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Introduction

The World Health Organization (WHO) central nervous 
system tumor classification represents the primary source 
of updates on diagnostic classes, grades and criteria [17]. 
However, recent and ongoing advances in our understanding 
of brain tumor molecular pathogenesis warrant more rapid 
integration of this information into clinical practice between 
WHO updates. To accomplish this, cIMPACT-NOW (the 
Consortium to Inform Molecular and Practical Approaches 
to CNS Tumor Taxonomy) was established in 2016 [15, 16]. 
Since then, cIMPACT-NOW has convened three separate 
working committees to address classification and grading 
questions and challenges. Working Committee 1 focused on 
a concern that the classification and grading of Isocitrate 
Dehydrogenase (IDH)-wildtype diffuse astrocytic gliomas 

do not reflect our current understanding of the molecular 
pathogenesis and clinical outcomes associated with these 
tumors.

Numerous high-profile publications have documented 
the distinct genetic alterations and clinical behavior of IDH-
mutant and IDH-wildtype diffuse astrocytic gliomas in the 
adult population [4, 6, 8]. Based on this, the WHO has des-
ignated IDH-mutant and IDH-wildtype diffuse astrocytic 
gliomas as distinct diagnostic categories within the 2016 
update of the fourth edition [17, 19]. The WHO also recog-
nizes H3 K27-mutant diffuse midline glioma as a tumor with 
aggressive clinical behavior corresponding to WHO grade 
IV [19]. Similarly, detection of an H3 G34 mutation in a 
diffuse glioma, irrespective of histological grade, indicates 
high-grade biology with only modestly longer survivals than 
other IDH-wildtype glioblastomas [13, 28]. The WHO 2016 
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Introduction

cIMPACT-NOW (the Consortium to Inform Molecular and 
Practical Approaches to CNS Tumor Taxonomy– Not Offi-
cial WHO) was established to provide a forum for evaluat-
ing and recommending proposed changes to future central 
nervous system (CNS) tumor classifications [1, 2]. While it 
is understood that the major impact on international brain 
tumor classification comes about through the World Health 
Organization (WHO) classification update process, it is 
anticipated that this additional process will “see impact” 
in selected tumor types and in time periods between WHO 
classification updates. The cIMPACT-NOW (cIMPACT for 
short) updates can thus provide possible recommendations 
for practicing diagnosticians and for future WHO classifi-
cation updates. Since its creation in 2016, cIMPACT has 
convened three working committees to address current 

classification and grading challenges. Working Committee 
3 addressed questions concerning the use of NOS (Not Oth-
erwise Specified) diagnoses and clarified diagnostic criteria 
for two entities. The present correspondence reports the rec-
ommendations of Working Committee concerning the use of 
NOS diagnoses, introduces the term NEC (Not Elsewhere 
Classified), and clarifies the distinction between NOS and 
NEC when used for CNS tumor diagnosis.

The 2016 CNS WHO classification [3, 4] introduced 
diagnostic terms that had NOS suffixes, such as Glioblas-
toma, NOS. NOS diagnoses were deemed important since 
they indicated that a tumor could not be placed into a more 
specific WHO diagnostic category, alerting a consulting 
neuro-oncologist or neuropathologist that the case needed 
more work-up and/or more explanation. The classification 
defined NOS as follows:
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Introduction

The major changes in brain tumor classification arise 
through the World Health Organization (WHO) classifica-
tion update process. To provide possible guidelines for prac-
ticing diagnosticians between WHO updates and to facilitate 
future WHO classification updates, cIMPACT-NOW (the 
Consortium to Inform Molecular and Practical Approaches 
to CNS Tumor Taxonomy—Not Official WHO) was estab-
lished. Since its creation in 2016, cIMPACT-NOW (cIM-
PACT for short) has convened three working committees 
to address ongoing classification and grading challenges. In 
addition to addressing questions about the use of the NOS 

(Not Otherwise Specified) suffix, Working Committee 3 
clarified diagnostic criteria for the following entities: Dif-
fuse midline glioma, H3 K27M-mutant; diffuse astrocytoma, 
IDH-mutant; and anaplastic astrocytoma, IDH-mutant. 
The present correspondence reports the recommendations 
of cIMPACT Working Committee 3 clarifying diagnostic 
criteria for these entities.

Di!use midline glioma, H3 K27M-mutant

Diffuse midline glioma, H3 K27M-mutant was defined as “an 
infiltrative midline high-grade glioma with predominantly 
astrocytic differentiation and a K27M mutation in either 
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Abstract
cIMPACT-NOW (the Consortium to Inform Molecular and Practical Approaches 
to CNS Tumor Taxonomy) was established to evaluate and make practical recom-
mendations on recent advances in the !eld of CNS tumor classi!cation, particularly 
in light of the rapid progress in molecular insights into these neoplasms. For Round 
2 of its deliberations, cIMPACT-NOW Working Committee 3 was reconstituted and 
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The 2021 WHO Classification of Tumors of the Central 
Nervous System: a summary
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Abstract
The fifth edition of the WHO Classification of Tumors of the Central Nervous System (CNS), published in 2021, is the 
sixth version of the international standard for the classification of brain and spinal cord tumors. Building on the 2016 
updated fourth edition and the work of the Consortium to Inform Molecular and Practical Approaches to CNS Tumor 
Taxonomy, the 2021 fifth edition introduces major changes that advance the role of molecular diagnostics in CNS 
tumor classification. At the same time, it remains wedded to other established approaches to tumor diagnosis such as 
histology and immunohistochemistry. In doing so, the fifth edition establishes some different approaches to both CNS 
tumor nomenclature and grading and it emphasizes the importance of integrated diagnoses and layered reports. New 
tumor types and subtypes are introduced, some based on novel diagnostic technologies such as DNA methylome pro-
filing. The present review summarizes the major general changes in the 2021 fifth edition classification and the specific 
changes in each taxonomic category. It is hoped that this summary provides an overview to facilitate more in-depth 
exploration of the entire fifth edition of the WHO Classification of Tumors of the Central Nervous System.
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Generales:
• Necesidad de incorporar los datos moleculares al diagnóstico de un mayor número de 

entidades: dx integrado
• Nuevas entidades (muchas moleculares)
• Gradamos dentro de la entidad (desaparece “anaplásico”)
• Gradamos en números arábigos (no romanos)
• Aparecen parámetros moleculares como criterios de grado (grado combinado histomolecular)

Específicas:
• Nueva clasificación de los ependimomas basada en la localización y en las alteraciones 

moleculares

Novedades de la OMS 2021



ZFTA-fusión positive (Bad prognosis) LCAM1, p65-RELA (IHQ)

YAP1-fusión positive

NOS, NEC CNS WHO Grade 2, 3

Group PFA (Bad prognosis) H3K27me3 loss (IHQ)

Group PFB

NOS, NEC CNS WHO Grade 2, 3

MYCN-amplified (Bad prognosis) MYCN amplification (FISH)

NOS, NEC CNS WHO Grade 2, 3

Mixopapillary ependymoma CNS WHO Grade 2

Subependymoma CNS WHO Grade 1(Cualquier compartimento)



