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PROGNOSIS Ÿ see p. Onc3 >> 

 

Most common (60%) primary CNS tumors in adults (second most common in children)! 

¶ astrocytomas are one type of GLIOMAS (neoplastic transformation of neuroglia). 

 

 

ETIOLOGY  

¶ familial cases constitute only 1%. 

¶ associated with certain genetic syndromes: 

neurofibromatosis type 1 Ÿ LOW-GRADE ASTROCYTOMAS (esp. in optic nerve & chiasm). 

tuberous sclerosis Ÿ SUBEPENDYMAL GIANT-CELL ASTROCYTOMA. 

Turcot's syndrome Ÿ GLIOMAS, MEDULLOBLASTOMA. 

http://www.neurosurgeryresident.net/Onc.%20Oncology/Onc3.%20Brain%20Tumors%20(TREATMENT).pdf#Prognosis
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¶ 90% GBMs are primary (i.e. arise de novo); 10% - secondary (i.e. arise from low grade 

astrocytomas). 

 

 

CLASSIFICATION, GRADING  

WHO  2016 

¶ in WHO 2016 classification, the DIFFUSE GLIOMA  category includes astrocytic and 

oligodendroglial tumors: 

1) grade II and III astrocytic tumors, i.e. diffuse astrocytoma and anaplastic astrocytoma 

2) grade II and III oligodendrogliomas 

3) grade II and III oligoastrocytomas 

4) grade IV glioblastomas 

5) related diffuse gliomas (e.g. those of childhood). 

¶ this approach more sharply separates ASTROCYTOMAS THAT HAVE A MORE CIRCUMSCRIBED 

GROWTH PATTERN , lack IDH gene alterations, and sometimes have BRAF mutations (i.e. pilocytic 

astrocytoma, pleomorphic xanthoastrocytoma, and subependymal giant cell astrocytoma) from 

diffuse gliomas. In other words, diffuse astrocytoma and oligodendroglioma are now nosologically 

more similar than are diffuse astrocytoma and pilocytic astrocytoma. 

 

Diffuse astrocytomas are graded using a three-tiered system similar to the Ringertz system, the St. 

Anne-Mayo system, and the previously published WHO schemes: 

¶ tumors with cytological atypia alone (i.e. diffuse astrocytomas) are considered grade II , those that 

also show anaplasia and mitotic activity (i.e. anaplastic astrocytomas) are considered WHO grade 

III , and tumors that additionally show microvascular proliferation and/or necrosis are grade IV. 

N.B. necrosis is no longer a requirement for grade IV 

¶ atypia is defined as variation in nuclear shape or size with accompanying hyperchromasia. 

¶ mitoses must be unequivocal, but no special significance is accorded to their number or 

morphology. The finding of a solitary mitosis in an ample specimen is not sufficient proof of WHO 

grade III behaviour, but the separation of grade II tumors from grade III tumors may be facilitated 

by determination of the Ki-67 proliferation index. 

¶ microvascular proliferation is defined as apparent multi layering of endothelium (rather than 

simple hypervascularity or increased number of vessels) or glomeruloid vasculature. 

¶ necrosis may be of any type; perinecrotic palisading need not be present. Simple apposition of 

cellular zones with intervening pallor suggestive of incipient necrosis is insufficient. 

¶ aforementioned criteria make their appearance in a predictable sequence: atypia is followed in turn 

by mitotic activity, then increased cellularity, and finally microvascular proliferation and/or 

necrosis. 

 

 

WHO 2007 

designation 

WHO 

grade*  

Kernohan-

Sayre grade*  

St. Anne/Mayo 

grade 
St. Anne/Mayo criteria** 

Low-grade (s. benign) astrocytomas 

PILOCYTIC 

ASTROCYTOMA***  

I I excluded - 

ASTROCYTOMA II  I-II  1 no criteria fulfilled 

2 1 criterion (usually nuclear 

atypia) 

High-grade (s. malignant) astrocytomas 

ANAPLASTIC 

ASTROCYTOMA 

III  II -III  3 2 criteria (usually nuclear 

atypia and mitoses) 

GLIOBLASTOMA 

MULTIFORME 

IV  III -IV  4 3-4 criteria - endothelial 

proliferation and/or necrosis 

 

*WHO and Kernohan systems are not criteria based (?). 

