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Central Nervous System Tumours

// Gliomas, glioneuronal tumours, and neuronal tumours
// Gliomas, glioneuronal tumours, and neuronal tumours
// Adult-type diffuse gliomas

Epidermal growth factor receptor

AAA The receptor tyrosine kinase (RTK) EGFR (HER1) is frequently altered in IDH-wildtype glioblastoma. Overall,

E:eg?giz;ing about 60% of tumours show evidence of EGFR amplification, mutation, rearrangement, or altered splicing {

ICD-11 coding 24120142 }. The most frequent of these alterations is EGFR amplification { 1374522 }, which occurs in about 40%

Related terminology of all IDH-wildtype glioblastomas { 24120142 ; 30187121 } and in as many as 60% of glioblastomas in the DNA

Subtype(s) methylation group RTKZ2, but only in about 25% of RTK1 and mesenchymal glioblastomas { 23079654 ; 30187121

Localization }. In the majority of cases, EGFR amplifications are associated with a second EGFR alteration, such as extracellu-

g"’_‘;ca'f'ﬁat”res lar domain mutations or in-frame intragenic deletions encoding either EGFRVIII or other alternative transcripts {
pidemiology

Etol 24120142 ; 7622287 ; 2236070 }. EGFR gene fusions are discussed below.
iology
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Abstract

Significant advances have recently been made in a number of areas concerning central nervous
system (CNS) neoplasia. Particularly salient are the following: (1) gene amplification is related to
increasing grade of human glicma malignancy and occurs in approximately 40% of the most common
and most malignant variety of glioma, glioblastoma multiforme (GBM), (2) by far the most commonly
amplified gene in glioblastomas is the epidermal growth factor receptor (EGFR) gene, which is
amplified in about one third of GBMs, (3) a small percentage of GBMs amplify N-myc or the novel
sequence gli, (4) the EGFR gene is rearranged in at least half of gliomas in which it is amplified, and (5)
EGFR gene rearrangement results in external domain deletions that yield truncated EGF receptors.
Antibodies specific for the mutant EGF receptor fusion junction have been successfully produced and
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Summary

Significant advances have recently been made in a number of areas concerning central nervous system
(CNS) neoplasia. Particularly salient are the following: (1) gene amplification is related to increasing
grade of human glioma malignancy and occurs in approximately 40% of the most common and most
malignant variety of glioma, glioblastoma multiforme (GBM), (2) by far the most commonly amplified
gene in glioblastomas is the epidermal growth factor receptor (EGFR) gene, which is amplified in about
one third of GBMs, (3) a small percentage of GBMs amplify N-myc or the novel sequence gli, (4) the
EGFR gene is rearranged in at least half of gliomas in which it is amplified, and (5) EGFR gene
recarrangement results in external domain deletions that yield truncated EGF receptors. Antibodies
specific for the mutant EGF receptor fusion junction have been successfully produced and provide
stimulating new potential avenues for tumor imaging and therapy. For pediatric CNS neoplasms, only
medulloblastoma has been investigated in adequate numbers; a small percentage exhibit amplification of
either the N-myc or c-myc genes.
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~# Organization Central Nervous System Tumours // Tumours of the sellar region
// Pituitary adenoma / pituitary neuroendocrine tumour ¥

mEE: AJA Pituitary adenoma / pituitary neuroendocrine tumour @]

Definition

ICD-O coding Definition

ICD-11 coding Pituitary adenoma / pituitary neuroendocrine tumour (PitNET) is a clonal neoplastic proliferation of anterior pitu-
Related terminology itary hormone—producing cells.

Subtype(s)

Localization ICD-O coding

Clinical features 8272/3 Pituitary adenoma / pituitary neuroendocrine tumour (PitNET)

Epidemiology

Etiology ICD-11 coding

Pathoge”e‘f"is 2F37.Y & XH94UO0 Other specified benign neoplasm of endocrine glands & Pituitary adenoma, NOS
E;f(:?):ﬁ;‘g;ppeamme 2F9A & XH94UO Neoplasms of unknown behaviour of endocrine glands & Pituitary adenoma, NOS
Cytology

: : Related terminology
Diagnostic molecular . o
pathology Acceptable: PitNET; pituitary adenoma.
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* NOS Not Otherwise Specified
* NEC Not Elsewhere Classified
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Table 7 Newly Recognized Tumor Types in the 2021 WHO Classification of Tumors of the Central Nervous System

Newly Recognized TumorTypes
Diffuse astrocytoma, MYB-or MYBL 1-altered

Polymorphous low-grade neuroepithelial tumor of the young

Diffuse low-grade glioma, MAPK pathway-altered
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 type) N E W

Myxoid glioneuronal tumor

Multinodular and vacuolating neuronal tumor

Supratentorial ependymoma, YAP1 fusion-positive

Posterior fossa ependymoma, group PFA c N S T U M O R
Posterior fossa ependymoma, group PFB

Spinal ependymoma, MYCN-amplified

Cribriform neuroepithelial tumor (provisional type)

CNS neuroblastoma, FOXR2-activated TY P E S
CNS tumor with BCOR internal tandem duplication

Desmoplastic myxoid tumor of the pineal region, SMARCE 7-mutant

Intracranial mesenchymal tumor, FET-CREB fusion positive {provisional type)

ClC-rearranged sarcoma

Primary intracranial sarcoma, DICER7-mutant

Pituitary blastoma
Neuro-Oncology 2021 PMID 34185076
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Table2 Eey Disgnostic Genes, Molecules, Pattways, and/or Combinations in Major Primany CNS Tumors

Tumor Type GenesMolecular Profiles Characteristically Albtersd®

Astrocytoma, IDH-mutant

Oligodendroglioma, IDH-mutant, and 1pr19g-codeleted
Glioblastoma, IDH-wildtype

Diffusa astrocytoma, MYB- or MYEL I-alterad

Angiocentric glioma

Pohymorphous low-grade neuroepithelial tumor of the young
Diffusa low-grade glioma, MAPK pathway-altared

Diffusa midline glioma, H3 K27-altered

Diffusa hemispheric glioma, H3 G34d-mutant

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

Infant-type hamispheric glioma

Filooytic astrocytoma

High-grade astrocytoma with piloid features
Pleomorphic xanthoastrocytoma
Subependymal giant cell astrocytoma
Chordoid glioma

Astroblastoma, MV T-aktered

Ganglion cell tumors.

