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Malformation Cancer



Type I
(47%)

Type II
(34%)

Type III
(9%)

Type IV
(10%)

TSC 
foetal

TSC 
tumoral



Le TSC foetal : la malformationTSC: La malformation
Tératome mature foetal



Migration of primordial germ cells

from Molecular Biology of the Cell, 4th edition



Tératome mature Tératome immature

Malformation Cancer 

Âge ?



Une forme syndromique de TSC: le 
syndrome de Currarino, 1981 

3 signes cliniques majeurs

1. Agénésie partielle du 
   sacrum en cimeterre
2. Malformation de 
   l’intestin terminal
3. Tumeur pré-sacrée
4. Anomalies médullaires
5. Duplication Müllerienne

1 / 100 000 naissances
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13 cas de dégénérescences malignes sur plus de 300 
cas rapportés: 8 adultes et 5 enfants 

o 6 TGM 
o 1 tumeur neuroectodermique 
o 3 tumeur neuroendocrine 
o 1 léiomyosarcome
o 1 nephroblastome présacré
o 1 PNET 

8



Relation étroite entre 

une anomalie du développement normal

et la prolifération tumorale de cellules embryonnaires



Pediatric cancer and genetics

ConstitutionalSomatic 

EWSR1

RB1

WT1



Pediatric cancers often arise from immature cell 
type (blastoma)

Rational #1



S.Tsubota & K.Kadomatsu, Oncosciences 2017

Origins of neuroblastoma



Le neuroblastome

1.Le neuroblastome congénital: possibilité 
d’involution spontanée ou de différentiation

2.Les neuroblastomes syndromiques



The wait and see strategy

Fœtal NBL

- Prenatal
- Neonatal < 3 months
- L1, Size < 5 cm
- No LTS 

Ms Neuroblastoma 

-    < 6 months
- Liver, BM, SC mets
- No bone mets
- No LTS

Beckwith JB and Perrin EV, Am J Pathol 1963
Nutchern JG et al, Ann Surg 2012
SIOPEN communication, 2020
Vassilios Papadakis et al, Cancers 2022

72- 81% are cured without any treatment



Wait and See strategy: GPOH experience
< 1 year
INSS stage 1,2,3
Non MYCA

B.Hero et al, 
JCO 2008

60% are cured without any treatment 



Fox2b: a molecular link between 
Hirschsprung and neuroectodermic tumours

Amiel J et al, Nature 2003
Trochet D et al, Am J Hum Genet 2004

Heide S et al, PBC 2016



Human Hirschsprung disease 
genetics

Heuckeroth, R. O. (2018) Hirschsprung disease — integrating basic science and clinical medicine to improve outcomes
Nat. Rev. Gastroenterol. Hepatol. doi:10.1038/nrgastro.2017.149



Les neuroblastomes syndromiques
• Neurocristopathies

– Sd d’Ondine 
– Sd d’hypoventilation avec dysfinction hypothalamique (début tardif)
– Sd de Goldenhar
– Cardiopathies (conotroncales-défaut de fermeture septale)
– Sd de Di-George

• Syndromes avec excès de croissance:
– Sd de Wiedemann-Beckwith
– Sd de Weaver
– Sd de Simpson-Golabi-Behmel
– Sd de Sotos
– Sd de Cowden

• Remaniements chromosomiques germinaux (Turner, Klinefelter, 
T21, T13…)



Many pediatric cancer are linked to predisposition 
syndromes involving defects in normal development

Paul J. Scotting, David A. Walker and Giorgio 
Perilongo, Nature Reviews 2005

Rational #2



Nat Rev Cancer, 2008

Implication des gènes du développement:  WT1



WT1, gène du développement rénal



WT1, gène du développement gonadique



Denys Drash

Frasier

WAGR syndrome

WT1 related Wilms predisposition syndromes

WT1
WAGR syndrome, 20 years FU 

normal renal function



Charlotte, twin, BW:3800g

Wiedemann-Beckwith 
syndrome (11p1.5)