** 4 histologic criteria: 

1) nuclear atypia 

2) mitoses ï already grade III 

3) endothelial proliferation ï already grade IV (tufts of piled-up vascular 

cells that bulge into vascular lumen; if proliferation is extreme, tuft 

forms ball-like structure - glomeruloid body) - vascular endothelial 

growth factor (VEGF), produced by malignant astrocytes (in response 

to hypoxia) contributes to this vascular change; probably predisposes 

to necrosis. 

4) necrosis ï already grade IV 

 

*** grade I tumors - PILOCYTIC ASTROCYTOMA, PLEOMORPHIC XANTHOASTROCYTOMA, 

SUBEPENDYMAL GIANT-CELL ASTROCYTOMA - may have endothelial proliferation and 

marked atypia; nevertheless, they are slow growing and well circumscribed (grade I); 

i.e. diffuse astrocytoma is automatically Ó grade II 

 

¶ if tumor samples are obtained by stereotactic needle biopsy, high rate of error occurs (grades 

generally are underestimated by needle biopsy): 

4 biopsies Ÿ grading error rate å 25%; 

6 biopsies Ÿ grading error rate å 2%. 

¶ necrosis loses its prognostic significance in recurrent tumors after radiotherapy because radiation 

necrosis is indistinguishable from tumor necrosis. 

 

 

WHO 2016 diffuse gliomas 

 
 

 

Historical Bailey and Cushing classification - based on embryologic development of astroglia: 

spongioblast (SPONGIOBLASTOMA) Ÿ astroblast (ASTROBLASTOMA) Ÿ astrocyte (ASTROCYTOMA). 
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GENETICS 

GBM is extraordinarily heterogenous tumor with many, many pathways that are 

perturbed (overexpressed, deleted, mutant); GBM is not like chronic myelogenous 

leukemia, where 1 BCR-ABL translocation underlies the entire disease. 

Over many years, astrocytomas undergo dedifferentiation into higher-grade lesions. 

¶ progression in tumor grade is associated with ordered accumulation of specific mutations 

(genetic aberrations accumulate in fixed percentage of tumors at each stage of malignancy; 

some genetic aberrations are specific for early transformations, i.e. low grade tumors, while 

others represent late events): 

 
LOH = loss of heterozygosity, Rb = retinoblastoma gene, EGF-R = epidermal growth factor receptor. 

 

 
 

 

Genes involved in gliomagenesis: 

I. Oncogenes: EGF-R, PDGF, PDGF-R 

II. Tumor suppressor genes: CDKN2A [also known as p16INK4a], PTEN, RB1, TP53. 

ï frequent loss of heterozygosity (LOH) on chromosome arms 1p, 10p, 10q, 19q, and 22q 

suggests additional tumor suppressor genes. 

 

Most common genetic alterations in GBM: 

1. LOH at 10q (69%) 

2. CDKN2A (p16INK4a) deletion (50%) 

3. EGF-R gene amplification 

4. TP53 mutations 

5. PTEN mutations 

6. IDH-1/2 mutations 

 

Most frequently altered GBM cancer genes: 

 
Source of figure: Parsons DW, Jones S, Zhang X, et al. An integrated genomic analysis of human glioblastoma multiforme. 

Science. 2008;321:1807-1812. >> 

 

 
Source of figure: Parsons DW, Jones S, Zhang X, et al. An integrated genomic analysis of human glioblastoma multiforme. 