Dy=embryoplastic neuroepithelial tumar

Diffusa glioneuronal tumaor with oligodendroglioma-like featuras and
nuclear clustars

Papillary glicneuronal tumaor

Rosette-forming glioneuronal tumor

Myxoid glionsuronal tumar

Diffusa leptomeaningeal glisneuronal tumaor

Multinodular and vacuolating neuronal tumar

Dry=plastic cerabellar gangliccytoma (Lhermitte-Duclos diseasa)
Extraventricular neurocytomsa

Supratentorial ependymomas

Posterior fossa ependymomas

Spinzl ependymomas

Meadulloblastoma, WNT-activated

Madulloblzstoma, SHH-activated

Meadulloblastoma, non-WNT/non-SHH

Atypical teratoidirhabdoid tumar

Embryonal turmor with multilzyered rosattes

CMS neuroblzstoma, FOXA2activated

CMS tumor with BOOR internal tandem duplication
Desmoplastic myxoid tumor of the pineal region, SMARCE1-mutant

Meaningiomas
Salitary fibrous tumor
Meningeal malanocytic tumors

Adamantinomatous craniopharyngioma

Papillary craniopharyngioma

IDH1, IDHZ, ATRX, TP53, COKN2AE

1041, IDHZ, 1pi18q, TERT promaoter, CIC, FUBFT, NOTCHT
IDH-wildtype, TERT promoter, chromosomes 7710, EGAR
MVYE, MYBL1

MYE

BRAF, FGFR family

FGFR1, BRAF

H3 K27 TPs3, ACVRIT, PDGFRA, EGFH, EZHIP

H3 G34, TPES, ATRX

IDH-wildtype, H3-wildtype, PDGFRA, MYCN, EGFR
{mathylome)

NTRE family, ALK, ROS, MET
KIAATR49-BRAF, BRAF, NF1

BRAF, NF1, ATRX, COXN24/E (methylome|
BRAF, COKN2AE

TSC1, T5C2

PRECA

MNT

BRAF

FGFRT

Chromosome 14, (methylome)

PREKCA

FGFRT, PIK3CA, NF1

POFGRA

KIAAT549-BRAF fusion, 1p (methylome)
MAPEK pathway

PTEN

FGFR |FGFR1-TACCT fusion|, |DH-wildtype
ZFTA, RELA, ¥AF1, MAMLZ

H3 K27me3, EZHIP imethylome]

NFZ, MYCN

CTNNBT, APC

TP&3, FTCH1, SUFL, SMO, MYCN, GLIZ (methylome)
MYC, MYCN, FROME, KDM&4 imathylome)
SMARCE1, SMARCA4

C19MC, INCERT

FOXA2

BCOR

SMARCET

NF2, AKT1, TRAFT, SMO, PIK3CA; KLF4, SMARCE,
BAFTin subtypes; H3K27med; TERT promoter, COKNZAE in
CMNSWHO grade 3

NABZ-STATE

NRAS (diffuse); GNAQ, GNATT, PLCBS, CYSLTARZ circum-
scribed)

CTNNBT
BRAF

WHO 5E

43 Tumor Types

with critical molecular
sighature determinants

Neuro-Oncology 2021 PMID 34185076
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Major Changes in the Mlost Common CNS Tumor Types

* Adult-type Diffuse Gliomas

* Pediatric-type Diffuse Gliomas

* Ependymomas
* Meningiomas



2. Gliomas, glioneuronal tumours, and neuronal tumours

Gliomas, glioneuronal tumours, and neuronal tumours: Introduction
Gliomas, glioneuronal tumours, and neuronal tumours
Adult-type diffuse gliomas
Astrocytoma, IDH-mutant
Oligodendroglioma, IDH-mutant and 1p/19g-codeleted
Glioblastoma, IDH-wildtype
Paediatric-type diffuse low-grade gliomas
Diffuse astrocytoma, MYB- or MYBL1-altered
Angiocentric glioma
Polymorphous low-grade neuroepithelial tumour of the young
Diffuse low-grade glioma, MAPK pathway-altered
Paediatric-type diffuse high-grade gliomas
Diffuse midline glioma, H3 K27-altered
Diffuse hemispheric glioma, H3 G34-mutant
Diffuse paediatric-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



Adult-type diffuse gliomas
Astrocytoma, IDH-mutant
Oligodendroglioma, IDH-mutant and 1p/19qg-codeleted
Glioblastoma, IDH-wildtype
Paediatric-type diffuse low-grade gliomas
Diffuse astrocytoma, MYB- or MYBL1-altered
Angiocentric glioma
Polymorphous low-grade neuroepithelial tumour of the young
Diffuse low-grade glioma, MAPK pathway-altered
Paediatric-type diffuse high-grade gliomas
Diffuse midline glioma, H3 K27-altered
Diffuse hemispheric glioma, H3 G34-mutant
Diffuse paediatric-type high-grade glioma, H3-wildtype and IDH-wildtype
nfant-type hemispheric glioma




Adult-Type Diffuse Gliomas (WHO 2000/2016)
10 entities!



Adult-Type Diffuse Gliomas (WHO 2000/2016)

10 entities!

* Diffuse Astrocytoma, IDH-Mutant, WHO Grade Il

* Diffuse Astrocytoma, IDH-Wildtype, WHO Grade I

* Anaplastic Astrocytoma, IDH-Mutant, WHO Grade IlI

* Anaplastic Astrocytoma, IDH-Wildtype, WHO Grade lli

e Glioblastoma, IDH-Mutant, WHO Grade IV

* Glioblastoma, IDH-Wildtype, WHO Grade IV

* Oligodendroglioma, IDH-Mutant, 1p/19qg-Codeleted, WHO Grade II

» Anaplastic Oligodendroglioma, IDH-Mutant, 1p/19qg-Codeleted, WHO Grade lII
* Oligoastrocytoma, WHO Grade Il

* Anaplastic Oligoastrocytoma, WHO Grade Ill



Adult-Type Diffuse Gliomas (WHO 2021)

Only 3 Distinct Diseases!

