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Table 1

World Health Organization Classification of Tumors of the Central Nervous System

Gl

WHO classification of C

2021 WHO Classification of Tumors of the Central Nervous System. Provisional Entit

liomas, glioneuronal tumors, and neuronal tumors

Adult-type diffuse gliomas
Astrocytoma, IDH-mutant
Oligodendroglioma, IDH-mutant, and 1p/19g-codeleted
Glioblastoma, IDH-wildtype
Pediatric-type diffuse low-grade gliomas
Diffuse astrocytoma, MYB- or MYBL 1-altered
Angiocentric glioma
Polymorphous low-grade neuroepithelial tumor of the young
Diffuse low-grade glioma, MAPK pathway-altered
Pediatric-type diffuse high-grade gliomas
Diffuse midline glioma, H3 K27-altered
Diffuse hemispheric glioma, H3 G34-mutant
Diffuse pediatric-type high-grade glioma, H3-wildtype and IDH-wildtype
Infant-type hemispheric glioma
Circumscribed astrocytic gliomas
Pilocytic astrocytoma
High-grade astrocytoma with piloid features
Pleomorphic xanthoastrocytoma
Subependymal giant cell astrocytoma
Chordoid glioma
Astroblastoma, MN1-altered
Glioneuronal and neuronal tumors
Ganglioglioma
Desmoplastic infantile ganglioglioma / desmoplastic infantile astrocytoma
Dysembryoplastic neuroepithelial tumor
Diffuse glioneuronal tumor with oligodendroglioma-like features and nuclear cl
Papillary glioneuronal tumor
Rosette-forming glioneuronal tumor
Myxoid glioneuronal tumor
Diffuse leptomeningeal glioneuronal tumor
Gangliocytoma
Multinodular and vacuolating neuronal tumor
Dysplastic cerebellar gangliocytoma (Lhermitte-Duclos disease)
Central neurocytoma
Extraventricular neurocytoma
Cerebellar liponeurocytoma
Ependymal tumors
Supratentorial ependymoma
Supratentorial ependymoma, ZFTA fusion-positive
Supratentorial ependymoma, YAPT fusion-positive
Posterior fossa ependymoma
Posterior fossa ependymoma, group PFA
Posterior fossa ependymoma, group PFB
Spinal ependymoma
Spinal ependymoma, MYCN-amplified
Myxopapillary ependymoma
Subependymoma

Charoid ploius papilioma
Arypical chomid plasus papdlioma
Choeoid plexi careinom
Embryonal treds
Mudullahlsstams
Bacdu latdantomen, moleculary dafined
Medulloblastoma, WHT activalod
Muchlloblystor, SHH - activatod and TP53 wildtypo
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2021 newly recognised tumour types

Newly Recognized TumorTypes

Diffuse astrocytoma, MYB-or MYBL 1-altered

Polymorphous low-grade neuroepithelial tumor of the young
Paed iatriC—type Diffuse low-grade glioma, MAPK pathway-altered

diffuse g|i0mas Diffuse hemispheric glioma, H3 G34-mutant
Diffuse pediatric-type high-grade glioma, H3-wildtype and IDH-wildtype

Infant-type hemispheric glioma
High-grade astrocytoma with piloid features
Diffuse glioneuronal tumor with oligodendroglioma-like features and nuclear clusters (provisional

Glioneuronal

Myxoid glioneuronal tumor

tU mours Multinodular and vacuolating neuronal tumor
Supratentorial ependymoma, YAPT fusion-positive
Posterior fossa ependymoma, group PFA
Ependymomas

Posterior fossa ependymoma, group PFB
Spinal ependymoma, MYCN-amplified
Cribriform neuroepithelial tumor (provisional type)
Em bryona| tumours CNS neuroblastoma, FOXRZ2-activated
CNS tumor with BCOR internal tandem duplication
Pinea| region Desmoplastic myxoid tumor of the pineal region, SMARCE 1-mutant
Intracranial mesenchymal tumor, FET-CREB fusion positive (provisional type)
CIC-rearranged sarcoma
others

Primary intracranial sarcoma, DICER 1-mutant

Pituitary blastoma

Louis et al. 2021 Neurooncology



Novel diagnostic methods

Integrated diagnosis
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Immunohisto-
chemistry

GFAP
Synaptophysin
EMA
BCOR
INI-1
SMARCAA4
Lin28a
H3K27M
L1CAM
P65
FOXR2
CD45.
CD99
Myogenin