Science. 2008;321:1807-1812. >> 

 

 

http://cme.medscape.com/medline/abstract/18772396
http://cme.medscape.com/medline/abstract/18772396
http://cme.medscape.com/medline/abstract/18772396
http://cme.medscape.com/medline/abstract/18772396
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Source of figure: Cancer Genome Atlas Research Network. Comprehensive genomic characterization 

defines human glioblastoma genes and core pathways. Nature. 2008;455:1061-1068 >> 
 

 
Source of figure: Cancer Genome Atlas Research Network. Comprehensive genomic characterization 

defines human glioblastoma genes and core pathways. Nature. 2008;455:1061-1068 >> 
 

 
Source of figure: Cancer Genome Atlas Research Network. Comprehensive genomic characterization 

defines human glioblastoma genes and core pathways. Nature. 2008;455:1061-1068 >> 
 

 

> 40% ANAPLASTIC ASTROCYTOMAS (grade 3) in addition (to p53 mutation) show loss of heterozygosity 

on chromosome 19q; may also involve mutations in other tumor suppressor genes (e.g. 

retinoblastoma gene on 13q14). 

> 70% GLIOBLASTOMAS in addition have lost heterozygosity for chromosome 10 (most common 

deletion in malignant gliomas!); 

30-40% GLIOBLASTOMAS have amplification of EGF-R gene (7p13-p11), which also may have gene 

rearrangement (Ÿ tyrosine kinase activityŷ in absence of EGF Ÿ EGFR "turned on" in 

autocrine mode). 

Virtually every growth factor known to stimulate cell division has been 

identified as aberrantly expressed in GBM cell lines! 

EGFR gene is most frequently amplified oncogene in astrocytic tumors! 

CDKN2A gene is most frequently altered tumor suppressor gene in GBM! 

 

Molecular Signatures of Glioblastoma Multiforme 

- see p. Onc3 >> 

 

Genetic subsets (variants of development) of GLIOBLASTOMA MULTIFORME: 

 
 

progression from low-grade to high-grade tumors is much less common in pediatric 

patients (molecular genetic events that characterize adult process have not been 

described in children). 

 

 

MGMT  METHYLATION  

O(6)-methylguanine-DNA methyltransferase (MGMT) gene promoter methylation is predictor of good 

response to alkylating agents (e.g. temozolomide). 

¶ assay is done routinely on surgical specimens 

 

http://cme.medscape.com/medline/abstract/18772890
http://cme.medscape.com/medline/abstract/18772890
http://cme.medscape.com/medline/abstract/18772890
http://cme.medscape.com/medline/abstract/18772890
http://cme.medscape.com/medline/abstract/18772890
http://cme.medscape.com/medline/abstract/18772890
http://www.neurosurgeryresident.net/Onc.%20Oncology/Onc3.%20Brain%20Tumors%20(TREATMENT).pdf#MOLECULAR_SIGNATURES_GBM
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Level III  Recommendation: grade II gliomas with MGMT promoter methylation have a shortened 

time to recurrence (in the absence of TMZ) and longer post-recurrence survival (in the presence of 

TMZ), ultimately producing similar overall survival to grade II gliomas without MGMT methylation. 

 

 

ISOCITRATE DEHYDROGENASE (IDH )-1/2 mutation 

- means Ó grade 2 tumor. 

- IDH mutations are relatively specific to diffuse gliomas. 

- first most common mutation to occur in gliomas (34% of individuals with CNS tumor have a 

somatic mutation in the IDH1 or IDH2 genes). 

- mostly in young patients with secondary GBM (astrocytic tumor in > 54 yo ï only 1% chance to 

have IDH mutation). 

- IDH mutation is a must for oligodendrocyte lineage tumors. 

- thrombosed vessels in GBM ï associated with IDH-wild type. 

- independent risk factor for tumor-related epilepsy. 