* Astrocytoma, IDH-Mutant
* Glioblastoma, IDH-Wildtype
* Oligodendroglioma, IDH-Mutant, 1p/19q-Codeleted
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Central Nervous System Tumours
/I Gliomas, glioneuronal tumours, and neuronal tumours

World Health
Organization

/I Gliomas, glioneuronal tumours, and neuronal tumours
// Adult-type diffuse gliomas // Astrocytoma, IDH-mutant ¥

mE m: AJAlAstrocytoma, IDH-mutant @]

Definition | o

ICD-O coding Definition

ICD-11 coding Astrocytoma, IDH-mutant, is a diffusely infiltrating /IDH1- or IDH2-mutant glioma with frequent ATRX and/or TP53
Related terminology mutation and absence of 1p/19q codeletion (CNS WHO grade 2, 3, or 4).

Subtype(s)

Localization ICD-O coding

Clinical features 9400/3 Astrocytoma, IDH-mutant, grade 2

Epidemiology 9401/3 Astrocytoma, IDH-mutant, grade 3

Etiology

9445/3 Astrocytoma, IDH-mutant, grade 4

Pathogenesis
Macroscopic appearance

Histopathology . . .

Cytology 2A00.0Y & XH6PHGE Other specified gliomas of brain & Astrocytoma, NOS

Diagnostic molecular 2A00.0Y & XH2HK4 Other specified gliomas of brain & Diffuse astrocytoma, IDH-mutant
pathology

Essential and desirable Related terminology

diagnostic criteria
Staging
Prognosis and prediction

Not recommended: diffuse astrocytoma, |IDH-mutant; anaplastic astrocytoma, |IDH-mutant; glioblastoma, IDH-mu-
tant; low-grade astrocytoma; lower-grade astrocytoma; high-grade astrocytoma; infiltrating astrocytoma; diffuse



IDH-Mutant Astrocytoma

* Astrocytoma, IDH-Mutant, CNS WHO Grade 2
* Astrocytoma, IDH-Mutant, CNS WHO Grade 3

* Astrocytoma, IDH-Mutant, CNS WHO Grade 4



IDH-Mutant Astrocytoma, IDH-Mutant, CNS WHO Grade 2

* Mitotic activity absent or very low
* NO microvascular proliferation

ASt rocytoma * NO necrosis

* NO CDKN2A/B homozygous deletion

Astrocytoma, IDH-Mutant, CNS WHO Grade 3
* Mitotic activity elevated
* NO microvascular proliferation
* NO necrosis

* NO CDKN2A/B homozygous deletion

Astrocytoma, IDH-Mutant, CNS WHO Grade 4
At least one of the following must be present:
* Microvascular proliferation, or
* Necrosis, or

 CDKN2A/B homozygous deletion



Glioblastoma, IDH-Wildtype, CNS WHO Grade 4

At least one of the following must be present:

* Microvascular proliferation, or

* Necrosis, or

* TERT promoter mutation, or

* EGFR gene amplification, or

* Combined gain of chr 7 with loss of chr 10 (+7/-10)



? IDH-Wildtype Astrocytoma, Grade 2, Grade 3 ?

Diffuse Astrocytoma, IDH-Wildtype, WHO Grade 2

* Mitotic activity absent or very low

* NO microvascular proliferation

* NO necrosis

* NO TERTp mutation, EGFR amplification, or +7/-10

Anaplastic Astrocytoma, IDH-Wildtype, WHO Grade 3

e Mitotic activity elevated

* NO microvascular proliferation

* NO necrosis

* NO TERTp mutation, EGFR amplification, or +7/-10



? IDH-Wildtype Astrocytoma, Grade 2, Grade 3 ?
—BiraseAstsTyema e hiatyse WS - Graae2

* Mitotic activity absent or very low
* NO microvascular proliferation

* NO necrosis
* NO TERTp mutation, EGFR amplification, or +7/-10

= TSt AT oo e T Wa Gy p oW o-Siaac 3
e Mitotic activity elevated
* NO microvascular proliferation

* NO necrosis
*NO TERTp mutation, EGFR amplification, or +7/-10



Adult-type diffuse gliomas
Astrocytoma, IDH-mutant
Oligodendroglioma, IDH-mutant and 1p/19qg-codeleted
Glioblastoma, IDH-wildtype
Paediatric-type diffuse low-grade gliomas
Diffuse astrocytoma, MYB- or MYBL1-altered
Angiocentric glioma
Polymorphous low-grade neuroepithelial tumour of the young
Diffuse low-grade glioma, MAPK pathway-altered
Paediatric-type diffuse high-grade gliomas
Diffuse midline glioma, H3 K27-altered
Diffuse hemispheric glioma, H3 G34-mutant
Diffuse paediatric-type high-grade glioma, H3-wildtype and IDH-wildtype
nfant-type hemispheric glioma




? IDH-Wildtype Astrocytoma, Grade 2, Grade 3 ?

Diffuse Astrocytoma, IDH-WiIdtyp

WHO Histologic Grade 2

* Mitotic activity absent or very low

* NO microvascular proliferation

* NO necrosis

* NO TERTp mutation, EGFR amplification, or +7/-10

Anaplastic Astrocytoma, IDH-WiIdtyp

WHO Histologic Grade 3

* Mitotic activity elevated

* NO microvascular proliferation

* NO necrosis

* NO TERTp mutation, EGFR amplification, or +7/-10



Oligodendroglioma

* Oligodendroglioma, IDH-Mutant and
1p/19g-Codeleted, CNS WHO Grade 2

* Oligodendroglioma, IDH-Mutant and
1p/19g-Codeleted, CNS WHO Grade 3



Oligodendroglioma

» Oligodendroglioma, NOS
CNS WHO Grade 2

» Oligodendroglioma, NOS
CNS WHO Grade 3



Pediatric-Type
Diffuse Gliomas




Adult-type diffuse gliomas
Astrocytoma, IDH-mutant
Oligodendroglioma, IDH-mutant and 1p/19qg-codeleted
Glioblastoma, IDH-wildtype
Paediatric-type diffuse low-grade gliomas
Diffuse astrocytoma, MYB- or MYBL1-altered
Angiocentric glioma
Polymorphous low-grade neuroepithelial tumour of the young
Diffuse low-grade glioma, MAPK pathway-altered
Paediatric-type diffuse high-grade gliomas
Diffuse midline glioma, H3 K27-altered
Diffuse hemispheric glioma, H3 G34-mutant
Diffuse paediatric-type high-grade glioma, H3-wildtype and IDH-wildtype
nfant-type hemispheric glioma