Paternal expression: 
proliferative

Maternal expression  
antiproliferative



Case #5

Retroperitoneal partial nephrectomy (T.Blanc)



Wiedemann-Beckwith syndrome
Altereted imprinting in the 11p1.5 region

Paternal 
expression: 
proliferative 

function

Maternal 
expression : 

antiproliferative 
function 

Increased cancer risk
• 5 à 10% before 15 years old (vs 0,014%)
• 11% before 4 years for Wilms (RR: 800-1000)
• Wilms , hepatoblastoma, adrenocortical carcinoma…
• Phenotype correlation (hémihypertrophie, organomégalie)
• Cancer risk linked to genetic type anomaly



The Beckwith-Wiedemann 
spectrum

Brioude et al, Nature Reviews Endocrinology 2018

• Macroglossia
• Exomphalos
• Lateralized overgrowth
• Multifocal and/or bilateral Wilms T 

or nephroblastomatosis
• Hypersinsulinism (> 1 week, 

requiring treatment)
• Pathology findings: adrenal cortex 

cytomegaly..

• Birth weight > 2DS above in the mean
• Facial naevus simplex
• Polyhydramnios and/or placentomegaly
• Ear creases and/or pits
• Transient hypoglycaemia (lasting <1 

week)
• Typical BWSp tumours (NBL, RMS, 

unilateral WT, hepatoblastoma, 
adrenocortical carcinoma or 
phaeochromocytoma)

• Nephromegaly and/or hepatomegaly
• Umbilical hernia and/or diastasis recti

Cardinal features 
(2 points/feature)

Suggestive features 
(1 points/feature)

Classical BWS: score > 4
If score > 2: genetic testing is lawful
If score < 2: genetic testing is not indicated



Brioude et al, Nature Reviews Endocrinology 2018

Tumour surveillance strategy recommendations



DDS: a frequent misdiagnosed genetic 
syndrome predisposing to cancer

• Male patient
• Prenatally: Suspiscion of posterior hypospadias, karyotype : 46,XY
• At birth: Confirmation of a posterior hypospadias + bilateral ectopia

– CGH: normal, renal US: normal
– Androgenic stimulation

• 1 year old: Surgical correction of the hypospadias

• L partial nephrectomy: R1
• Completion of L nephrectomy and R nephrectomy
• Patient on dialysis, kidney transplant planned in one year

Proteinuria +

Two weeks later: urethral fistula – renal US – bilateral renal tumor



Overgrowth syndromes 
predisposing to cancer

Jongmans MCJ et al,  European Journal of Medical Genetics 2016



• 11 years old girl
• NF1 
• PetScan: > 2 SUV max
à High MPNST risk



Growth retardation syndromes predisposing to 
cancer 

Jongmans MCJ et al,  European Journal of Medical Genetics 2016



Jongmans MCJ et al,  European 
Journal of Medical Genetics 2016

When to reffer a 
pediatric cancer 

patient to a clinical 
geneticist ?
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Evidence accumulated over several decades suggests positive 
association between birth defects and pediatric malignancy

PlosOne, July 2017

14478 article citations identified
80 articles met inclusion criteria
Specific points:
• CNS tumors & CNS anomalies
• Rib anomalies & several cancers types



Père : 42 ans, pilote de ligne  ; Mère : 31 ans, sans emploi 
Fratrie :Une demi soeur du côté maternel de 6 ans, bien portante 

Anténatal: découverte à 12 SA de logettes avec hygroma
- ponction trophoblastique normale, 46 XY, 
- diagnostic de kystes para-ventriculaires à l'IRM à 32 SA

Accouchement à terme  
PN : 2590 g, TN : 50 cm, PCN : 33 cm
- Dysmorphie faciale associant micro-rétro-gnatisme, philtrum 
proéminent,
fentes palpébrales horizontales , pas d'anomalie des OGE , pas d'anomalie 
oculaire
- Anomalie de la luette avec luette bifide et voile court 
- Echographie rénale  (naissance) : taille des reins à la limite supérieure de 
la normale
- Embryo toxon temporal oeil droit diagnostiqué à 2 mois

Benjamin D…..né le 30/03/05



Exploration dans le Sce du Pr Abadie pour dysfonctionnement du tronc 
cérébral ( troubles de la succion, déglutition et cyanose pendant la tétée). 
Alimenté par sonde NG pendant plusieurs mois, O2 à domicile.