Generales:
• Necesidad de incorporar los datos moleculares al diagnóstico de un mayor número de 

entidades: dx integrado
• Nuevas entidades (muchas moleculares)
• Gradamos dentro de la entidad (desaparece “anaplásico”)
• Gradamos en números arábigos (no romanos)
• Aparecen parámetros moleculares como criterios de grado (grado combinado histomolecular)

Específicas:
• Nueva clasificación de los ependimomas basada en la localización y en las alteraciones 

moleculares
• Aparecen criterios moleculares de grado en los meningiomas (deleción homocigota de 

CDKN2A/B y mutación del promotor de TERT, como marcadores de grado 3)
• Aparece el grupo de los gliomas de “tipo pediátrico” dentro de los gliomas infiltrantes

Novedades de la OMS 2021
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IDH-mutant astrocytomas, as well as TERT promoter muta-
tion, EGFR amplification, and +7/−10 copy number changes 
in IDH-wildtype diffuse astrocytomas (allowing a glioblas-
toma, IDH-wildtype CNS WHO grade 4 designation even in 
cases that otherwise appear histologically lower grade). In 
other words, a molecular parameter can sometimes add 
value to histological findings in assigning a grade. Specific 
instances are discussed for the relevant tumor types (see 
below). It is also important to note that CNS WHO grade is 
therefore no longer restricted to being a histological grade, 
as was previously recommended.22

NOS (Not Otherwise Specified) and NEC (Not 
Elsewhere Classified) Diagnoses

As detailed elsewhere,12,13 use of the suffixes NOS and NEC 
allow the ready separation of standard, well-characterized 
WHO diagnoses from those diagnoses that result from ei-
ther (1) a lack of necessary diagnostic (eg, molecular) in-
formation or (2) nondiagnostic (ie, for a WHO diagnosis) 
or negative results. Adding an NOS suffix indicates that 
the diagnostic information (histological or molecular) 
necessary to assign a specific WHO diagnosis is not avail-
able, providing an alert to the oncologist that a molecular 
work-up has not been undertaken or failed technically. An 
NEC suffix, on the other hand, indicates that the necessary 
diagnostic testing has been successfully performed but that 
the results do not readily allow for a WHO diagnosis; for ex-
ample, if there is a mismatch between clinical, histological, 
immunohistochemical, and/or genetic features. NEC diag-
noses are what pathologists have termed “descriptive diag-
noses,” in which the pathologist uses a non-WHO diagnosis 
to categorize the tumor. In this regard, an NEC designation 
provides an alert to the oncologist that, despite an ade-
quate pathological work-up, the tumor does not conform to 
a standard WHO diagnosis. Like WHO diagnoses, NEC and 
NOS diagnoses are facilitated by the use of layered inte-
grated reports22 (see below and Tables 4-6).

Novel Diagnostic Technologies

Over the past century, many novel technologies have im-
pacted tumor classification. These have included light 
microscopy, histochemical stains, electron microscopy, 
immunohistochemistry, molecular genetics, and most re-
cently, a variety of broad molecular profiling approaches. 
Each burst on the scene as a method that promised to 
change classification completely and each then eventually 
found a specific niche alongside the others, rather than 

replacing them. Over the past couple of decades, nucleic 
acid-based methodologies (eg, DNA and RNA sequencing, 
DNA fluorescence in situ hybridization, RNA expression 
profiling) have clearly shown their abilities to contribute 
to tumor diagnosis and classification, as evidenced by the 
changes in the updated fourth edition (2016) and in WHO 
CNS5. The availability of such technologies was increasing 
throughout the world as the 2016 classification was being 
prepared,23,24 and the last few years have witnessed further 
expansion of availability as well as skillful ways to adapt to 
molecular classification recommendations.25,26 WHO CNS5 
thus incorporates more molecular approaches for the clas-
sification of CNS tumors.

Over the past decade, methylome profiling—the use of ar-
rays to determine DNA methylation patterns across the ge-
nome—has emerged as a powerful approach to CNS tumor 
classification, as detailed in a variety of publications over 
the past few years.27–30 Most CNS tumor types can be reli-
ably identified by their methylome profile, although caveats 
remain that optimal methodologic approaches and regula-
tory issues for methylome profiling have yet to be resolved 
and that the technology is currently not widely available.14 
Copy number profiles can also be derived from methyla-
tion data, eg, 1p/19q codeletion, the +7/−10 signature, amp-
lifications, homozygous deletions, and profiles suggestive 
of fusion events. At this time, methylome profiling is an 
effective ancillary method for brain and spinal cord tumor 
classification when used alongside other, standard tech-
nologies, including histology. Indeed, the great majority of 
tumor types and subtypes can also be reliably identified by 
other techniques, eg, from a combination of morpholog-
ical features and defining genetic alteration. On the other 
hand, methylome profiling may be the most effective way 
to characterize some tumors with unusual morphological 
features and may be the only current way to identify some 
rare tumor types and subtypes. The method also has utility 
when small biopsy samples are limiting for standard tech-
nologies. Methylome profiling may also be used as a sur-
rogate marker for genetic events, for instance when a 
methylome signature is characteristic of an IDH-wildtype 
glioblastoma in the absence of IDH mutation testing—but 
methylome profiling cannot serve as a surrogate when tar-
geted therapies and clinical trials require the demonstra-
tion of specific mutations prior to patient treatment. For 
methylome profiling results, careful attention must be paid 
to the common calibrated score threshold; as discussed in 
detail elsewhere,28 thresholds may be set at 0.84 or 0.90, 
and pathologists should be wary about endorsing sug-
gested diagnoses with scores below 0.84 and should prob-
ably discard recommendations if scores are below 0.50. As 
with other diagnostic tests, the pathologist must take into 
account histological features (eg, tumor cell amount and pu-
rity) when interpreting results; for example, methylome pro-
filing can struggle with classification of low-grade diffuse 
gliomas. For the WHO CNS5, therefore, it is assumed that 
nearly all (but not all) tumor types are aligned to a distinct 
methylation signature27 and these are not specified in every 
Definition; however, information about diagnostic methyla-
tion profiling is included in those Definitions and Essential 
and Desirable Diagnostic Criteria sections for which the 
method can provide more critical guidance for diagnosis.