Adult-type diffuse gliomas
Astrocytoma, IDH-mutant
Oligodendroglioma, IDH-mutant and 1p/19qg-codeleted
Glioblastoma, IDH-wildtype
Paediatric-type diffuse low-grade gliomas
Diffuse astrocytoma, MYB- or MYBL1-altered
Angiocentric glioma
Polymorphous low-grade neuroepithelial tumour of the young
Diffuse low-grade glioma, MAPK pathway-altered
Paediatric-type diffuse high-grade gliomas
Diffuse midline glioma, H3 K27-altered
Diffuse hemispheric glioma, H3 G34-mutant
Diffuse paediatric-type high-grade glioma, H3-wildtype and IDH-wildtype
nfant-type hemispheric glioma




Diffuse Intrinsic Pontine Glioma (DIPG) Spectrum of Imaging Morphology (8 Patients)




Diffuse Midline Glioma, H3 K27-Altered
Classical Pontine Glioma (DIPG)




Diffuse midline glioma, H3 K27-altered

Definition
Diffuse midline glioma, H3 K27—-altered, is an infiltrative midline glioma with loss of H3 p.K28me3 (K27me3) and usually either an H3 c.83A>T p.K28M (K27M)
substitution in one of the histone H3 isoforms, aberrant overexpression of EZHIP, or an EGFR mutation (CNS WHO grade 4).




Diffuse midline glioma, H3 K27-altered

Definition
Diffuse midline glioma, H3 K27—-altered, is an infiltrative midline glioma with loss of H3 p.K28me3 (K27me3) and usually either an H3 c.83A>T p.K28M (K27M)

substitution in one of the histone H3 isoforms, aberrant overexpression of EZHIP, or an EGFR mutation (CNS WHO grade 4).

ICD-0O coding
9385/3 Diffuse midline glioma, H3 K27—altered

ICD-11 coding
2A00.0Y & XH7692 Other specified gliomas of brain & Diffuse midline glioma, H3 K27M-mutant

Related terminology
Acceptable: diffuse intrinsic pontine glioma.

Subtype(s)
Diffuse midline glioma, H3.3 K27—mutant; diffuse midline glioma, H3.1 or H3.2 K27—mutant; diffuse midline glioma, H3-wildtype with EZHIP overexpression; dif

fuse midline glioma, EGFR-mutant




Pediatric Diffuse Gliomas
Histone H3 Mutation

* H3 K27-Altered in the MIDLINE
Diffuse Midline Glioma, H3 K27-Altered

* H3 in the
Diffuse Hemispheric Glioma, G34-Mutant



Histone H3 Mutation Nomenclature

Histone H3 nomenclature can be based on either on the amino acid
numbering of the mature processed protein (K27 / G34) or on the
DNA codon numbering (K28 / G35)

* H3 K27 and H3 G34 are entrenched in the neuro-oncologic
literature

* H3 K28 and H3 G35 are favored by most (if not all) Next Generation
Sequencing (NGS) reference laboratories

* In this context, H3 K27 = H3 K28, and H3 G34 = H3 G35



DMG, H3 K27-Altered Spectrum of Anatomic Locations
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DMG, H3 K27-Altered HISTOLOGY
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Ependymoma Classification

Supratentorial Ependymoma
‘Posterior Fossa Ependymoma
*Spinal Cord Ependymoma



Ependymoma Classification

Supratentorial Ependymoma
« RELA Fusion-Positive (poor prognosis)
 YAP1 Fusion-Positive
* NOS / NEC



Ependymoma Classification

Supratentorial Ependymoma
o A Fusion-Positive (poor prognosis)
 YAP1 Fusion-Positive
* NOS / NEC



Ependymoma Classification

Supratentorial Ependymoma
e C110rf95 Fusion-Positive (poor prognosis)
 YAP1 Fusion-Positive
* NOS / NEC



Ependymoma Classification

Supratentorial Ependymoma
o - GHorf95-Fusion-Positive (poor prognosis)
 YAP1 Fusion-Positive
* NOS / NEC



Ependymoma Classification

Supratentorial Ependymoma
o« ZFFTA Fusion-Positive (poor prognosis)
 YAP1 Fusion-Positive
* NOS / NEC



Ependymoma Classification

Posterior Fossa Ependymoma
- Pediatric-Type (PFA) (poor prognosis)
* Adult-Type (PFB)
* NOS / NEC



Ependymoma Classification

Spinal Ependymoma
- MYCN-Amplified
* NOS / NEC
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Meningiomas



International Agency for Research on Cancer WHO Classification of Tumours

Central Nervous System Tumours// Embryonal tumours
// Medulloblastoma// Medulloblastomas, histologically defined vV

A A Meningioma @]

Definition | Definition

ICD-O coding Meningiomas comprise a family of neoplasms that are most likely derived from the meningothelial cells of the
ICD-11 coding arachnoid mater (CNS WHO grade 1, 2, or 3).

Related terminology

Subtype(s) ICD-O coding

Lo 9530/0 Meningioma

Clinical features

Szl el ICD-11 coding

Etiology

2A01.0Z Meningiomas, unspecified

Pathogenesis

Macroscopic appearance )
et Related terminology

Histopathology
None
Cytology
Diagnostic molecular
pathology Subtype(s)
Essential and desirable See #19607Box 7.01 .

diagnostic criteria

ftagmg_ _ N Localization



However, some genetic changes (e.g.
TERT promoter mutation or homozygous CDKN2A and/or CDKN2B deletion) are evidence for diagnosing CNS
WHO grade 3 meningioma




However, some genetic changes (e.g.
TERT promoter mutation or homozygous CDKNZ2A and/or CDKNZ2B deletion) are evidence for diagnosing CNS
WHO grade 3 meningioma (see below), so consideration should be given to TERT, CDKN2A, and CDKNZ2B

analysis in clinically aggressive atypical meningiomas or those with borderline CNS WHO grade 2/3 features.




