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Learning Objectives

* Classify rare gliomas into broad clinical, histopathological, and
molecular categories

* Distinguish the various rare glioma entities from each other

 Summarize the key molecular alterations defining rare glioma
subgroups
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What I’'m NOT going to talk about

DH-wildtype GBM of adults
DH-mutant astrocytoma

DH-mutant and 1p/19q codeleted oligodendroglioma
Glioneuronal and neuronal tumors
Pilocytic astrocytoma

WHO 2021 Classification
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What | AM going to talk about

* Pediatric high-grade diffuse glioma
* Pediatric low-grade diffuse glioma
* "Circumscribed astrocytic gliomas”

WHO 2021 Classification




CASE PRESENTATION: 4 year-old male with a history of
intractable seizures and a left sided, non contrast-enhancing

ra

‘.»’ e

FGFR2-CTNNAS3 fusion on molecular testing




Infratentorial IDH-mutant astrocytoma

Infratentorial IDH-mutant astrocytoma is a distinct subtype

Acta Neuropath, 2020

Rouzbeh Banan' - Damian Stichel? - Anja Bleck - Bujung Hong? - Ulrich Lehmann® - Abigail Suwala?? -
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d Infratentorial IDH-mutant Astrocytoma
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Supratentorial IDH-mutant Astrocytoma
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Infratentorial IDH-mutant astrocytoma
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Core Histone Protein Mutations define Pediatric
High-Grade Diffuse Gliomas

Driver mutations in histone H3.3 and chromatin
remodelling genes in paediatric glioblastoma

Jeremy Schwartzentruber'*, Andrey Korshunov®*, Xiao-Yang Liu**, David T. W. Jones®, Elke Pfaff*, Karine Jacob®,
1g3 Martje 'Ibt‘l]&ﬂs' Volker I-[cwestadl“‘ Steffen Albredltﬁ

Somatic histone H3 alterations in th. Natalie Jiger®, Tobias Rausch'®, Marina Ryzhova'l,
ni'?, , Almos Klekner*, Laszlo Bognar, Martin Fbinger'®,

pediatric diffuse intrinsic pontinenaec. framad*, Woitgang Roggendort®
I_Epagg Alexandre Montpetit!, Magdalena Zakrzewska®

gliomas and non-brainstem Siegel*, Andreas F. Kulozik®, Marc Zaparcs®, Abhijit Guha®
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Core Histone Protein Mutations define Pediatric High-
Grade Diffuse Gliomas

Histone modifications
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Diffuse midline glioma, H3K27-altered, CNS WHO grade 4
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Diffuse midline glioma, H3K27-altered, CNS WHO
grade 4

Hemispheric
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H3 K27M mutation impairs H3K27me3 genome-wide

wt mut
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Diffuse midline glioma,
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Lewis P, et al., Science, 2013




Presence of H3K27M or lack of H3K27me3 can be assessed

immunohistochemically

Do not confuse H3K27M with
H3K27me3!!!

Similarly named biomarkers
with diametrically opposing
readouts.
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Posterior fossa type A (PFA) ependymomas also

show loss of H3K27me3

EPN PFB

- EPN_PFA
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Panwalkar P, et al., Acta Neuropath 2017




EZHIP overexpression mimics H3K27M mutation and is seen in
both PFA ependymoma and DMG!!
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Diffuse midline glioma, H3 K27-Altered, CNS WHO grade 4

H3 K27M mutation
H3 K271 mutation
EZHIP overexpression
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Jain SU, et al., Nature Commun, 2019




Diffuse hemispheric glioma, H3 G34-mutant, CNS WHO grade 4
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G34R/V mutant gliomas derive from distinct (neuronal) cells of origin
and may modulate PDGFRA through abnormal epigenetic contacts

Histone H3.3G34-Mutant Interneuron Progenitors
Co-opt PDGFRA for Gliomagenesis

Graphical Abstract

Histone H3.3 G34R/V high-grade gliomas
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Brain tumor 5

50% bear mutations
50% in PDGFRA

PDGFRA
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promotes astrogenesis, and is a potent oncogene

Cell, 2020
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In Brief

Lethal pediatric glioma arises from
misregulation of interneuron
differentiation.

