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WHO CNS 5 (WHO 2021)

• I, II, III, IV vs 1, 2, 3, 4

• Pit Adenoma vs PitNET





WHO CNS 5 (WHO 2021)

• NOS  Not Otherwise Specified

• NEC  Not Elsewhere Classified
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Dramatic expansion 
of newly codified tumors! 
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Molecular 
Signature-Defined

CNS Tumors

12 NEW



Neuro-Oncology 2021  PMID 34185076

WHO 5E
43 Tumor Types 
with critical molecular
signature determinants



WHO CNS 5 (WHO 2021)

Major Changes in the 

Most Common 
CNS Tumor Types



WHO CNS 5 (WHO 2021)
Major Changes in the Most Common CNS Tumor Types

• Adult-type Diffuse Gliomas
• Pediatric-type Diffuse Gliomas
• Ependymomas
• Meningiomas







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



Adult-Type Diffuse Gliomas (WHO 2000/2016)

• Diffuse Astrocytoma, IDH-Mutant, WHO Grade II
• Diffuse Astrocytoma, IDH-Wildtype, WHO Grade II
• Anaplastic Astrocytoma, IDH-Mutant, WHO Grade III
• Anaplastic Astrocytoma, IDH-Wildtype, WHO Grade III
• Glioblastoma, IDH-Mutant, WHO Grade IV
• Glioblastoma, IDH-Wildtype, WHO Grade IV
• Oligodendroglioma, IDH-Mutant, 1p/19q-Codeleted, WHO Grade II
• Anaplastic Oligodendroglioma, IDH-Mutant, 1p/19q-Codeleted, WHO Grade III
• Oligoastrocytoma, WHO Grade II
• Anaplastic Oligoastrocytoma, WHO Grade III

10 entities!



• Astrocytoma, IDH-Mutant 
• Glioblastoma, IDH-Wildtype
• Oligodendroglioma, IDH-Mutant, 1p/19q-Codeleted

Adult-Type Diffuse Gliomas (WHO 2021)

Only 3 Distinct Diseases!





• 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
Astrocytoma

Astrocytoma, IDH-Mutant, CNS WHO Grade 2
• Mitotic activity absent or very low
• NO microvascular proliferation
• 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



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)

Glioblastoma, IDH-Wildtype, CNS WHO Grade 4



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
•Mitotic activity elevated
•NO microvascular proliferation
•NO necrosis
•NO TERTp mutation, EGFR amplification, or +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
•Mitotic activity elevated
•NO microvascular proliferation
•NO necrosis
•NO TERTp mutation, EGFR amplification, or +7/-10

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





Diffuse Astrocytoma, IDH-Wildtype, NOS
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-Wildtype, NOS
WHO Histologic Grade 3

• Mitotic activity elevated
• NO microvascular proliferation
• NO necrosis
• NO TERTp mutation, EGFR amplification, or +7/-10

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



• Oligodendroglioma, IDH-Mutant and 
1p/19q-Codeleted, CNS WHO Grade 2

• Oligodendroglioma, IDH-Mutant and 
1p/19q-Codeleted, CNS WHO Grade 3

Oligodendroglioma



• Oligodendroglioma, NOS
CNS WHO Grade 2

• Oligodendroglioma, NOS
CNS WHO Grade 3

Oligodendroglioma



Pediatric-Type
Diffuse Gliomas







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



Diffuse Midline Glioma, H3 K27-Altered
Classical Pontine Glioma (DIPG) 80% are H3 K27-Alt DMG







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

• H3 G34-Mutant in the Cerebral Hemisphere
Diffuse Hemispheric Glioma, G34-Mutant

Histone H3 Mutation
Pediatric Diffuse Gliomas



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



DMG, H3 K27-Altered HISTOLOGY
H3 K27me3H&E H3 K27M



DMG, H3 K27-Altered HISTOLOGY
H3 K27me3H&E H3 K27M

Diffuse Midline Glioma, H3 K27-Altered
CNS WHO Grade 4



Ependymoma Classification

•Supratentorial Ependymoma
•Posterior Fossa Ependymoma
•Spinal Cord Ependymoma



Supratentorial Ependymoma
• RELA Fusion-Positive (poor prognosis)

• YAP1 Fusion-Positive
• NOS / NEC

Ependymoma Classification
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• RELA Fusion-Positive (poor prognosis)
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Supratentorial Ependymoma
• C11orf95 Fusion-Positive (poor prognosis)

• YAP1 Fusion-Positive
• NOS / NEC

Ependymoma Classification



Supratentorial Ependymoma
• C11orf95 Fusion-Positive (poor prognosis)

