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Oligodendrocyte
definition & etymology

n A oligodendrocyte is a type of neuroglia (neuron support 
cell) in the central nervous system. 

n The word ‘oligodendroglioma’ is derived from:
n ‘oligo’ (= few, scant)

n ‘dendro’ (= tree)
n ‘cyte’ (=cell)
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Oligodendrocyte
histology

An oligodendrocyte
myelinates (upto 15) 
neuronal axons in the 
CNS by extending a spiral 
of cytoplasmic membrane 
that comprises the myelin 
sheath

Young KM et al. Neuron 
2013; 77: 873-885
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Oligodendroglioma
definition

n Arises fom neoplastic transformation of mature oligodendrocytes 
or immature glial precursors 

n Diffusely infiltrating, well-differentiated, slowly growing glioma 
arising in the cortex and white matter of a cerebral hemisphere

n 8-10% of gliomas in adults, less than 5% in children 
n M = F 
n Most common in the frontal lobe
n Most frequently found in patients aged 30-50 years
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Relative frequency of histopathologically diagnosed 
oligodendroglial and oligoastrocytic tumours of the CNS

in 95,564 patients of all age groups

Wesseling P et al, 
Acta Neuropathol 2015; 129: 809-827
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Relative frequency of histopathologically diagnosed 
oligodendroglial and oligoastrocytic tumours of the CNS

in 10,274 children and adolescents

Wesseling P et al, 
Acta Neuropathol 2015; 129: 809-827
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Oligodendroglioma
signs & symptoms

n 2/3 of patients present with seizures as the first symptom 
(seizures likely reflect grey matter involvement) 

n Other symptoms:
n headaches (due to increased intracranial pressure)

n visual loss, motor weakness, cognitive decline (symptoms 
depend on the location of the tumour)

n Tumours mainly located in the frontal lobes (>50%) 
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Oligodendroglioma
gross pathology

n Variable appearance
n Infiltrating neoplasm distorts the grey-white 

matter interface
n Greyish pink discoloration
n Appears more circumscribed than astrocytoma
n May show mucoid change, areas of cystic 

degeneration, haemorrhage and calcification
n Superficially located oligodendrogliomas tend to 

invade the subarachnoid space

http://cueflash.com/decks/neuro-pathology
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Neuropathology of Oligodendroglioma
(microscopy, H&E stain)

17

Neuropathology of Oligodendroglioma
(microscopy, H&E stain)

‘fried eggs’ cells
• distinct cell borders
• moderate-to-marked 

nuclear atypia
• clear cytoplasm

‘chicken-wire’ vessels
• acutely branched capillary 

sised vessels
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However …

Morphology (neuropathology) 
is less predictive of outcome to chemotherapy 

than 1p/19q status 

21

The World Health Organization (WHO) classification of 
tumours of the central nervous system (CNS) 

NOS = not otherwise specified

This means that there is insufficient 
information to assign a more specific 
code, for example for sites lacking 
access to molecular diagnostic testing
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Normal human karyotype & chromosome

23

What is a 1p/19q co-deletion ?

Pinkham MB, et al. Clinical Oncology 2015;27(8):445-453
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Oligodendroglioma Astrocytoma

60% - 80% 5% - 15%

Oligoastrocytoma

40% - 60%

1p/19q co-deletion in glioma
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How to document a 1p/19q co-deletion?

A, Oligodendrogliomas typically show loss of chromosomes 1p and 19q by fluorescence in situ 
hybridization (FISH; 2 green 19p13 signals and 1 red 19q13 signal in most nuclei indicate a loss of 
19q in this oligodendroglioma). 
B, Astrocytic neoplasms normally display intact 1p and 19q (2 green 1p32 and 2 red 1q42 signals in 
most nuclei). 

Genetic testing methods
n loss of heterozygosity (LOH)
n fluorescence in situ hybridization 

(FISH) 
n comparative genomic hybridization 

(CGH)
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Isocitrate dehydrogenase (IDH)

n IDH enzymes are involved in amino acid 
metabolism, mainly of glutamine and 
glutamate

n IDH1 is located in the cytoplasm and 
peroxisomes

n IDH2 is located in the mitochondrial matrix
n IDH1 and IDH2 affect the cytoplasmic and 

mitochondrial ratio of NADP/NADPH, a 
major source of reducing potential

Cairns RA & Mack TW.  Cancer Discovery 2013; 3 (7): 730-741
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IDH1
cytosolic

NADP+ specific

IDH2
mitochondrial

NADP+ specific

IDH3A / IDH3B / 
IDH3G
mitochondrial
NAD+ specific

Isocitrate dehydrogenase (IDH)
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Krebs cycle

