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Objectives: At the end of this talk, you should be able to:

Understand the changes 

that emerged in the 2021 

WHO Classification of CNS 

Tumors

1

Become familiar with new 

CNS tumor entities

2

Incorporate appropriate 

molecular studies needed 

for the diagnosis, treatment 

or prognostication of certain 

CNS 

3
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WHO Classification of CNS Tumors 
(“blue books”)

2nd edition
1993

3rd edition
2000

4th edition
2007

1st edition
1979

• Diagnosis, classification and grading based solely on morphologyNot 
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COMBINED MORPHOLOGY AND GENETICS

Genetically defined entities 

Integrated diagnosis
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5th edition (2021)

cIMPACT-Now

Revised 4th edition (2016)
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cIMPACT 3

Soft landing
Incremental progress
Consensus builder
No element of surprise
Quicker turnaround time
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WHO CNS5: General Changes

• Taxonomy and nosological organization (hierarchical 
classification)

• Standardization with other WHO systems
– Type/subtype replacing entity/variant

• Nomenclature
– Simple, more consistent
– Gene symbols and gene names (HUGO), sequence variants (HGVS), 

etc
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WHO CNS5: General Changes (cont.)

• CNS tumor grading
– Arabic numerals (1-4)

• Conforms with other WHO grading systems
• Limits typographical errors

– Within types rather than across different types
• e.g. Anaplastic (grade III) across “entities”
• Provide flexibility, emphasize biologic similarities, conform with non-CNS

– WHO CNS grade
• Highlights differences from other systems (not strictly histopathological)
• Remains somewhat ”clinicopathologic” (e.g. no WHO 1 adult-type DG)
• Molecular info as biomarkers of grading (e.g. TERT in IDH-WT DG)Not 
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Louis et al. The 2021 WHO Classification of Tumors of the Central
Nervous System: a summary. Neuro-Oncol 2021;23:1231-1251
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NOS

Testing NOT performed

Testing NOT successful

Tested; no specific WHO diagnosis

NOS

NECTested; no specific WHO diagnosis

Testing NOT available
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Layer 1: Integrated diagnosis (incorporating all tissue-based
information)

Layer 2: Histological classification

Layer 3: CNS WHO grade

Layer 4: Molecular information

Integrated and Layered Reporting Format

Not 
for

 di
str

ibu
tio

n



E M  H AT T A B ,  M D ,  M B A
L O U I S V I L L E . E D U  /  2 0 2 1

WHO CNS5: Specific Changes

• Restructuring tumor groups
– Gliomas, glioneuronal and neuronal tumors

• Diffuse gliomas

– Others

• New types
• Revised nomenclature
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WHO CNS5 Tumor Classification
• Gliomas, glioneuronal and neuronal tumors
• Choroid plexus tumors
• Embryonal tumors
• Pineal tumors
• Cranial and paraspinal nerve tumors
• Meningiomas
• Mesenchymal, non-meningothelial tumors
• Melanocytic tumors
• Hematolymphoid tumors
• Germ cell tumors
• Tumors of the sellar region
• MetastasesNot 
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WHO CNS5 Tumor Classification

• Gliomas, glioneuronal and neuronal tumors

– Adult-type diffuse gliomas

– Pediatric-type diffuse low-grade gliomas

– Pediatric-type diffuse high-grade gliomas

– Circumscribed astrocytic gliomas

– Glioneuronal and neuronal tumors

– Ependymal tumorsNot 
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Diffuse Glioma Restructuring…again!
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Diffuse Glioma
(CNS5)

Adult Pediatric
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CNS5: Diffuse Gliomas Classification
Diffuse Gliomas

Adult type

Diffuse 
astrocytoma, 

MYB- or 
MYBL1-altered

Pediatric type

Low gradeOligodendro-
glioma, IDH 
mutant & 
1p/19q 

codeleted

High gradeAstrocytoma, 
IDH mutant

Angiocentric 
glioma

Polymorphous 
low-grade 

neuroepithelial 
tumor of the 

young

Diffuse low-
grade glioma, 

MAPK 
pathway-
altered

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

Glioblastoma, 
IDH wildtype
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Simplification of adult-type, 
diffuse gliomas…

2016: 15 entities
CNS5: 3 types
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Astrocytoma, 
IDH-mutant

(CNS5)

Astrocytoma, 
IDH-mutant, 
WHO grade 2

Astrocytoma, 
IDH-mutant, 
WHO grade 3

Astrocytoma, 
IDH-mutant, 
WHO grade 4
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CDKN2A/B 

homozygous deletion

Necrosis or

Astrocytoma, IDH-mutant, WHO grade 4

Microvascular 

proliferation
or
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Diffuse 
glioma, IDH-

wildtype, NEC

Glioblastoma, 
IDH-wildtype, 
WHO grade 4

Astrocytoma, 
IDH-wildtype

(CNS5)
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Criteria for Glioblastoma, IDH-wildtype, WHO 4

+7/-10 

chromosome 

copy number 

changes

EGFR. Gene 

amplification

or

TERT promoter 

mutation

or

Necrosis

or

Microvascular 

proliferation

or

"Diffuse astrocytic glioma, IDH-wt with. molecular features of GBM" is now retired
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WHO CNS5: Pediatric-Type Diffuse Gliomas

• Pediatric-type diffuse low-grade gliomas
– Diffuse astrocytoma, MYB- or MYBL1-altered
– Angiocentric glioma
– Polymorphous low-grade NE 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 HG glioma, H3wt and IDHwt
– Infant-type hemispheric gliomaNot 

for
 di

str
ibu

tio
n



E M  H AT T A B ,  M D ,  M B A
L O U I S V I L L E . E D U  /  2 0 2 1

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 (CNS WHO grade 2)

Subependymoma

CNS5: Ependymal Tumors
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Newly Recognized Tumor 
Types…
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22 New types
• 14 (gliomas, glioneuronal 

& neuronal tumors)
• 3 provisional types (italics)
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Polymorphous low-grade neuroepithelial 
tumor of the young (PLNTY), CNS WHO 1
- Young, epilepsy
- Oligo-like morphology
- Aberrant CD34 expression
- MAPK-pathway abnormalities

CD34Not 
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13 revisions
• Clarify molecular 

alterations
• Follow cIMPACT

nomenclature
• Standardize type 

names across other 
systemsNot 
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WHO CNS5: Other Changes

• Choroid plexus tumors
– Separated from primary neuroepithelial tumors

• Medulloblastoma
– Similar overall classification but more granular molecular information 

yielded 4 SHH and 8 non-WNT/non-SHH subgroups (predictive)
– Histologically defined classification now grouped together

• Other embryonal tumors
– 2 new types (CNS neuroblastoma, FOXR2-activated & CNS tumor with 

BCOR ITD)
– AT/RT: 3 molecular subtypes
– ETMR with DICER1 alteration 
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WHO CNS5: Other Changes

• Pineal tumors
– New type: Desmoplastic myxoid tumor of the pineal region, 

SMARCB1-mutant 
– Pineoblastoma: 4 molecular subtypes

• Meningioma
– 1 type, 15 subtypes
– Molecular biomarkers: SMARCCE1 (clear cell), BAP1 (rhabdoid, 

papillary), KLF4/TRAF7 (secretory), TERT and/or CDKN2A/B HD (grade 
3), H3K27me3 loss (worse).
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Thank you!
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