- Enregistrement polysomnographique (le 30/05/05) : apnées obstructive 
et centrale
- Potentiels évoqués auditifs seuil à 60 dB à G, retard de maturation du 
tronc cérébral ou dysfonctionnement? à contrôler
- Holter effectué en raison d'une hypertonie vagale pendant et après 
l'arrêt du Prantal : normal
- Radio de squelette complet effectué sans anomalie
-Caryotypes effectué le 26/05/05 à Béclère 46 XY, normal

Histoire tumorale:
-Découverte d’une masse de l’hypochondre gauche dans le cadre d’une 
consultation de neuro-pédiatrie: masse rénale gauche retrouvée à 
l’échographie
- HTA

Benjamin D…..né le 30/03/05



Translocation 4q20q 
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J Pediatr. 2023



Aim of the study
Retrospective and prospective registry of all cases,

associating 
pediatric cancer & developmental anomaly,

in order to describe new predisposition syndroms, 
and their molecular basis. 

TED : Tumor & Development



Methodology
• Prospective and retrospective nationwide study
• Spontaneous declaration of cases by:

- Pediatric oncology centers (SFCE) 
- Pediatric surgery centers (SFCP)
- Pediatric onco-geneticists & pediatric geneticists
- Pediatric pathologists
- Biologists involved in tumor development

• Tumor and developmental anomalies described according 
the ICCC-3 and ICD10 classification respectively

• Missing datas: 
- Parents age
- ART (assisted reproduction technology)
- Age at diagnosis for congenital anomaly



Inclusion criteria
Age < 18 years presenting with solid tumor or hematologic malignancy +
one or more developmental anomaly (ies) among:
• organ malformation familial or not
• neurosensory deficit, familial or not
• delay in psychomotor activity (before any treatment)
• epilepsy not linked to the tumor
• pathological disorder of the statural and/or weight growth and/or of 

the cranial perimeter
• congenital, sporadic and/or familial metabolic or endocrinological

disease
• Immune deficiency, familial or not  
• Signs of dysmorphology
• > Café au lait spots or 1 spot >1cm or 3 hypochromic spots > 1 cm
• Inform consent from the parents and/or patient
• Patient ou parents informés de l’étude



TED : A national prospective & 
retrospective study

642 inclusions
by 27 surgical /medical centres

230 44

41
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32

23
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22
22

21

9

10

8

8

La Réunion

June 2013- July 2017

617 met the inclusion criteria

546 completelly informed



French national registry for childhood cancers &  congenital 
abnormalities associations (TED)

N=628 patients, 855 congenital anomalies
30% Cancer Predisposition syndromes

70% Isolated congenital anomalies 

M.Semeraro et al, personal data

Leukemias and 
MDS syndromes

18%

Lymphomas 
8%

CNS tumors
20%

Neuroblastomas 
10%

Retinoblastomas
2%

Renal tumors 
16%

Hepatoblastomas 
3%

Bone tumors
4%

RMS and STS
11%

Malignant 
germinal tumors

5%

Carcinomas 
2%

Others
1%

26% TED 
vs 

39% RNCE*

vs 
5.5% RNCE

vs 
0.9% RNCE

vs 
6.4 % RNCE

* National registry of 
children cancers



Median age at diagnosis (year) : 1.0 (antenatal ; 17.0)

Isolated birth defect, n=546/783 (69.7%)
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227 Known Genetic disorders

180 genetic disorders 
associated with 

predisposition to cancer

47 genetic disorders not 
associated with 

predisposition to cancer

!"##$BC'$B("##$B#)*C'B$+,-C,-
./)#M#,#MC"BC('#)MC"+N+-,
.#'*-'+NC"BMC"O#)MCN+#'B,P'$)#M-,
4-NC(#"+56-'$#5)+'#"#*+5B$+,-C,-,
7N/-)B*-'-N+5B,P'$)#M-,
8/C5#MCN#,+,9:B;<= 9:B>?

