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Mutation vs. Epigenetic changes

Mutation theory Epigenetic theory
e Alteration of the DNA structure * ‘epi’ means ‘above’, and
of the genome leading to the epigenetics means ‘above genetics’
development of various diseases « ‘Non-structural’ gene modifications
including cancer without modifying the DNA
* Point mutations, insertions, structure

deletions,....etc e Events which modify gene

* ATRT monosomy 22 expression without modifying the
structure of the genes themselves

* MGMT in GBM

* Oligo 1p/19q co-deletion



Epigenetics

Different mechanisms for the epigenetic modification, including

DNA methylation and histone modifications.

e Hypermethylation: the function of entire genes (including tumor suppressor
genes) can be suppressed.

e Hypomethylation: silenced genes, as well as growth promoting genes can be
activated.

An epigenetically modified DNA methylation landscape, is stable

and can be transmitted from one generation to next generation.
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Methylation Profile
Histological Diagnosis without Histology!

Reference cohort (81 classes)
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Pathological diagnosis

Diffuse astrocytoma,
IDH wild-type

Anaplastic astrocytoma,
10H wild-type

Glioblastoma,
IDH wild-type

Pilocytic astrocyioma
Pilacytic astrocytoma,
pilomyxoid variant
Pxa

zstic plecmorphic
MMWM
Anaplastic PA
Ependymoma

Anaplastic spendymoma
Astroblastoma
Choroid plexus
carcinoma

DNT

Ganglicglioma
DIGTHA

RGNT

Paraganglioma
Medulloblastoma, MOS
ETMA, NOS

ATRT

CMS embryonal fumaour,
NOS

Schwannoma
Malignant melanoma

Methylation class  Integrated diagnosis

GEM, RTK 1

GEM, RTK I

GEM, RTK Il
GEM, MES

GEM, MID

GEM, MYCN
GEM, G34
DMG, K27

PXA

ANA PR

AlDH
SUBEPN, PF

EFM, MPE

EPM, RELA
LGG, DNT
LGG, GG
LGG, RGMNT

LGG, PAPF

LGG, PAMID
LGG, 5T PAGG
LGG, MYB

ME, G3

ME, SHH CHL AD
ATRT, SHH
EWS

HGMET, BCOR
HGMET, MM1
IHG

MNG

MELCYT

Establighing new disgnaosis in 129 cases (12%)

Il WHO grade unchanged [l WHO downgradad

Il WHO upgradad

Glioblastoma.,
IDH wild-type

Diffesa midline
glioma, H3 K27TM
P¥A

[Anaplastic PA)
Diffuse astro. IDH
Subependymoma

Myxopap. epand.
Epend., RELA
DNT

Ganglioglioma
RGNT

o
eetrobytoma

ME, G3

ME, SHH

ATRT

Ewing sarcoma
[HGNET, BGOR)
HGMNET, MM1)
HG]
Meaningioma

Mealanocytoma

Firure 4 | Reassessment of discrepant cases and establishment of



1. Methylation profile is
“desirable” in the classification
of CNS tumors



Gliomas, Glioneuronal Tumors, and Neuronal Tumors
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(1) Adult-type diffuse gliomas

J

g

gliomas

4 )
(2) Pediatric-type diffuse low-grade

(3) Pediatric-type diffuse high-
grade gliomas

J
N

Y4

(4) Circumscribed astrocytic
gliomas

J\

N\

(5) Glioneuronal and neuronal
tumors

/\

Y4

(6) Ependymomas

AN

* The majority of primary brain tumors in neuro-oncology practice of adults, eg,
glioblastoma, IDH-wildtype.

e Expected to have good prognoses.

e Expected to behave aggressively.

e “Circumscribed” referring to their more solid growth pattern, as opposed to the
inherently “diffuse” tumors in groups 1, 2, and 3.

¢ A diverse group of tumors, featuring neuronal differentiation.

* Now classified by site as well as histological and molecular features.



2.1.2 Pediatric-type diffuse low-grade gliomas \
2.1.2.1: Diffuse astrocytoma, MYB- or MYBL1-altered l
2.1.2_2: Angioccentric glioma I
2.1.2.3: Diffuse low-grade glioma, MAFPK-altered I
2.1.2.4: Polymorphous low-grade neuroepithelial tumour of the young ]

iffuse high-grade gliomas

-1: Diffuse midline glioma, H3 K27 M-mutant

-2: Diffuse hemispheric glioma, H3 G34-mutant

3 Diffuse paediatric-type high-grade glioma, H3-wildtype and |DH-wildtype
: Diffuse midline glioma, EGFR-mutant

5 Infant-type hemispheric glioma, H3-wildtype

2.1.4: Clrcumscri I:md astrocytic gliomas

-4.1: Pilocytic astrocytoma

-4 2: High-grade astrocytoma with piloid features

-4 3! Pleomorphic xanthoastrocytoma

- |

-1

mmmmm;

6: Subependymal giant cell astrocytoma
.7 Chordoid glioma
-4_8: Astroblastoma-MN1
neuronal and neuronal tumours
5.1 Ganglioglioma
5.2 Desmoplastic infantile astrocytoma / ganglioglioma
-5.3: Dysembryoplastic neuroepithelial tumour
5.4 Diffuse glioneuronal tumor with oligodendroglioma-like features and nuclear clusters
B
3.
M

4
4
4
4
4
4

MR RN NRN

2.1.5: Gl

5: Papillary glioneuronal turmour

13 Diffuse leptomeningeal glioneuronal tumor
anyothers. ... .



(2) Pediatric-Type Diffuse Low-Grade Gliomas

* Mostly hemispheric, diffuse gliomas.

* Carry distinct molecular alterations, despite histological similarities to
adult gliomas.

* Appropriate molecular testing is therefore essential for accurate
classification and the identification of potential therapeutic targets.

* Associated with good prognosis.
 All considered grade 1.



Methylation Profile

Low-grade Neuro-epithelial Tumors
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{-SNE dimensionality reduction {2,601 samples)
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Pathological diagnosis Methylation class  Integrated diagnosis
Diffuse astrocytoma, GEM. RTK |
I0H wild-type
GBM, RTK I
GBM, RTK I
Anaplastic astrocytoma, Glioblastoma,
IDH wild-type GBM, MES IDH wild-type
GEM, MID
Glioblastoma, GEBM, MYCN
IDH wild-type GBM, G34
Diffesa midline
Pilocytic astrocytoma DMG, K27 glioma, H3 K27M
Pilacytic astrocytoma,
pilomymoid variant PEA Fxa
PXA i
; ; ANA PA mstic P
Aﬂm placmorphic [Anapl ]
x astrocytoma AIDH Diffuesa astro. IDH
Anaplastic PA SUBEPN, PF Subspendymoma
Ependymoma EFPM, MPE Myxopap. epand.
N . EPM, RELA Epend., RELA
e LGG, DNT DNT
Astroblastoma '
Choroid plenus LGG, GG Ganglioglioma
carcinoma LGG, RGNT RGM
DNT
- LGG, PAPF
Ganglicglioma PFilocytic
e castenee | o
RGNT '
Pl VB.G3 v, Ga
Ueck fiobiariome, MB SHHCHLAD  MB, SHH
ETMR. NOS ATRT, SHH ATRT
ATRT EWS Ewing sarcoma
HGMNET, BCOR [HGNET, BCOR)
(S embryonal tumour, HGMET, MN1 [HENET, MN1)
HE HG)
Schwannoma - MNG Meningioma
Malignant melanoma MELCYT Mealanocytoma

Establighing new disgnaosis in 129 cases (12%)
[l WHO grade unchanged [l 'WHO downgraded Il WHO upgradad
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Considered grade-l glioma




Polymorphous low-grade neuroepithelial tumor of the young
(PLTY)

* Polymorphous low-grade neuroepithelial tumor of the young (PLTY) is a newly recognized, epilepsy-
associated tumor type with MAPK alterations found in children and young adults
E. J. Rushing. MEMO. 2 February 2021. https://doi.org/10.1007/s12254-021-00680-x



https://doi.org/10.1007/s12254-021-00680-x

e
e g .

