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1. Identify molecular markers that distinguish CNS WHO grade 1 and 2 
meningioma

2. Describe high-throughput platform results (methylation, RNA) into 
classification and grading of meningiomas

3. Identify suitable workflows for grading of brain invasive otherwise benign 
meningiomas

Learning objectives





Meningioma Grading WHO 2021
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morphology

CNS WHO grade 1
morphology

CNS WHO grade 3
morphology

CNS WHO grade 3
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variant

WHO
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Sahm et al., 2016
Maas et al., 2021
Nassiri et al., 2021
Choudhury et al., 2022

Advanced Molecular Grading



What data to include in grading / reporting?



Hazard ratiop-valueParameter
1.50.57maleSex
1.90.364 or 5Simpson stage
2.10.30>medianAge
5.30.05xYes1p loss
1.50.74intermediateMeningioma class
15.90.03xmalignant

Most robust single marker
1p

Driver et al, Neuro-oncol 2021

Maas et al., ANP 2023

Maas et al., JCO 2021



Most robust single marker
1p



New Guideline



cIMPACT8: 1p deletion CNS WHO grade 2



≥ 2 other whole arm losses 
on chr. 6, 10, 14, 18 

• Features borderline between CNS WHO grade 1 and 2 (e.g. 3 mitotic figures 
per 1.6 mm² or 2 of the 5 “soft” criteria)

• Brain-invasive, otherwise benign (BIOB) meningioma
• CNS WHO grade 1 meningioma with unexpectedly rapid growth on serial

imaging or recurrence
• CNS WHO grade 2 (confirmation, distinguishing from CNS WHO grade 1/3)  
• Chordoid, clear cell, rhabdoid or papillary histology

Chromosomal (arm) losses*

MOLECULAR HIGH-RISKMOLECULAR LOW-RISK

Grade 2
morphology

Indicating higher risk
(MM-UNFAV; MC int A/int 
B; MC mal; MenG; RNA 
high risk) 

Indicating low risk
(MM-FAV; MC ben-1/ben-
2; Merlin intact; RNA low 
risk) 

No relevant losses

OR

isolated 22q loss

Confirmatory of
biology concordant

with
CNS WHO grade

Confirmatory of
biology concordant

with higher
CNS WHO grade

Molecular indication
of higher risk

than average for
CNS WHO grade

Grade 1
morphology

Grade 1
morphology

Grade 2
morphology

1p & 22q loss

Scenarios where
additional molecular

testing may be useful

Methylation/RNA groups

CNS WHO grade 2

Molecular indication
of lower risk

than average for
CNS WHO grade

+ +

CNS WHO grade 1 CNS WHO grade 2for BIOB**: for BIOB**:

cIMPACT8: When to test?



cIMPACT8: Novel Markers

+



cIMPACT8: Novel Markers



Multi-layered (integrated) diagnosis (cIMPACT 8)

Morphology:  Meningioma with low mitotic activity
Molecular findings: TERT promoter wildtype, CDKN2A/B balanced, 1p and 22q deletion
Integrated diagnosis: Atypical meningioma CNS WHO grade 2

Morphology:  Meningioma with marginal features of atypia
Molecular findings: no copy-number alterations, MC benign-2
Integrated diagnosis: Meningioma CNS WHO grade 1 with molecular low risk



cIMPACT8: Brain Invasion Otherwise Benign

Perry et al., Free Neuropathol 2021



cIMPACT8: Brain Invasion Otherwise Benign



EANO Meningioma Targeted Treatment Guideline









Meningioma Subgroups are not Medulloblastoma Subgroups

Capper et al., Nature 2018 Sievers et al., ANP 2021



Ritter et al., Nat Cancer 2025
Maas et al., Nat Genetics 2026

Cellular composition



Maas et al., accepted

Cellular composition



CNS WHO grade 1 CNS WHO grade 3CNS WHO grade 2

Microscopy

Molecular

Meningioma continuum



CNS WHO grade 1 CNS WHO grade 3CNS WHO grade 2

Meningioma continuum



Patel et al., Nat Med 2025

Jin et al., accepted

Diagnostic Accessibility



Histology

AI Attention
Map

Spatial
Transcriptomics

Maas, Zhao et al., in preparation
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