9:B@;

A BN=6

N=1
N=7

!"##$BC'$B("##$B#)*C'B$+,-C,-
./)#M#,#MC"BC('#)MC"+N+-,
.#'*-'+NC"BMC"O#)MCN+#'B,3'$)#M-,
4-NC(#"+56-'$#5)+'#"#*+5B$+,-C,-,
7N/-)B*-'-N+5B,3'$)#M-,

89B::

89B;<

89B=
89B>

89B;

Figure 3



Intellectual 
deficiency

n= 98

CNS tumors 
n=10

HM
n=43

NB
n=13

Renal tumor
n=8

RMS
n=7

A B

GU 
abnormalities

n=56

HM
n=9

Kidney tumors
n=18

NB
n=11

Other tumors
n=18

452 isolated anomalies 

Other tumors
n=17
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A B
NF1

n= 86

Pilocytic astrocytoma
n=67

HM
n=3

RMS
n=6

Other tumors
n=4

NB+PNS Tumor
n=6

Known 
associations

Non classical
associations

C
Down syndrome

n= 27

HM
n=25

Germ cell tumor
N=1

RB
N=1

Known 
associations

Non classical
associations
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Gigantism or 
hypertrophia

n=26

RMS and STT
n=4

Kidney tumors
n=10

NB
n=4

Other tumors
n=8

A B
Stunted growth

n=8

RMS and STT
n=1

Liver tumors
n=2

Kidney tumors
n=3

CNS tumors
n=1

HM
n=1

Muscoloskeletal 
abn

n=67

CNS tumors
n=11

Kidney tumors
n=10

Other tumors
n=34

NB
n=7

HM
n=14

RMS and STT
n= 11

C

Supplemental Figure 3



A B
Co-localisations

WT GU abnormalities N=12

CNS tumor Muscoloskeletal 
craniofacial disease

N= 11

Germ cell 
tumor

Genital or sacral disease N=3

RB Skull malformation N=3

NB GU abnormalities N=9

RMS Skull, thorax, muscle, 
pelvis

N=9

Developmental abnormalities Rhabdomyosarcoma

• Ophtalmological malformation (n=2)
• Sensorineural hearinf loss
• Plagiocephaly

Head and Neck

• Atrial septal defect Thorax

• Myopathy Bone and Muscle

• Hypospadias (n=2)
• Cryptorchidism
• Anorectal atresia and polykistic 

kydney 

Pelvis

Supplemental Figure 4
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Conclusion and perspectives
• TED database is a unique French registry that collect children presenting cancer & 

developmental anomaly
• Biais do exist (nature of the collection, missing data…)
• Genetic counseling & recruitment improve during the study 
• 70% of cases presented as unknown associations
• Mental and behaviour disorders & musculoskeletal anomalies appear as the most frequent 

reported anomalies 
• In main instance colocalization of congenital anomalies and tumors

– Genitourinary anomalies & Wilms / Neuroblastoma
– Musculoskeletal anomalies & bone tumors / RMS
– Hypothesis of mosaicim ?

• Future studies aim to focus on this hypothesis (EXOCARE- PREDCAP)



Why genetics may improve surgical management of 
pediatric cancer?

