Signatures épigenetiques des gliomes radio-induits (RIG)
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Le diagnostic des tumeurs cérébrales devient histomoléculaire
a partir de 2016
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WHO Classiftication of Tumours = 5th Edition

Central Nervous System
Tumours

Les indications de l'utilisation du méthylome ont été
officialisées et précisées dans la version OMS en 2021

International Agency for Research on Cancer

¢ World Health
i ™~ Organization

Le profil de méthylation représente
un critere diagnostique essentiel ou
désirable pour 45 types tumoraux
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950.000 ilots CpG répartis sur le
génome

Outils d’intelligence artificielle
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http://www.molecularneuropathology.org/
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NATIONAL CANCER INSTITUTE
Center for Cancer Research

Clinical Methylation Unit
LABORATORY of PATHOLOGY

METHYLATION PROFILING REPORT :: 24H00792 FOU_208397950068_R03C01

Summary UMAP Bethesda Classifier v2

UMAF of the reference datasst used for fraining eMeural network model for the Bethesda classifien
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COMMUNICATIONS

Radiation-induced gliomas represent H3-/IDH-wild

type pediatric gliomas with recurrent PDGFRA
amplification and loss of CDKN2A/B
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Comprehensive molecular characterization of
pediatric radiation-induced high-grade glioma
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[Fig. 2 Methylation group-based classification of RIG. a Circular dendrogram indicating the location of RIG (black bars) relative to reference CNS tumors. b
Localization of RIGs relative to other CMS cancers in t-SME space (legend shown below). € Dendrogram and heatmap of RIG cases clustered against
reference CMS tumors (legend to right). A-IDH astrocytoma, subclass |DH-mutant, A-IDH-HG high-grade astrocytoma, subclass IDH-mutant, ANA PA
anaplastic pilocytic astrocytorma, CONTR-CEBM contral cerebellum, CONTR-HEMI contral cerebral cortex, DMG-K27 diffuse midline glioma, H3K27M-
mutant, GBM-G34 glicblastoma, subclass H3.3 p.G34R-mutant, GBM-MES glishlastoma, subclass mesenchymal, GBM-MID glioblastorna, IDH-wild type,
subclass midline, GBM-MYCN glioblastorna, subclass MYCN-amplified, GBM-RTE-I, adult glioblastoma, subclass RTK |, GBM-RTE-Il adult glioblastoma,
subclass RTK Il, GBM-RTE-IIl adult glioblastoma, subclass RTK I1l, HGMET-MN1 high-grade neuroepithelial tumor with MN1 alteration, IHG infantile high-
grade glioma, pedRTK | padiatric glioblastoma, subclass RTK |, pedRTE Il pediatric glioblastomna, subclass RTE II, PXA pleomaorphic xanthoastrocytoma, RIG
radiation-induced high-grade glioma, t-SME t-distributed stochastic neighbor embedding.




Les gliomes radio-induits pédiatriques
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3% des enfants survivants de KC pédiatriques (MB, LAL)

Morphologie identique gliomes malins de novo
Latence de 5 ans (MB) a 8 ans (LAL)

En zones irradiées

Moléculairement moins hétérogenes que les gliomes de novo

Mauvais pronostic (médiane 9 mois)

Cluster de méthylation = ped HGG RTK1
Distinct des gliomes de I'adulte et des autres

gliomes de l'enfant
Probable cellule d’origine similaire

Caractérisée par activation aberrante de la voie
des MAPKinase/ERK (ampli PDGFRaa) et perte

du contréle du cycle (CDKN2A/B)
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Caracteristigues moléculaires des gliomes radio-induits pédiatriques
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Gliomes radio-induits: expositions ou predispositions ?
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Comprehensive molecular characterization of
pediatric radiation-induced high-grade glioma
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Constitutional mismatch repair deficiency-associated
brain tumors: report from the European C4CMMRD
consortium
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CONCLUSION:
Signatures épigenétiques des gliomes radio-induits

* Données récentes, pas incluses OMS 2021

* Nouveau type tumoral émergent: contexte clinique, caractéristiques
moleculaires récurrentes, cluster de méthylation unique malgré un
aspect morphologique et radiologiques non spécifiques