SR Ll

AV

8-
~

Louis et al. The 2021 WHO Classification of CNS Tumors. Neuro-oncology 2021



2. Pediatric-type diffuse low- grade
gliomas are distinct, grade 1
tumors, associated with distinct
molecular signature and good
pPrognosis.



2.1.2: Peadiatric-type diffuse low-grade gliomas
2.1.2.1: Diffuse astrocytoma, MYB- or MYBL1-altered
2.1.2.2: Angiocentric glioma
2.1.2.3: Diffuse low-grade glioma, MAFPK-altered
2.1.2.4: Polymorphous low-grade neuroepithelial tumour of the young

di
-3.1: Diffuse midline glioma, H3 K27 M-mutant l
3.2 Diffuse hemispheric glioma, H3 G34-mutant I
-3.3: Diffuse paediatric-type high-grade glioma, H3-wildtype and IDH-wildtype
3.4 Dnﬂ‘use midline glmma EGFF!: mutant I
3.5

2.1.4: Clircumscribed &nh*m:yﬁc gliomas
1.4.1: Pilocytic astrocytoma
-1.4_2: High-grade astrocytoma with piloid features
-1.4_3: Pleomorphic xanthoastrocytoma
-1.4.6: Subependymal giant cell astrocytoma
-1.4.7: Chordoid glioma

-1.4_8: Astroblastoma-MN1
2.1.5: Gl
5.1 Ganglioglioma
5.2 Desmoplastic infantile astrocytoma / ganglioglioma
-5.3: Dysembryoplastic neuroepithelial tumour
5.4 Diffuse glioneuronal tumor with oligodendroglioma-like features and nuclear clusters
-5.5: Papillary glioneuronal turmaour
-3.13 Diffuse leptomeningeal glioneuronal tumor
Many others. ...,



Methylation Profile
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Reference cohort (81 classes) t-SME dimensionality reduction {2 801 samples)
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Pathological diagnosis Methylation class  Integrated diagnosis
Diffuse astrocytoma, GBM, RTKI
I0H wild-type
GBM, RTK I
GBM, RTK I Gliobis
Anaplastic astrocytoma, ioblastoma,
IDH wild-type GBM, MES IDH wild-type
GEM_MID
Glioblastoma, GEBM, MYCN
IDH wild-type GBM, G34
" Diffuse midline
Pilocytic astrocytoma DMG, K27 glioma, H3 K27M
Pilacytic astrocytoma,
pilomyxoid variant XA FXA
Pra .
wc pleomorphic ANA PA {Anaplastic PA}
b astrocytoma Al Diffuesa astro. IDH
Anaplastic PA SUBEPN, PF Subspendymoma
Ependymoma EFPM, MPE Myxopap. epand.
Anaplastic ependymoma EPN, RELA Epend., RELA
Astroblastoma LGG, DNT DNT
Choroid plenus LGG, GG Ganglioglioma
carcinoma LGG, RGNT RGM
ioaii LGG, PAPF
Ganglioglioma PFilocytic
DIsmiA P
RGNT '
Persgznglima va.a: e, G2
Uackiobiaziome, NOS ME,SHHCHLAD  MBE, SHH
ETMR. NOS ATRT, SHH ATRT
ATRT EWS Ewing sarcoma
HGMNET, BCOR [HGNET, BCOR)
(S embryonal tumour, HGMET, MN1 [HENET, MN1)
HE HG)
Schwannoma MMNG Meningioma
Malignant melanoma MELCYT Mealanocytoma

Establighing new disgnaosis in 129 cases (12%)

Il WHO grade unchanged [l WHO downgradad

Il WHO upgradad

Firure 4 | Reassessment of discrepant cases and establishment of



DMG, H3 K27-altered

H3 K27[ne loss

DMG DMG, EGFR- DMG, H3 WT
H3.1/3.2 mutant with EZHIP
H3.3 K27- / e

altered K27-altered

expression

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



H3 K27M Mutation in Other Tumors/ Locations

* The prognostic significance of a H3 K27M mutation is
unclear in
* Unusual location or tumor entity

* Ependymomas, pilocytic astrocytoma and ganglioglioma
that were reported positive with H3 K27M mutation.



Two Immunostains

H3 K27M & H3 K27me
Positive (mutant) Negative(mutant)

Internal Control (-) Internal Control (+)
Histological grade is not important



Case-1; 204288 P7305.21
A 5 year old male patient
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Case-2; P7310.21
A 17 year old male patient with
a bithalamic tumor
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Case-2; Low grade component can
exist with high grade component.
ATRX can be mutant in a subset of
cases (15%)



Case-3;

MRN 86537 P1852.2014. A 7 year old
female patient with midbrain mass
invading the pons and the thalamus
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Case-3; Diffuse low grade glioma
can be the only “component”
sampled. If mutant (positive H3
K27M and/ or H3 K27 me negative),
this is considered grade 4,
regardless of the actual grade.
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3. All diffuse midline gliomas
should be tested for H3 K27
mutations



Methylation Profile

DHG, k

—

3 34 mutant

Gia-raroad Soblastoma Embryana

Salla

Epper dhyrral

22march2

Reference cohort (81 classes) b t-SME dimensionality reduction {2 801 samples)

1 ETMA i CHEL
1 M, WHT i GG, SEGA
N @ ME, G3 g EEN 2 LGG PAPF oty e P

2 ME, 54 £ N 2 LGG, PAMID ME.WNT 7l DE A PRy
B 2 MO SHHCHLAD 5 N 5 ANATA & T FSH LH
I 2 WA, SHH INF < [ 5 HGHET, MNi ! k 'l.;‘ A DH
N @ ATET, MYC 2 & HG STH 5P oI
I 2 ATRT, 2HH 5 B 4 LG5, MYE ADENOPT
> ATRT, TYA B 4 LG5, PAGE 5T
P @ LresnkiB, FOXR YA EME, A .
B 5 HGME)SCOR P RETE: AIDH, HG

1 DM, K27 1 SCHW, MEL ENE. B *
2 GOM, G34 ’ M, 53 PINT, PE A
. 2 GEM, MES 2 PTPR, A i PINT,PEE | PINT,PPT By ATHT, TYR
. 2 GEM, ATK | 5 2 PTPR, B .
=iomm  Coimum * e R e s
| . ATK = . PLEX, AD .
- GEM M 3 PINT,PPT GPH, -"-E'Mdl1III PGE.nC "’. e
- 4 CPH, PAP ATHT, M¥C

