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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



What I’m NOT going to talk about

• IDH-wildtype GBM of adults

• IDH-mutant astrocytoma

• IDH-mutant and 1p/19q codeleted oligodendroglioma

• Glioneuronal and neuronal tumors

• Pilocytic astrocytoma

WHO 2021 Classification



What I 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 
temporal lobe mass CD34

FGFR2-CTNNA3 fusion on molecular testing



Infratentorial IDH-mutant astrocytoma

Acta Neuropath, 2020



Infratentorial IDH-mutant astrocytoma

Banan R, et al., Acta Neuropath, 2020



Core Histone Protein Mutations define Pediatric 
High-Grade Diffuse Gliomas

Nature, 2012

Nat Genet, 2012



Core Histone Protein Mutations define Pediatric High-
Grade Diffuse Gliomas

Schwartzentruber, J et. al., Nature, 2012

Diffuse midline glioma, 
H3 K27-altered

Diffuse hemispheric glioma,
H3 G34-mutant



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

Can arise anywhere from the basal forebrain 
structures to the spinal cord



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

Germline ACVR1 mutations cause
Fibrodysplasia Ossificans Progressiva (FOP)

Wu G, et al., Nat Genet, 2014



H3 K27M mutation impairs H3K27me3 genome-wide

wt mut

Lewis P, et al., Science, 2013

Diffuse midline glioma, 
H3 K27-altered,
CNS WHO grade 4

K27I mutations have the same effect!



Presence of H3K27M or lack of H3K27me3 can be assessed 
immunohistochemically

Do not confuse H3K27M with 
H3K27me3!!!

Similarly named biomarkers 
with diametrically opposing 
readouts. 

Venneti S, et al., Acta Neuropath, 2014



Posterior fossa type A (PFA) ependymomas also 
show loss of H3K27me3

Panwalkar P, et al., Acta Neuropath 2017



EZHIP overexpression mimics H3K27M mutation and is seen in 
both PFA ependymoma and DMG!!

Jain SU, et al., Nature Commun, 2019

Diffuse midline glioma, H3 K27-Altered, CNS WHO grade 4

H3 K27M mutation
H3 K27I mutation
EZHIP overexpression



Diffuse hemispheric glioma, H3 G34-mutant, CNS WHO grade 4



G34R/V mutant gliomas derive from distinct (neuronal) cells of origin 
and may modulate PDGFRA through abnormal epigenetic contacts 

Cell, 2020

Cell Stem Cell, 2021

Diffuse hemispheric glioma, H3 G34-mutant,
CNS WHO grade 4



G34R/V mutant gliomas derive from distinct (neuronal) cells of origin 
and may modulate PDGFRA through abnormal epigenetic contacts 

Chen CCL, et al., Cell, 2020
Bressan RB, et al., Cancer Cell, 2021



Diffuse pediatric-type HGG, H3-wildtype and IDH-wildtype, CNS 
WHO Grade 4 

Mackay A, et al., Cancer Cell, 2017

RTK1
PDGFRAamp
Lynch syndrome

RTK2
EGFRamp/TERT mut

MYCN
MYCNamp



Biphasic growth pattern of pediatric HGG, MYCN-subtype



Infant-type hemispheric glioma

Clarke M, et al., Cancer Discovery, 2020



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

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



Pediatric-type diffuse low-grade glioma

Recurrent involvement of a relatively narrow group 
of molecular alterations across histopath patterns

FGFR1 duplications
FGFR1 point mutations
FGFR1 fusions
FGFR2 abnormalities
BRAF V600E mutations
MYB and MYBL1 alterations

Frequent mobilization of MAP Kinase signalingZhang J, et al., Nat Genet, 2013

Qaddoumi I, et al., Acta Neuropath, 2016



Pediatric-type diffuse low-
grade glioma

Cancer Cell, 2020



DNA methylation 
profiling is driving 

brain tumor 
discovery and 
classification 

Pratt D, et al., Neuro-oncol, 2021



Angiocentric glioma, CNS 
WHO grade 1

Supratentorial localization
Patients with intractable seizures
Unique DNA methylation signature



Angiocentric glioma, CNS WHO grade 1

EMA
Nat Genet, 2015



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

Acta Neuropath, 2019

Supratentorial localization
Patients with intractable seizures
Unique DNA methylation signature



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

Wefers AK, Acta Neuropath, 2019



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

OLIG2

CD34 BRAF V600E



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



Diffuse low-grade glioma, MAPK pathway-altered

• IDH and H3 wildtype and no CDKN2A 
loss

• Indolent behavior is the rule, but no 
formal WHO grading as of yet, likely 
due to heterogeneity of this subclass

Zhang J, et al., Nat Genet, 2013

Qaddoumi I, et al., Acta Neuropath, 2016



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)

• Pilocytic astrocytoma

• High-grade astrocytoma with piloid features

• Pleomorphic xanthoastrocytoma (PXA)

• Subependymal giant cell astrocytoma

• Chordoid glioma

• Astroblastoma, MN1-altered



Chordoid glioma, CNS WHO grade 2

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 glioma, CNS WHO grade 2
TTF1

CD34

Nat Commun, 2018



Astroblastoma, MN-1 altered

• Architectural pattern 
extends across 
diagnostic entities

• Variable presence of 
high-grade features

• Female 
predominance

• Most are 
supratentorial



Identification as a unique constituent within supratentorial 
PNET

Cell, 2016



MN1 alterations define a clinically distinct tumor subgroup with 
astroblastomatous histopathology

Brain Pathol, 2018



High-grade astrocytoma with piloid features

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

Acta Neuropath, 2018



Summary

• IDH 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

• Unique 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

CD34

FGFR2-CTNNA3 fusion on molecular testing

PLNTY
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