Normal brain

@
‘ﬁ A\ Astrocyteike

Regional identity of human neural
stem cells determines oncogenic
responses to histone H3.3 mutants

Raul Bardini Bressan,'* Benjamin Southgate,'-? Kirsty M. Ferguson,’+? Carla Blin," Vivien Grant,' Neza Alfazema,-?
Jimi C. Wills,? Maria Angeles Marques-Torrejon,’ Gillian M. Morrison,’-? James Ashmore,' Faye Robertson,'?
Charles A.C. Williams,'-? Leanne Bradley,"-* Alex von Kriegsheim,? Richard A. Anderson,® Simon R. Tomlinson,'-®
and Steven M. Pollard:25*

Cell Stem Cell, 2021

Diffuse hemispheric glioma, H3 G34-mutant,
CNS WHO grade 4
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G34R/V mutant gliomas derive from distinct (neuronal) cells of origin
and may modulate PDGFRA through abnormal epigenetic contacts
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Diffuse pediatric-type HGG, H3-wildtype and IDH-wildtype, CNS
WHO Grade 4
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Biphasic growth pattern of pediatric HGG, MYCN-subtype




Infant-type hemispheric glioma

Glioma reference set (n = 1,652)
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Pediatric-type diffuse low-grade glioma

* Variable histopathology (astrocytic, oligodendroglial,
angiocentric)

* Overlapping palettes of molecular alterations, generally
mobilizing MAP kinase signaling

* Extended survival of patients contrasts sharply with diffuse
gliomas of adults

e Classification is very much a work in progress and limited by
the rarity of the tumors in question

€




Pediatric-type diffuse low-grade glioma
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MYB and MYBL1 alterations

Angiocentric glioma

=8 years

m

Diffuse glioma (DA, O, OA)
3-8 years

Female

:

Pilocytic or pilomyxoid astrocytoma

<3 years
Male
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Age
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Frequent mobilization of MAP Kinase signaling




Cancer Cell cancer cell, 2020
Ped iat ric-type d iffu se |0W- Integrated Molecular and Clinical Analysis of 1,000

Pediatric Low-Grade Gliomas
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DNA methylation profiling in surgical neuropathology

Unknown tumor
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Angiocentric glioma, CNS
WHO grade 1

Supratentorial localization
Patients with intractable seizures
Unique DNA methylation signature




Angiocentric glioma, CNS WHO grade 1
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Diffuse astrocytoma, MYB- or MYBL1-altered, CNS WHO grade 1

Supratentorial localization
Patients with intractable seizures
Unigue DNA methylation signature

Isomorphic diffuse glioma is a morphologically and molecularly
distinct tumour entity with recurrent gene fusions of MYBLT or MYB

and a benign disease course Acta Neuropath, 2019
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Diffuse astrocytoma, MYB- or MYBL1-altered, CNS WHO grade 1
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Polymorphous low-grade neuroepithelial tumor of the young
(PLNTY), CNS WHO grade 1

Supratentorial localization
Patients with intractable seizures
Unique DNA methylation signature




Polymorphous low-grade neuroepithelial tumor of the young
(PLNTY), CNS WHO grade 1
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Diffuse low-grade glioma, MAPK pathway-altered

Broader localization pattern throughout the neuraxis
No unifying DNA methylation cluster
Common, but not invariable association with epilepsy
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Circumscribed Astrocytic Gliomas (WHO 2021)

Pilocytic astrocytoma
High-grade astrocytoma with piloid features

Pleomorphic xanthoastrocytoma (PXA)
Subependymal giant cell astrocytoma

Chordoid glioma
Astroblastoma, MN1-altered




Circumscribed Astrocytic Gliomas (WHO 2021)

* High-grade astrocytoma with piloid features

* Chordoid glioma
e Astroblastoma, MN1-altered




Chordoid glioma, CNS WHO grade 2
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Arise with symptoms of obstructive hydrocephalus and/or compression of hypothalamus/optic chiasm
Thought to arise from specialized tanycytic ependymal cells of the organum vasculosum of the lamina terminalis




Chordoid glloma CNS WHO grade 2
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Astroblastoma, MIN-1 altered
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Identification as a unique constituent within supratentorial
PNET

New Brain Tumor Entities Emerge Cell, 2016
from Molecular Classification of CNS-PNETs