F mem 1 CHORDM a4 a’ PLECPEDA :
mmm i CN = R PLEX, PED B
| 1 BI#‘NT 'E | l t:r&g. h- =T i CHORDM F . i
| — . FTFR,
- 1 LG, DG § -3 STHMPG MnGgd HMPC oo WM PTPA, B
— A | . .-
=TT T e T L e ganw S
| - 3 / .
B 2 EHE, A £ mmm i MELGYT MELCYT Wm0 e
2 ENE 2 . s P ANEMAS o g o SNAMY Loa Pare W e SN £
I 2 PGS, g PLEX, - ¥
B : GG, GG o P PEDA meLan® g ?'t 5 o 1oE, EPN, AELA
I 1 CPH, ADM MG, k2T o . s EPN.YAP oy EPN.PFE
B 1 CPH, PAP 3 AIDH L anapa Y4 -
I 1 PITAD, ACH I 3 A IOH, HG CMS MB, FOXAZ GHEI | a o GG ONT
B 1 PITAD, F3H LH 3 OI0H aeEM, MID% FTH = GEM, MYCN * ™ SUBEPN, FF
= | BB B oy o mn, e GMES oo st
I 1 PITAD, TSH N 1 LYMPHO . o YA W) » .
B 2 PITAD, STHONSA 5 NN 1 PLASMA T LaNET MY CH
= & pruisco Gor 8 camcaa/ A ' cEBM
" e ADENOPIT SEM. RTH I ME, SHH CHL AD
B 1 EPM, RELA . . LIPN» ,ng
-% %Z PEA £ mmm  HEMI 1 LGG, DIGMIA o MIE, SHH INF
w2 EPNPEE 5 mm ETHAL 2 SCHW, MEL HGNET, BCOR
| ' = 3 SUBEPN, SPINE
B ¢ CPN, MPE - %5‘;-1- 4 oo Mve .
N ¢ SUBEPN, PF ] ] F"
AEACT 5 IHG - .

B 4 SUBEPN, SPINE
. 4 SUBEPN, ST 6 LGG, PAGG ST EPH, PF A Desirable WHC
Fislation to WHO ertities [category): g DLGNT EI?JH criteria
1 Eguvalent 3 Mot =guevalent fcombining grades) B LGG, 2EGA
2 Bubcloss 4. Mot sguivalent {combining entites) 10 Control REACT
018 | VO L5 55 HerihiiReE $yAd-Ddoi: 10.1038/hature26000

)

Pathological diagnosis Methylation class  Integrated diagnosis
Diffuse astrocytoma, GBM, RTKI
I0H wild-type
GBM, RTK I
GBM, RTK I Gliobis
Anaplastic astrocytoma, ioblastoma,
IDH wild-type GBM, MES IDH wild-type
GEM_MID
Glioblastoma, GEBM, MYCN
IDH wild-type GBM, G34
" Diffuse midline
Pilocytic astrocytoma DMG, K27 glioma, H3 K27M
Pilacytic astrocytoma,
pilomyxoid variant XA FXA
Pra .
wc pleomorphic ANA PA {Anaplastic PA}
b astrocytoma Al Diffuesa astro. IDH
Anaplastic PA SUBEPN, PF Subspendymoma
Ependymoma EFPM, MPE Myxopap. epand.
Anaplastic ependymoma EPN, RELA Epend., RELA
Astroblastoma LGG, DNT DNT
Choroid plenus LGG, GG Ganglioglioma
carcinoma LGG, RGNT RGM
ioaii LGG, PAPF
Ganglioglioma PFilocytic
DIsmiA P
RGNT '
Persgznglima va.a: e, G2
Uackiobiaziome, NOS ME,SHHCHLAD  MBE, SHH
ETMR. NOS ATRT, SHH ATRT
ATRT EWS Ewing sarcoma
HGMNET, BCOR [HGNET, BCOR)
(S embryonal tumour, HGMET, MN1 [HENET, MN1)
HE HG)
Schwannoma MMNG Meningioma
Malignant melanoma MELCYT Mealanocytoma

Establighing new disgnaosis in 129 cases (12%)

Il WHO grade unchanged [l WHO downgradad

Il WHO upgradad

Firure 4 | Reassessment of discrepant cases and establishment of



Diffuse hemispheric glioma, H3 G34R-m, grade 4
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4. Pediatric-type diffuse
hemispheric gliomas should be
tested for H3 G34 mutation



2.1.2: Pediatric- iffuse low-grade gliomas

1: Diffuse astrocytoma, MYB- or MYEBEL1-altered
2: Angiocentric glioma

3: Diffuse low-grade glioma, MAPHK-alteraed

4: Polymoarphous low-grade neuroepithelial tumour of the young

d
2.
2.
2.
2.
2.1.3: Pﬂdi&tﬂt-‘l‘ypﬂ diffuse high-grade gliomas
-3.1: Diffuse midline ghoma, H3 K27 M-mutant
3.2 Diffuse hemispheric glioma, H3 G34-mutant
3.3 Diffuse paediatric-type high-grade glioma, H3-wildtype and IDH-wildtype
-3.4: Diffuse midline glmma EGFF!: mutant
3.
2.1.4: Clircumscribed &nh*m:yﬁc glinman
-4.1: Pilocytic astrocytoma
-4 2: High-grade astrocytoma with piloid features
-4 3! Pleomorphic xanthoastrocytoma
4.6 Subependymal giant cell astrocytoma
4. ? Chordoid glioma

\____/

5.1 Ganglioglioma

5.2 Desmoplastic infantile astrocytoma / ganglioglioma

-5.3: Dysembryoplastic neuroepithelial tumour

5.4 Diffuse glioneuronal tumor with oligodendroglioma-like features and nuclear clusters
-5.5: Papillary glioneuronal turmaour

-3.13 Diffuse leptomeningeal glioneuronal tumor

Many others. ...,



Methylation Profile

Circumscribed Astrocytic gliomas

t-SME dimensionality reduction {2 801 samples)

)

1 ETMA i CHGL
1 WS, WNT 1 GG, SEGA
N 2 MG, G2 g NN 2 LGG. PAPF L
7 2 ME, G4 E BN 2 LGS PAMID MEWHT  £10i DS As FRL
B @ WS, SHH CHL + EE 5 ANAPA " T FSH LH
2 [ 2 ME, SHH INF = [ 5 HGHET, M1 ! [ S
£ W 2 ATHT, MYC 2 5 IHG STHSPA & OIoH
o [ 2 ATHT, SHH S 4 LGS, MYE ADENCPIT
B 2 ATRT. TYR B 4 GG, PAGE 5T
I 2 CNS 8, POz — N ENE, A X
[ | BCOR RETE AlDH, HG
1 DMG, K27 =S ENB. B PoNT PE A
5 -2 GEM, G4 ME, G3 :
. 2 GBM, MES 2 PTPR, & i PINT,PEE | PINT, PPT B ATHT, TYR
ﬁ . 2 GEM, ATK | = 2 PTPA, B -
Siams IS ~ e Q.
o z 8 PLEX, AD -
o -ggﬁumm 3 PIN T, PPT l3F‘H--"I'h"‘l1l na;:;.m: ". e
] MY CPH, PAP . ATHT, MY C
F w1 CHORDM ME, G4 o PLECPED A -
. 1 CH 5 1 EWS PLEX, PED B
— e e pren, &
] — ]
T mmm 1 LG, DIGDIA g .3 SFTHMPC MNG —
o mmm 1 LGG, DNT = W 5 EFT, O
o 1 LGG, RGNT W EPN, MPE
 Si58 =i
— —%
T o ENELD : Loe. Plles % EPN,SPINE ﬁ
B Z PGG. G £ N3 PLEX, AD
B & GG, GG £ NN 3 PLEX, PED A EPN, AELA
- _ & 3 PLEXPEDE —
| . ADM 5 : . var ¢ EPM,PFE
=, L omam | e S
g , CNS NB, FOXR2
- ] PITAD AL © # oK aam, wng T I Gl - -
T mmm 1 PITAD, 5TH SPA SEM. ETH I ';-qﬁiu-__ Jam. M Comrsl  SUBEPM, ST
I 1 PITAD, TSH N 1 LYMPHO ! . _&,P » v
BN 2 PITAD, STHONSA & 1 PLASMA P R 4
W 2 PITAD. STHONSE 2 e .
-4 PR SCO.ECT  F ADENOPIT [ CEBM g, sim oL AD
B 1 EPM, RELA . . LIFN» ,I!.{?
-%%;FAPA C mmm HEMI 1 LGG, MIGTA * ME, SHH INF
E-zEF'M.PFE 5 mm ETHAL 2 SCHW, MEL HGHET, BGOR
N 2 EPM, SPIME - PINEAL 3 SUBEPH, SPINE .
£ mmm : EPH, MPE -
— 4 LGE, MYH
& w4 SUBEPN, PF s e
B 4 SUSEPH, SPINE B - .
4 SUGEPN, & LGG, PA/GG ST EPN, PF A Desirable WH(
7 LGG, GG - . .
Relaticn to WHO ertities [categony): B DLGNT ETv criteria
1 Eguwalent 4 Mot eguivalent {oombining grades) 8 LGG, 3EGA
2 Bubcloss 4. Mot sguivalent {combining entites) 10 Control REACT
22march2018 | VO LS 565 HN-AF4iReE 4D doi:10.1038/hature26000