- if grade 4 tumor is IDH-mutated, it is called ñgrade IV astrocytomaò (instead of ñGBMò) 

 

¶ incidence of IDH-1/2 mutations: 

primary GBM ï 4-11% 

secondary GBM ï 50% 
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¶ Parsons et al found that ~12% of GBM patients had a mutation in IDH-1 gene in > 90% mutation 

was R132H; 

if patient is > 55 yo, it is enough to test for R132H. 

if patient is < 55 yo, need to test for other IDH ½ mutations. 

- significantly better prognosis (GBM survival improved 3-fold ï from 1.2 yrs to 3.6 yrs) 

 

 
¶ mechanism of action: 

o IDH1 enzyme catalyzes the oxidative carboxylation of isocitrate to Ŭ-ketoglutarate, giving 

rise to the generation of nicotinamide adenine dinucleotide phosphate (NADPH). 

o IDH mutations result in production of oncometabolite R(-)-2-hydroxyglutarate, which 

contributes to tumorigenesis by altering numerous cellular processes, including genome-

wide epigenetic changes that characterize the glioma CpG island methylator phenotype (G-

CIMP). 

¶ IDH-mutant inhibitors have been developed and clinical evaluation is in progress. 

 

 

EGFR GENE AMPLIFICATION  

= GBM or tumor (even if otherwise looks like low grade) will behave as GBM 

 

 

CDKN2A  suppression 

Level III  Recommendation: loss of expression of the CDK2NA via either methylation or loss of 

chromosome 9p is associated with malignant progression of grade II gliomas. 

 

 

ATRX  (ALPHA -THALASSEMIA /MENTAL RETA RDATION SYNDROME X -LINKED ) GENE 

ATRX is present in every cell! 

Loss of ATRX = astrocytic lineage 

- gene involved in chromatin regulation. 

- mutation in ATRX is frequently seen in grade II/III astrocytomas and secondary GBM. 

 

 

p53 gene mutations 

= astrocytic tumors (vs. oligo*) 

*may gain some p53 positivity in anaplastic stage 

å 33% LOW GRADE ASTROCYTOMAS have mutations in p53 gene (17p). 

Li -Fraumeni syndrome (inherited p53 mutation) ï strong predisposition to 

astrocytomas! 

- p53 mutation goes ñhand to handò with IDH mutation. 

- GLIOBLASTOMAS which show p53 mutation are termed secondary glioblastomas (type 1) - occur in 

younger patients whose tumors have progressed from lower grade astrocytoma (vs. primary (de 

novo) type 2 glioblastoma typically found in older patients with short clinical history; prognosis is 

worse). 

 

 

BRAF V600E mutation 

- BRAF is a serine/threonine kinase protein and is a downstream effector of the Ras-Raf-MEK 

extracellular signal-regulated kinase (ERK) signaling pathway, which is responsible for cell 

division and differentiation.  

- mutation of the BRAF gene in which valine (V) is substituted by glutamic acid (E) at amino acid 

600. 

- BRAF V600E mutations are rarely found in adult gliomas with only 1-2% mutated samples in 

glioblastomas and 2% in low grade adult gliomas. 

- BRAF mutations are in most instances mutually exclusive to canonical IDH mutations. 

- clear prognostic difference could not be established yet. 

- BRAF-V600E mutations are most commonly found in the following primary brain tumors: 

1) papillary craniopharyngioma (81-95%) 

2) pleomorphic xanthoastrocytoma (12-60%) 

3) epithelioid glioblastoma (50%) 

4) astroblastoma (38%) 

5) ganglioglioma, dysembryoplastic neuroepithelial tumor (DNT) 

6) diffuse leptomeningeal glioneuronal tumor (DLGT) 

7) gliomas diagnosed at a younger age 

- it is a driver mutation in a proportion of certain diagnoses: melanoma, hairy cell leukemia, 

papillary thyroid carcinoma, colorectal cancer, non-small-cell lung cancer, Langerhans cell 

histiocytosis, and ameloblastoma. 