  
Table 4 Layered Report Structure

Integrated diagnosis (combined tissue-based histological and 
molecular diagnosis)

Histological diagnosis

CNS WHO grade

Molecular information (listed)
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Table 2 Key Diagnostic Genes, Molecules, Pathways, and/or Combinations in Major Primary CNS Tumors

Tumor Type Genes/Molecular Profiles Characteristically Altereda

Astrocytoma, IDH-mutant IDH1, IDH2, ATRX, TP53, CDKN2A/B

Oligodendroglioma, IDH-mutant, and 1p/19q-codeleted IDH1, IDH2, 1p/19q, TERT promoter, CIC, FUBP1, NOTCH1

Glioblastoma, IDH-wildtype IDH-wildtype, TERT promoter, chromosomes 7/10, EGFR

Diffuse astrocytoma, MYB- or MYBL1-altered MYB, MYBL1

Angiocentric glioma MYB

Polymorphous low-grade neuroepithelial tumor of the young BRAF, FGFR family

Diffuse low-grade glioma, MAPK pathway-altered FGFR1, BRAF 

Diffuse midline glioma, H3 K27-altered H3 K27, TP53, ACVR1, PDGFRA, EGFR, EZHIP

Diffuse hemispheric glioma, H3 G34-mutant H3 G34, TP53, ATRX

Diffuse pediatric-type high-grade glioma, H3-wildtype,  
and IDH-wildtype

IDH-wildtype, H3-wildtype, PDGFRA, MYCN, EGFR 
(methylome)

Infant-type hemispheric glioma NTRK family, ALK, ROS, MET 

Pilocytic astrocytoma KIAA1549-BRAF, BRAF, NF1

High-grade astrocytoma with piloid features BRAF, NF1, ATRX, CDKN2A/B (methylome)

Pleomorphic xanthoastrocytoma BRAF, CDKN2A/B

Subependymal giant cell astrocytoma TSC1, TSC2

Chordoid glioma PRKCA

Astroblastoma, MN1-altered MN1

Ganglion cell tumors BRAF

Dysembryoplastic neuroepithelial tumor FGFR1

Diffuse glioneuronal tumor with oligodendroglioma-like features and 
nuclear clusters

Chromosome 14, (methylome)

Papillary glioneuronal tumor PRKCA

Rosette-forming glioneuronal tumor FGFR1, PIK3CA, NF1

Myxoid glioneuronal tumor PDFGRA

Diffuse leptomeningeal glioneuronal tumor KIAA1549-BRAF fusion, 1p (methylome)

Multinodular and vacuolating neuronal tumor MAPK pathway

Dysplastic cerebellar gangliocytoma (Lhermitte-Duclos disease) PTEN

Extraventricular neurocytoma FGFR (FGFR1-TACC1 fusion), IDH-wildtype

Supratentorial ependymomas ZFTA, RELA, YAP1, MAML2

Posterior fossa ependymomas H3 K27me3, EZHIP (methylome)

Spinal ependymomas NF2, MYCN

Medulloblastoma, WNT-activated CTNNB1, APC

Medulloblastoma, SHH-activated TP53, PTCH1, SUFU, SMO, MYCN, GLI2 (methylome)

Medulloblastoma, non-WNT/non-SHH MYC, MYCN, PRDM6, KDM6A (methylome)

Atypical teratoid/rhabdoid tumor SMARCB1, SMARCA4

Embryonal tumor with multilayered rosettes C19MC, DICER1

CNS neuroblastoma, FOXR2-activated FOXR2

CNS tumor with BCOR internal tandem duplication BCOR

Desmoplastic myxoid tumor of the pineal region, SMARCB1-mutant SMARCB1

Meningiomas NF2, AKT1, TRAF7, SMO, PIK3CA; KLF4, SMARCE1,  
BAP1 in subtypes; H3K27me3; TERT promoter, CDKN2A/B in 
CNS WHO grade 3

Solitary fibrous tumor NAB2-STAT6

Meningeal melanocytic tumors NRAS (diffuse); GNAQ, GNA11, PLCB4, CYSLTR2 (circum-
scribed)
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• Muchas de las entidades incorporan parámetros 
moleculares en su definición (o son útiles para 
su diagnóstico o gradación)

• La OMS no determina el método específico 
para detectar estas alteraciones (con 
excepciones)



*NOS (Not Otherwise Specified): falta parte de la información (molecular) necesaria para un dx específico

*NEC (Not Elsewhere Classified): los resultados obtenidos (moleculares) no permiten un dx específico  



+ Mutación IDH, codeleción 1p/19q

Oligodendroglioma, IDH mutado, 1p/19q codelecionado, G2
(dx integrado)

*NOS (Not Otherwise Specified): falta parte de la información (molecular) necesaria para un dx específico

*NEC (Not Elsewhere Classified): los resultados obtenidos (moleculares) no permiten un dx específico  



+ Mutación IDH, codeleción 1p/19q

Oligodendroglioma, IDH mutado , 1p/19q codelecionado, G2
(dx integrado)

+ ??????? (falta información molecular)

Oligodendroglioma, G2, NOS

*NOS (Not Otherwise Specified): falta parte de la información (molecular) necesaria para un dx específico

*NEC (Not Elsewhere Classified): los resultados obtenidos (moleculares) no permiten un dx específico  



+ Mutación IDH, codeleción 1p/19q

Oligodendroglioma, IDH mutado , 1p/19q codelecionado, G2
(dx integrado)

+ ??????? (falta información molecular)

Oligodendroglioma, G2, NOS

+ IDHwt o sin codeleción 1p/19q

Glioma difuso de morfología oligodendroglial, IDHwt, NEC 
("dx descriptivo")

*NOS (Not Otherwise Specified): falta parte de la información (molecular) necesaria para un dx específico

*NEC (Not Elsewhere Classified): los resultados obtenidos (moleculares) no permiten un dx específico  
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Table 1 2021 WHO Classification of Tumors of the Central Nervous System. Provisional Entities are in Italics

World Health Organization Classification of Tumors of the Central Nervous System, fifth edition 

Gliomas, glioneuronal tumors, and neuronal tumors

 Adult-type diffuse gliomas

  Astrocytoma, IDH-mutant

  Oligodendroglioma, IDH-mutant, and 1p/19q-codeleted

  Glioblastoma, IDH-wildtype

 Pediatric-type diffuse low-grade gliomas

  Diffuse astrocytoma, MYB- or MYBL1-altered

  Angiocentric glioma

  Polymorphous low-grade neuroepithelial 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 high-grade glioma, H3-wildtype and IDH-wildtype

  Infant-type hemispheric glioma

 Circumscribed astrocytic gliomas

  Pilocytic astrocytoma

  High-grade astrocytoma with piloid features

  Pleomorphic xanthoastrocytoma

  Subependymal giant cell astrocytoma

  Chordoid glioma

  Astroblastoma, MN1-altered

 Glioneuronal and neuronal tumors

  Ganglioglioma

  Desmoplastic infantile ganglioglioma / desmoplastic infantile astrocytoma

  Dysembryoplastic neuroepithelial tumor

  Diffuse glioneuronal tumor with oligodendroglioma-like features and nuclear clusters

  Papillary glioneuronal tumor

  Rosette-forming glioneuronal tumor

  Myxoid glioneuronal tumor

  Diffuse leptomeningeal glioneuronal tumor

  Gangliocytoma

  Multinodular and vacuolating neuronal tumor

  Dysplastic cerebellar gangliocytoma (Lhermitte-Duclos disease)

  Central neurocytoma

  Extraventricular neurocytoma

  Cerebellar liponeurocytoma

 Ependymal tumors

  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

  Subependymoma
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Table 1 2021 WHO Classification of Tumors of the Central Nervous System. Provisional Entities are in Italics

World Health Organization Classification of Tumors of the Central Nervous System, fifth edition 

