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PRIOR WHO GRADING CRITERIA 

• 1979 Scheme 

– Anaplastic: “Any meningioma that displays anaplastic 
features yet has not developed into a frank sarcoma” 

• 1993 Scheme 

– Atypical (WHO II): “Meningiomas in which several of the 
following features are evident: frequent mitoses, increased 
cellularity, small cells with high N/C ratios, uninterrupted 
patternless or sheet-like growth and foci of spontaneous or 
geographic necrosis. 

– Anaplastic (WHO III): “A meningioma exhibiting histological 
features of frank malignancy far in excess of the 
abnormalities noted in atypical meningioma.  These include 
obviously malignant cytology, a high mitotic index and 
conspicuous necrosis. 
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INCREDIBLE LUCK IN BEING AT RIGHT 
PLACE AND TIME: MAYO 1994 

BWS 
suggests 
project 
evaluating 
Mayo clinic 
meningiomas 
for prognostic 
features and 
development 
of new 
grading 
scheme. 
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CLASSIFICATION/GRADING SCHEME: 
WHO 2007 

• WHO I = Benign 

• WHO II = Atypical 

• WHO III = Anaplastic 
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MENINGIOMA GRADING 

• Atypical (WHO II) (~20%) 

− High mitotic index (≥4/10 HPF) 

− Presence of multiple (at least 3 of 5) variables: 
sheeting, macronucleoli, small cells, 
hypercellularity, necrosis 

• Anaplastic (Malignant) (WHO III) (~1-2%) 

− Excessive mitotic index (≥20/10 HPF) 

− Frank anaplasia = sarcoma, carcinoma, or 
melanoma-like histology 

Perry A et al., Am J Surg Pathol 21: 1455, 1997 
 Perry A et al., Cancer 85:2046, 1999  
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MENINGIOMA, WHO I (75-80%) 



School of Medicine 

ATYPICAL MENINGIOMA, WHO II (20%) 
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GFAP 

BRAIN INVASIVE MENINGIOMAS 
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WHO 2007 

BRAIN INVASIVE MENINGIOMAS 
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CLEAR CELL MENINGIOMA (WHO II) 

PAS 

PASD 
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CHORDOID MENINGIOMA (WHO II) 
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p 6 mo. 

ANAPLASTIC (MALIGNANT) 
MENINGIOMA, WHO III (1-3%) 







Ki-67>20% 
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PAPILLARY MENINGIOMA (WHO III) 
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VIM 

RHABDOID MENINGIOMA, WHO III 





2) Korshunov et al. Int J Cancer 2003;728-34 1) Ho et al. Cancer 2002;1538-47 

3) Combs et al. IJROBP 2011; 81:1415-21 

4) Domingues et al. Neuro-Oncology 2014 (in press) 
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EMBOLIZED MENINGIOMAS 
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EMBOLIZED MENINGIOMAS 

Perry A et al. Cancer 92:701, 2001  
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CD34 
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PR 
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RTOG TRIAL 0539 (N=220) 
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• Types 

– Diagnostic 

– Prognostic 

– Predictive 

– (Elucidate Biology) 

• Practicality and regulatory issues 

– Cost and ease of implementation 

– IHC vs. FISH vs. PCR vs. genomics 

– Reimbursement and regulatory guidelines 
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WHO 2007 GENETIC MODEL 







Nat Genet 45(3): 
285, 2013 



Nat Genet 45(3): 
295, 2013 



MIB-1 EMA 

PR PR 



USCAP Meeting 2014: 
Mod Pathol 27;Supp 2, 439A, 2014 
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Genetics 

• Translocations and 
inversions of Chr 12q13 

 

• NAB2-STAT6 fusion 

 

Nat Genet. 2013;45(2):131-2.  

Acta Neuropathol. 2013;125(5):651-8.  



Acta Neuropathol. 2013;125(5):651-8.  
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ANAPLASTIC MENINGIOMAS (N=23) 
Perry A et al., Brain Pathol 12:183-190, 2002  
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NDRG2 METHYLATION 
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CURRENT PATHOLOGY INFORMATION 

• Confirm diagnosis of meningioma  

- IHC for EMA, PR, SSTR2a, STAT6; FISH for 22q loss 

• Suggest NF2 in appropriate setting 

• Identify high recurrence risk (WHO grade II) 

- IHC for MIB-1, PR, GFAP (brain inv), NDRG2? 

- FISH for losses of 1p, 14q, others 

- Need for adjuvant radiotherapy vs. careful FU? 

- Frequency of neuroimaging? 

• Identify high mortality risk ( WHO grade III) 

- IHC and FISH for 9p21 deletions 

• Need for improved molecular schemes 
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Rest in peace 
Bernd.  You are 

sorely missed, but 
live on in the 

hearts of those 
you’ve trained 
and mentored. 

BWS (1946-2011) 


