Prevalence
~1 in 279 people; most common hereditary colorectal cancer syndrome

Traditionally Adult-Onset
Colorectal, endometrial, ovarian, gastric, brain cancers — childhood risk less 
established

Pediatric Enrichment
LS found in 0.5–0.9% of pediatric cancer cohorts vs. 0.3% population frequency



55 Cases: Key Findings
55

Total Cases
8 ins tit utiona l + 47 l it erature

12.7
Avg. Age (yrs)

Range: 1–24 years

64%
Male

Sex distr ibut ion

78%

LOH Present
Loss of heterozygos it y confirmed (21/27 test ed )

71%

MSI-High
Microsat ell it e instab ility high (17/24 tested)

Gene Distribution

MSH2  mos t common (36%), followed by MLH1 (31 %). LOH and MSI-H sug gest LS actively contributed to oncogenes is .

Tumor Categories

40% of all cas es  w ere colorectal cancer. CNS tumors included 7  
high-gra de gliomas.  Hematologic malignancies are atypical for LS 
— more comm only seen in CM MRD.

Current Guidelines

Childhood LS screening not recommended; genetic testing not advised before 
age 18. Retrospective data do not yet warrant guideline change.



CPS & Medulloblastoma Subtypes

Correlations between cancer predisposition syndromes and medulloblastoma 
molecular subtypes. (A) Gorlin syndrome (PTCH1/SUFU) → MB-SHH. (B) Li-
Fraumeni syndrome (TP53) → MB-SHH. (C) Turcot type 1 (MMR) → MB-WNT; 
Turcot type 2 (APC) → MB-WNT. (D) BRCA2, PALB2, GPR161, ELP genes → various 
subtypes. (E) Rubinstein-Taybi syndrome (CREBBP/EP300) → MB Group 3.

Carta et al. 2020, Front. Oncol.



CHAPTER 05 — EMERGING GENES

New Cancer Predisposition Genes: The DDR 
Pathway Frontier
Next-generation sequencing is uncovering novel germline predisposition genes, fundamentally expanding the CPS landscape beyond c lassical syndromes. Analysis 
of DNA Damage Response (DDR) pathway perturbations has led to four validated new gene:cancer associations.

SMC5 → Medulloblastoma
Germline loss-of-function variants in SMC5 (structural maintenance of 
chromosomes) predispose to medulloblastoma. Validated in three 
replication cohorts with evidence of biallelic tumor inactivation — a 
hallmark of tumor suppressor behavior.

BRCA1 → Ependymoma & HGG
Germline BRCA1 variants — classically linked to breast/ovarian cancer in 
adults — have been associated with pediatric ependymoma and high-
grade glioma, expanding the phenotypic scope of this well-known gene. 
(Pre-print: needs validation)

SPIDR → High-Grade Glioma
SPIDR (scaffolding protein involved in DNA repair) alterations associate with 
pediatric high-grade glioma — a tumor type already enriched for CPS. This 
represents a new DDR-related predisposition entry point.

SMARCAL1 → Osteosarcoma
SMARCAL1 (SWI/SNF-related chromatin remodeling) germline variants 
predispose to osteosarcoma. Biallelic inactivation confirmed in tumor 
tissue, establishing causality and potential for therapeutic exploitation via 
HRD vulnerability.

Ninad Oak et al. 2025, Biology of Neoplasia

https://ascopubs.org/doi/10.1200/JCO-25-01114#au1


MYCN Microduplications & New Diagnostic Imperatives

Why New Genes Change Clinical Practice

Expand Diagnostic Panels Now
Panel multigene testing with ≥50 genes, WES, or WGS should 
include newly validated genes. Patients tested with older 
panels may need re-evaluation.

Biallelic Inactivation as Therapeutic 
Target
Biallelic inactivation of DDR genes (SMARCAL1, SMC5) creates 
homologous recombination deficiency — a potential 
vulnerability to PARP inhibitors and platinum-based 
chemotherapy.

Inform Clinical Trial Eligibility
Patients with newly identified germline DDR gene alterations 
may qualify for genomically stratified or basket trials targeting 
DNA repair deficiency.

BACKGROUND

Neuroblastoma & Wilms tumour (WT) are common 

childhood embryonal malignancies linked to germline 

2p24 duplications involving MYCN and DDX1.

METHODS

WGS analysis of 113,431 genomes — structural/CNV 

workflow, 2 kb–20 Mb duplications at 2p24 loci, Fisher's 

exact test & Bayesian penetrance estimation.

Key Finding

6 participants with MYCN-inclusive microduplication 

— 2 WT, 1 neuroblastoma

Significance

3/197 cases vs 3/113,234 controls (p < 0.0001)

Penetrance

Estimated at ~13% by Bayesian calculation

DDX1 Alone

12 carriers — no childhood embryonal tumours 

observed

MYCN-inclusive 2p24.3 microduplications 

should be routinely assessed in 

WT/neuroblastoma predisposition workups.



CHAPTER 06 — THERAPEUTIC IMPLICATIONS

CPS & Treatment: A Syndrome-by-Syndrome Quick 
Reference
The identification of a cancer predisposition syndrome is not the end of the diagnostic workup — it is the beginning of a personalized therapeutic roadmap.

Syndrome Gene(s) Treatment Caution / Contraindication Targeted / Emerging Therapy

Li-Fraumeni TP53 Minimize radiotherapy — high secondary tumor risk WEE1 inhibitor + vincristine (SHH-MB); ICI (nivolumab/ipilimumab) in 
PD-L1-high

Gorlin (PTCH1) PTCH1 Radiotherapy absolutely contraindicated Vismodegib (Hedgehog inhibitor); PI3K/CDK4/6 inhibitors (preclinical)

Gorlin (SUFU) SUFU Radiotherapy contraindicated; 20× higher MB risk Itraconazole; combination inhibitors (AKT, FGFR)

NF1 NF1 Avoid unnecessary surgical debulking in OPG Selumetinib / trametinib (OPG, plexiform NF); CAR-T, oHSV (emerging)

CMMRD / Lynch MLH1/MSH2/MSH6
/PMS2

Alkylating agents may be less effective Anti-PD-1 immunotherapy (pembrolizumab) — high MSI drives 
response

ATRT SMARCB1, 
SMARCA4

No specific contraindication established EZH2 inhibitors; AURKA inhibitors; immunotherapy under evaluation

New DDR genes SMARCAL1, SMC5 None firmly established yet PARP inhibitors, platinum sensitivity (HRD vulnerability — preclinical)



Take Home Messages
CPS Are Not Rare — Actively Seek Them
8–18% of pediatric cancers have a germline origin. Predisposition syndromes must be actively investigated in every patient, not merely considered as a possib ility.

The Syndrome Determines the Treatment
CPS can radically change treatment decisions — radiotherapy is contraindicated in Gorlin, targeted therapies are indicated in NF1 and LFS. Knowing the syndrome saves 
lives and prevents harm.

Use Extended Sequencing — Include New Genes
Multigene panels with ≥50 genes (or WES/WGS) are the current standard. SMC5, SPIDR, SMARCAL1, and BRCA1 (ependymoma) must be included. Older negative panels 
may require re-testing.

Don't Miss Mosaicism
Standard germline testing misses low-VAF mosaic variants. Ultra-sensitive NGS is essential in clinically suggestive cases, particularly ATRT, CPC, and GS with atypical 
presentation.

Think Beyond the Patient — Think Family
A germline diagnosis implies a  family diagnosis. Cascade testing, genetic counseling, and reproductive options must be offere d to all first-degree relatives as an 
integral part of care.



Thank You for Your attention
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