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It took 9yrs for the updates!





• In 2014 international society of neuro oncopathology  
established guideline for incorporating molecular findings 
in to brain tumor diagnosis .

• This lead to major revision of 2007 CNS WHO 
classification.

• 2016 CNS WHO classification breaks with the century old 
principle of diagnosis based entirely on microscopy by 
incorporating molecular parameters in to the classification 
of CNS tumor entities.

• Now 5th edition of  CNS WHO classification is in pipeline.































Summary of the changes in the 2016 WHO 
CNS tumors classification

• Diffuse gliomas, separated from the common group of glial tumours, 
as diffuse astrocytic and oligodendroglial tumours.

• Restructured with incorporation of genetically defined entities.

• Medulloblastomas are restructured with incorporation of genetically 
defined entities.

• Other embryonal tumors are also restructured, with incorporation of 
genetically defined entities .

• The term “primitive neuroectodermal tumor” is removed.

• Ependymoma - genetically defined variant of RELA fusion positive 
incorporated.
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Over the past 4 years, advances in molecular pathology have 
enhanced our understanding of CNS tumors.

 Refine their classification & improve the 2016 WHO.

CIMPACT-NOW  was formed in late 2016 .
 Group of neuropathology & neuro-oncopathology experts .(Directly 

involved in establishing 2016 WHO)
 Practical recommendations (published as CIMPACT-NOW updates) to 

improve the diagnosis & classification of CNS tumors.
In advance of the publication of a new WHO Classification of CNS 

tumors.

 This article reviews the content of all the available CIMPACT-NOW
updates & discuss the implications.



CIMPACT-NOW
The Consortium to Inform Molecular and Practical 
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Refines the meaning of NOS in diagnosing  the cases 
where

1 Molecular testing is not available

2 If available & tests performed but not yielded 
adequate results

3 OR testing deliberately not performed *

*IDH status not tested in case of elderly patient with 

Glioblastoma as there is no therapeutic implication

Update1: Not Otherwise Specified and Not 
Elsewhere Classified

But, in cases of young patients (<55 years), the clinicians may 
want to discuss the need for additional molecular testing



So , update 1 introduces the term “NOT ELSEWHERE CLASSIFIED”

To be used when a molecular testing performed 

Yielded adequate results

Do not lead to a precise categorization 
within the framework of WHO 2016 
classification

For e.g: 
Patient

With Diffuse glioma IDH wild 
type whose histology is 
oligodendroglial

And D/D are not fitting either 
way….

What to Report
Report it as Oligodendroglioma NEC



“To the readers NEC puts a red flag 
to the report that the diagnosis is 

not a  2016 WHO mentioned 
lesion.” 



Update2: Clarifying the Diagnosis of Diffuse Midline 
Glioma, Histone 3K27M-Mutant, and Diffuse 

Astrocytoma/ Anaplastic Astrocytoma, IDH Mutant

• 1st Issue: Regarding Diagnosis of Diffuse Midline Glioma, 
Histone 3K27M-Mutant

Diffuse Diffuse infiltrative growth

Midline Tumor affecting “midline”structures
(brainstem, thalamus, spinal cord)

Glioma Glioma type histology

Mandatory for 
Diagnosis

The above histological aspects + H3K27M 
mutation 

WHY???
Because there are certain other tumors also 
who show H3K27M mutation but are not 
midline gliomas ( e.g. Pilocytic astrocytoma, 
ependymoma )



• 2nd Issue: Regarding Diagnosis of Diffuse Astrocytoma IDH 
mutant Or Anaplastic Astrocytoma IDH mutant

Earlier Now

2016 WHO classification says 
IDH1 or 2 Mutation AND 
absence of 1p 19q co-deletion 
is necessary to diagnose 

Diagnosis can be made 
without testing 1p 19q co 
deletion

HOW??

These tumours can be 
diagnosed if the IHC results 
show 
• loss of ATRX 
• and or strong & diffuse 

nuclear staining for p53.





Update3: Molecular Clues for recognizing 
histologically Lower Grade, Diffuse Astrocytic Gliomas

IDH- wild type as Glioblastoma IDH- wild type

By the presence of 
Necrosis & OR microvascular
proliferation

we conclude diagnosis of Diffuse astrocytic glioma as 
glioblastoma

However even if NO necrosis, No microvascular proliferation

Still most histologically Lower grade Diffuse Astrocytic
gliomas IDH WT in adults behave as WHO grade 4 lesions

WHO GRADE 2 OR 3 WHO GRADE 4 (a high grade)



• So update 3 focus on Molecular criteria, so that we 
can upgrade the tumor from 2nd or 3rd grade to grade 
4 (high grade lesion)

• (And it has importance with regard to prognosis and 
treatment)

HOW???