* Cluster pedHGG RTK1 commun avec CMMRD, Lynch et Li-Fraumeni

mmm) cellule d’origine sensible aux cassures double-brins?
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Few data on histological and radiological features of diffuse pedHGG, RTK2 A/B

Gliomas, glioneuronal tumours, and neuronal tumours
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Diffuse astrocytoma, MYB- or MYBL1-altered

Angiocentric glioma

Polymorphous low-grade neuroepithelial tumour of the young
Diffuse low-grade glioma, MAPK pathway-altered
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Diffuse midline glioma, H3 K27-altered
Diffuse hemisphenc glioma, H3 Ga4-mutant

Diffuse paediatric-type high-grade glioma, H3-wildtype and IDH-wildtype

Infant-type hemispheric glioma

International Agency for Research on Cancer

5% World Health
»¢ Organization

Acta Neuropathol (2017) 134:507-516
DOL 10.1007/500401-017-1710-1
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H3-/IDH-wild type pediatric glioblastoma is comprised
of molecularly and prognostically distinct subtypes
with associated oncogenic drivers

Andrey Korshunov'?- - Daniel Sl:l]rim[:lf"2 * Marina Ryzhova® - Dominik Sturm>® - Lukas Chavez® -
Volker Hovestadt” - Tanvi Sharma® - Antje Habel'? - Anna Burford® + Chris Jones® - Olga Zheludkova® -
Ella Kumirova'® - Christof M. Kramm"' - Andrey Golanov' - David Ca])pel’"z"‘ + Andreas von Dceimlingu'3 .
Stefan M. Pfister**€ - David T. W. Jones**

- 3 distinct molecular subtypes recognized by their
DNA methylation profiles:

1. pedHGG-MY CNnmyen ampiification/LFS, co-amplification MYCN-ID2)

2. pedHGG-RTK1 (cMMRD, Lynch, RIG, PDGFRA amplification)

3. pedHGG-RTK2 (GFRr ampli. hTERT with 2 subclasses A and B)

the rarest being RTK2A> RTK2B
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Diagnostic criteria for diffuse paediatric-type high-grade glioma (pHGG), H3-wildtype and IDH-wildtype

Essential: _ . \ﬁ: Wﬂrld.HEQIth
) Organization

International Agency for Research on Cancer

A diffuse glioma with mitotic activity occurring in a child or young adult
AND

Absence of mutations in IDHT or IDH2

Au moins 3

sous-types:

PRTK1

e PRTK2a/b
Methylation profile aligned with pHGG RTK1, pHGG RTK2, or pHGG MYCN H G G M YC N

OR

AND

Absence of mutations in H3 genes

Key molecular features: PDGFRA alteration, EGFR alteration, or MYCN amplification

Desirable:

Toutes
localisations

Microvascular proliferation

Necrosis, typically palisading

H3 p K28me3 (K27me3) retained

14



Diffuse paediatric-type HGG, H3-WT and IDH-WT

Diagnostic d’exclusion
Toutes localisations et ages
Grade 4

Gliome radio-induit (driver PDGFR amplification)
Dans le contexte de constitutional mismatch repair deficiency (CMMRD)

Ped RTK1

PedRTK2 enriched with EGFR amplification

Ped HGG with MYCN amplification enriched with MYCN/ID2 co-amplification
PMS2 loss

Search for
CMMRD or
Li-Fraumeni




Molecular pediatric GC-associated characteristics

Neuro-Oncology

26(9), 17231737, 2024 | https://doi.org/10.1093/neuonc/noae080 | Advance Access date 8 May 2024

Gliomatosis cerebri in children: A poor prognostic
phenotype of diffuse gliomas with a distinct mole
profile

European ped GC cohort
n=104 methyloma = 49
850K V12.5

3.2%

pedHGG_RTK1A/B/C
j PedHGG_RTK2A/B
j pedHGG_MYCN

pedHGG_A/B

ped GC are significantly associated
with pedHGG RTK2 A>B

5.0%
*

pedHGG RTK1 almost absent p=0.005*

nature medicine

2022

Article https://doi.org/10.1038/s41

Multiomic neuropathology improves
diagnostic accuracyinpediatric
neuro-oncology

Dominik Sturm®'**, David Capper ®**, Felipe Andreiuolo®""%, Marco Gessi®, Christian Kélsche ®°,