29

Isocitrate dehydrogenase (IDH)
à oxidation, decarboxylation
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Enzymatic reactions catalyzed by wild-type 
and mutant IDH enzymes

Wild type IDH1 and IDH2:
n isocitrate à α-KG + CO2
n NADP à NADPH

Tumour associated mutant IDH1 and 
IDH 2:
n α-KG à D2HG (chiral molecule)
n NADPH à NADP

D-2-hydroxyglutarate (D2HG) 
is an ‘onco-metabolite’
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Diffuse gliomas histopathologically
form a spectrum

Histopathology (cell type)

Malignancy grade 1p
/q1

9 c
od

ele
tio

n

Malignancy grade 1p
/19

q c
od

ele
tio

n

Wesseling P et al, Acta Neuropathol 2015; 129: 809-827
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Immunohistochemistry can
further refine the classification

Histopathology (cell type)

Malignancy grade 1p
/19

q c
od

ele
tio

n
Wesseling P et al, Acta Neuropathol 2015; 129: 809-827
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Detection of ATRX, IDH1-R132H and Ki-67 in 
astrocytic tumours by immunohistochemistry
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ATRX

n Loss of ATRX expression is almost mutually exclusive with 1p/19q 
co-deletion, the hallmark of oligodendroglial tumors

n Loss of ATRX expression:  45 % of anaplastic astrocytomas (AA), 
27 % of anaplastic oligoastrocytomas (AOA) and 10 % of 
anaplastic oligodendrogliomas (AO)

n IDH mutant astrocytic tumours into two groups based on ATRX 
status: tumours with ATRX loss had a significantly better prognosis 

n ATRX loss is a hallmark of astrocytic tumours. 
n ATRX loss defines a subgroup of astrocytic tumours with a 

favorable prognosis.
Wiestler B et al, Acta Neuropathol 2013; 126: 443-451
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Oligodendroglioma
IDH mutant 

AND 1p/19q codeleted 
(WHO Grade II)

Anaplastic oligodendroglioma 
IDH mutant 

AND 1p/19q codeleted 
(WHO Grade III) 
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Diffuse astrocytic and oligodendroglial
tumours (2016 WHO classification)

Diffuse astrocytoma, IDH-mutant
Diffuse astrocytoma, IDH-wildtype
Diffuse astrocytoma, NOS

Anaplastic astrocytoma, IDH-mutant
Anaplastic astrocytoma, IDH-wildtype
Anaplastic astrocytoma, NOS

Glioblastoma, IDH-wildtype
Glioblastoma, IDH-mutant
Glioblastoma, NOS

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

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

Oligoastrocytoma, NOS

Anaplastic oligoastrocytoma, NOS

Louis DN, et al. Acta Neuropathologica, 2016; 131(6): 803–820
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Diffuse astrocytic and oligodendroglial
tumours (2016 WHO classification)

n FISH analysis
n Fluorescent in situ hybridization
n Is 1p19q codeleted?

n Immunohistochemistry
n Is IDH1 mutated (+) or wild type (1)?
n Is ATRX intact?

n Diffuse astrocytoma 
n IDH1+ (IDH1- behaves like GBM!)
n 1p19q nondeleted
n ATRX loss of expression

n Oligodendroglioma
n IDH1+
n 1p19q codeleted
n ATRX intact Chen R et al. Neurosurg Focus, March 2015 

1p19q codeletion

IDH1 `Mutation
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CT scan

n Tumours are mixed density (hypo- to isodense) 
n High attenutation areas represent

n Calcification (70-90% of gliomas are calcified)
n Haemorrhage (less frequent)

n Overlying skull may show pressure erosion
n Contrast enhancement is extremely variable; 

50% of oligondendrogliomas enhance
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32-year-old man, oligodendroglioma, 
WHO grade II, IDH1 mutated, 1p/19q-codeleted

42
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MRI scan

n T1: typically hypointense
n T2: typically hyperintense (except calcified areas)
n T2*: calcium seen as areas of "blooming"
n T1 C+ (Gd): contrast enhancement is common but it is 

not a reliable indicator of tumour grade, with only 50% 
of oligodendrogliomas enhancing to a variable degree, 
and usually heterogeneously

https://radiopaedia.org/articles/oligodendroglioma
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T1-wi T2-wi FLAIR

T1-wi + Gd DWI ADC

44

MRI scan

n DWI: typically no diffusion 
restriction

Johnson D.R., et-al. AJNR Am J Neuroradiol. 2017
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T2-wi

T1-wi + Gd T1-wi + Gd

T1-wi + Gd
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Contrast enhancement characteristics in 
oligodendrogliomas

n Grade III (anaplastic) tumours enhance more commonly 
than Grade II oligodendrogliomas