By 3 criteria

1 Gain of whole Chromosome 7            ( 7  +)
Loss of whole Chromosome 10           (10 -)

2 TERT promotor Mutation

3 EGFR amplification

• The presence of 1 or more of the above 3 molecular 
markers implied/ showed a prognosis consistent with 
that of glioblastoma.



Update 5: Improved Grading of Isocitrate 
Dehydrogenase– Mutant Astrocytomas on the Basis 

of Cyclin-Dependent Kinase Inhibitor 2A/B 
Homozygous Deletion Status

• The presence of a homozygous deletion of cyclin-
dependent kinase inhibitor 2A/B (CDKN2A/B) is now 
recognized as an important negative prognostic factor 
within the IDH mutant group.

• IDH-mutant astrocytomas that harbor homozygous 
CDKN2A/B deletion behave clinically as high-grade 
malignant tumors.



The update 5 recommends grading IDH-mutant astrocytomas as -

WHO grade 
II

in the absence of anaplastic features, significant mitotic 
activity, and homozygous CDKN2A/B deletion.

WHO grade 
III

when anaplastic features and significant mitotic activity 
are present but there is no homozygous deletion of 
CDKN2A/B.

WHO grade 
IV

when not only if it shows microvascular proliferation 
and/or necrosis, but also if molecular analysis reveals 
the presence of homozygous CDKN2A/B deletion.

Testing for CDKN2A/B deletions is important for optimal 

counselling. 

Homozygous CDKN2A/B deletion in these tumors signifies high-

grade malignant behaviour.
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FIGURE-A MRI images of a left frontal Lobe lesion in a 45-year-old ,C- Histology 

shows infiltrating pleomorphic astrocytic cells with high n:c ratio (arrowheads) and 

only a few scattered mitoses because necrosis and microvascular proliferation 

were absent, diagnosis was anaplastic astrocytoma, IDH-mutant, grade III. 

D- FISH assay to analyze CDKN2A copy number status demonstrated loss of 

CDKN2A signal and preservation of CEP9 signal in 24 of 50 cells counted, 

consistent with homozygous deletion of CDKN2A and thus reason to upgrade the 

tumor grade to IV.



Update 4: Classification of “Pediatric-Type” Diffuse 
Gliomas,Isocitrate Dehydrogenase–Wild-

Type,Histone 3–Wild-Type on the Basis of Presence 
of Myb Proto-Oncogene,Myb Proto-Oncogene Like 

1, FGFR1 Alteration, B-Raf Proto-Oncogene, 
Serine/Threonine Kinase V600E Mutation, or Other 

Mitogen-Activated Protein Kinase Pathway 
Alterations



Molecular alterations that are frequently found in histologically 
low-grade, diffuse gliomas in children. 

If such a tumor does not have an
• IDH or H3 K27M mutation 
•No molecular alterations associated with glioblastoma
•based on its molecular features, the tumor can be diagnosed as-

Diffuse glioma, 
•Myb proto-oncogene (MYB)-altered, 
•Myb proto-oncogene like 1 (MYBL1)-altered, 
•Fibroblast growth factor receptor 1 (FGFR1)-mutant, 
•FGFR1 tyrosine-kinase duplicated, 
•Serine/threonine kinase (BRAF) V600E–mutant (but not if it has a 
concurrent deletion in CDKN2A/B), 
•“Mitogen-Activated Protein Kinase (MAPK) pathway-altered.



• Allows for greater precision on prognosis .

• Potential implications for targeted treatment (eg, targeting 
BRAF V600E mutations with BRAF inhibitors like dabrafenib) .

• Tumor with a specific alteration that signifies a generally 
favorable prognosis and could potentially be targeted.



Update 6: Recommendations on Emerging New 
Entities and Diagnostic Principles for Future CNS 

Tumor Classification and Grading (cIMPACT-Utrecht 
meeting report)



• Acknowledges the utility of methylome profiling for CNS tumor 
classification and diagnosis.

To designate 
• Diffuse, histologically lower-grade, IDH–wild-type astrocytomas

with molecular features of glioblastoma directly as 
“glioblastoma, IDH–wild-type” .

• Diffuse astrocytoma IDH mutant (homozygous CDKN2A/B 
deletion) as diffuse astrocytoma IDH mutant grade 4.