Annekathrin Reinhardt™, Philipp ®™, Annika K. ®", Azadeh Eb ', Abigail K. Suwala™'**%,
Gerrit H. Gielen ®*, Martin Sill", Daniel Schrimpf'®, Damian Stichel'®*, Volker | "1, Bjarne D @415,
Agata Rode'?, Stefan Hamelmann'", Christopher Previti**, Natalie Jiger'", Ivo Buchhalter", Mir

1
Barbara C. Jones'**, Monika Warmuth-Metz'*", Brigitte Bison'*°, Kerstin Grund®, Christian Sutter”, Steffen Hirsch'**,
Nicola Dikow™, Martin Hasselblatt™, Ulrich Schiiller ®"***, Arend Koch®, Nicolas U. Gerber™, Christine L. White ® "2,
Molly K. Buntine®?, Kathryn Kinross™, Elizabeth M. Algar ®*7*°, Jordan R. Hansford @', Nicholas G. Gottardo ® ***,
Martin U. Schuhmann®, Ulrich W. Thomale™, Pablo Hernaiz Driever @, Astrid Gnekow ®**, Olaf Witt***,

Hermann L. Miller®*, Gabriele Calaminus®, Gudrun Fleischhack ® *, Uwe Kordes ® %, Martin Mynarek ® =%,

Stefan Rutkowski™, Michael C. Friihwald ®*, Christof M. Kramm ®**, Andreas von Deimling @ ™", Torsten Pietsch®*,
Felix Sahm"'*'**, Stefan M. Pfister'***** & David. T.W. Jones ®"**

Control population-based pediatric
hemispheric diffuse gliomas
methyloma-defined n=80*

-~ essentially radiation-associated
gliomas

* Exclusion infant-type HGG, isolated midline location,
non-diffuse gliomas, calibrated score < 0,9 V11.b4



Plusieurs classifieurs en 2024
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Methylation
profiling report

 Différents types d’algorithmes (RF, neural network)

e Différents set de référence
* Différents types de données (450K, EPIC V1 ou V2, nanopore,

» Standardisation/ études comparatives/ accessibilité
* Tracabilité des données utilisées +++ ( set de référence, algorithme, type de matériel)

NATIONAL CANCER INSTITUTE
Center for Cancer Research

NATIONAL CANCER INSTITUTE
Center for Cancer Research

Methylscape Analysis

n=946

e Score>0,9 56% 85%

Methylscape
Analysis

B Concordants m Discordants



Les gliomes malins dans le cadre d’un syndrome CMMRD= pRTK1

Neuro-Oncology Advances

g [s

CAMMRD European consortium, 10 pays ‘

79 patie nts avec pe rte bi-allél |q ue gé nes MMR Constitutional mismatch repair deficiency-associated
. P brain tumors: report from the European C4CMMRD
49 patients avec une tumeur cérébrale consortium

M Oye n n e 9 ) 3 a n S Léa Guerrini-Rousseau, Pascale Varlet, Chrystelle Colas, Felipe Andreiuolo, Franck Bourdeaut,

Karin Dahan, Christine Devalck, Cécile Faure-Conter, Maurizio Genuardi, Yael Goldberg,
Michaela Kuhlen, Salma Moalla, Enrico Opocher, Vanessa Perez-Alonso, Astrid Sehested,

2 6 cas re | us et Cl ass é S se | on O M S 2 O 1 6 Irene Slavc, Sheila Unger, Katharina Wimmer, Jacques Grill,” and Laurence Brugiéres’




Les gliomes malins dans le cadre d’'un syndrome CMMRD

Bonne concordance des données de perte d’expression avec les données moléculaires

Le plus fréquent: perte PMS2 puis MSH2, MSH6
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Témoin indispensable
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Tester CMMRD si gliome malin non-IDH, non-histone surtout
si cellules géantes

Demander renseignements cliniques: ATCD familiaux,
personnels (lymphome), consanguinité ou taches café-au-lait
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