Gliomas, glioneuronal tumors, and neuronal tumors

 Adult-type diffuse gliomas

  Astrocytoma, IDH-mutant

  Oligodendroglioma, IDH-mutant, and 1p/19q-codeleted

  Glioblastoma, IDH-wildtype

 Pediatric-type diffuse low-grade gliomas

  Diffuse astrocytoma, MYB- or MYBL1-altered

  Angiocentric glioma

  Polymorphous low-grade neuroepithelial 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 high-grade glioma, H3-wildtype and IDH-wildtype

  Infant-type hemispheric glioma

 Circumscribed astrocytic gliomas

  Pilocytic astrocytoma

  High-grade astrocytoma with piloid features

  Pleomorphic xanthoastrocytoma

  Subependymal giant cell astrocytoma

  Chordoid glioma

  Astroblastoma, MN1-altered

 Glioneuronal and neuronal tumors

  Ganglioglioma

  Desmoplastic infantile ganglioglioma / desmoplastic infantile astrocytoma

  Dysembryoplastic neuroepithelial tumor

  Diffuse glioneuronal tumor with oligodendroglioma-like features and nuclear clusters

  Papillary glioneuronal tumor

  Rosette-forming glioneuronal tumor

  Myxoid glioneuronal tumor

  Diffuse leptomeningeal glioneuronal tumor

  Gangliocytoma

  Multinodular and vacuolating neuronal tumor

  Dysplastic cerebellar gangliocytoma (Lhermitte-Duclos disease)

  Central neurocytoma

  Extraventricular neurocytoma

  Cerebellar liponeurocytoma

 Ependymal tumors

  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

  Subependymoma
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• Se agrupan con los gliomas circunscritos, tumores glioneuronales
y  tumores neuronales

• Se segregan en gliomas difusos de tipo adulto y pediátrico
• Los gliomas difusos de tipo pediátrico pueden se segregan en un 

grupo de bajo y uno de alto grado

Gliomas difusos

2016



2021

1233Louis et al. The 2021 WHO Classification of CNS Tumors

N
eu

ro-
O

n
colog

y

  
Table 1 2021 WHO Classification of Tumors of the Central Nervous System. Provisional Entities are in Italics

World Health Organization Classification of Tumors of the Central Nervous System, fifth edition 

Gliomas, glioneuronal tumors, and neuronal tumors

 Adult-type diffuse gliomas

  Astrocytoma, IDH-mutant

  Oligodendroglioma, IDH-mutant, and 1p/19q-codeleted

  Glioblastoma, IDH-wildtype

 Pediatric-type diffuse low-grade gliomas

  Diffuse astrocytoma, MYB- or MYBL1-altered

  Angiocentric glioma

  Polymorphous low-grade neuroepithelial 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 high-grade glioma, H3-wildtype and IDH-wildtype

  Infant-type hemispheric glioma

 Circumscribed astrocytic gliomas

  Pilocytic astrocytoma

  High-grade astrocytoma with piloid features

  Pleomorphic xanthoastrocytoma

  Subependymal giant cell astrocytoma

  Chordoid glioma

  Astroblastoma, MN1-altered

 Glioneuronal and neuronal tumors

  Ganglioglioma

  Desmoplastic infantile ganglioglioma / desmoplastic infantile astrocytoma

  Dysembryoplastic neuroepithelial tumor

  Diffuse glioneuronal tumor with oligodendroglioma-like features and nuclear clusters

  Papillary glioneuronal tumor

  Rosette-forming glioneuronal tumor

  Myxoid glioneuronal tumor

  Diffuse leptomeningeal glioneuronal tumor

  Gangliocytoma

  Multinodular and vacuolating neuronal tumor

  Dysplastic cerebellar gangliocytoma (Lhermitte-Duclos disease)

  Central neurocytoma

  Extraventricular neurocytoma

  Cerebellar liponeurocytoma

 Ependymal tumors

  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

  Subependymoma
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2016

• Se agrupan con los gliomas circunscritos, tumores glioneuronales
y  tumores neuronales

• Se segregan en gliomas difusos de tipo adulto y pediátrico
• Los gliomas difusos de tipo pediátrico pueden se segregan en un 

grupo de bajo y uno de alto grado
• Los gliomas difusos de tipo pediátrico son nuevas entidades 

(excepto el glioma de la línea media)

Gliomas difusos
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Table 1 2021 WHO Classification of Tumors of the Central Nervous System. Provisional Entities are in Italics

World Health Organization Classification of Tumors of the Central Nervous System, fifth edition 

Gliomas, glioneuronal tumors, and neuronal tumors

 Adult-type diffuse gliomas

  Astrocytoma, IDH-mutant

  Oligodendroglioma, IDH-mutant, and 1p/19q-codeleted

  Glioblastoma, IDH-wildtype

 Pediatric-type diffuse low-grade gliomas

  Diffuse astrocytoma, MYB- or MYBL1-altered

  Angiocentric glioma

  Polymorphous low-grade neuroepithelial 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 high-grade glioma, H3-wildtype and IDH-wildtype

  Infant-type hemispheric glioma

 Circumscribed astrocytic gliomas

  Pilocytic astrocytoma

  High-grade astrocytoma with piloid features

  Pleomorphic xanthoastrocytoma

  Subependymal giant cell astrocytoma

  Chordoid glioma

  Astroblastoma, MN1-altered

 Glioneuronal and neuronal tumors

  Ganglioglioma

  Desmoplastic infantile ganglioglioma / desmoplastic infantile astrocytoma

  Dysembryoplastic neuroepithelial tumor

  Diffuse glioneuronal tumor with oligodendroglioma-like features and nuclear clusters

  Papillary glioneuronal tumor

  Rosette-forming glioneuronal tumor

  Myxoid glioneuronal tumor

  Diffuse leptomeningeal glioneuronal tumor

  Gangliocytoma

  Multinodular and vacuolating neuronal tumor

  Dysplastic cerebellar gangliocytoma (Lhermitte-Duclos disease)

  Central neurocytoma

  Extraventricular neurocytoma

  Cerebellar liponeurocytoma

 Ependymal tumors

  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

  Subependymoma
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Son más frecuente en adultos pero también se pueden ver en niños, 
sobretodo adolescentes (infrecuente)



1. Astrocitoma, IDHmut
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Diagnostic criteria for astrocytoma, IDH-mutant

Essential:

A diffusely infiltrating glioma

AND

IDH1 codon 132 or IDH2 codon 172 missense mutation

AND

  Loss of nuclear ATRX expression or ATRX mutation

  OR

  Exclusion of combined whole-arm deletions of 1p and 19q

  Desirable:

  TP53 mutation or strong nuclear expression of p53 in > 10% of tumour cells

  Methylation profile of astrocytoma, IDH-mutant

  Astrocytic differentiation by morphology
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be recognized histologically, yet had clinically distinct behavior
compared with those that were IDH-wild-type (wt). Somatic
heterozygous IDH 1/2 mutations are now regarded as an ini-
tiating event in gliomagenesis that stratifies diseases with highly
distinct biological behaviors.17 Mutations within the enzymatic
active sites of IDH 1/2 were initially thought to result in an
enzymatic loss-of-function pertaining the conversion of iso-
citrate to α-ketoglutarate, yet further studies demonstrated a
gain-of-function leading to the accumulation of the oncome-
tabolite 2-hydroxyglutarate.18–20 2-hydroxyglutarate inhibits
DNA and protein demethylation, resulting in DNA hyper-
methylation and genome-wide epigenetic alterations that pro-
mote gliomagenesis.21,22 The subset of gliomas with the highest
level of DNA methylation is referred to as CpG island meth-
ylator phenotype (G-CIMP), which is directly related to IDH
mutations.20–26