• This eliminates confusion and facilitate inclusion of these 
patients into clinical trials.

• Definitions and characteristic features for multiple emerging 
new entities, many of which can be accurately characterized by 
specific molecular features (eg, diffuse glioma, H3.3 G34-
mutant, and spinal ependymoma, MYCN protooncogene 
[MYCN]-amplified).



Update 7: Refining the Classification of Ependymomas 
Using Molecular Features

• This update recommends that ependymomas be classified 
by both anatomic site and molecular features.

• Supratentorial (ST) ependymomas, when possible, should 
be classified according to the presence of chromosome 11 
open reading frame 95 (c11orf95) or yes-associated protein 
1 (YAP1) gene fusions.

• Based on the degree of histone H3 K27-trimethylation, 
posterior fossa ependymomas should be classified as

• Type A (PFA) Type B (PFB)



• PFA ependymomas (particularly those with gain of chromosome 1q) 
are known to have worse prognosis.

• however more survival data need to be collected before a definitive 
grade.

• Ependymoma of the spinal cord with MYCN amplification as a new 
entity associated with poor clinical outcome .

• Myxopapillary ependymomas of the spinal cord as grade 2 (rather 
than grade 1) tumors.

• Not awarding the papillary, clear cell, and tanycytic variant of 
ependymomas with a separate status due to lack of clinical utility.



SUMMARY
cIMPACT-NOW
update

Implications

Update 1 • NOS added to pathological diagnosis: results of molecular 
testing required for a more precise diagnosis as listed in 
WHO classification not available; (re-)consider the need 
and/or possibility for additional molecular testing.

• NEC added to pathological diagnosis: indicates a diagnosis 
that, after adequate (molecular) testing, is not listed as 
such in most recent WHO classification.

Update 2 • Not every H3 K27M–mutant tumor is a diffuse midline 
glioma and carries the same dismal prognosis.

• Diffuse (anaplastic) astrocytoma, IDH-mutant can be 
diagnosed using ATRX and/or p53 expression as
immunohistochemical surrogate markers for absence of 
1p/19q codeletion



Update 3 • Demonstration of +7/–10, EGFR amplification, and/or TERT 
promoter mutation in WHO grade II or III, IDH–wildtype diffuse 
gliomas in adult patients allows for the diagnosis glioblastoma, 
IDH–wild-type

Update 4 • IDH– and H3–wild-type diffuse glioma in children that are driven by 
MYB or MYBL1 gene rearrangement, FGFR1 mutation, or FGFR1 
tyrosine kinase domain duplication, BRAF V600E mutation, or by 
another MAPK pathway alteration generally have favorable prognosis.
• Molecular defect in these tumors represents a potential 

therapeutic target

Update 5 • Homozygous CDKN2A/B deletion in IDH-mutant diffuse 
astrocytoma signifies grade IV malignant behavior

Update 6 Presentation of 
-New general principles for classification of CNS tumors
- Suggested revisions of nomenclature for some of these tumors
- More recently recognized (sub)types of CNS tumors that appear 
ready for inclusion in next WHO classification of CNS tumors



Update 7 • Improved classification of ependymomas based on anatomic 
region and molecular characteristics 
- Supratentorial: classified based on presence of c11orf95 vs 

YAP1 gene fusions (c11orf95 fusion–positive ependymomas 
largely overlapping with RELA fusion-positive 
ependymomas as described in WHO 2016 classification)

- PF: PF ependymomas can be classified as type A or type B 
(PFA or PFB), characterized by respectively absence or 
presence of H3 K27me3 staining of tumor cell nuclei;

- gain of Chr. 1q signifies worse prognosis
in PFA ependymomas

- Ependymoma of the spinal cord with MYCN amplification is a 
newly recognized entity associated with poor clinical outcome
- Myxopapillary ependymomas of the spinal cord should be 
considered grade 2 (rather than grade 1) tumors



Conclusion
• Since 2016, cIMPACT-NOW has published several guidelines for 

improved pathological diagnosis of these neoplasms.

• The cIMPACT-NOW guidelines have important implications for 
clinical practice and for the design and interpretation of clinical 
trials.

• cIMPACT-NOW recommendations summarized are likely to be 
incorporated in the new WHO classification

• Because it can be expected that our understanding of the biology 
of CNS tumors will continue to expand at a rapid pace, 
continuation of the efforts of cIMPACT-NOW–like consortia may 
be very helpful for optimal (evidence-based, balanced, rapid) 
translation of novel insights into clinical diagnostics, with the   of 
providing the best possible care to CNS tumor patients.
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