Novel diagnostic methods

Next generation sequencing (NGS)

Gene

ACVR1
AKT1

ALK
AMER1

APC
ARID1A
ARID1B
ASXL1
ATM
ATRX
BCOR
BRAF
CCND1
CCND2
CCNE1
CDK12
CDK4
CDKG6
CDKN2A
CDKN2B
CHEK2

CIiC

ROI

Exons 3-11
Exons 2-14

Exons 20-29
Exon 2

Exons 1-16
Exons 1-20
Exons 1-20
Exons 1-4,4a-13
Exons 2-63
Exons 1-35
Exons 2-15
Exons 11,15
Exons 1-5
Exons 1-5
Exons 2-12
Exons 1-14
Exons 2-8
Exons 2-8
Exons 1,1a-3,3a
Exons 1-2

Exons 2-15

Exons 1-20

Gene ROI

CREBBP  Exons 1-31
CTNNB1  Exons 2-15
DAXX Exons 2-8

DDX1 Exons 1-26
DDX3X Exons 1-17
DICER1 Exons 2-27
DROSHA Exons 3-35
EGFR Exons 1-28
ERBB2 Exons 1-27
EZH2 Exons 2-20
FBXW?7 Exons 1,1a,1b-11
FGFR1 Exons 1-2,2a-18
FGFR2 Exons 2-7,7a-17,17a,17b-18
FGFR3 Exons 1-18
FGFR4 Exons 11-18
FRS2 Exons 6-10
FUBP1 Exons 1-20

GLI2 Exons 1-13
H3F3A Exons 2-4

HIST1H3B Exon 1
HIST1H3C Exon 1

HIST2H3A Exon 1

Gene
HIST2H3
C

HRAS

IDH1
IDH2

IGF1R
IGF2
KIT
KRAS
MAP2K1
MAP2K2
MDM2
MDM4
MET
MLH1
MSH2
MSH6
MYC
MYCL
MYCN
MYOD1
NF1

NF2

ROI

Exon 1
Exons 2-6

Exons 3-10
Exons 1-11

Exons 1-21
Exons 2-5
Exons 1-21
Exons 2-4
Exons 1-11
Exons 1-11
Exons 1-11
Exons 2-11
Exons 2-21
Exons 1-19
Exons 1-16
Exons 1-10
Exons 1-3
Exons 1-3
Exons 2-3
Exons 1-3

Exons 1-58
Exons 1-
15,15a-16

Gene

NRAS
OoTX2

PDGFRA
PHOX2B

PIK3CA
PIK3R1
PMS2
PPM1D
PTCH1
PTEN
PTPN11
RB1
RELA
SETD2
SMARCA2
SMARCA4
SMARCB1
SMO
SUFU
TERT
TP53

TSC1

ROI

Exons 2-4
Exons 3-5

Exons 2-23
Exons 1-3

Exons 2-21

Exons 2-16

Exons 1-15

Exons 1-6

Exons 1,1a,1b-23
Exons 1-9

Exons 1-15

Exons 1-27

Exon 3

Exons 1-21

Exons 2-34

Exons 2-36

Exons 1-9

Exons 1-12

Exons 1-11,11a-12
Exons 1-16

Exons 2-10,10a-11

Exons 3-23



Integrated diagnosis

Integrated Diagnosis
Medulloblastoma, WNT-activated, classic, WHO 4

CNS WHO grade
4

Genetically defined
Medulloblastoma: WNT, SHH, group 3/4

Histologically defined
Medulloblastoma: classic, large-cell/anaplastic,
desmoplastic/nodular, extensiv-nodular (MBEN)

NOS/NEC
Louis et al. 2014 Brain Pathol
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Gliomas, glioneuronal and neuronal tumours

b ° ° . World Health Organization Classification of Tumors of the Central Nerw System, fifth ed
Fa m I | | eS I n th IS g ro u p . Gliomas, glioneuronal tumors, and neuronal tumors
Adult-type diffuse gliomas
Astrocytoma, IDH-mutant
M M Oligodendroglioma, IDH-mutant, and 1p/19g-codeleted
1.Adult-type diffuse gliomas
Pediatric-type diffuse low-grade gliomas
Diffuse astrocytoma, MYB- or MYBL 1-altered

