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Learning Objectives

ÅName glioblastoma subtypes and histologic patterns according to 
the current World Health Organization Classification

ÅCompare the histopathological and molecular features of 
epithelioid glioblastoma, glioblastoma with a primitive neuronal 
component, glioblastoma with oligodendrocyte-like cells, 
gliosarcoma, giant cell glioblastoma, and small cell glioblastoma

ÅIdentify additional testing for patient management following the 
diagnosis of giant cell glioblastoma and glioblastoma with primitive 
neuronal component



Overview

ÅSome of the history of glioblastoma

ÅSix case-based examples of subtypes and histologic patterns

ïOrigin and underpinning of the subtype/pattern

ïAncillary testing

ïDifferential considerations

ïClinical implications

ÅSummary and Q&A/discussion



What is not in this talk

ÅA precise and unassailable definition of glioblastoma

Å! ǎǘǊƛŎǘ ŘŜŦƛƴƛǘƛƻƴ ƻŦ ŀ άǎǳōǘȅǇŜέ ǾǎΦ άǇŀǘǘŜǊƴέ ǾǎΦ άǾŀǊƛŀƴǘέ

Å! ŎƭŜŀǊ ƭƛƴŜ ŦƻǊ άƘƻǿ ƳǳŎƘ ƛǎ ŜƴƻǳƎƘΚέ ƛƴ ŘƛŀƎƴƻǎǘƛŎ ǇǊŀŎǘƛŎŜ

ÅA comprehensive review of all the relevant literature
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1864 ±ƛǊŎƘƻǿ ƛŘŜƴǘƛŦƛŜǎ άƎƭƛƻƳŀέ ŀƴŘ ƘŀǊŘκǎƻŦǘ /b{ άǎŀǊŎƻƳŀέ

1916 Globus & Strauss report an aggressive spongioblastoma

1926 Bailey and Cushing glioma classification monograph

1925 Globus, Strauss, Bailey, and Cushing hash out the naming
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1993
WHO CNS (2nd ed.)
Kleihues, Burger, Scheithauer, eds.

2021 WHO CNS (5th ed.)
Brat, Ellison, Figarella-Branger, Hawkins, Louis, Ng, Perry, Pister, Reifenberger, Soffietti, von Deimling, Wesseling, eds.

2016 WHO CNS (4th ed. revised)
Louis, Ohgaki, Wiestler, Cavenee, Ellison, Figarella-Branger, Perry, Reifenberger, von Diemling, eds.

2007
WHO CNS (4th ed.)
Louis, Ohgaki, Wiestler, Cavenee, eds.

2000
WHO CNS (3rd ed.)
Kleihues & Cavenee, eds.

1864 ±ƛǊŎƘƻǿ ƛŘŜƴǘƛŦƛŜǎ άƎƭƛƻƳŀέ ŀƴŘ ƘŀǊŘκǎƻŦǘ /b{ άǎŀǊŎƻƳŀέ

1916 Globus & Strauss report an aggressive spongioblastoma

1926 Bailey and Cushing glioma classification monograph

1925 Globus, Strauss, Bailey, and Cushing hash out the naming

1979 WHO Histological Typing of Tumours of the CNS (1st ed.) 
K.J. Zulch, head

1949 Kernohan 4-tiered glioma grading system

1952 AFIP Fascicle ς Kernohan and Sayre, eds.



άaŀƴȅ ǎǳōƎǊƻǳǇǎ ƘŀǾŜ ōŜŜƴ ŘƛǎǘƛƴƎǳƛǎƘŜŘ Χ ōǳǘ ǘƘŜǊŜ ƛǎ ƴƻ ǇǊŀŎǘƛŎŀƭ ŀŘǾŀƴǘŀƎŜ 
in doing so, as the behavior of all these subgroups is identicalέ .ŀƛƭŜȅ όмфнтύ

Gliosarcoma
(azocarmine)

Giant cell glioblastoma

Glioblastoma in WHO CNS 1 (1979)



Feature/Pattern/Subtype WHO CNS 1 
(1979)

WHO CNS 2 
(1993)

WHO CNS 3 
(2000)

WHO CNS 4 
(2007)

WHO CNS 4R 
(2016)

WHO CNS 5 
(2021)

Giant cell Variant Variant Variant Variant Variant Subtype

Gliosarcoma Variant Variant Variant Variant Variant Subtype

Gemistocytic Variant Variant Pattern Pattern Pattern Pattern

Epithelioid Pattern Pattern Variant Subtype

Granular cell Pattern Pattern Pattern Pattern

Oligodendrocyte-like cells Pattern Pattern Pattern

Small cell Pattern Pattern Pattern

Primitive neuronal component Pattern Pattern

Gliomatosis cerebri Type Type Type Type

Glioblastoma, IDH-mutant Type

ÅWhat is the foundation of glioblastoma subtypes/patterns?

ÅWhat do these subtypes/patterns mean in the current era?



Case 1 ς 79-year-old man

T2 FLAIR T1 +C







NGS results:
IDH/H3-wildtype
TERT promoter mutation
Trisomy 7 and monosomy 10
EGFR mutation



Case 1 ς Small cell glioblastoma

ÅHighly monomorphic, small, 
round to elongated 
hyperchromatic nuclei

ÅBrisk mitotic activity

Å~30% non-contrast-enhancing

ÅMay lack microvascular 
proliferation or necrosis



Small undifferentiated cells
Fibrillary astrocytes
Gemistocytic astrocytes

PMID 2539242

Bailey and Cushing (1926)



Primary glioblastoma
ÅAge >50 years
ÅNo prior glioma history
ÅRapid clinical course
ÅGlioblastoma, IDH-wt*

Secondary glioblastoma
ÅAge <50 years
ÅMay have prior low-grade glioma
ÅRelatively favorable outcome
ÅAstrocytoma, IDH-mutant, CNS WHO gr. 4*

EGFR amplification

PMID 15470710

PMID 11706939

*Often but not always



Small cell glioblastoma ς differential and workup

Oligodendroglioma, IDH-mutant and 1p/19q-codeleted (grade 3)

ÅRounded > elongated nuclei, perinuclear halos, mucinous microcystic spaces

Å~90% (+) IDH1 R132H by IHC; remainder IDH1/2 mutant by sequencing

ÅYounger age (usually)

Metastatic/systemic tumors e.g. small cell carcinoma, lymphoma

ÅClinical history, radiology, lineage markers, morphology, fibrillary processes on smear

Malignant glioma with primitive neuronal component

ÅNodular pattern of hypercellular, embryonal-appearing cells

ÅLess glial fibrillary processes

ÅLower GFAP and greater neuronal marker immunoreactivity



Vimentin (ODG)Oligodendroglioma, IDH-mutant and 1p/19q-codeleted Vimentin  (scGB)

H3K27me3 (ODG) H3K27me3 (scGB)



Pronounced perivascular satellitosis in scGB



Case 2 ς 71-year-old woman