Pathological diagnosis

Diffuse astrocytoma,
IDH wild-type

Anaplastic astrocytoma,
10H wild-type

Glioblastoma,
IDH wild-type

Pilocytic astrocytoma
Pilacytic astrocytoma,

Paraganglioma
Medulloblastoma, NOS
ETMA, NOS

ATRT

CMS embryonal fumaour,
NOS

Schwannoma
Malignant melanoma

Methylation class  Integrated diagnosis

GEM, RTK 1

GEM, RTK I

GEM, RTK Il
GEM, MES

GEM, MID

GEM, MYCN
GEM, G34
DMG, K27

PXA

ANA PR

AlDH
SUBEPN, PF

EFM, MPE

EPM, RELA
LGG, DNT
LGG, GG
LGG, RGMNT

LGG, PAPF

LGG, PAMID
LGG, 5T PAGG
LGG, MYB

ME, G3

ME, SHH CHL AD
ATRT, SHH
EWS

HGMET, BCOR
HGMET, MM1
IHG

MNG

MELCYT

Establighing new disgnaosis in 129 cases (12%)

[l WHO grade unchanged [l 'WHO downgraded Il WHO upgradad

Glioblastoma.,
IDH wild-type

Diffesa midline
glioma, H3 K27TM

PxA

[Anaplastic PA)
Diffuse astro. IDH
Subependymoma

Myxopap. epend.

Epend., RELA
DNT

Ganglioglioma
RGNT

Fi .
astrocytoma

ME, G3

ME, SHH

ATRT

Ewing sarcoma
[HGNET, BGOR)
HGMNET, MM1)
HG)
Meningioma

Mealanocytoma

Firure 4 | Reassessment of discrepant cases and establishment of



Major Changes Relevant to Glioma in 2016

Rebuilding of

glioma family tree

Pathogenetic, prognostic and probably therapeutic similarities




Depending on the success of current clinical trials, “low grade glioma with BRAF fusion” or
“low-grade glioma with BRAF V600E” could become success story for the pediatric
neurooncology world

low-grade gliomaon | . 2
light microscopy s ATy TN
BRAF BRAF o= o P S
fusion V6OOE | . . ' & . .
PA or PMA favor PXA, = %* R
most likely GG, or DA ‘-‘j <k o e

¥ S




Case-06

* 2011

* A 16-year-old girl, presented with tonic-
clonic convulsions

* Brain MRI; Non-metastatic large complex
solid/cystic mass at left parietal lobe at
initial presentation.

* STR































Diagnosis
PXA with anaplasia

 Scattered mitotic figures
* No necrosis or MVP
* Reticulin stain is focal/negative

* [mmunostains
* GFFAP positive
* 5-100 positive
CD34 positive
Synaptophysin occasional positive
NFP;: absence of infiltration
Ki-67 (5%)



Three Years Later (2013)

* Local progression

e Re-discussed at
videoconference

* Underwent near total
surgical resection

 Same pathology

e Tested for BRAF
V600E







2.1.2: Peadiatric-type diffuse low-grade gliomas
2.1.2.1: Diffuse astrocytoma, MYB- or MYBL1-altered
2.1.2.2: Angiocentric glioma
2.1.2.3: Diffuse low-grade glioma, MAFPK-altered
2.1.2.4: Polymorphous low-grade neuroepithelial tumour of the young

2.1.3: Pediatric-

1: Diffuse midline gioma, H3 K27 M-mutant

2: Diffuse hemispheric glioma, H3 G34-mutant

3: Diffuse paediatric-type high-grade glioma, H3-wildtype and |DH-wildtype
: Diffuse midline glioma, EGFR-mutant

5: Infant-type hemispheric glioma, H3-wildtype

2.1.4: Circumscribed astrocytic gliomas

-4.1: Pilocytic astrocytoma

-4 2: High-grade astrocytoma with piloid features

-4 3! Pleomorphic xanthoastrocytoma

4

r-9

d
2.
2.
2.
2.

pe diffuse high-grade gliomas
3.
3.
3.
3.4
3.

MMMMM‘E

1
P
4
P
4

6: Subependymal giant cell astrocytoma
? Chordoid glioma

5.1 Ganglioglioma

5.2 Desmoplastic infantile astrocytoma / ganglioglioma

-5.3: Dysembryoplastic neuroepithelial tumour

5.4 Diffuse glioneuronal tumor with oligodendroglioma-like features and nuclear clusters
-5.5: Papillary glioneuronal turmaour

-3.13 Diffuse leptomeningeal glioneuronal tumor

M

- s - s .



L_]g

IfTuse glioneuronal tum

tures and nucle

— Y

=0

)

e Diffuse glioneuronal tumor with
oligodendroglial features and
nuclear clusters (DGONC)

E. J. Rushing. MEMO. 2 February 2021. https://doi.org/10.1007/s12254-021-00680-x



https://doi.org/10.1007/s12254-021-00680-x

Case-7
P7135.21. A 25 year old male patient with left

=11 Al 1l]C



















Chromogranin.