2.Paediatric-type diffuse HGG

Diffuse low-grade glioma, MAPK pathway-altered
Pediatric-type diffuse high-grade gliomas
3 P d M M d M ff LG G Diffuse midline glioma, H3 K27-altered
. a e I at r I C _ty p e I u S e Diffuse hemispheric glioma, H3 G34-mutant
Diffuse pediatric-type high-grade glioma, H3-wildtype and IDH-wildtype
Infant-type hemispheric glioma

4.Circumscribed astrocytic tumours

High-grade astrocytoma with piloid features

Pleomorphic xanthoastrocytoma

5.Glioneuronal and neuronal tumours

Astroblastoma, MN1-altered
Glioneuronal and neuronal tumors

6 E end |Ila| tuIIIOurS Ganglioglioma
’ p y Desmoplastic infantile ganglioglioma / desmoplastic infantile astrocytoma

Dysembryoplastic neuroepithelial tumor
Diffuse glioneuronal tumor with oligodendroglioma-like features and nuclear clusters
Papillary glioneuronal tumor
Rosette-forming glioneuronal tumor
Myxoid glioneuronal tumor
Diffuse leptomeningeal glioneuronal tumor
Gangliocytoma
Multinodular and vacuolating neuronal tumor
Dysplastic cerebellar gangliocytoma (Lhermitte-Duclos disease)
Central neurocytoma
Extraventricular neurocytoma
Cerebellar liponeurocytoma

Ependymal tumors
Supratentorial ependymoma
Supratentorial ependymoma, ZFTA fusion-positive
Supratentorial ependymoma, YAP1 fusion-positive
Posterior fossa ependymoma
Posterior fossa ependymoma, group PFA
Posterior fossa ependymoma, group PFB
Spinal ependymoma
Spinal ependymoma, MYCN-amplified
Myxopapillary ependymoma
Subependymoma

Louis et al. 2021 Neurooncology



1.Adult-type diffuse gliomas

2016 2021
Diffuse astrocytoma, IDH-mutant Astrocytoma, IDH-mutant
Gemistocytic astrocytoma, IDH-mutant (WHO CNS grades 2, 3, 4)

Diffuse astrocytoma, IDH-wildtype
Diffuse astrocytoma, NOS

Anaplastic astrocytoma, IDH-mutant
Anaplastic astrocytoma, IDH-wildtype
Anaplastic astrocytoma, NOS

Glioblastoma, IDH-wildtype Glioblastoma, IDH-wildtype
Giant cell glioblastoma (WHO CNS grade 4)
Gliosarcoma

Epithelioid glioblastoma
Glioblastoma, IDH-mutant
Glioblastoma, NOS

Oligodendroglioma, IDH-mutant, 1p/19g-codeleted Oligodendroglioma, IDH-mutant, and 1p/19q-codel
Oligodendroglioma, NOS (WHO CNS grades 2, 3)

Anaplastic oligodendroglioma, IDH-mutant, 1p/19g-codel
Anaplastic oligodendroglioma, NOS

Oligoastrocytoma, NOS
Anaplastic oligoastrocytoma, NOS
Louis et al. 2021 Neurooncology



Gliomas, glioneuronal and neuronal tumours
2.Paediatric-type diffuse HGG

Pediatric-type diffuse high-grade gliomas WHO CNS grade
Diffuse midline glioma, H3 K27-altered 4
Diffuse hemispheric glioma, H32 G34-mutant 4

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

Infant-type hemispheric glioma

Louis et al. 2021 Neurooncology



Gliomas, glioneuronal and neuronal tumours

2.Paediatric-type diffuse HGG
New tumour type: Diffuse hemispheric tumour, H3 G34-mutant

14-year-old boy



Gliomas, glioneuronal and neuronal tumours

2.Paediatric-type diffuse HGG
New tumour type: Diffuse hemispheric tumour, H3 G34-mutant

———

18-year-old boy



Gliomas, glioneuronal and neuronal tumours

2.Paediatric-type diffuse HGG

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

17-year-old boy



2.Paediatric-type diffuse HGG
Diffuse paediatric-type high-grade glioma, H3wt and IDHwt

Essential diagnostic criteria

A high-grade glioma HGG
AND

WT for IDH1/Histone 3
AND

a typical methylation class
(PHGG RTK1, pHGG RTK2, or pHGG
MYCN) OR
a typical genetic variant
(PDGFRA alteration, EGFR alteration,
or MYCN amplification)

