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Novelties in the WHO 2016 
classification of brain tumours





The 2016 WHO classification

A nosological shift
• « Integrated » diagnostic

New entities, new variants and pattern and 
deletion of others 

Some tumour groups have been deeply 
changed
• Gliomas
• Embryonal tumours

 Limits 
 Future directions



A nosological shift

Before 2016

The diagnosis was based on histological 
parameters only
• Classification according to microscopic similarities 

with different putative cells of origin

• Histopronostic criteria

Discovery of cannonical genetic alterations

How can we integrate these genetic data in 
the diagnosis of tumours of the SNC? 



Guidelines for how to incorporate 
molecular findings into brain 

tumour diagnoses



• Integrated Diagnosis (incorporated all aspects of tissue diagnosis)

• Histological Diagnosis

• WHO Grade (histological grade)

• Molecular information

ISN-Haarlem format of “layered diagnoses”

I      II       III       IV

ISN-Haarlem 

layered diagnosis format

Courtesy of D. Louis



A nosological shift

2016
 Integrated diagnosis:

• Combination of histopathological and molecular 
features 

• Must be performed by the pathologist

NOS « Not Otherwise Specified » : there is 
insufficient information to assign a more 
specific code : 
• The genetic tests have not been performed 
• They have been not fully performed
• The results does not show the diagnostic genetic 

alterations 



Gliomas in 2016: the major findings that 
have preceded the  changes

 Major advances in genetics
• Distinction between infiltrative and 

circumbscribed gliomas

• Distinction between adult and 
children infiltrative gliomas

 The mixed gliomas are no longer 
recognized

 Some histologically defined 
gliomas are highly heterogeneous

 Molecular alterations define 
three groups of adult gliomas 
grade II and III



The master genes of infiltrative gliomas

 Thanks to the whole-
genome sequencing

 IDH mutations 
characterized grade II 
and III adult 
infiltrative gliomas 
whatever their subtype 
(astro, oligo, mixte)

 Histone mutations 
characterized 
infiltrative gliomas in 
children and young 
adults (midline gliomas)

Science 2008: Parson et al 

Nature 2012: 
Schwartzentruber et al

Nature Genet 2012: Wu et al



IDH genes (isocitrate deshydrogenase)

- Ohgaki et Kleihues, Cancer Science, 2009 -

- Hartmann et al., Acta Neuropathologica, 2009 -

2q33

15q26.1



The usefulness of  IDH1R132H antibody  (Capper et al 2009)



Histone mutations (K27M) are a common 
feature of midline gliomas

K27M mutation in H3F3A and HIST1H3B 
HIST1H3C genes  can be detect by 
immunohistochemistry

Varlet et al, oncotheranostic 2016



ATRX and TP53
• Associated with IDH and histone 

mutations

• Astrocytic phenotype

 1p19q  codeletion:translocation 
t(1.19)(q10;p10)
• Associated with IDH mutations

• Oligodendroglial phenotype

• Other mutations associated with 
1p19q codel : CIC (19q) et FUBP1 
(1p)

Other genetic alterations associated with IDH 
and histone mutations

ATRX p53



MAPK pathway alterations:  whole genome 
sequencing of 96 PA cases (Jones et al 2013)

 All PA demonstrated at least one alteration 
 These altérations are mutually exclusive except for  FGFR1 and 

PTPN11 
 The KIAA1549-BRAF fusion is the most frequent one 
 FGFR1 mutation and NTRK2 fusion are observed in extra-cerebellar  

PA

Extra cerebellar PA



Mixed gliomas 



Some histologically defined gliomas are heterogeneous 
exemple of anaplastic oligodendrogliomas

Intact 1p19q AO 1p19q codeleted 

AO

p-values

MPV 88% 82% NS
Necrosis 44% 28% p=0.06

INA 22.5% 88.5% p <0.0001

TP53 29% 12% p =0.01

IDH R132H 29% 88% p <0.0001

IDH1/2 mutation 44% 97% p <0.0001

Amplifications 

EGFR
PDGFRA

41%

13%

10%

0 p <0.0001

p =0.0002

p =0.001

CDKN2A deletion 24% <1% p <0.0001

Chr 4 loss 3% 31% p =0.0002

Chr 7gain 45% 10% p <0.0001

Chr 9q loss 0 15% p =0.01

Chr 10 loss 44% 4% p <0.0001

Chr 11q gain 0 16% p =0.01

Chr 17p loss 16% <1% p =0.001

Mean of chromosome 

alterations

7.1 4.7 p=0.003



Brat et al NEJM 2015

Stratification of grade II and III gliomas



Pronostic impact of molecular subgroups

Suzuki et al nature Genet 2015 Brat et al NEJM 2015



Gliomas in 2016



Diffuse midline glioma, H3K27M mutant: a 
new entity

H3K27M H3K27Me





Exemple 1: 34 year old male

 Integrated diagnosis:
• PENDING

 Histological diagnosis
• Diffuse astrocytoma

 Grade II 

 Molecular informations
• PENDING



Exemple 1: Final diagnosis

 Integrated diagnosis:
• Diffuse astrocytoma, IDH mutant 

grade II

 Histological diagnosis
• Diffuse astrocytoma

 Grade II 

 Molecular informations:
• IDH1R132H positive ATRX loss of 

expression (p53 positive)

IDH1 R132H

ATRXp53



Exemple 2: 55 year old female

 Integrated diagnosis:
• PENDING

 Histological diagnosis
• Anaplastic 

oligodendroglioma

 Grade III ? 