Anaplastic (malignant) meningioma

Anaplastic (malignant) meningioma is a high-grade meningioma with overtly malignant cytomorphology (anapla-

sia) that can (1) resemble carcinoma, high-grade sarcoma, or melanoma; (2) display markedly elevated mitotic
activity;



Anaplastic (malignant) meningioma

Anaplastic (malignant) meningioma is a high-grade meningioma with overtly malignant cytomorphology (anapla-
sia) that can (1) resemble carcinoma, high-grade sarcoma, or melanoma; (2) display markedly elevated mitotic

activity; (3) harbour a TERT promoter mutation; and/or (4) have a homozygous CDKNZ2A and/or CDKNZ2B
deletion.




Anaplastic (malignant) meningioma

(3) harbour a TERT promoter mutation; and/or (4) have a homozygous CDKNZ2A and/or CDKNZ2B



2022 Update
One Caveat!




AD U LT Diffuse

Astrocytic Disease —

WHO 2021



Glioblastoma, IDH-Wildtype, CNS WHO Grade 4

At least one of the following must be present:

* Microvascular proliferation, or

* Necrosis, or

* TERT promoter mutation, or

* EGFR gene amplification, or

* Combined gain of chr 7 with loss of chr 10 (+7/-10)



Isolated TERT promoter mutation

as the SOle molecular criterion for upgrading
Histologic Grade 2 IDH-WT Diffuse Astrocytoma to
GLIOBLASTOMA, IDH-WT, CNS WHO GRADE 4



Neuro-Oncology

23(6), 955-966, 2021 | doi:10.1093/neuonc/noaa258 | Advance Access date 11 November 2020

IDH-wildtype lower-grade diffuse gliomas: the
importance of histological grade and molecular

assessment for prognostic stratification

Giulia Berzero, Anna Luisa Di Stefano”, Susanna Ronchi, Franck Bielle®, Chiara Villa, Erell Guillerm,
Laurent Capelle, Bertrand Mathon®, Alice Laurenge, Marine Giry, Yohann Schmitt, Yannick Marie,
Ahmed Idbaih, Khe Hoang-Xuan, Jean-Yves Delattre, Karima Mokhtari, and Marc Sanson
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PMID 33173941

1. IDH-wildtype diffuse grade Il gliomas should be distinguished from grade lll because
of a lower burden of genetic alterations (including EGFR amplifications, whole
chromosome 7 gain/whole chromosome 10 loss, TERT promoter mutations, TP53
mutations, deletions of cyclin-dependent kinase inhibitor 2A, and chromosome 9p
loss) and a much better outcome.

. With a median overall survival of 88 months, IDH-wildtype grade Il gliomas

with isolated TERT promoter mutations should not be assimilated to molecular
glioblastomas.




Importance of the Study

The cIMPACT-NOW update 3 has recently established
that /[DHwt histological grade Il and llI diffuse gliomas
with EGFR amplifications, and/or combined whole
chromosome 7 gain and whole chromosome 10 loss,
and/or TERT promoter mutations should be considered
as bona fide glioblastomas. Our data suggest that, while
true for histological grade Ill gliomas, these consider-
ations do not fit a subset of grade Il gliomas, and namely

PMID 33173941

those with isolated TERT promoter mutations (median
overall survival: 88 mo). These findings highlight the im-
portance of histological grade, in parallel to molecular
profile, for the prognostic stratification of /[DHwt lower-
grade gliomas and suggest that /[DHwt gliomas with
grade Il histology (<2 mitosis per 10 high power fields)
and isolated TERT promoter mutations should not be
assimilated to molecular glioblastomas.



Neuro-Oncology

23(6), 865—866, 2021 | doi:10.1093/neuonc/noab052 | Advance Access date 28 February 2021

TERT promoter mutation: is it enough to call a WHO
grade II astrocytoma IDH wild-type glioblastoma?

Caterina Giannini® and Felice Giangaspero




PMID 33660766

While 1t may be too late for the results of this paper to be
Incorporated In the upcoming 2021 WHO classification for
CNS Tumor, clinicians and pathologists should be aware of
Its conclusions. Histological grade is still useful for prog-
nostic stratification of IDH-wt gliomas and pTERTmut In
Isolation In strictly defined grade |l astrocytoma does not
appear to be sufficient to assume that the tumor will be-
have as glioblastoma, wild-type (WHO CNS grade 4) as
proposed in cIMPACT-NOW update 6.4



A Brief History of the
World Health Organization

Classification of Tumours
of the

Central Nervous System
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WHO Classification of Tumours = 5th Editlnﬁf

Central Nervous System
Tumours

Edited by ihe WHO Classfication of Tumouns Edsorial Board




WHO Classification of Tumours » 5th Edition 2

Central Nervous System
Tumours

Eckted bry the WHO Clasafcation of Tumcurs Edaorial Board
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Br..J. Cancer (1981) 44, 480

Book Reviews

Histological Typing of tumours of the
Central Nervous System. K. J. ZULcu
(1980). Geneva: W.H.O. 66 pp. Sw Fr. 49,

This is No. 21 of the volumes of the WHO
International Histological Classification of
Tumours. Previous volumes have been re-
viewed in this journal, and interested readers
will be familiar with the aims and achieve-
ments of this valuable series.

Tumours of the central nervous system
have always formed a difficult field of study,
divorced from the main corpus of tumour
pathology, and shrouded in a mystique which
neuropathologists have not always seemed

eager to dissipate. But the general principles
of tumour classification are as applice
within the CNS as elsewhere, and in re
yvears less intimidating classi ions of
tumours have ppt red. The present volume
follows this more down to-earth trend, and
offers a relatively simple scheme. Each
tumour type is briefly deseribed, and illus-
trated by excellent and apposite colour
photomicrographs. The dedicated neuro-
pathologist may find points to ecriticise,
but the “oececasional’” histopathologist, faced
with an intracranial neoplasm, will not go
far wrong if he follows this guide. It can also
be recommended as a reference book for neuro-
surgeons and oncologists.