Case-7
P7135.21. A 25 year old male patient with left




5. Circumscribed gliomas/
glioneuronal tumors should be
tested for BRAF alterations



Methylation Profile
Ependymoma

d Riference cohort (91 classes)
= 1 ETMA w1 CHGL
1 M, WNT 1 LG, SEGA
N 2 M, G2 E M 2 LGG.PAPF
7 2 MB, G4 S N 2 LGG, PAMID
BN 2 MB, SHHCHLAD & BN 5 ANAPA
= 2 WG, SHH INF = M 5 HGHET, MNi
£ EE 2 ATRT, MYC z § HG
i [ 2 ATRT, SHH S A GG, MYE
B 2 ATRT, T¥A B 4 LGS, PAAGE ST
B 2 CHS WB, FoRRA2 . i PEA
B 5 HGMET, BCOA
1 SCH
1 DMIG, K27 1 SCHW, MEL
5 -2 GEM, G34
5 W 2 GEM, MES 2 PTPR, &
f -2 GEM, ATK 5 2 PIPR,E
& W 2 GEM, ATK I £ 2PINT.PRE
T 2 GEM, ATK z 4 PINT.PBA
7 . 2 GAM, MID 3 PINT, PPT
. 2 GBM, MYCH
T mEm 1 CHORDM
. 1 CH 5 1 EWS
. 1 DLGHT 5 w1 HME
LT £ mmm 4 MNG
T w1 LGG, DIGTIA 7 3 SFTHMPC
U mmm 1 LGG, DNT = W G EFT, CIC
¢ mmm 1 LGS, PGNT
- mmm 1 RETB 1 MELAN
= mmmm 2 ENE, A £ w1 MELCYT
"' MM 2 EMB.B -
I 2 PGG, nC & H 3 PLEX, AD
B 4 LGG, GG £ MM 3 PLEX, FED A
o 3 PLEX PEDB
I 1 CPH, ADM x
B 1 CPY, PAP 3 AIDH
B 1 PITAD, ACH £ 3 AIDH, HG
B 1 PITAD 3 OI0H
1 PITAD :
1 PIT S
I 2 PITAD E
. 2 PIT g
= 4 PITUI = P e—
1 EPN, RELA
B 2 EPH, YAP . EE"I-"'
=i
] . 5
N 2 EPM, SPINE i HE&”
N 4 EPN, MPE P
B 4 SUSEPN, PP AEnT
B ¢4 SUBEPN, SPINE
I ¢ SUBEPN,
_ SR o {category):
1 Eguvalent 3 Mot =guevalent fcombining grades)

2 Subcloss 4 Mot sguivalent {combining =ntibes

t-SME dimensionality reduction {2 801 samples)

7H one 70
ME. WHT 57 DS Ag, PRL
& TS o u P ADH
STHSPA &
ADENCPIT

OI0H

EMB, A .
RETE AIDH, HG

BRA '.F'INT,PEIJ.

PINT,PEE ‘HNT.PF'T
. PIMEAL
GPH, ADM

MEB, G3

PGG, nC
% CPH, PAP .

"’F'LEK.AD

" i
& PLECPED A

EWS cyoppu PTULSCO,GoT  PLECPERE
pren, A

M, 54

oy, T
e HMPC o
EFT, CICS 2 )

INFLAM
G

DMIG, K27 ¥
- LYMFHD apa pa 4*‘.
CMS NE, FOXA2 G a
GEM, MID® i = GBM, MYCH F
"5 o s GHM, MEZ
GEM, AT, i)

CEBM

Do = o e G R sk

1
22march2018|VOLS5 55HN-AELR=E §1A7-0d0i:10.1038/hature26000

% EPN, SPINE ﬁ

ﬂ LPM, PF B

SUBEPH, PF

LIFN» -]

B ATHT, TYR

A: ATAT, SHH
Y

ATHT, MYC

EPMN, RELA

MB, SHH CHL AD

A7

L M8, 5HH INF

Desirable WH(

criteria

)

Pathological diagnosis

Diffuse astrocytoma,
IDH wild-type

Anaplastic astrocytoma,
10H wild-type

Glioblastoma,
IDH wild-type

Pilocytic astrocyioma
Pilacytic astrocytoma,
pilomyxoid variant
Pxa

zstic plecmorphic
xanthoastrocytoma

Anaplastic PA
Ependymoma

\_"‘-"' -
o N/
N\
W 5

Anaplastic spendymoma
Astroblastoma
Choroid plexus
carcinoma

DNT

Ganglicglioma
DIGTHA

RGNT

Paraganglioma
Medulloblastoma, MOS
ETMA, NOS

ATRT

CMS embryonal fumaour,
NOS

Schwannoma -
Malignant melanoma

Methylation class  Integrated diagnosis
GBM, RTK | 7

GEM, RTK I

GEM, RTK Il

Glioblastomna,

GEM, MES IDH wild-type
GEM, MID
GEM, MYCN
GEM, G34

~  Diffuse midline
DMG, K27 glioma, H3 K27TM
PXA FXA
AMA PA {Anaplastic FA)

s |

[elew.
LGG, GG

Ganglioglioma
LGG, RGMNT RGNT
LGG, PAPF
LGG, PAMID &b&ﬁﬁom
LGG, 5T PAGG
LGG, MYB
ME, G3 ME, G3
ME, SHH CHL AD ME, SHH
ATRT, SHH ATRT
EWS Ewing sarcoma
HGMET, BCOR [HGNET, BGOR)
HGMET, MM1 HGMNET, MM1)
IHG HG)
MMNG Meaningioma
MELCYT Mealanocytoma

Establighing new disgnaosis in 129 cases (12%)
[l WHO grade unchanged [l 'WHO downgraded Il WHO upgradad

Firure 4 | Reassessment of discrepant cases

and establishment of



Ependymoma

Molecular
WHO grade  Features

Age Sex
-
s sons
— R
-

dgdd9e 1 Balonced genome
TR A
a9 —
g9 1 Chv 6q dwotn
dgd9 213 NF2 mutations
g9 2
g9 i~

E. J. Rushing. MEMO. 2 February 2021. https://doi.org/10.1007/s12254-021-00680-x

Outcome

L JON N N N N NON

[ 2 "§
W CPH, Fae -rF'LEI".', — ATHT. MYC
ser T2 cuonpm PITUL SC0, GCT FLEL PED B
HMPC v - PTPR, A
. SCHW IMFLAM
5 = CHGL
FT. CIC S e g

&
MELCYT g 0
- 4 PIA

3 B
MELAN % 7
; T

. ”
EPH, YAP ..a; E PFE
TFHD apa pa .4# I‘-‘I. P,
3
GEM, MYCHN
GEM, MES
o
LA HGHET, MM1 CN
w F
¥ CEBM
|'3"g||.|| ATK Il MB, SHH CHL AD
: LIPH = :'i?
* MIB, SHH IMF
HGMET, BCOR
"‘H
EPN, PF A
L}
ETHA


https://doi.org/10.1007/s12254-021-00680-x

Supratentorial Ependymoma
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Posterior Fossa Ependymoma

Immunohistochemical analysis of HIK27me3 demonstrates global
reduction in group-A childhood posterior fossa ependymoma

and is a powerful predictor of outcome Pooja Panwalkar' - Jonathan Clark” - Vijay Ramaswansy™ - Debra Hawes* - Fusheng Yang' -
Christopher Dunham*” - Stephen Yip® « Juliette Hukin - Yilun Sun® - Matthew J. Schipper® - Lukas Chavez” -
Ashley Margol™ - Melike Pekmezei'' » Clian Chung' - Adam Banda® + Jill M. Buyliss® - Surah J. Curry” -
Markarita Santi' - Fausto J. Rodrigues'’ - Matija Snuderd™ - Matthies A. Karajunnis'® - Amanda M. Saratsis'
Craig M. Horbinski™ - Anne-Sophie Carret"™ - Beverly Wikon™ - Donna Johnston™ « Lucie Lafay-Cousin®™
Shayna Zeloer™ < David Flsenstat® - Marlanna Silva®™ « Katrin Schelnemann®™ - Nada Jahad o™ -
P. Danlel MeNeely™ « Murcel Koof™' « Stefun M. Pfiser™ 22 < Michael D, Tuylor™ - Cynthis Hawkine®' -
Andrey Korshunov™ « Alexander R. Judkins® - Srivam Venneti' ™