Brat et al. 2018 Acta Neuropathol, Louis et al. 2021 Neurooncology



Gliomas, glioneuronal and neuronal tumours

2.Paediatric-type diffuse HGG

New tumour type: Infant-type hemispheric glioma
e Fusion genes involving ALK, ROS1, NTRK1/2/3, or MET

Infant-type hemispheric glioma, TRIM24-MET fusion
3-month-old boy



Gliomas, glioneuronal and neuronal tumours
3.Paediatric-type diffuse LGG

Pediatric-type diffuse low-grade gliomas WHO CNS grade
Diffuse astrocytoma, MYB- or MYBL 1-altered 1

Angiocentric glioma

Polymorphous low-grade neuroepithelial tumor of the young 1

Diffuse low-grade glioma, MAPK pathway-altered

—> Angiocentric glioma is a paediatric-type tumour

Louis et al. 2021 Neurooncology



Neural stem cell/glial progenitor cell? l

IDH1
MYB/ IDH2 — <+ TP53 I
MYBL1 p—
or NF1 <+ ATRX
FGFRL [ EGrR [ PIK3CA I
or TERT SMARCA4 |=>
BRAF NOTCH1

Adult Astrocytoma
Astrocytoma IDH mut

— Pediatric high-grade diffuse astrocytic tumors
are distinct from their adult counterparts

IDH wt

Ichimura et al. 2015 Acta Neuropathol



3.Paediatric-type diffuse LGG

MTOR pathway . MAPK pathway

Cell membrane (]

Diffuse astrocytoma
- MYB-QKI fusion
- MYBL1 alteration

Diffuse LLG

- FGFR1 TKD-duplicated
- FGFR1-mutant

. - BRAF V600E-mutant

- other MAPK pathway
! alteration
Protein Synthesis

Cytoplasm

Inactive ive
RHEB RHEB

L

I

|

|

|

1

|

1

|

|
—_—h.

Cellular Survival

Nucleus

Image from: Bag et al. 2021 Neuroradiology



Gliomas, glioneuronal and neuronal tumours
3.Paediatric-type diffuse LGG

Diffuse glioma,

Angiocentric
I\/IAPK I\/IAPK glioma MAPK
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Bag et al. 2021 Neuroradiology



Gliomas, glioneuronal and neuronal tumours

3.Paediatric-type diffuse LGG
Angiocentric glioma, MYB-QKI fusion




Gliomas, glioneuronal and neuronal tumours

3.Paediatric-type diffuse LGG
New tumour type: Diffuse glioma, MYBL1/MYB-altered

18-month-old girl



Gliomas, glioneuronal and neuronal tumours

4.Circumscribed astrocytic tumours

Circumscribed astrocytic gliomas
Pilocytic astrocytoma
High-grade astrocytoma with piloid features

Pleomorphic xanthoastrocytoma
Subependymal giant cell astrocytoma
Chordoid glioma

Astroblastoma, MN1-altered

Louis et al. 2021 Neurooncology



5.Glioneuronal and neuronal tumours

Glioneuronal and neuronal tumors
Ganglioglioma
Desmoplastic infantile ganglioglioma / desmoplastic infantile astrocytoma

Dysembryoplastic neuroepithelial tumor

Diffuse glioneuronal tumor with oligodendroglioma-like features and nuclear clusters

Papillary glioneuronal tumor

Rosette-forming glioneuronal tumor

Myxoid glioneuronal tumor

Diffuse leptomeningeal glioneuronal tumor

Gangliocytoma

Multinodular and vacuolating neuronal tumor

Dysplastic cerebellar gangliocytoma (Lhermitte-Duclos disease)
Central neurocytoma
Extraventricular neurocytoma

Cerebellar liponeurocytoma

Louis et al. 2021 Neurooncology



Gliomas, glioneuronal and neuronal tumours

5.Glioneuronal and neuronal tumours
Provisional tumour type: Diffuse Glioneuronal Tumours with
Oligodendroglioma-like features and Nuclear Clusters (DGONC)

11-year-old boy

Pickles et al. 2021 Neuropathol Appl Neurobiol.