 Molecular informations
• PENDING



Exemple 2: Final diagnosis

 Integrated diagnosis:
• Anaplastic oligodendroglioma IDH 

mutant and 1p/19q-codeleted, grade III

 Histological diagnosis
• Anaplastic oligodendroglioma

 Grade III 

 Molecular informations
• IDH1R132H negatif, ATRX retained

• IDH2 mutation 

• 1p19q codeletion
INA

ATRX

IDH1R132H



Exemple 3:  60 year old male

 Integrated diagnosis:
• PENDING

 Histological diagnosis
• Anaplastic astrocytoma

 Grade III ?

 Molecular informations
• PENDING



Exemple 3: final diagnosis

 Integrated diagnosis:
• Anaplastic astrocytoma 

IDH-wildtype

 Histological diagnosis
• Anaplastic astrocytoma

 Grade III 

 Molecular information
• IDH1R132H negative, lack 

of IDH mutation, EGFR 
amplification, +7 -10

 Comment:
• Molecular feature of GBM

EGFR amplification

7 gain 10 loss

76 8 9 10



Ependymomas in 2016: the major findings 
that have preceded the  changes



Ependymomas in 2016

Grade is maintained although questionable

Cellular ependymoma is deleted

A genetically defined ependymoma subtype 
has been accepted: Ependymoma, RELA 
fusion-positive



Pathological features



Major advances in the genetic of 
medulloblastomas (summarized in Taylor et al 2012)



Embryonal tumours

 WHO 2016
• Medulloblastomas:major 

conceptual changes in 
medulloblastomas: marriage of 
histological and molecular 
classification schemes

• Other embryonal tumours

 WHO 2007

 WHO 2016



Medulloblastoma, classic and desmoplasic



Pleiomorphism, wraping, nuclear molding, apoptotic 
figures and necrosis characterized anaplastic Mb



Nuclear b catenin expression characterized 
Wnt Mb

Ellisson et al Acta Neuropathol 2011; 121: 381-96

Fattey et al J. Pathol 2009



GAB1 expression in MB

Ellisson et al Acta Neuropathol 2011; 121: 381-96

Desmoplastic

Non 

SHH/WntLC/A



Filamin and Yap1 expression in MB

SHH

Non 

SHH/Wnt

Yap1 Filamin



WNT SHH Non WNT/ non SHH

TP53 wt TP53 mut Group 3 Group 4

Age Childhood Infancy

Adult

Childhood Infancy

Childhood

All ages

Pathology Classic Desmoplasic
/nodular

LC/A LC/A Classic

IHC B caténine 
nucléaire + 
et

Filamine +

Gab1+ et filamine +

Absence de B caténine 
dans les noyaux

Gab1+ et filamine -

Absence de B caténine 
dans les noyaux

Genetic Monosomy 
6

PTCH1
mutation

TP53 
mutation

PVT1-MYC KDM6A

Germline 
mutation

APC PTCH1

SUFU
TP53



WHO 2016: solitary fibrous tumour 
/haemangiopericytoma SFT/HPC

 In contrast to 
neuropathologists, soft 
tissue pathologists have 
removed HPC since decade

 Both SFT and HPC share 
inversions at 12q13 fusing 
the NAB2 and STAT6 genes
Chmielecki et al Nature 2013, 
Robinson et al Nature Genet 2013

 This leads to strong nuclear 
STAT6 accumulation



Limits 1. Adult gliomas

The category of diffuse astrocytoma and 
Anaplastic astrocytoma IDH -wildtype need 
to be better characterized

The grading criteria within each well defined 
histomolecular subgroup need to be refined

Some lessons of the POLA network





Limits 2: diffuse gliomas and glioneuronal 
tumor in children

 The diffuse gliomas in 
children should be 
better characterized 
according to new 
genetic features

 The 2016 edition 
contains « pediatric 
boxes » to highlight 
differences between 
adults but this is not 
sufficient



Genetic alterations in PLGG Qaddoumi et al., 2016



Limits 3: CNS embryonal tumors NOS ( 
Previous CNS PNET): the future

Sturm et al 2016





To provide a forum to evaluate and recommend proposed changes to future CNS tumor
classifications, cIMPACT-NOW will at regular intervals facilitate input and consensus review of
novel diagnostically relevant data and determine how such information can be practically
incorporated into CNS tumor classifications. While it is understood that the major impact on
international brain tumor classification comes about through the WHO classification update
process, it is anticipated that this additional process will “see impact” in selected tumor types
and in time periods between the WHO classification updates. The cIMPACT-NOW updates are
not intended to supplant the existing WHO classification, but to provide possible guidelines for
practicing diagnosticians and future WHO classification updates.

cIMPACT-NOW (cont.)
Andreas von Deimling 
Pieter Wesseling 

cIMPACT-NOW Clinical Advisory Panel
Tracy Batchelor
J. Gregory Cairncross
Stefan Pfister
Stefan Rutkowski
Michael Weller
Wolfgang Wick

cIMPACT-NOW
Ken Aldape 
Dan Brat 
David Capper
David W. Ellison 
Dominique Figarella-Branger 
Cynthia Hawkins 
David N. Louis 
Werner Paulus 
Arie Perry 
Guido Reifenberger 

Future directions



Conclusions

 The WHO 2016 classification of brain tumors 
represent an important step forward over 2007

 Introduction of genetic markers that should be 
widely used

 Strong impact in the daily practice

 Is likely an intermediate stage before the future fith 
edition of the WHO classification