EPN_PFA

\

Grade Il

Grade Il



Posterior Fossa Ependymoma

TORONTO HEIDELBERG COMBINED
401 nesg p00002 ey p=00001 709 n=83 <0.0001
: 601 60+ -
4 of 0
9
}é . 4 2
301 304
101 271 &1
0 , 0 - ' 0. C..
Group A Group B Group A Group B Group A Group B
D G
PF Location Cerebellar Invasion  Recurrence after 5 years  Mortality after 5 years
HEIDELBERG HEIDELBERG HEIDELBERG HEIDELBERG
Q 5% 5% 5%
Group A Group B GroupA  Group B GroupA  Group B GroupA  GroupB
W lateral W yes W yes W yes
Omedial =37 p<0.0001 O no nedy p*0.04 Ono 03 p=0.0424 Ono ne35  pe0.0164

Witt H. Cancer Cell. 2011 Aug 16;20(2):143-57. doi: 10.1016/j.ccr.2011.07.007
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Spinal ependymoma, MYCN mutant

N TAS
Usually intradural, %%
extramedullary ‘ '
with invasion of
the spinal cord
cervical and
thoracic spine
Leptomeningeal .
metastasis o e
Poor prognosis >




P5039.21
MPE- grade 2



6. Ependymoma should be divided
by location and each location has
specific molecular profile



Methylation Profile
Embryonal tumors- Medulloblastoma

Hio-rrona Gliablastoma
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Epper dhyrral

22march2
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B 1 EPN, RELA -
B 2 EPH, YAP . CESM
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N 2 EPN.PF O 5 . Lt
N 2 EPN, SPINE O PELL
¢ EPN, MPE - s
B 4 SUBEPN, PF L AEACT
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t-SME dimensionality reduction {2 801 samples)
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% EPN, SPINE ﬁ

EPMN, RELA

ﬂ LPM, PF B

SUBEPN, FF

criteria

Pathological diagnosis

Diffuse astrocytoma,
IDH wild-type

Anaplastic astrocytoma,
10H wild-type

Glioblastoma,
IDH wild-type

Pilocytic astrocyioma
Pilacytic astrocytoma,
pilomyxoid variant
Pxa

zstic plecmorphic
MMWM
Anaplastic PA
Ependymoma

Anaplastic spendymoma
Astroblastoma
Choroid plexus
carcinoma

DNT

Ganglicglioma
DIGTHA

RGNT

Paraganglioma
Medulloblastoma, MOS
ETMA, NOS

ATRT

CMS embryonal fumaour,
NOS

Schwannoma
Malignant melanoma

Methylation class  Integrated diagnosis

GEM, RTK 1

GEM, RTK I

GEM, RTK Il
GEM, MES

GEM, MID

GEM, MYCN
GEM, G34
DMG, K27

PXA

AMNA PA
AlDH
SUBEPN, PF
EPM, MPE

EPM, RELA
LGG, DNT
LGG, GG
LGG, RGNT
LGG, PAPF

LGG, PAMID

HGMET, MM1
IHG

= MNG
MELCYT

Establighing new disgnaosis in 129 cases (12%)

Il WHO grade unchanged [l WHO downgradad

HGNET, BLAR

Il WHO upgradad

Glioblastoma.,
IDH wild-type

Diffesa midline
glioma, H3 K27TM
P¥A

{Anaplastic P4

Diffuesa astro. IDH
Subependymoma

Myxopap. epand.
Epend., RELA
DNT

Ganglioglioma
RGNT

o
cetrobytoma

Firure 4 | Reassessment of discrepant cases and establishment of



Medulloblastoma

 Medulloblastoma, Molecular classification
* Medulloblastoma Wnt activated
* Medulloblastoma, SHH activated and p53 wt
* Medulloblastoma, SHH activated and p53 mt
* Medulloblastoma, non-Wnt, non-SHH

* Medulloblastoma, histologic classification



Classical Medulloblastoma -
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Outcome and Histologic Variant
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S Grouns Groun
2% of Cases 10 30 25 35
Age at Diagnosis Ii\ * = i - Ii\ li\
Gender Ratio (M:F) = B =78 2:1 38

Clinical Characteristics

Anatomic Location

Histology

Classic,
Rarely LCA

Desmoplastic,
Classic, LCA

Classic, LCA

Classic, LCA

Metastasis at
Diagnosis (56)

5-10

15-20

40-45

35-40

Recurrence Pattern

Prognosis

Rare;: Local
or metastatic

Very good

Local

Infants good,
others intermediate

Metastatic

Poor

Metastatic

Intermediate

Molecular Characteristics

Proposed Cell
of Origin

Progenitor cells
in the lower
rhombic lip

Granule precursors
of the external
granule layer

Neural
stem cells

Unipolar
brush cells

SNCAFP
Recurrent Gene MY CN MY MY CN
Amplifications = GLIT or GLIZ MY CIN oOoTXZ2
oTX= CDK6
CTNNE 7 Sl smAaARCA4 KDMEA
DDX3X <BTBD4 =M Y M3
S ORI sSmAaARCA4 e CTDNEFPT KTM2C
TP,S53 s KMTZ20D <KBTBD4
Cytogenetic Events & 3qg. Op 1g, 7, 18 7, 18q
m Gain B Loss 2q. 10q. 17p S SR ¥ Sy RO B
i17qg i17qg

Other Recurrent
Genetic Events

GFIT and GFITEB
enhancer hijacking

PRDM6E6, GFI7,
and GFITB
enhancer hijacking

Age: 2 Infant 'i\ Child 'i‘ Adult

JUITUSCITIKU UTU 1UYIVL. J INSUITOSUIY FeUlUll. LU 1 7,44(4).000—

Zhao et al. J Neurooncol. 2018;139(2):333-




Medulloblastoma

SHHM 2

WNT-activated _ |
non-VWNT/non-SHH 1

0 - ~ e = non~VYWT/non-SHH 2
non-VYWNT/non-SHH 3

N

-100 -50
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Case-10
MRN 221421/ P9108.22

* An 11-year-old previously healthy child, noted 2 months ago to have
headaches, and later had altered level of consciousness and went to
ER were CT brain done showed hydrocephalus and post fossa tumor.

* Brain MRI, there is mild heterogeneous contrast enhancing lesion
centred at the right cerebellar hemisphere.


















Synaptophysin









...l.t;,..‘ ©
. \».\













Case-10
MRN 221421/ P9108.22

* Medulloblastoma, Anaplastic/ large cell type, P53 mutant, WHO
grade 4.