More than 80% of WHO grades II and III infiltrating
astrocytomas and secondary GBMs are IDH-mutated and, by
current definitions, all oligodendrogliomas are IDH-mutated
and 1p/19q codeleted.2,10,11,15,16,27–31 IDH1 and IDH2 muta-
tions result in a substitution for a key arginine at codons R132
and R172, respectively.16,30,31 The most frequent IDH muta-
tion, accounting for 92.7%, occurs at codon 132 of the IDH1
gene and is known as the R132H variant (histidine is substituted
for arginine).31 A highly sensitive and specific monoclonal
antibody (IDH1R132H) that recognizes the mutant protein was
quickly developed and is now widely used in diagnostic
practice.32 IDH1R132Hmutations are followed in frequency by
R132C (4.1%), R132S (1.5%), R132G (1.4%), and R132L
(0.2%).31 Although IDH2 mutations represent ∼3% of all IDH
mutations, they are more frequent in oligodendrogliomas than
astrocytomas.31 Residue R172 in exon 4 of the IDH2 gene is

homologous to R132 in the IDH1 gene, and R172K (65%),
R172M (19%), and R172W (16%) are the most common IDH2
mutations.31 IDH mutations are almost always stable events
that persist through the course of disease, which can be
exploited to evaluate residual/progressive disease; however, loss
of the IDH-mutated allele has been documented in some cases
at the time of recurrence and appears to be associated with a
transition to high-grade behavior.19,33,34

The finding of an IDH mutation in a glial proliferation
strongly supports the diagnosis of an infiltrating glioma since
they are only rarely, if ever, found in other CNS neoplasms.30
In addition, identifying an IDH mutation in surgical material,
where the main differential diagnosis is gliosis, is of crucial
importance as it confirms a neoplastic rather than a benign
reactive process.35 Adult patients with IDH-mutant infiltrating
gliomas are significantly younger when compared with the
histologically similar IDH-wt counterparts; however, IDH
mutations are exceedingly rare in tumors of children under the
age of 14 years.10,11,15,16,29,36–40

The family of adult diffuse gliomas can now be divided
into 3 dominant classes: (1) oligodendrogliomas, with IDH
mutations, 1p/19q codeletions, and TERT-p mutations; (2)
IDH-mutant astrocytomas, with IDH mutations, TP53 muta-
tions, and α-thalassemia/mental retardation syndrome X-linked
(ATRX) alterations; or (3) and IDH-wt astrocytomas.10 These
categories have been codified in the 2016 WHO Classification
of CNS tumors. For the diagnosis of IDH-mutant astrocyto-
mas, the finding of an IDHmutation by immunohistochemistry
(IHC) or sequencing is followed by IHC for p53 and ATRX. In
the setting of an IDH mutation, strong p53 immunoreactivity
and loss of nuclear expression with ATRX IHC are excellent
surrogates of TP53 mutation and ATRX loss at the genetic

FIGURE 1. Diffuse astrocytoma, WHO grade II, IDH-mutant. A, This infiltrating glioma shows gemistocytic morphology with variably
shaped nuclei, but without mitoses. B, IDH1R132H immunohistochemistry shows strong cytoplasmic positivity. A neuron serves as
internal negative control (arrow). C, ATRX immunohistochemistry highlights loss of nuclear expression in tumor nuclei. Endothelial cells
(arrow) serve as internal positive control. D, Immunohistochemistry for p53 is strongly positive. Molecular inversion probe array is
negative for 1p/19q codeletion and identifies several other copy number alterations (Fig. 5A). IDH indicates isocitrate dehydrogenase.
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1. Astrocitoma, IDHmut



• La pérdida de la expresión de ATRX es un marcador de línea astrocitaria (no hace falta el estudio de 
1p/19q)

• Se grada dentro del tipo (ya no existe el astrocitoma anaplásico)

• No existe el Glioblastoma IDH mutado (Astrocitoma, IDH mutado, grado 4)

• La deleción homocigota de CDKN2A/B es un criterio (molecular) de grado 4

1. Astrocitoma, IDHmut



Copyright 

#21469
Diagnostic criteria for oligodendroglioma, IDH-mutant and 1p/19q-codeleted

Essential:

A diffusely infiltrating glioma

AND

IDH1 codon 132 or IDH2 codon 172 missense mutation

AND

Combined whole-arm deletions of 1p and 19q

Desirable:

DNA methylome profile of oligodendroglioma, IDH-mutant and 1p/19q-codeleted

Retained nuclear expression of ATRX

TERT promoter mutation

IDH mutation analysis may not be required when DNA methylome profiling is performed and unequivocally
assigns the tumour to the methylation class oligodendroglioma, IDH-mutant and 1p/19q-codeleted.

a

a
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IDH1-R132H

Cr19

Cr1

2. Oligodendroglioma, IDHmut y 
1p/19q codel



IDH1-R132H

Cr19

Cr1

2. Oligodendroglioma, IDHmut y 
1p/19q codel



“Therefore, CDKN2A homozygous deletion may serve
as a molecular marker of CNS WHO grade 3 in IDH-
mutant and 1p/19q-codeleted oligodendrogliomas.

Although assessment of this marker may not be
routinely required in tumours that can histologically be
unequivocally assigned to either CNS WHO grade 2 or
CNS WHO grade 3, testing for CDKN2A homozygous
deletion may be helpful, for example in tumour
samples with borderline histological features (i.e. when
present, a CDKN2A homozygous deletion indicates a
CNS WHO grade 3 tumour)”

Grado 2
Grado 3:  Al menos 6 mitosis/10CGA; 
proliferación microvascular o necrosis

(No exite el oligodendroglioma G4)

FISH

2. Oligodendroglioma, IDHmut y 
1p/19q codel

WHO CNS5



• El dx de oligodendroglioma requiere de la presencia de mutación en IDH y codeleción 1p/19q (OMS 
2016)

• No hace falta que el glioma tenga morfología oligodendroglial (OMS 2016)

• Se grada dentro del tipo (ya no existe el oligodendroglioma anaplásico)

• La deleción homocigota de CDKN2A/B es un criterio (molecular) de grado 3

2. Oligodendroglioma, IDHmut y 
1p/19q codel



3. Glioblastoma, IDHwt

Copyright 

#20370
Diagnostic criteria for glioblastoma, IDH-wildtype

Essential:

An IDH-wildtype, H3-wildtype, diffuse astrocytic glioma

AND

One or more of the following:

· Microvascular proliferation

· Necrosis

· TERT promoter mutation

· EGFR gene amplification

· +7/−10 chromosome copy-number alterations

Desirable:

DNA methylation profile of glioblastoma, IDH-wildtype
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• El Glioblastoma es por definición IDHwt (y H3wt) (no hay GB mutados)
• Por definición es un tumor de tipo adulto (no hay GB pediátricos)
• Es un grado 4 de malignidad
• La mutación del promotor de TERT*, la amplificación de EGFR y la firma +7/-10 son criterios 