Gliomas, glioneuronal and neuronal tumours

5.Glioneuronal and neuronal tumours
New tumour type: Multinodular and vacuolating neuronal tumour

12-year-old girl
(presumed diagnosis)



Gliomas, glioneuronal and neuronal tumours

5.Glioneuronal and neuronal tumours

New tumour type: Myxoid glioneuronal tumour

31-year-old male

year-old boy

6-year-old girl

Septum pellucidum, corpus callosum, no restriction or enhancement

Lucas et al. 2020 Brain Pathol



Gliomas, glioneuronal and neuronal tumours

6.Ependymal tumours

2016 2021

Subependymoma Supratentorial ependymoma
Myxopapillary ependymoma Supratentorial ependymoma)ZFTA|fusion-positive
Ependymoma Supratentorial ependymoma, YAPT fusion-positive

Papillary ependymoma = Sl : =

Clear cell ependymoma Posterior fossa ependymoma

Tanycytic ependymoma Posterior fossa ependymoma, group PFA
Ependymoma, RELA fusion-positive Posterior fossa ependymoma, group PFB
Anaplastic ependymoma Spinal ependymoma

Spinal ependymoma, MYCN-amplified

Myxopapillary ependymoma
Subependymoma

RELA — c11orf95 — ZFTA-fusion positive
ZFTA = zinc finger translocation associated
“new designation for C11orf95, which is considered more representative of the tumour type than RELA
because it may be fused with partners more than RELA”

Louis et al. 2021 Neurooncology



Gliomas, glioneuronal and neuronal tumours

6.Ependymal tumours
Grade Outcome

ST-EPN-YAP1

2/3
(Anaplastc) Ependymoma  2/3 ¢ i

2/3 «4i?M @ - ST-EPN-ZFTA (85%)

—> ST-EPN-YAP1 (15%)

Supratentorial (ST-)

PF-EPN-A

(Anapiastc) Ependymoma 2/3 it @ — PF-EPN-A (younger)
2/3  ## @ - PF-EPN-B (older)

1
8
Q.

©
(72}
(72}
(o]
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[
Q
i
[72]
(o]
o

M o
o

Modified after: Pajtler et al. 2015 Cancer Cell
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Gliomas, glioneuronal and neuronal tumours

6.Ependymal tumours

* Correlation to patient outcome

0 109
1 Ependymoma, YAP1 Ependymoma, B
0.8 — 0.8 —
= =
E 0.6 - E 0.6
3" S Ependymoma, A
a a e + -
T ®
§ 0.4 — S 04
E .. Ependymoma, 2
ZFTA-fusion positive
0.2 4 0.2 —
0.0 - 0.0 -~
| | | | I | I I [ | | | I 1 I | I I I | | [ I | | [ I |
0 24 48 T2 96 120 144 168 192 216 240 264 288 312 0 24 48 72 96 120 144 168 192 216 240 264 288 312
0OS (months) QS (months)

Modified from: Pajtler et al. 2015 Cancer Cell



6. Ependymal tumours

6.Ependymal tumours

Modified tumour type: Ependymoma, ZFTA-fusion positive

9-year-old boy
Can mimick ETMR but enhancement



6. Ependymal tumours

6.Ependymal tumours
Modified tumour type: Ependymoma, ZFTA-fusion positive

6-year-old girl



6. Ependymal tumours

6.Ependymal tumours
Modified tumour type: Ependymoma, PF-A

14-month-old girl



6.Ependymal tumours

New type: Spinal ependymoma, MYCN

a
Age at diagnosis d
n=13
['+]
-
a
[
2
g- Lo
s
g o™
E
2
e y "
10 20 30 40 50 60
age (years)
b
diffuse leptomeningeal ——
spread (observed in
10 patients in total)
7713 6/13
Gender distribution
Cc
Dura mater

Spinal cord

Tumor @ Reported localization: spinal tumor

. localization at diagnosis
— O metastatic spread at diagnosis
(© metastatic spread throughout the disease

+ Brain

- Cervical spinal chord

Combined cervico-thoracal occurence

- Thoracic spinal chord

~ Lumbar spinal chord

- Sacral/ coccygeal spinal chord

- Cauda equina

Ghasemi DR et al. 2019 Acta Neuropathol



== Medulloblastoma
Medulloblastomas, molecularly defined
Medulloblastoma, WNT-activated
Medulloblastoma, SHH-activated and TP53-wildtype
Medulloblastoma, SHH-activated and TP53-mutant
Medulloblastoma, non-WNT/non-SHH
Medulloblastomas, histologically defined
Other CNS embryonal tumors
" Atypical teratoid/rhabdoid tumor
Cribriform neuroepithelial tumor
" Embryonal tumor with multilayered rosettes DICER1
CNS neuroblastoma, FOXR2-activated
CNS tumor with BCOR internal tandem duplication