7. Medulloblastoma should undergo
molecular classification (some
surrogate markers include P53,
beta-catenin, and cMYC)



Other Embryonal Tumors

Other CNS embryonal tumours

 Atypical teratoid rhabdoid tumor
(AT/RT) - ®

* Cribriform neuroepithelial tumor

* Embryonal tumor with
multi-layered rosettes (ETMR)

* CNS neuroblastoma FOXR2
activated

e CNS tumor with BCOR internal ~ Serkech
tandem duplication g



Methylation Profile
Embryonal tumor- AT/RT

Gia-raroad Globlastoma Embryana

Salla

Epper dhyrral

22march2

(@1 classes)
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1 MB, i LG5, SEGA
N 2 B, g EEN 2 LGG. PAPF
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[ 2 MB, = [ 5 HGNET, MNi
N 2 ATET, =2 § HG
I @ ATHT, O B 4 UGG, MYE
I 2 ATHT, I 4 LGG. PAGE
- ' 1 SCHW
1 MG 1 SCHW, MEL

. 2 GBM, MES 2 PTPA, A
. 2 GBM, ATK | 3 2 PTPA, B
2 GEM, ATE I & 2PINT.PBE
. 2 GBM, ATE I z 4 PINT,PBA
. 2 GEM, MID 3 PINT, PPT
. 2 GEM, MYCH

E mmm 1 CHORDM
. 1 CH 5 1 EWS
i DLGNT L mmm i HMB
w1 LIPN £ mmm 4 MNG
1 LGG, DIGTIA § B 3 SFTHMPC
i LGG, ONT = W 5 EFT, CIC
1 LGG, RGNT
== 1 RETE i MELAN
. 2 ENE, A . 1 MELCYT
N @ ENE, B
2 PGG, nC g W 3 PLEX, AD
I 4 LGS, GG £ MM 3 PLEX, FED A

o I3 PLEX PEDB
N 1 CPH, ADM
N 1 CPH, FAP 4 ANDH
I 1 PITAD, ACH I 4 ANDH, HG
I 1 PITAD, F3H LH 3 O I0H
I i PITAD, PAL :
1 PITAD, STH SP&
B 1 PITAD, TSH 1 LYMPHO
B 2 PITAD, STHONSA 5 NN 1 PLASMA
W 2 PITAD. STHONS B g
B 4 PITULSCO,GCT - 8 %Emprr
B 1 EPN, RELA -
B 2 EPH, YAP . CESM

C mmm HBM
N 2 EPNPFA B TPTHAL
N 2 EPN.PF O 5 . Lt
N 2 EPN, SPINE O PELL
¢ EPN, MPE - s
B 4 SUBEPN, PF L AEACT
B 4 SUBEPHN, SPINE
B 4 SUBEPN, ST
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t-SME dimensionality reduction {2 801 samples)
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cou, Ming TR e GBM, MYCH pe - SUBEPN, PF
'!3? GEM, MES Cortrl  SUBEPH, T
GEM, ATK I, Syt .
* '*:q"a-,;'- ¥ HGHET, MH1 cH
GEM,G3 Ak
i CEEM 5. sHH CHLAD
' LIFN = ,:!?
1 LGG, DGTIA & MB, SHH INF
2 SCHW, MEL HENET, BCOR
3 SUBEPN, SPINE .
4 LGG, MYD
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Pathological diagnosis

Diffuse astrocytoma,
IDH wild-type

Anaplastic astrocytoma,
10H wild-type

Glioblastoma,
IDH wild-type

Pilocytic astrocyioma
Pilacytic astrocytoma,
pilomyxoid variant
Pxa

zstic plecmorphic
MMWM
Anaplastic PA
Ependymoma

Anaplastic spendymoma
Astroblastoma
Choroid plexus
carcinoma

DNT

Ganglicglioma
DIGTHA

RGNT

Paraganglioma
Medulloblastoma, MOS
ETMA, NOS

ATRT

CMS embryonal fumaour,
NOS

Schwannoma
Malignant melanoma

Methylation class  Integrated diagnosis

GEM, RTK 1

GEM, RTK I

GEM, RTK Il
GEM, MES

GEM, MID
GEM, MYCN
GEM, G34
DMG, K27

PXA

ANA PR

AlDH
SUBEPN, PF

EFM, MPE

EPM, RELA
LGG, DNT
LGG, GG
LGG, RGMNT

LGG, PAPF

ATRT, SHH

Establighing new disgnaosis in 129 cases (12%)

Il WHO grade unchanged [l WHO downgradad

ME, SHH CHL AD

Il WHO upgradad

Glioblastoma.,
IDH wild-type

Diffesa midline
glioma, H3 K27TM
P¥A

[Anaplastic PA)
Diffuse astro. IDH
Subependymoma

Myxopap. epand.

Epend., RELA
DNT

Ganglioglioma
RGNT

o
eetrobytoma

ME, G3

ME, SHH

ATRT

Ewing sarcoma
[HGNET, BGOR)
HGMNET, MM1)

Firure 4 | Reassessment of discrepant cases and establishment of



Atypical Teratoid Rhabdoid Tumor

ATRT-TYR

ATRT-SHH

ATRT-MYC

C

Neuro Oncol, Volume 22, Issue 5, May 2020, Pages 613—624, https://doi.org/10.1093/neuonc/noz235

B
Johann et al. 2016 ]
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1
6
6 12 24 36 4860 120 180 N 25
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p=2.21e-09 p=2.73e-24
| Supra . Infra Spinal Gain Diploid HTZ . HMZ

Molecular
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Torchia et. al., 2015
Torchia et. al., 2016
Han et. al., 2016
Johann et. al., 2016

Age and
Gender
Distribution
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22q Alteration teaiich
ATRT-T1YR
08 Chr22 CNA
ATRT-SHH
3 SMARCB1
Alterations
ATRT-MYC
16
p=7.37e-14 Major
[ Diploid Loss  Gain oncogenic

pathways and
transcriptional
features

ATRT-TYR

Group2
Group2A
hiC1

ATRT-TYR

%6240

Age Group (months)

Infant, 0-1 Year
Median age: 12 Months

ATRT-SHH

Group1
Group1
hiCc2
ATRT-SHH

2 §

Age Group (months)

Toddler, 2-5 Years
Median age: 20 Months

ATRT-MYC

Group2
Group2B
hIC3
ATRT-MYC

Age Group (months)
Older patients, >3 Years
Median age: 27 Months

%240
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(OTX2, PDGFRB, BMP4)

SHH Signalling
(GLI2, BOC, PTCHD2)
NOTCH Signalling
(ASCL1, CBL, HES1)
MYCN

HOX Cluster Genes
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Correlation of Morphology with Molecular subtyping

Brain Pathology, Volume: 31, Issue: 5, First published: 03 May 2021, DOI:
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Case-11

P5009.09. A 2.5 year old
female. Presented with
unsteady gait, squint, .- |
nystagmus, 6" nerve palsy,
sluggish pupil of 6 months
duration. Posterior fossa
mass =
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Case 11

P5009.09. A 2.5 year old
female. Presented with
unsteady gait, squint, |
nystagmus, 6" nerve palsy,
sluggish pupil of 6 months
duration. Posterior fossa
mass |

ATRT grade-4




Embryonal tumor
Cribriform neuroepithelial tumor (CRINET)

CRINET is a ventricular tumor characterized by histology and SMARCB1 mutation and INI1-loss
Behavior is still not very certain at this stage



8. ATRT should be confirmed
with SMARCB1/ INI-1/ BAF47
iImmunostain



Methylation Profile
Embryonal tumors- ETMR

Gliablastoma

Hio-rrona

Salla

Epper dhyrral

22march2
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I 2 ATHT, I 4 LGG. PAGE
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I 1 PITAD, ACH I 4 ANDH, HG
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1 PITAD, STH SP&
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B 4 SUBEPN, ST
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t-SME dimensionality reduction {2 801 samples)
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Pathological diagnosis