0. . Dopce
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Book Reviews

Histological Typing of tumours of the
Central Nervous System. K. J. ZULcu
(1980). Geneva: W.H.O. 66 pp. Sw Fr. 49,

This is No. 21 of the volumes of the WHO
International Histological Classification of
Tumours. Previous volumes have been re-
viewed in this journal, and interested readers

But the general principles
of tumour classification are as applicable

within the CNS as elsewhere, and in recent
years less intimidating classifications of CNS
tumours have appeared.
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tumour type is briefly deseribed, and illus-
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photomicrographs. The dedicated neuro-
pathologist may find points to ecriticise,
but the “oececasional’” histopathologist, faced
with an intracranial neoplasm, will not go
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be recommended as a reference book for neuro-
surgeons and oncologists.
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trated by excellent and apposite colour
photomicrographs. The dedicated neuro-
pathologist may find points to ecriticise,
but the “oececasional’” histopathologist, faced
with an intracranial neoplasm, will not go
far wrong if he follows this guide. It ecan also
be recommended as a reference book for neuro-
surgeons and oncologists.

0. G. DopeE
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Table 7 Newly Recognized Tumor Types in the 2021 WHO Classification of Tumors of the Central Nervous System

Newly Recognized TumorTypes W H E
Diffuse astrocytoma, MYB-or MYBL 1-altered

Polymorphous low-grade neuroepithelial tumor of the young

Diffuse low-grade glioma, MAPK pathway-altered
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 type)

Myxoid glioneuronal tumor

Multinodular and vacuolating neuronal tumor

Supratentorial ependymoma, YAP1 fusion-positive

Posterior fossa ependymoma, group PFA c N S T U M O R
Posterior fossa ependymoma, group PFB

Spinal ependymoma, MYCN-amplified

Cribriform neuroepithelial tumor (provisional type)

CNS neuroblastoma, FOXR2-activated TY P E S
CNS tumor with BCOR internal tandem duplication

Desmoplastic myxoid tumor of the pineal region, SMARCE 7-mutant

Intracranial mesenchymal tumor, FET-CREB fusion positive {provisional type)

ClC-rearranged sarcoma

Primary intracranial sarcoma, DICER7-mutant

Pituitary blastoma
Neuro-Oncology 2021 PMID 34185076



Table 7 Newly Recognized Tumor Types in the 2021 WHO Classification of Tumors of the Central Nervous System

Newly Recognized TumorTypes W H E
Diffuse astrocytoma, MYB-or MYBL 1-altered

Polymorphous low-grade neuroepithelial tumor of the young

Diffuse low-grade glioma, MAPK pathway-altered

I Diffuse hemispheric glioma, H3 G34-mutant I

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

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

Myxoid glioneuronal tumor

Multinodular and vacuolating neuronal tumor

Supratentorial ependymoma, YAP1 fusion-positive

Posterior fossa ependymoma, group PFA
Posterior fossa ependymoma, group PFB

Spinal ependymoma, MYCN-amplified

Cribriform neuroepithelial tumor (provisional type)

I CNS neuroblastoma, FDXHE—activatedI Sign ature-Defin Ed
I CNS tumor with BCOR internal tandem duplication

I Desmoplastic myxoid tumor of the pineal region, SMAHCE?-mutantI C N S TU M O R TY P ES

Intracranial mesenchymal tumor, FET-CREB fusion positive {provisional type)

ClC-rearranged sarcoma

Primary intracranial sarcoma, D.‘CEH‘I-mutant|

Pituitary blastoma
Neuro-Oncology 2021 PMID 34185076



Table2 Eey Disgnostic Genes, Molecules, Pattways, and/or Combinations in Major Primany CNS Tumors

Tumor Type GenesMolecular Profiles Characteristically Albtersd®

Astrocytoma, IDH-mutant

Oligodendroglioma, IDH-mutant, and 1pr19g-codeleted
Glioblastoma, IDH-wildtype

Diffusa astrocytoma, MYB- or MYEL I-alterad

Angiocentric glioma

Pohymorphous low-grade neuroepithelial tumor of the young
Diffusa low-grade glioma, MAPK pathway-altared

Diffusa midline glioma, H3 K27-altered

Diffusa hemispheric glioma, H3 G34d-mutant

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

Infant-type hamispheric glioma

Filooytic astrocytoma

High-grade astrocytoma with piloid features
Pleomorphic xanthoastrocytoma
Subependymal giant cell astrocytoma
Chordoid glioma

Astroblastoma, MV T-aktered

Ganglion cell tumors.

Dy=embryoplastic neuroepithelial tumar

Diffusa glioneuronal tumaor with oligodendroglioma-like featuras and
nuclear clustars

Papillary glicneuronal tumaor

Rosette-forming glioneuronal tumor

Myxoid glionsuronal tumar

Diffusa leptomeaningeal glisneuronal tumaor

Multinodular and vacuolating neuronal tumar

Dry=plastic cerabellar gangliccytoma (Lhermitte-Duclos diseasa)
Extraventricular neurocytomsa

Supratentorial ependymomas

Posterior fossa ependymomas

Spinzl ependymomas

Meadulloblastoma, WNT-activated

Madulloblzstoma, SHH-activated

Meadulloblastoma, non-WNT/non-SHH

Atypical teratoidirhabdoid tumar

Embryonal turmor with multilzyered rosattes

CMS neuroblzstoma, FOXA2activated

CMS tumor with BOOR internal tandem duplication
Desmoplastic myxoid tumor of the pineal region, SMARCE1-mutant

Meaningiomas
Salitary fibrous tumor
Meningeal malanocytic tumors

Adamantinomatous craniopharyngioma

Papillary craniopharyngioma

IDH1, IDHZ, ATRX, TP53, COKN2AE

1041, IDHZ, 1pi18q, TERT promaoter, CIC, FUBFT, NOTCHT
IDH-wildtype, TERT promoter, chromosomes 7710, EGAR
MVYE, MYBL1

MYE

BRAF, FGFR family

FGFR1, BRAF

H3 K27 TPs3, ACVRIT, PDGFRA, EGFH, EZHIP

H3 G34, TPES, ATRX

IDH-wildtype, H3-wildtype, PDGFRA, MYCN, EGFR
{mathylome)