Khalid L, et al. AJNR Am J Neuroradiol 2012; 33(5): 852-857 
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45-year-old woman, oligodendroglioma, WHO grade II
IDH status unknown, 1p/19q codeleted (UZ Gent)

T1-wi T2-wi FLAIRT1-wi + Gd DWI ADC
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45-year-old woman, oligodendroglioma, WHO grade II
IDH status unknown, 1p/19q codeleted (UZ Gent)

rCBV =  2.37
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Detection of calcifications with SWI
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Metabolic imaging (PET)

n visualising tumour metabolism with PET is useful since the 
metabolic rate of oligodendroglioma correlates with its histological 
grade

n fluorine-18 fludeoxyglucose (18F-FDG) uptake of 
oligodendrogliomas is similar to normal white matter. 

n FDG uptake of anaplastic oligodendrogliomas is similar to normal 
grey matter.

n amino acid metabolism tracers (e.g. 11C-MET or 18F-fluoro-ethyl-
tyrosine (FET))  can be used to differentiate oligodendrogliomas
from anaplastic oligodendrogliomas. 
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47-year-old woman
Symptoms:

n epileptic insult (status epilepticus)
n motor aphasia

CT peformed in another hospital was 
read as “stroke” ( ? ! ? ! )

histology: 
n oligoastro, WHO grade II
n IDH1 mutated, 1p/19q codeleted

à oligodendroglioma
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FET PET
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T1-wi + Gd DWI ADC

T1-wi T2-wi FLAIR
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T1-wi + Gd T1-wi + Gd T2*-wi
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Proton MR Spectroscopy

The typical spectrum of oligodendroglioma: 
n moderately elevated Cho 
n decreased NAA 
n without a lactate peak 

The absence of a lipid/lactate peak aids in 
differentiating oligodendroglioma from anaplastic 
oligodendroglioma (necrosis)

Smits M. Imaging of oligodendroglioma (Review Article). 
Br J Radiol 2016; 89: bjr. 20150857
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52-year-old woman

cognitive dysfunction, concentration difficulties
oligoastro, WHO grade II

IDH status unknown, 1p/19q codeleted

T1-wi FLAIRT2-wiT1-wi + Gd GRE T2*
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52-year-old woman

cognitive dysfunction, concentration difficulties
oligoastro, WHO grade II

IDH status unknown, 1p/19q codeleted
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Proton MR spectroscopy

n moderately elevated Cho 
n decreased NAA 
n without a lactate peak 
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Imaging features of 1p/19q intact vs
codeleted oligodendroglioma

Smits M. Imaging of oligodendroglioma (Review Article). 
Br J Radiol 2016; 89: bjr. 20150857
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64-year-old woman

n right retroorbital pain, irradiating towards the face and 
teeth on the right, and also to the neck

n repeated episodes of temporary loss of consciousness 
(seizures?)

62

64-year-old woman
T1-wi T2-wi FLAIR T1-wi + Gd SWI

DX: oligodendroglioma, WHO grade II (locally grade III)
1p/19q codeletion, IDH status unknown 
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34-year-old man

generalised seizures, loss of consciousness
heroin & alcohol

oligodendroglioma, WHO grade II
IDH status unknown, 1p/19q codeleted
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T1-wi T2-wi FLAIR

T1-wi + Gd DWI ADC
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rCBV = 1.2

66
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T1-wi T2-wi

FLAIR FLAIR-fMRI-fingertapping
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43-year-old woman
generalised tonic-clonic seizures, word finding difficulties, 

oligodendroglioma, WHO grade II
(but: IDH status unknown, 1p/19q inconclusive)
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T1-wi T2-wi FLAIR

T1-wi + Gd DWI ADC
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Oligodendroglioma is defined as …

… a diffusely infiltrating, slow-growing glioma 
WITH

IDH1 or IDH2 mutation 
AND

codeletion of chromosomal arms 1p and 19q …

Louis DN, et al. Acta Neuropathologica, 2016; 131(6): 803–820
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Final thoughts

n The imaging features of the 1p/19q codeleted genotype are those 
traditionally considered typical of oligodendroglioma: indistinct 
tumour margin, heterogeneous signal intensity and calcifications. 

n 1p19q co-deletion is a chromosomal alteration associated with 
primary brain tumours of oligodendroglial histology; it is a 
prognostic and predictive factor of response to adjuvant PCV 
(procarbazine, CCNU, vincristine) chemotherapy.
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Final thoughts

n Mutations in IDH1 and IDH2 promote the development of a 
number of malignancies, probably through accumulation of the 
rare metabolite D2HG

n Oligodendrogliomas with 1p/19q co-deletion and IDH mutation 
(group 1) are characterised by better prognosis and better 
response to chemotherapy. They are associated with cerebral 
frontal location, classic morphology, absence of gene high-level 
amplification.
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Thank you
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