1. To identify genetic predisposition syndromes 
(germinal anomalies)
• Genetic counseling
• Specific modality treatments (risk of recurrence, 

others cancers, radiosensitivity…)



Tumors that should lead to suspect a genetic 
predisposition to cancer  

Retinoblastoma    (RB1)
Wilms Tumor    (11p13,11p15…)
Adrenocortical carcinoma   (11p15, p53…)
Pancreatoblastoma    (WT1)
Pleuropneumoblastoma   (DICER1)
Sertoli-Leydig cell tumor   (DICER1)
Germinal cell Tumor    (Sd de Klinefelter, Turner… )
Neuroblastoma    (ALK, Phox2b…)
ATR/Rhabdoïd tumors   (SMARCB1/ INI1)
Medulloblastoma    (SUFU)
Medullary thyroid cancer   (RET)
……



Genetic predisposition syndromes without 
developmental anomalies 

Dominantly inheredited

Syndrome Associated genes
Familial Retinoblastoma RB1
Li-Fraumeni TP53
Familial adenomatous polyposis APC
Constitutional mismatch repair 
deficiency (CMMRD)

biallelic germline mutations of MMR 
genes (MLH1,MSH2,MSH6, 
PMS1,PMS2)

Von Hippel Lindau VHL
Cowden PTEN
Medullary thyroid carcinoma, Men2a RET
DICER 1 predisposition Sd DICER 1
Rhabdoid tumor (RT) syndrome SMARCB1 (SMARCA4)
Medulloblastoma predisposition SUFU



• Men 2a 
– MTC (100%)
– Pheochromocytoma (50%)
– Primary hyperparathyroidy (5-20%)

• Men 2b
– MTC (100%)
– Pheochromocytoma (50%)
– Marfanoid phenotype
– ganglioneuromatosis

• Familiar MTC
• 50% of sporadic MTC

Medullary thyroid carcinoma genetics
RET gene mutations



Genotype-phenotype correlations as a guideline for 
prophylactic thyroidectomy 

Brandi ML, J Clin Endocrinol Metab 2001
Szinnai G, Endoc Dev 2007
Raue E et al, Clinics 2012



Aurore, female 13 years old
Diagnosis of huge multinodular goiter
Familial history of benign thyroid disease
Systematic screening for DICER1 mutation

13 yrs 11 yrs17 yrs

PPB 

Thyroid 
nodules 

Thyroid 
goiter • Upfront surgery

• RO
• No additional 

treatment

Thyroid 
nodules 

Early diagnosis: 
conservative  

treatment



Choong CS et al, Trends Mol Med, 2012 

Faure A et al, J Pediatr Urol 2016
Schulte KAP et al, Clin Cancer Res, 2018

Thyroid 
cancer

Hashimoto thyroiditis
SLCT

Hypothyroidism
SLCT



Why genetics may improve surgical management of 
pediatric cancer?

1. To identify genetic predisposition syndromes (germinal 
anomalies)
• Genetic counseling
• Specific modality treatments (risk of recurrence, others 

cancers, radiosensitivity…)
2. To identify tumoral genetic anomalies for improving 

• Diagnosis of cancer type (molecular signature)
• Prognosis: personalized medicine 
• Treatment: targeted therapies



Pediatric cancer and genetic
somatic genetic alterations: diagnosis and prognosis
• Ewing : EWS/FL1 
• Alveolar rhabdomyosarcoma: PAX3 ou PAX7/FKRH
• Synovialosarcoma: SYT/SSX1 ou SSX2 ou SSX4
• Desmoplastic Round cell Tumor (DRCT): EWS/WT1
• Infantile congenital fibrosarcoma: ETV6/NTRK3
• Myxoïd liposarcoma: TLS ou EWS/CHOP
• Myxoïd chondrosarcoma  EWS ou TAF68 ou TCF12/TEC
• Soft tissue melanoma: EXS/ATF 
• Anaplastic lymphoma : NPM ou TM30ou TFG ou ATIC/ALK
• Soft tissue alveolar sarcoma: ASPL/TFE3
• Middle line sarcoma (NUT): BRD4/NUT
• …….
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