NTRE family, ALK, ROS, MET
KIAATR49-BRAF, BRAF, NF1

BRAF, NF1, ATRX, COXN24/E (methylome|
BRAF, COKN2AE

TSC1, T5C2

PRECA

MNT

BRAF

FGFRT

Chromosome 14, (methylome)

PREKCA

FGFRT, PIK3CA, NF1

POFGRA

KIAAT549-BRAF fusion, 1p (methylome)
MAPEK pathway

PTEN

FGFR |FGFR1-TACCT fusion|, |DH-wildtype
ZFTA, RELA, ¥AF1, MAMLZ

H3 K27me3, EZHIP imethylome]

NFZ, MYCN

CTNNBT, APC

TP&3, FTCH1, SUFL, SMO, MYCN, GLIZ (methylome)
MYC, MYCN, FROME, KDM&4 imathylome)
SMARCE1, SMARCA4

C19MC, INCERT

FOXA2

BCOR

SMARCET

NF2, AKT1, TRAFT, SMO, PIK3CA; KLF4, SMARCE,
BAFTin subtypes; H3K27med; TERT promoter, COKNZAE in
CMNSWHO grade 3

NABZ-STATE

NRAS (diffuse); GNAQ, GNATT, PLCBS, CYSLTARZ circum-
scribed)

CTNNBT
BRAF

WHO 5E

43 Tumor Types

with critical molecular
signature determinants

Neuro-Oncology 2021 PMID 34185076
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History of WHO Classification of CNS Tumors

* 1979 15 Edition. Zulch KJ, et al. Histological Typing of Tumours of the Central
Nervous System. World Health Organization, Geneva.




History of WHO Classification of CNS Tumors

* 1979 1+t Edition. Zulch KJ, et al. Histological Typing of Tumours of the Central
Nervous System. World Health Organization, Geneva.

* 1993 2nd Edition (“WHO 11”). Kleihues P, Burger PC, Scheithauer BW, eds.

Histological Typing of Tumours of the Central Nervous System. World Health
Organization International Histological Classification of Tumours, 2nd Ed. Berlin,
Heidelberg: Springer Verlag.

e 2000 3 Edition. Kleihues, Cavenee. Classification of Tumours: Pathology and

Genetics of Tumours of the Nervous System. IARC Press, Lyon. (First volume of the
3rd Edition of the WHO Series)

e 2007 at Edition. Louis, Ohgaki, Wiestler, Cavenee. WHO Classification of Tumours
of the Central Nervous System. (First volume of the 4™ Edition of the WHO Series)

e 2016 Revised 4™ Edition. Louis, Ohgaki, Wiestler, Cavenee, Ellison, Figarella-

Branger, Perry, Reifenberger, von Deimling. WHO Classification of Tumours of the
Central Nervous System.



History of WHO Classification of CNS Tumors

* 1989 Fields. Primary Brain Tumors: A Review of Histological Classification.
Berlin, Heidelberg: Springer Verlag.

* 1997 Kleihues, Cavenee. Pathology and Genetics of Tumours of the
Nervous System. IARC Press, Lyon.



History of WHO Classification of CNS Tumors

1989 Fields. Primary Brain
Tumors: A Review of Histological
Classification. Berlin, Heidelberg:
Springer Verlag.




History of WHO Classification of CNS Tumors
Planning Colloquia and Consensus Conferences

* 1988
* 1990

* 2006
« 2014

* 2015
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The new WHO classification of brain tumours

P Kleihues 1, P C Burger, B W Scheithauer



The New WHO Classification of Brain Tumours

Paul Kleihues 1, Peter C. Burger 2 and
Bernd W. Scheithauer 3

Vinstitute of Neuropathology, Department of Pathology,
University Hospital, CH-8091 Zurich, Switzerland

2Department of Pathology, The Johns Hopkins Hospital,
Baltimore, MD 21287, U.S.A.

3 Department of Laboratory Medicine and Pathology, Mayo
Chnic, Rochester, MN 55905, U.S.A.

The new edition of the World Health Organization
(WHO) book on 'Histological Typing of Tumours of
the Central Nervous System’ reflects the progress in
brain tumour classification which has been achieved
since publication of the first edition in 1979. Several
new tumour entities have been added, including
the pleomorphic xanthoastrocytoma, central neuro-
cytoma, the infantile desmoplastic astrocytoma /
aanglioglioma, and the dvsembryvoplastic neuro-

PMID 8293185

(CNS) neoplasms and, particularly, their histogenesis.
Considering that immunohistochemistry was not
yet available, the task was enormous. However, the
result of the collaborative effort was quite successful

a "Bliya B 1

Preparation of the second edition, just pub-
lished, was initiated during a consensus meeting
held in Houston, Texas, in 1988 (2).
nomenclature for CNS neoplasms that can be used
internationally and which serves as a reliable guide-
line in day-to-day surgical pathology and as a unify-
ing basis for the evaluation of brain tumour therapy
trials. In this article, the major alterations and
amendments are briefly reviewed, some with com-
ments on the opinions expressed by participants of
the WHO working group.

Astrocytic Tumours and Glioma Progression
The working group unanimously proposed that a



e 1988 Houston M D ANDERSON Cancer Center



History of WHO Classification of CNS Tumors
1988 Planning Colloquia and Consensus Conference

 Dawna Armstrong * Yoichi Yashida

* Robin Barnard * Werner Janisch

* Laurence Becker e Kurt Jellinger

e Darell Bigner * John Kepes

* Jean-Marie Brucher * Joel Kirkpatrick

* Janet Bruner e Paul Kleihues

* Peter Burger * Lucy Rorke

e Catherine Daumas- * Lucien Rubinstein
Duport * Bernd Scheithauer

e Richard Davis * Leslie Sobin

* Kenneth Earle e Janusz Szymas

* William Fields * Wolfgang Wechsler

* Floyd Gilles e Alfred Yung

* Jacques Hassoun * Klaus-Joachim Zulch



History of WHO Classification of CNS Tumors
1988 Planning Colloquia and Consensus Conference

e Klaus-Joachim Zulch



History of WHO Classification of CNS Tumors 1988 Planning Conference
Houston M D Anderson Cancer Center




History of WHO Classification of CNS Tumors
Planning Colloquia and Consensus Conferences

1988 Houston M D ANDERSON

Why Houston?