CNS embryonal tumor

Louis et al. 2021 Neurooncology



1.Medulloblastoma
4 main tumour types,
new subgroups for
SHH and group 3/4

Subgroup

Subtype

Frequency () 100 '] 16 1 E2]
g |hae
%_ (har height
T | corespands . . l
E‘ with — | ] H == | . —
3 percentage} 0-3 3-10 10-17 17+ -3 3-10 10-17 17+ 0-3 3-1010-17 17+ -3 3-10 10-17 17+ -3 3-10 10-17 17+
Gander (%) sl s s §a T s siff s s §a
Classic = i Desmoplastic = i
_ o | Histology Classic desmaplastic = DE‘!I‘TDD'?SILIL > MBEMN d Cl’amlL -,l
S E ClAsseC C|.'|Mi|.' EN"UP aslic
]
G_E Matastasis (%) 12 il 33 9 49
S-ymar 05 (%] a8 T a7 BS &0
Ip+ It
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2.0ther embryonal tumours

AT/RT: SMARCB1 (or SMARCA4) alterations, 3 new subgroups

DNA Methylation Gene Expression

ATRT-TYR ATRT-SHH ATRT-MYC
- Mostly infratentorial - Supra- and infra- - Mostly supratentorial
- Broad SMARCB1 tentorial - Focal SMARCB1
deletions - Focal SMARCB1 deletions
- overexpression of aberrations - overexpression of
melanosomal genes - overexpression of MYC and HOX cluster
SHH pathway

\ @@@ Genome and RNA - SNV/ structural variants
' ' . - Gene expression
Sequencing

- Methylation levels
- Regulatory elements

"« Bisulfite Sequencing

- Enhancer landscape

| » M B ChIP Sequencing - Subgroup specific

networks

Johann 2016 CancercCell



ATRT-SHH ATRT-TYR ATRT-MYC

29% no CE 94% periph. cysts Spinal

Image from: Nowak 2018 J Neurooncol, German reference centre



2.0ther embryonal tumours

New tumour type: Cribriform neuroepithelial tumor (CRINET)

SMARCB1

Overall Survival

1,07

JSIATRT-TYR
~CRINET

~4+=ATRT-TYR-censored
—+—CRINET-censored

0.8
0.6
0.4_ -+ -+
0,24
P<0.05
0,0~
] L] ] ]
50 75 100 125

Time (Months) Johann 2017 Brain Pathol



6. Ependymal tumours

2.0ther embryonal tumours

New tumour type: Cribriform neuroepithelial tumor (CRINET)
SMARCB1

14-month-old boy
2-week history of gait imbalance

Imaging may mimick choroid plexus tumours
Images from: Park et al. 2012 Neuropathol



cNS HGNET-Mn7

323 CNS-PNET and 211 reference samples

24 x04-aN SNI

Sturm et al. 2016 Cancer Cell



CNS tumour with BCOR internal
tandem duplication

N
5 year-old boy

CNS neuroblastoma, FOXR2

.
. ™
- P

5 year-old boy



CNS Neuroblastoma, FOXRZ2-activated

Imaging

Images from the German Tumour Imaging Reference Center, in: Holsten et al. 2021 J Neuropathol Experimental Neurol



CNS tumour with BCOR internal tandem dupllcatlon

Imaging

90%
_____peripheral

90% :
7, 50% hemorrhaﬁglc A \

- 100%
restricted diffusion

mild, heterogenous enhancement

Data and images from: Cardoen et al. 2022 AJNR



CNS tumour with BCOR internal tandem duplication

Outcome is not great

Can also occur in brainstem and spinal cord

PG P
- g
.

5-year-old boy



Embryonal tumour with multi-layered rosettes, ETMR
* Alterations of C19MC locus at 19q13.42
e Additional mutation: DICER1 (Cancer predisposition syndrome)

* rapid growth and are associated with an aggressive clinical course, with
reported survival times averaging 12 months

R0
S0

OQQ

Pfister et al. 2009 Acta Neuropathol, Images from: Wippold 2006 AJNR, WHO CNS 5th ed. 2021
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Fetal brain
®
‘I
®

%
ETMR ."