Dominik Sturm,’%%%9 Brent A. Orr,**® Umut H. Toprak,>**“° Volker Hovestadt,>®“° David T.W. Jones,"?
David Capper,27:¢ Martin Sill,2? lvo Buchhalter,2> Paul A. Northcott,'2 Irina Leis,” Marina Ryzhova,'?
Christian Koelsche,2 72 Elke Pfaff,'22 Sariah J. Allen,* Gnanaprakash Balasubramanian,?! Barbara C. Worst,! 22
Kristian W. Pajtler,!.2 Sebastian Brabetz,'? Pascal D. Johann,!.23 Felix Sahm,27# Jiri Reimand,'272 Alan Mackay,'4
Diana M. Carvalho,’* Marc Remke,'* Joanna J. Phillips,'®17 Arie Perry,'%77.1% Cynthia Cowdrey,'® Rachid Drissi,®
Maryam Fouladi,'? Felice Giangaspero,2” 2! Maria Lastowska,” Wiestawa Grajkowska,?? Wolfram Scheurlen,??
Torsten Pietsch,24 Christian Hagel,?® Johannes Gojo,2%27 Daniela L&tsch,2” Walter Berger,2 Irene Slavc,25
Christine Haberler,2® Anne Jouvet,22:20 Stefan Holm,31 Silvia Hofer,32 Marco Prinz,?#24 Catherine Keohane,?S Iris Fried, ¢
Christian Mawrin,*” David Scheie,*” Bret C. Mobley,*® Matthew J. Schniederjan,*® Mariarita Santi,*' Anna M. Buccoliero,*?
Sonika Dahiya,** Christof M. Kramm,* André O. von Bueren,** Katja von Hoff,%5 Stefan Rutkowski,*
Christel Herold-Mende,*¢ Michael C. Frihwald,* Till Milde,234 Martin Hasselblatt,*® Pieter Wesseling,>"51
Jochen RéBler,>2 Ulrich Schiller,535¢ Martin Ebinger,>71 Jens Schittenhelm,557! Stephan Frank,5” Rainer Grobholz,5®
Istvan Vajtai,”® Volkmar Hans,* Reinhard Schneppenheim,* Karel Zitterbart,5' V. Peter Collins,* Eleonora Aronica,®* 404

ﬂ ETMR

Pascale Varlet,5¢ Stephanie Puget,®® Christelle Dufour,%® Jacques Grill,>¢ Dominique Figarella-Branger,

Marietta Wolter,55% Martin U. Schuhmann,”®7! Tarek Shalaby,”? Michael Grotzer,”2 Timothy van Meter,”
Camelia-Maria Monoranu,™ 7% Jarg Felsberg,®8.5% Guido Reifenberger,525% Matija Snuderl,”® Lynn Ann Forrester,””
Jan Koster,”® Rogier Versteeg,”® Richard Volckmann,”® Peter van Sluis,”™ Stephan Wolf,2"? Tom Mikkelsen,®?

Amar Gagjjar,®' Kenneth Aldape,®? Andrew S. Moore,?354 Michael D. Taylor,'® Chris Jones,' Nada Jabado,?5 204 CNS NB-FOXR2
Matthias A. Karagjannis,?® Roland Eils,2557.88 Matthias Schlesner,2° Peter Lichter,2558 Andreas von Deimling, 272 CNS HGN ET- BCGR
Stefan M. Pfister,”22 David W. Ellison,*2° Andrey Korshunov,27 2% and Marcel Kool'2:20.% o Maza
% EPI~. ’ hu m_ e
w CHS EI—_|' CIC
\ = 04 EWS ' g HG Gy
1 22g12. piG PXA ‘
= (T TE I I_ID — s
= T Pee - HGG
. il T - 4 MYCN
E- "= = 20 ME zamy @ &
Favarse siand Revarsa sirand ) - HGG ax
E MBryer MB 5
- EI\/M*M\"‘M E|—-_'_'_‘—-—-_.—-—'_'_-_.—.] T T T T T
[ o mmmmET -40 20 0 20 40
- = St raagoeanm= T TSNE 1
¢ KEKAEa Hﬂﬂﬂ H__
T Exon 7-14 ] Exon 1

BENDZ:MN1




IMIN1 alterations define a clinically distinct tumor subgroup with
astroblastomatous histopathology

Multimodal molecular analysis of astroblastoma enables

reclassification of most cases into more specific molecular
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High-grade astrocytoma with piloid features
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Predilection for posterior fossa, but can arise across the CNS
Median age of 40 (older than standard pilocytic astrocytomas)
Most arise de novo




High-grade astrocytoma
with piloid features

Anaplastic astrocytoma with piloid features, a novel molecular class
of IDH wildtype glioma with recurrent MAPK pathway, CDKN2A/B

and ATRX alterations Acta Neuropath, 2018
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Summary

* |DH mutant astrocytomas can arise infratentorially
* Pediatric-type high-grade gliomas are defined by epigenetic
abnormalities

* Pediatric-type low-grade gliomas feature MAP kinase pathway
activation

* Pediatric-type low-grade glioma subclasses have emerged with
the aid of integrated molecular profiling (including global DNA
methylation analysis)

 Discrete molecular alterations characterize subsets of
circumscribed astrocytic gliomas

e Unigue DNA methylation signature defines HGAP @




4 year-old male with a history of intractable seizures and a left

sided, non contrast-enhancing temporal lobe mass

ion on molecular testing

PLNTY

FGFR2-CTNNAS3 fus
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