• YAP1 Fusion-Positive
• NOS / NEC

Ependymoma Classification



Supratentorial Ependymoma
• ZFTA 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

Ependymoma Classification



Posterior Fossa Ependymoma, Type PFA



LOSS of H3 K27 trimethylation mark
in Posterior Fossa Ependymoma, PFA

Normal 
endothelial 
cells



Meningiomas















2022 Update
One Caveat!



ADULT Diffuse 
Astrocytic Disease –

WHO 2021



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)

Glioblastoma, IDH-Wildtype, CNS WHO Grade 4



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
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A Brief History of the 

World Health Organization 
Classification of Tumours 

of the 

Central Nervous System



WHO CNS 
“Blue Books”











USCAP 2020 HONORS



USCAP 2020 HONORS
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WHO CNS 
“Blue Books”



“WHO  II”
1993 

Kleihues, 
Burger, 

Scheithauer



2nd ed 112 pp



5th ed556pp

2nd ed 112 pp









Brain Pathology 2009 PMID 18771526

WHO CNS 1E
1979 

Zülch KJ et al. 
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Fast Forward 4 Decades
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43 Tumor Types 
with critical molecular
signature determinants

WHO 5ETHE

INTIMIDATING
CLASSIFICATION 

IS BACK BABY!



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

• 1993 2nd Edition (“WHO II”). 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.

• 2000 3rd 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)

• 2007 4th Edition. Louis, Ohgaki, Wiestler, Cavenee. WHO Classification of Tumours 
of the Central Nervous System. (First volume of the 4TH Edition of the WHO Series)

• 2016 Revised 4th 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



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

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

• 1993 2nd Edition (“WHO II”). 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.

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

• 2000 3rd 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)

• 2007 4th Edition. Louis, Ohgaki, Wiestler, Cavenee. WHO Classification of Tumours of 
the Central Nervous System. (First volume of the 4TH Edition of the WHO Series)

• 2016 Revised 4th Edition

History of WHO Classification of CNS Tumors



History of WHO Classification of CNS Tumors

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



• 1988

• 1990

• 2006

• 2014

• 2015

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



“WHO II” PMID 8293185



PMID 8293185



• 1988 Houston   M D ANDERSON Cancer Center

• 1990 Geneva

• 2006 Heidelberg

• 2014 Haarlem

• 2015 Heidelberg

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



• Dawna Armstrong
• Robin Barnard
• Laurence Becker
• Darell Bigner
• Jean-Marie Brucher
• Janet Bruner
• Peter Burger
• Catherine Daumas-

Duport
• Richard Davis
• Kenneth Earle
• William Fields
• Floyd Gilles
• Jacques Hassoun

• Yoichi Yashida
• Werner Janisch
• Kurt Jellinger
• John Kepes
• Joel Kirkpatrick
• Paul Kleihues
• Lucy Rorke
• Lucien Rubinstein
• Bernd Scheithauer
• Leslie Sobin
• Janusz Szymas
• Wolfgang Wechsler
• Alfred Yung
• Klaus-Joachim Zulch
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History of WHO Classification of CNS Tumors  1988 Planning Conference
Houston M D Anderson Cancer Center



1988 Houston   M D ANDERSON

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

Why Houston?



1988 Houston   M D ANDERSON

• W. S. Fields

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



1988 Houston   M D ANDERSON

• W. S. Fields

• “The Zulch-Texas Connection”

History of WHO Classification of CNS Tumors  
Planning Colloquia and Consensus Conferences
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What is the Connection between 
Klaus Zulch and Texas?

North Zulch, Texas



Where and What
is North Zulch, Texas? 



North Zulch Texas



North Zulch Texas



North Zulch Texas

Google Earth



How far is North Zulch, 
Texas from my office at 

MDACC? 



TMC to

North Zulch
Texas



What is the Connection between 
Klaus Zulch and North Zulch TX?



The Zulch-Texas Connection 

Julius Zulch



The Zulch-Texas Connection 

Julius Zulch
Klaus Zulch’s Grandfather’s Brother
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The Zulch-Texas Connection: Julius Zulch
• 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

• 1906 Willow Hole renamed Zulch

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

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

• The Zulch population began migrating north to be closer to 
the railway – and thus North Zulch was established!
Zulch proper slowly shrank away…



The WHO-Zulch-Texas Connection 
Julius Zulch and his legacy, North Zulch

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
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



Brain Pathology 2009

PMID 18771526



1976



From: Wikipedia



From: Amazon

From: Wikipedia



From: Wikipedia
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