History of WHO Classification of CNS Tumors
Planning Colloquia and Consensus Conferences

1988 Houston M D ANDERSON

e W. S. Fields




History of WHO Classification of CNS Tumors
Planning Colloquia and Consensus Conferences

1988 Houston M D ANDERSON

e W. S. Fields
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What is the Connection between
Klaus Zulch and Texas?



What is the Connection between
Klaus Zulch and Texas?

North Zulch, Texas




Where and What

is North Zulch, Texas?
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North Zulch, Texas

From Wikipedia, the free encyclopedia Coordinates: (g 30°55'04'N 96°06'30"W

North Zulch is an unincorporated community in Madison County, Texas, United States at the intersection of U.S. Highway 190 and State Highway 21 and is

North 2ulch, Texas

Unincorporated community

six miles from the Navasota River and thirteen miles west of Madisonville in west central Madison County.

Education [edit]

The North Zulch Independent School District has served the community for over 100 years and is home to the North Zulch High School Bulldogs. The 2A

& NCRTH ZUL
OCERY

school is rich in tradition and history.

External links [edit]
e North Zulch, Texas & (and Zulch, Texas &) from the Handbook of Texas Online

¢ U.S. Geological Survey Geographic Names Information System: North Zulch, Texas @ _
Old Coca Cola Sign at North Zulch Grocery

Country United States

State Bl Texas

County Madison

Elevation 318 ft (97 m)

Population Estimated

« Total 100

Time zone Central (CST)
(UTC-6)

* Summer (DST) CDT (UTC-5)

Area code(s) 936




North Zulch Texas

Fairfield G Gad
| ¥ (59]
| (8] @ (e2 Nacogdoches
Waco 1 g
@ F}ébinson \ ~ ; M‘“.‘_,j
\ Lufkin b
] Crockett avy Crockett, a ®ang
;ﬁ C} ) National Forest Nation
77 {
Killeen £ 79 \ 69
Coves ===g Ter:ggple C G
- ~ 3
- |
Belton b (287}
:.' 9 adlsgmllle .
J \E\\.'ﬂ\ ey
/ ‘ oy
J\.':\- "
/ 8 ;
/ 4, Hun\\tgwlle “Livingston
Georgg't,,own & College\Station - N
Sy 79 ay =
] \ 9 [
ﬁ0und Rock \\ Sam. HOL‘SIQH
L \ Natiopal Jlforesr @
L el o Y
Pflugerville Navasota ¥ |\ ;
Austin} h s o
il r 4 I /
z Ty Brenham Woodlands  /
.f.i'f ;f Bas‘tjrup = s o d -,r
e ound Top T [ ]
s \
@ | @ F \.H___‘{._;z—-» +;r:_i_ Humbley @
|I|' I'.II P, -:\’g L 4 |
b Mgrcos ’j\- La Groange.c: III| h.&;ﬁf}:— —1:5 /
/ P y I AL " 1 — ’
AP ¢ Y yHotiston | s —77
nfels .Cf"";y Colum:EHszw*" B ||_ : B A
N g —_———X
Se%um-—-"
i @ Ganz:jales
Shioner @

=

O |

Map data ©2015 Google, INEGI




North Zulch Texas
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How far is North Zulch,

Texas from my office at
MDACC?
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The Zulch-Texas Connection

Julius Zulch



The Zulch-Texas Connection

Julius Zulch

Klaus Zulch’s Grandfather’s Brother



The Zulch-Texas Connection: Julius Zulch

e 1850 Julius Zulch, Brother of Klaus Zulch’s Grandfather
immigrated to Texas, arriving in the United States by ship in



The Zulch-Texas Connection: Julius Zulch

e 1850 Julius Zulch, Brother of Klaus Zulch’s Grandfather
immigrated to Texas, arriving in the United States by ship in
Galveston and settled in Madison County in a place known as
Willow Hole and established a general store; the town thrived



The Zulch-Texas Connection: Julius Zulch

« 1906 Willow Hole renamed Zulch



The Zulch-Texas Connection: Julius Zulch

* 1906 The Houston and Texas Central Railroad built a line
from Houston to Navasota that passed 2 miles north of Zulch



The Zulch-Texas Connection: Julius Zulch

1907 The Trinity and Brazos Railway built a spur adjacent to
the HTC spur



The Zulch-Texas Connection: Julius Zulch

* The Zulch population began migrating north to be closer to

the railway — and thus North Zulch was established!
Zulch proper siowly shrank away..



The WHO-Zulch-Texas Connection
Julius Zulch and his legacy, North Zulch
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http://www.google.com/url?sa=i&source=imgres&cd=&cad=rja&uact=8&ved=0CAkQjRwwAGoVChMI48327IXAyAIVjbKACh3Cpw53&url=http://www.nzisd.org/&psig=AFQjCNGVmBTnsk8MnhqEW0iUyp6triBQBQ&ust=1444846249607130

This was a Brief History
of the

WHO CNS Classification
according to Fuller...



But there is a Better History

of the

WHO CNS Classification

Scheithauer




HISTORICAL PERSPECTIVE

Development of the WHO Classification of Tumors of the
Central Nervous System: A Historical Perspective

Bernd W. Scheithauer, MD

Department of Pathology and Laboratory Medicine, Mayo Clinic, Rochester, Mi. Brain Pathology 2009

18771526

Keywords Abstract
brain tumors, classification, historical

development, World Health Organization. The classification of brain tumors has undergone numerous changes over the past half

century. The World Health Organization has played a key role in the effort. Four versions of

Corresponding author: its Classification of Tumours of the Central Nervous System have been published. The
Bernd W. Scheithauer, MD, Mayo Clinic, present work chronicles their progress, placing emphasis on the historical context of the
Department of Laboratory Medicine and earliest effort.

Pathology, 200 First Street, SW, Rochester,
MN 55905 (E-mail:
scheithauer.bernd@mayo. edu)
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