(moleculares) de GB

3. Glioblastoma, IDHwt



• El Glioblastoma es por definición IDHwt (y H3wt) (no hay GB mutados)
• Por definición es un tumor de tipo adulto (no hay GB pediátricos)
• Es un grado 4 de malignidad
• La mutación del promotor de TERT*, la amplificación de EGFR y la firma +7/-10 son criterios 

(moleculares) de GB

* Algunos estudios apuntan a que en el contexto de un astrocitoma 
IDHwt G2 la mutación del promotor de TERT como único marcador no 
siempre comporta un pronóstico propio de un G4

Berzero G et al, Neuro-oncol, 2021

3. Glioblastoma, IDHwt



• El Glioblastoma es por definición IDHwt (y H3wt) (no hay GB mutados)
• Por definición es un tumor de tipo adulto (no hay GB pediátricos)
• Es un grado 4 de malignidad
• La mutación del promotor de TERT*, la amplificación de EGFR y la firma +7/-10 son criterios 

(moleculares) de GB

* Algunos estudios apuntan a que en el contexto de un astrocitoma 
IDHwt G2 la mutación del promotor de TERT como único marcador no 
siempre comporta un pronóstico propio de un G4

Berzero G et al, Neuro-oncol, 2021

3. Glioblastoma, IDHwt

Apunte:
- La mutación del promotor de TERT en un glioma (infiltrante) IDHmut orienta a oligodendroglioma; 
y en un glioma infiltrante IDHwt a un grado 4 (glioblastoma) 
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Table 1 2021 WHO Classification of Tumors of the Central Nervous System. Provisional Entities are in Italics

World Health Organization Classification of Tumors of the Central Nervous System, fifth edition 

Gliomas, glioneuronal tumors, and neuronal tumors

 Adult-type diffuse gliomas

  Astrocytoma, IDH-mutant

  Oligodendroglioma, IDH-mutant, and 1p/19q-codeleted

  Glioblastoma, IDH-wildtype

 Pediatric-type diffuse low-grade gliomas

  Diffuse astrocytoma, MYB- or MYBL1-altered

  Angiocentric glioma

  Polymorphous low-grade neuroepithelial 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 high-grade glioma, H3-wildtype and IDH-wildtype

  Infant-type hemispheric glioma

 Circumscribed astrocytic gliomas

  Pilocytic astrocytoma

  High-grade astrocytoma with piloid features

  Pleomorphic xanthoastrocytoma

  Subependymal giant cell astrocytoma

  Chordoid glioma

  Astroblastoma, MN1-altered

 Glioneuronal and neuronal tumors

  Ganglioglioma

  Desmoplastic infantile ganglioglioma / desmoplastic infantile astrocytoma

  Dysembryoplastic neuroepithelial tumor

  Diffuse glioneuronal tumor with oligodendroglioma-like features and nuclear clusters

  Papillary glioneuronal tumor

  Rosette-forming glioneuronal tumor

  Myxoid glioneuronal tumor

  Diffuse leptomeningeal glioneuronal tumor

  Gangliocytoma

  Multinodular and vacuolating neuronal tumor

  Dysplastic cerebellar gangliocytoma (Lhermitte-Duclos disease)

  Central neurocytoma

  Extraventricular neurocytoma

  Cerebellar liponeurocytoma

 Ependymal tumors

  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

  Subependymoma
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Son más frecuente en niños pero también se pueden ver en adultos, 
sobretodo adolescentes y adultos jóvenes (AYAs) (15-39a)

Gliomas difusos de tipo pediátrico
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Table 1 2021 WHO Classification of Tumors of the Central Nervous System. Provisional Entities are in Italics

World Health Organization Classification of Tumors of the Central Nervous System, fifth edition 

Gliomas, glioneuronal tumors, and neuronal tumors

 Adult-type diffuse gliomas

  Astrocytoma, IDH-mutant

  Oligodendroglioma, IDH-mutant, and 1p/19q-codeleted
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  Diffuse astrocytoma, MYB- or MYBL1-altered

  Angiocentric glioma

  Polymorphous low-grade neuroepithelial 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 high-grade glioma, H3-wildtype and IDH-wildtype

  Infant-type hemispheric glioma

 Circumscribed astrocytic gliomas

  Pilocytic astrocytoma

  High-grade astrocytoma with piloid features

  Pleomorphic xanthoastrocytoma

  Subependymal giant cell astrocytoma

  Chordoid glioma

  Astroblastoma, MN1-altered

 Glioneuronal and neuronal tumors

  Ganglioglioma

  Desmoplastic infantile ganglioglioma / desmoplastic infantile astrocytoma

  Dysembryoplastic neuroepithelial tumor

  Diffuse glioneuronal tumor with oligodendroglioma-like features and nuclear clusters

  Papillary glioneuronal tumor

  Rosette-forming glioneuronal tumor

  Myxoid glioneuronal tumor

  Diffuse leptomeningeal glioneuronal tumor

  Gangliocytoma

  Multinodular and vacuolating neuronal tumor

  Dysplastic cerebellar gangliocytoma (Lhermitte-Duclos disease)

  Central neurocytoma

  Extraventricular neurocytoma

  Cerebellar liponeurocytoma

 Ependymal tumors

  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

  Subependymoma
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Gliomas difusos de tipo pediátrico de bajo grado

• Son gliomas infiltrantes de grado 1 de malignidad
• Son gliomas infiltrantes IDHwt (y H3wt)
• Se definen por el patrón morfológico y alteraciones moleculares características (criterios 

esenciales/deseables)
• Pueden solaparse en morfología y patrón molecular con los gliomas bien circunscritos (astrocitoma 

pilocítico), o con los tumores glioneuronales y, como ellos, suelen asociarse a epilepsia



Diffuse astrocytoma MYB or MYBL1-altered

Angiocentric glioma

Polymorphous low-grade neuroepithelial tumour of the young (PLNTY) Diffuse low-grade glioma, 
MAPK pathway-altered

EMA

CD34
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Table 2 Key Diagnostic Genes, Molecules, Pathways, and/or Combinations in Major Primary CNS Tumors

Tumor Type Genes/Molecular Profiles Characteristically Altereda

Astrocytoma, IDH-mutant IDH1, IDH2, ATRX, TP53, CDKN2A/B

Oligodendroglioma, IDH-mutant, and 1p/19q-codeleted IDH1, IDH2, 1p/19q, TERT promoter, CIC, FUBP1, NOTCH1

Glioblastoma, IDH-wildtype IDH-wildtype, TERT promoter, chromosomes 7/10, EGFR

Diffuse astrocytoma, MYB- or MYBL1-altered MYB, MYBL1

Angiocentric glioma MYB

Polymorphous low-grade neuroepithelial tumor of the young BRAF, FGFR family

Diffuse low-grade glioma, MAPK pathway-altered FGFR1, BRAF 

Diffuse midline glioma, H3 K27-altered H3 K27, TP53, ACVR1, PDGFRA, EGFR, EZHIP

Diffuse hemispheric glioma, H3 G34-mutant H3 G34, TP53, ATRX

Diffuse pediatric-type high-grade glioma, H3-wildtype,  
and IDH-wildtype

IDH-wildtype, H3-wildtype, PDGFRA, MYCN, EGFR 
(methylome)