.
H3K27M ®%p ATRT
pontine S ee

HGG ®
I‘.s

f-SNE 1

ETMRs cluster with
the developmental
cell populations of the
fetal brain

Origin:

Prenatal radial glial cells
that undergo oncogenic
transformation and
persist in the developing
brain

From: Jessa 2019 Nature Genetics



Embryonal tumours

2.0ther embryonal tumours
Known tumour type: ETMR

.
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~enhancement

2-year-old girl

Data from Nowak et al. 2014 AJNR, 22 patients with ependymoblastoma*



Embryonal tumours

2.0ther embryonal tumours
Known tumour type: ETMR

2-year-
old girl |

2-year-
old girl




5. ETMR

Pineal region

21-month-old girl



Pineal tumours

Pineoblastoma

'PEOmihe.DL,g-;;i-
enhancem

From Lobel & Rossiin A. Rossi (ed.) 2015 Pediatric l@urbﬂrbdio/ogy



Pineal tumours

Desmoplastic myxoid tumour of the pineal region, SMARCB1-mutant

Acta Neuropathologica (2020) 139:277-286
https://doi.org/10.1007/500401-019-02094-w

ORIGINAL PAPER f‘)

Check for
updates

Desmoplastic myxoid tumor, SMARCB1-mutant: clinical,
histopathological and molecular characterization of a pineal region
tumor encountered in adolescents and adults

Christian Thomas' - Annika Wefers®> - Susanne Bens” - Karolina Nemes’ - Abbas Agaimy?® - Florian Oyen’ -
Silke Vogelgesang® - Fausto J. Rodriguez® - Francesca M. Brett'? - Roger McLendon'" - Istvan Bodi'?-
Fanny Burel-Vandenbos'? - Kathy Keyvani'# - Stefan Tippelt'® - Frantz R. Poulsen'® - Eric S. Lipp'’ -
Caterina Giannini'® - Guido Reifenberger'??° . Klaus Kuchelmeister?' - Torsten Pietsch?' - Uwe Kordes’ -
Reiner Siebert® - Michael C. Friihwald® - Pascal D. Johann??% . Martin Sill*>?* . Marcel Kool?*>%3 .

Andreas von Deimling®? - Werner Paulus' - Martin Hasselblatt'

Thomas et al. 2020 Acta Neuropathol



Pineal tumours

Desmoplastic myxoid tumour of the pineal region, SMARCBI-mutant
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« ATRT-MYC &
* ATRT-SHH
« ATRT-TYR
* Desmoplastic myxoid tumor, SMARCB1-mutant
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e Distinct tumour of

the pineal region

« Epigenetic

similarities with
ATRT-MYC

 Adolescents and

adults

* Intermediate

prognosis

Thomas et al. 2020 Acta Neuropathol



Pineoblastoma

5 new subgroups
PB-MC/FOXR2 and
PB-RB1 have worst

outcome

Pineal tumours

Age (median, years)

® O, 2
A ! m
(Y) n

<3 318 >18

Gender
(Male:Female)

Metastasis

Cancer
predisposition

Genomic/
transcriptomic
profile

Cytogenetics

Outcome
(5-year OS)

@ @ [ [ ] o
A f Y M. A, ill\
(¥) ‘N (¥ n ( Y ‘ Y "
8.5 11.6 1.3 20 33.0
1:1.6 1.6:1 o] 1:1 1:1.3
DICER1 DICER1 Hereditary
syndrome syndrome retinoblastoma
DICER1 DICER1 FOXR2 RB1 KBTBD4
DROSHA DROSHA overexpression loss-of-function Kelch domain
DGCRS8 loss-of-function . insertion
loss-of-function MycC miR-17/92
amplification gain
7+ 12+ 17+ 6p+ 19+ Balanced
14- 169- 16-
100 100 100 100 100 1
g
8
| 67.5% Jd 100% J 205% | 26.8% o] 85.1%
0 15yr 0 15yr 0 15yr 0 15yr 1] 15yr

Liu et al. 2021 Acta Neuropathol



Summary

1. Incorporation of novel diagnostic techniques (proteomics,
methylation, NGS)

2. Integrated diagnosis

3. Restructuring

4. Multiple new tumour types and subtypes
5. Adult and paediatric-type tumours

— Are different diseases

6. Need to redefine imaging appearances and differential diagnoses

- It gets more complicated
= New definitions of imaging characteristics will be needed
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