Diffuse astrocytoma,
IDH wild-type

Anaplastic astrocytoma,
10H wild-type

Glioblastoma,
IDH wild-type

Pilocytic astrocyioma
Pilacytic astrocytoma,
pilomyxoid variant
Pxa

zstic plecmorphic
MMWM
Anaplastic PA
Ependymoma

Anaplastic spendymoma
Astroblastoma
Choroid plexus
carcinoma

DNT

Ganglicglioma
DIGTHA

RGNT

Paraganglioma
Medulloblastoma, MOS
ETMA, NOS

ATRT

CMS embryonal fumaour,
NOS

Schwannoma
Malignant melanoma

Methylation class  Integrated diagnosis
GBM, RTK | 7

GEM, RTK I

GEM, RTK Il

Glioblastoma,

GEM, MES IDH wild-typa
GEM, MID
GEM, MYCN
GEM, G34

~  Diffuse midline
DMG, K27 glioma, H3 K27TM
P A
AMNA PA [Anaplastic PA)
AlDH Diffuse astro. IDH
SUBEPN, PF Subependymoma
EFPM, MPE Myxopap. epand.
EPM, RELA Epend., RELA
LGG, DNT DNT
LGG, GG Ganglioglioma
LGG, RGMNT RGNT

LGG, PAPF
PFilocytic
astrocytoma

ME, G3

ME, SHH
ATRT

Ewing sarcoma

ME, SHH CHL AD
ATRT, SHH

HGNET, BCOR)
HGNET, MNT1)
HG)
= MMNG Meaningioma
MELCYT Mealanocytoma

Establighing new disgnaosis in 129 cases (12%)

Il WHO grade unchanged [l WHO downgradad
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Background

Embryonal tumors of the central nervous system
(CNS) are heterogenous high-grade neoplasms
predominantly affecting the pediatric population.

* Pathologic and molecular stratification is critical in
determining the type and intensity of treatment.



Case Report
* A 3-year-old girl.
 The child complained of seizures, vomiting and headache.

* MRI showed a huge heterogenous left frontal lesion

infiltrating the skull with extracranial soft tissue extension.



T1 W Images:

Fig. 1. (a) T1W transverse image showing a heterogeneous mass lesion in the left frontal region with solid and cystic
components. (b) TIW Axial image showing heterogeneous enhancement of the lesion with extracranial extension



Histopathologic Examination

Ay




Histopathologic Examination




Histopathologic Examination




Histopathologic Examination




Immunohistochemical Results

F

- - .

R S
-

. &

'» .
<L

-




Immunohistochemical Results




_g ._7— ’.\7’ . \'c [“.
('. .:E - oy »

Immunohistochemical Results

TP,

»

o ol R

- - L, - LR I el D . ~

b ‘0"‘-‘; ‘.Qg k.ﬂ : T - '." ‘.t. '-‘:,

- "s;‘ B ,‘i/" L
o.‘(.

-—




Immunohistochemical Results




tochemical Results

IS

Immunoh

1

4 »
..@....v L)

9" Mg

v
.

A
A
. !




Immunohistochemical Results

.

e
% 4

.' *.‘
Vit




Molecular Testing Results (UC, SF)

 Amplification of the chromosome 19g13.42 microRNA
cluster (C19MC), with breakpoints of the amplification
immediately preceding the C19MC locus at the 5'
boundary and within the TTYH1 gene at the 3' boundary.

* The other chromosomal copy number changes in the
tumor were losses of interstitial 5g and portions of 10q.




Diagnosis

Integrated diagnosis of ETMR, C19MC-
Altered, WHO Grade 4, with
Extracranial Extension.



ETMR

* In 2000, Eberhart et al. described a unique embryonal tumor
for which he coined pediatric neuroblastic tumor containing
abundant neuropil and ependymoblastic rosettes (PNTANTR).

* This tumor showed a biphasic pattern with undifferentiated
cells containing small hyperchromatic nuclei, and clusters of
multilayered rosettes (ependymoblastic and perivascular)
distributed in a paucicellular fibrillary neuropil background.



Epidemiology
* Mostly < 4 years of age
« Equal in males and females

L_ocation

« Supratentorial in both
hemispheres (70%)

e Infratentorial in cerebellum
and brain stem (30%)

Multiple distinct
cell populations

LIN2BA*

Distinct
methylation
profile

miRNA

Highly variable
location

deregulation Early onset

Upregulated

DNA-repair Poor _

pathways prognosis
2p —)
20 o
High level of ‘;’gg Chromosomal
R-loops TTYH1 [C19MC]| 7a=——= instability

b ——]

Recurrent aberrations
affecting miRNAs

Recurrent and
abundant CNAs



ETMR

* Prior to the reclassification of ETMR as a single entity, three distinct
tumors, namely, embryonal tumor with abundant neuropil and true

rosettes (ETANTR), ependymoblastoma (EBL) and medulloepithelioma
(MEPL) were recognized.

* Recent studies showed that all the three entities have multilayered
rosettes on morphology, sharing a common amplification of the
C19MC locus at the chromosome 19g13.42 by fluorescence in situ
hybridization, and highly specific immunohistochemical staining for
LIN28A rendered their reclassification as a single entity.
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ETMR

* Desmoplasia may be a defense mechanism used by the body
to wall off tumors and limit the invasive growth of the tumor
cells.

* The presence of desmoplasia is an unusual histologic finding
in ETMR and is possibly explained by the tumor invasion into
dura, skull bone and the surrounding skeletal muscles and
subcutaneous fat.



ETMR

* Local recurrence is frequent and widespread
dissemination (CSF) has been observed.

*ETMR, C19MC-altered behaves very aggressively
and the average survival of 12 months.
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Differential Diagnosis

e ATRT (EMA+ve, INI1-ve, Some cases F+ve LIN28A).

e Medulloblastoma (+Synaptophysin, -ve LIN28A).

® Ependymoma (GFAP, EMA+ve, -ve LIN28A, -ve Synatophysin).

® CNS Emryonal tumor, NOS.

® Pediatric high grade glioma (GFAP +ve, LIN28A —ve).
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ARTICLE INFO ABSTRACT

Keywords: Embryonal tumor with multilayered rosettes (ETMR) is an aggressive central nervous system (CNS) embryonal
Embl’!r'ﬂni'll tumor ‘T’ith multilayered rosettes tumor with alterations in the chromosome 19q13.42 microRNA cluster (C19MC) and resultant overexpression of
Extracranial extension the LIN28A protein. Although the prior world health organization (WHO) recognized 3 distinct histopathological

C19MC amplification

Loss of interstitial 5q and portion of 10q entities-embryonal tumour with abundant neuropil and true rosettes (ETANTR), ependymoblastoma, and

medulloepithelioma, it now combines most of these under the rubric of ETMRE, C19MC-altered based on recent
studies indicating a common molecular profile and clinical course.

We present a case of ETMR located in the left frontal lobe in a 3-year-old girl with extracranial extension and
an associated extensive desmoplastic stromal reaction. The child complained of seizure, vomiting and headache.
MRI showed a huge heterogenous left frontal mass infiltrating the skull with extracranial soft tissue infiltration.
The diagnosis of ETMR was established based on histopathologic, immunohistochemical and molecular features.
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Conclusion

* Multilayered rosettes are a useful clue to histologic diagnosis of
ETMR.

* The immunohistochemical staining for LIN28A and the molecular
alterations (C19MC) are considered a major helping tool.

* Desmoplastic stroma can occur as a very rare and unusual
histologic finding in ETMR due to tumor invasiveness with
extracranial extension.
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