Infant-type hemispheric glioma NTRK family, ALK, ROS, MET 

Pilocytic astrocytoma KIAA1549-BRAF, BRAF, NF1

High-grade astrocytoma with piloid features BRAF, NF1, ATRX, CDKN2A/B (methylome)

Pleomorphic xanthoastrocytoma BRAF, CDKN2A/B

Subependymal giant cell astrocytoma TSC1, TSC2

Chordoid glioma PRKCA

Astroblastoma, MN1-altered MN1

Ganglion cell tumors BRAF

Dysembryoplastic neuroepithelial tumor FGFR1

Diffuse glioneuronal tumor with oligodendroglioma-like features and 
nuclear clusters

Chromosome 14, (methylome)

Papillary glioneuronal tumor PRKCA

Rosette-forming glioneuronal tumor FGFR1, PIK3CA, NF1

Myxoid glioneuronal tumor PDFGRA

Diffuse leptomeningeal glioneuronal tumor KIAA1549-BRAF fusion, 1p (methylome)

Multinodular and vacuolating neuronal tumor MAPK pathway

Dysplastic cerebellar gangliocytoma (Lhermitte-Duclos disease) PTEN

Extraventricular neurocytoma FGFR (FGFR1-TACC1 fusion), IDH-wildtype

Supratentorial ependymomas ZFTA, RELA, YAP1, MAML2

Posterior fossa ependymomas H3 K27me3, EZHIP (methylome)

Spinal ependymomas NF2, MYCN

Medulloblastoma, WNT-activated CTNNB1, APC

Medulloblastoma, SHH-activated TP53, PTCH1, SUFU, SMO, MYCN, GLI2 (methylome)

Medulloblastoma, non-WNT/non-SHH MYC, MYCN, PRDM6, KDM6A (methylome)

Atypical teratoid/rhabdoid tumor SMARCB1, SMARCA4

Embryonal tumor with multilayered rosettes C19MC, DICER1

CNS neuroblastoma, FOXR2-activated FOXR2

CNS tumor with BCOR internal tandem duplication BCOR

Desmoplastic myxoid tumor of the pineal region, SMARCB1-mutant SMARCB1

Meningiomas NF2, AKT1, TRAF7, SMO, PIK3CA; KLF4, SMARCE1,  
BAP1 in subtypes; H3K27me3; TERT promoter, CDKN2A/B in 
CNS WHO grade 3

Solitary fibrous tumor NAB2-STAT6

Meningeal melanocytic tumors NRAS (diffuse); GNAQ, GNA11, PLCB4, CYSLTR2 (circum-
scribed)
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Infant-type hemispheric glioma NTRK family, ALK, ROS, MET 

Pilocytic astrocytoma KIAA1549-BRAF, BRAF, NF1

High-grade astrocytoma with piloid features BRAF, NF1, ATRX, CDKN2A/B (methylome)

Pleomorphic xanthoastrocytoma BRAF, CDKN2A/B

Subependymal giant cell astrocytoma TSC1, TSC2

Chordoid glioma PRKCA

Astroblastoma, MN1-altered MN1

Ganglion cell tumors BRAF

Dysembryoplastic neuroepithelial tumor FGFR1

Diffuse glioneuronal tumor with oligodendroglioma-like features and 
nuclear clusters

Chromosome 14, (methylome)

Papillary glioneuronal tumor PRKCA

Rosette-forming glioneuronal tumor FGFR1, PIK3CA, NF1

Myxoid glioneuronal tumor PDFGRA

Diffuse leptomeningeal glioneuronal tumor KIAA1549-BRAF fusion, 1p (methylome)

Multinodular and vacuolating neuronal tumor MAPK pathway

Dysplastic cerebellar gangliocytoma (Lhermitte-Duclos disease) PTEN

Extraventricular neurocytoma FGFR (FGFR1-TACC1 fusion), IDH-wildtype

Supratentorial ependymomas ZFTA, RELA, YAP1, MAML2

Posterior fossa ependymomas H3 K27me3, EZHIP (methylome)

Spinal ependymomas NF2, MYCN

Medulloblastoma, WNT-activated CTNNB1, APC

Medulloblastoma, SHH-activated TP53, PTCH1, SUFU, SMO, MYCN, GLI2 (methylome)

Medulloblastoma, non-WNT/non-SHH MYC, MYCN, PRDM6, KDM6A (methylome)

Atypical teratoid/rhabdoid tumor SMARCB1, SMARCA4

Embryonal tumor with multilayered rosettes C19MC, DICER1

CNS neuroblastoma, FOXR2-activated FOXR2

CNS tumor with BCOR internal tandem duplication BCOR

Desmoplastic myxoid tumor of the pineal region, SMARCB1-mutant SMARCB1

Meningiomas NF2, AKT1, TRAF7, SMO, PIK3CA; KLF4, SMARCE1,  
BAP1 in subtypes; H3K27me3; TERT promoter, CDKN2A/B in 
CNS WHO grade 3

Solitary fibrous tumor NAB2-STAT6
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Gliomas difusos tipo 
pediátrico de bajo 

grado

Gliomas bien 
circunscritos

/T glioneuronales
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Table 1 2021 WHO Classification of Tumors of the Central Nervous System. Provisional Entities are in Italics

World Health Organization Classification of Tumors of the Central Nervous System, fifth edition 

Gliomas, glioneuronal tumors, and neuronal tumors

 Adult-type diffuse gliomas

  Astrocytoma, IDH-mutant

  Oligodendroglioma, IDH-mutant, and 1p/19q-codeleted

  Glioblastoma, IDH-wildtype

 Pediatric-type diffuse low-grade gliomas

  Diffuse astrocytoma, MYB- or MYBL1-altered

  Angiocentric glioma

  Polymorphous low-grade neuroepithelial 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 high-grade glioma, H3-wildtype and IDH-wildtype

  Infant-type hemispheric glioma

 Circumscribed astrocytic gliomas

  Pilocytic astrocytoma

  High-grade astrocytoma with piloid features

  Pleomorphic xanthoastrocytoma

  Subependymal giant cell astrocytoma

  Chordoid glioma

  Astroblastoma, MN1-altered

 Glioneuronal and neuronal tumors

  Ganglioglioma

  Desmoplastic infantile ganglioglioma / desmoplastic infantile astrocytoma

  Dysembryoplastic neuroepithelial tumor

  Diffuse glioneuronal tumor with oligodendroglioma-like features and nuclear clusters

  Papillary glioneuronal tumor

  Rosette-forming glioneuronal tumor

  Myxoid glioneuronal tumor

  Diffuse leptomeningeal glioneuronal tumor

  Gangliocytoma

  Multinodular and vacuolating neuronal tumor

  Dysplastic cerebellar gangliocytoma (Lhermitte-Duclos disease)

  Central neurocytoma

  Extraventricular neurocytoma

  Cerebellar liponeurocytoma

 Ependymal tumors

  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

  Subependymoma
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Gliomas difusos de tipo pediátrico de bajo grado

• Son gliomas infiltrantes de grado 1 de malignidad! 
• Son gliomas infiltrantes IDHwt (y H3wt)
• Se definen por el patrón morfológico y alteraciones moleculares características (criterios 

esenciales/deseables)
• Pueden solaparse en morfología y patrón molecular con los gliomas bien circunscritos (astrocitoma 

pilocítico), o con los tumores glioneuronales y, como ellos, suelen asociarse a epilepsia
• Ante un astrocitoma difuso de bajo grado IDHwt (sin rasgos moleculares de GB) o ante un tumor de 

aspecto oligodendroglial sin IDHmut ni codeleción, debemos plantearnos un glioma de tipo pediátrico 
(sobretodo si es un adulto joven)

• Algunas de las alteraciones moleculares tienen tratamiento diana!



