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Tumors Molecular marker

Astrocytoma IDH1/2,TP53,ATRX

Oligodendroglioma IDH1/2,1p/19q co-deletion, TERT

Glioblastoma IDH1/2,TERT,MGMT methylation

Diffuse midline glioma H3 K27M-mutant

LEGEND:
IDH:isocitrate dehydrogenase
Tp53:tumor protein p53
ATRX: Alpha-thalassemia/mental retardation syndrome X-linked
MGMT: O6 Methylguanine-DN-methyltransferase



Molecular markers

IDH1 and IDH2 - Enzymes in Krebs cycle that convert isocytrate to alpha-ketoglutarate. Mutations of these enzymes result
in abnormal production of hydroxyglutarate which causes histone and DNA methylation, hence promoting tumorigenesis.

1p/19 q codeletion – Deletion of short arm of chromosome 1 and long arm of chromosome 19. Demonstrated by FISH. 
Diagnostic for Grade II and Grade III (anaplastic) oligodendroglioma and strong prognostic factor with improve survival

MGMT methylation- MGMT is a DNA repair enzyme and nullify the alkylating effect of temozolomide. When the promoter 
region is hypermethylated, gene will be silenced and chemotherapy with temozolomide is more effective.

H3K27M- Mutation in H3F3A gene encoding for hystone H3.3. This mutation leads to a reduction of H3K27 trimethylation
with epigenetic alterations and consequent tumorigenesis.



Gliomas

Glial fibrillary acidic protein (GFAP) intermediate 
filament for astrocytes (normal, reactive, neoplastic)

Olig2 trascription factor expressed in astrocytes and 
oligodendrocytes

Histochemistry of gliomas



Pilocytic 
Astrocytoma

• Most common glioma in children
• In adults mean age 22 yrs
• Localized throughout the neuroaxis
• Low to moderate cellularity with biphasic pattern (compact 

and loose texture)
• Rosenthal fibres and eosinophilic granular bodies
• Glomeruloid/multilayered vessels
• Rare anaplastic transformation

• IDH –

WHO Grade I



Diffuse Astrocytoma 
IDH-mutant

• Mean age patient 35 yrs
• Commonly in cerebrum, frontal lobes
• Moderately increased cellularity/moderate nuclear atypia
• Mitotic activity absent
• No necrosis
• No microvascular proliferation

• TP53 +
• IDH1 + (or IDH1/2 + evaluated by PCR)
• ATRX mutation +
• Ki67 < 4%

WHO Grade II



Gemistocytic Astrocytoma

• Abundant eosinophilic cytoplasm
• Nuclei displaced to the periphery
• Perivascular lymphocytic infiltrates
• Early progression and inferior outcome

Histologic variant of Diffuse Astrocytoma



Anaplastic Astrocytoma, 
IDH-mutant

• Mean age patient 37 yrs
• Commonly in cerebrum, frontal

lobes
• High cellularity
• Distinct nuclear atypia
• Mitotic activity
• No microvascular proliferation
• No necrosis

• ATRX mutation +
• Ki67 5-10%

WHO Grade III



Glioblastoma IDH-
mutant

• 10% of Glioblastomas
• Cerebral hemispheres
• Mean age patient: 44 yrs
• Pleomorphic tumor cells with nuclear atypia
• Different components (small, granular, lipidized cells)
• Microvascular proliferation
• Palisading necrosis
• Brisk mitotic activity

• Ki67 >15%
• ATRX mutation +

WHO Grade IV



Glioblastoma IDH-
wild type

• 90% of glioblastomas
• Mean age patient 62 yrs
• Same histology as glioblastoma IDH-mutant

• ATRX mutation -
• MGMT methylation

WHO Grade IV

Hystological variants:

1. Giant cell Glioblastoma
2. Gliosarcoma
3. Epithelioid Glioblastoma



Oligodendroglioma 
IDH- mutant and 
1p/19q codeleted

• Mean age patient 44 yrs
• Commonly in cerebral hemispheres, frontal lobes
• Moderate cellularity
• Clear perinuclear halo
• Central spherical nucleus
• Delicate branching capillaries
• Low or absent mitotic activity
• No microvascular proliferation
• No necrosis

• KI67 <5%
• IDH1 + (or IDH1/2 by PCR)
• 1p/19q codeletion iby FISH

WHO Grade II



Anaplastic 
oligodendroglioma IDH-
mutant and 1p/19q 
codeleted

• Mean age patient 49 yrs
• Cerebral hemispheres, frontal lobes.
• High cellularity
• Distinct cellular atypia
• Brisk mitotic activity
• Microvascular proliferation
• Necrosis

• Ki67 >5% 
• IDH1 + (or IDH1/2 by PCR)
• 1p/19q codeletion by FISH

WHO Grade III



CNS metastases

• More than primary tumors
• Localization in hemispheres (80%); 

15% in the cerebellum; 5% brain stem
• More than half are multiple



• Well defined and rounded greyish-white 
with central necrosis

• Haemorrhagic and brown to black in 
pigmented melanoma

• Perivascular growth, gliosis, oedema in the 
adiacent CNS tissue

• Central tumor necrosis with tumor tissue 
at the periphery and around blood vessels

• Morphology similar to high grade glioma 
but GFAP -, Olig2 -

• Proliferation index (Ki67) maybe higher 
than in the primary tumors
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