Gliomas difusos de tipo pediátrico de alto grado
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• Son gliomas infiltrantes de grado 4 de malignidad
• Ya no se denominan Glioblastoma (el GB es un tumor de “tipo adulto”)
• Son gliomas infiltrantes IDHwt
• Se definen por localización (línea media, hemisféricos), alteraciones moleculares  (esenciales/deseables) y 

contexto clínico (edad del paciente)
• Pueden solaparse en morfología con los tumores embrionarios 



Diffuse midline glioma, H3 K27-altered

Diffuse hemispheric glioma, H3 G34-mutant

Infant-type hemispheric glioma (menores de 5a)

Diffuse pediatric-type high-grade glioma, 
H3-wildtype and IDH-wildtype

(niños, dx exclusion)

H3K27M H3K27me3

H3G34R



Gliomas difusos de tipo pediátrico de alto grado

• Son gliomas infiltrantes de grado 4 de malignidad
• Ya no se denominan Glioblastoma (el GB es un tumor de “tipo adulto”)
• Son gliomas infiltrantes IDHwt
• Se definen por localización (línea media, hemisféricos), alteraciones moleculares y contexto clínico (edad 

del paciente)
• Pueden solaparse en morfología con los tumores embrionarios 
• Ante un astrocitoma difuso de alto grado IDHwt en un adulto joven debe excluirse una H3 (G34)
• Algunas de las alteraciones moleculares tienen tratamiento diana!
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Table 2 Key Diagnostic Genes, Molecules, Pathways, and/or Combinations in Major Primary CNS Tumors

Tumor Type Genes/Molecular Profiles Characteristically Altereda

Astrocytoma, IDH-mutant IDH1, IDH2, ATRX, TP53, CDKN2A/B

Oligodendroglioma, IDH-mutant, and 1p/19q-codeleted IDH1, IDH2, 1p/19q, TERT promoter, CIC, FUBP1, NOTCH1

Glioblastoma, IDH-wildtype IDH-wildtype, TERT promoter, chromosomes 7/10, EGFR
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Infant-type hemispheric glioma NTRK family, ALK, ROS, MET 

Pilocytic astrocytoma KIAA1549-BRAF, BRAF, NF1

High-grade astrocytoma with piloid features BRAF, NF1, ATRX, CDKN2A/B (methylome)

Pleomorphic xanthoastrocytoma BRAF, CDKN2A/B

Subependymal giant cell astrocytoma TSC1, TSC2

Chordoid glioma PRKCA

Astroblastoma, MN1-altered MN1

Ganglion cell tumors BRAF

Dysembryoplastic neuroepithelial tumor FGFR1

Diffuse glioneuronal tumor with oligodendroglioma-like features and 
nuclear clusters

Chromosome 14, (methylome)

Papillary glioneuronal tumor PRKCA

Rosette-forming glioneuronal tumor FGFR1, PIK3CA, NF1

Myxoid glioneuronal tumor PDFGRA

Diffuse leptomeningeal glioneuronal tumor KIAA1549-BRAF fusion, 1p (methylome)

Multinodular and vacuolating neuronal tumor MAPK pathway

Dysplastic cerebellar gangliocytoma (Lhermitte-Duclos disease) PTEN

Extraventricular neurocytoma FGFR (FGFR1-TACC1 fusion), IDH-wildtype

Supratentorial ependymomas ZFTA, RELA, YAP1, MAML2

Posterior fossa ependymomas H3 K27me3, EZHIP (methylome)

Spinal ependymomas NF2, MYCN

Medulloblastoma, WNT-activated CTNNB1, APC

Medulloblastoma, SHH-activated TP53, PTCH1, SUFU, SMO, MYCN, GLI2 (methylome)

Medulloblastoma, non-WNT/non-SHH MYC, MYCN, PRDM6, KDM6A (methylome)

Atypical teratoid/rhabdoid tumor SMARCB1, SMARCA4

Embryonal tumor with multilayered rosettes C19MC, DICER1

CNS neuroblastoma, FOXR2-activated FOXR2

CNS tumor with BCOR internal tandem duplication BCOR

Desmoplastic myxoid tumor of the pineal region, SMARCB1-mutant SMARCB1

Meningiomas NF2, AKT1, TRAF7, SMO, PIK3CA; KLF4, SMARCE1,  
BAP1 in subtypes; H3K27me3; TERT promoter, CDKN2A/B in 
CNS WHO grade 3

Solitary fibrous tumor NAB2-STAT6

Meningeal melanocytic tumors NRAS (diffuse); GNAQ, GNA11, PLCB4, CYSLTR2 (circum-
scribed)

D
ow

nloaded from
 https://academ

ic.oup.com
/neuro-oncology/article/23/8/1231/6311214 by guest on 24 August 2021



Glioma difuso de la línea media, H3 K27-alterado

NFIL

H3K27me3



• Hay tres subtipos de gliomas de la línea media
• No todos tienen mutación en H3K27M
• Todos pierden la expresión de H3K27me3
• La forma K27Mmut se puede detectar con un anticuerpo específico (ojo, hay una K27I)
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• Todas las formas corresponden a un grado 4 de malignidad!, aunque histológicamente no siempre parece un 
alto grado

• Hay otros tumores con mutación H3K27M (astrocitomas pilocíticos….); pero no son infiltrantes, y por tanto 
no pueden catalogarse de GDLM ni darles un grado 4 de malignidad!!!!

Glioma difuso de la línea media, H3 K27-alterado
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Glioma difuso hemisférico, H3 G34-mutado

• Pueden parecer tumores embrionarios (PNETs)



Glioma difuso hemisférico, H3 G34-mutado
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Olig2



• Pueden parecer tumores embrionarios (PNETs)

• Se pueden detectar con anticuerpos específicos (G34R y G34V)

• Corresponden a un grado 4 de malignidad!

• Debe sospecharse ante un glioma de alto grado hemisférico, IDHwt, que pierde la expresión de ATRX y 
Olig2, y expresan p53 en un adulto joven

Glioma difuso hemisférico, H3 G34-mutado



Weller M et al. Lancet Oncol, 2017 Weller et al, Nat Rev Clin Oncol, 2021
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• Necesitamos muestras de tamaño suficiente para poder clasificar los tumores!!!!!
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Muchas gracias
por su atención!