- BRAF-KIAA1549 fusion is the most common BRAF alteration in pilocytic astrocytoma.  

N.B. primary brain tumors with KIAA1549-BRAF fusion should not be treated with 

first-generation BRAFi due to paradoxical activation of the Ras-Raf-MEK-ERK 

pathway. 

 

Adult tumors  
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PA: pilocytic astrocytoma, GG: ganglioglioma, DIA/DIG: desmoplastic infantile astrocytoma/ganglioglioma, 

DLGT: diffuse leptomeningeal glioneuronal tumor, DNT: dysembryoplastic neuroepithelial tumor 

 

 

PATHOLOGY  

N.B. only JUVENILE PILOCYTIC ASTROCYTOMAS are localized, all other tumors are infiltrative  (invasive 

phenotype is acquired early in tumorigenesis!) 

¶ calcification occurs only in minority. 

 

Infiltration with tumor cells: 

 
 

 
 

Glioma in cerebral hemisphere - difficult to tell where margin is: 
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Source of picture: ñWebPath - The Internet Pathology Laboratory for Medical Educationò (by Edward C. Klatt, MD) >> 

 

 
 

 

LOCATION  

Any part of brain!; LOW-GRADE ASTROCYTOMAS more common below tentorium, 

HIGH-GRADE ASTROCYTOMAS ï above tentorium. 

PILOCYTIC ASTROCYTOMAS ï typically occur in children and young adults, usually in cerebellum. 

¶ 70-80% cerebellar astrocytomas occur in children (most commonly - JUVENILE 

PILOCYTIC ASTROCYTOMA) 

¶ differential diagnosis is cerebellar HEMANGIOBLASTOMA. 

¶ also common close to midline (3rd ventricle, hypothalamus, thalamus, optic chiasm, 

brain stem). 

¶ occasionally in hemispheres (frontal, temporal, parietal lobes). 

¶ pilocytic astrocytomas are slow-growing tumors even when their size, histologic 

appearance, clinical symptoms, or radiographic appearance suggests otherwise. 

PLEOMORPHIC XANTHOASTROCYTOMA - most common superficially in temporal lobe in teens and young 

adults. 

SUBEPENDYMAL GIANT-CELL ASTROCYTOMA (almost exclusive in tuberous sclerosis) - most common in 

lateral wall of 3rd ventricle.  

ASTROCYTOMAS - tend to occur in cerebral lobes (esp. frontal). 

MALIGNANT ASTROCYTOMAS ï anywhere (primarily in frontal lobes); spread across corpus callosum is 

common; also may spread through ventricular system or subarachnoid space. 

¶ multicentric in 5% cases. 

 

 

DIAGNOSTIC ENTITIES : 1. CIRCUMSCRIBED 

ASTROCYTIC GLIOMAS  

PILOCYTIC ASTROCYTOMA  

(WHO grade 1) 

 

Genetics 

- essentially all have various mutations affecting MAPK pathway : 

 
¶ most commonly (> 70%) tandem duplication of 7q34 involving BRAF gene Ÿ BRAF-KIAA1549 

fusion ï constitutively activates MAPK. 

¶ IDH-1 negative (vs. diffuse astrocytomas) 

¶ TP53 plays no role. 

¶ pilocytic astrocytoma is hallmark of NF1 (esp. optic glioma) ï neurofibromin protein acts in 

MAPK pathway. 

15% of NF1 patients develop pilocytic astrocytoma (esp. optic pathways); 1/3 of 

patients with optic glioma have NF1 

http://library.med.utah.edu/WebPath/webpath.html
http://library.med.utah.edu/WebPath/webpath.html
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¶ Noonan syndrome (neuro-cardio-facial-cutaneous) ï germline mutations of MAPK pathway 

genes Ÿ associated pilocytic astrocytomas. 

 

 

Histology 

¶ biphasic pattern ï compacted bipolar cells with Rosenthal fibers + loose textured multipolar cells 

with microcysts and occasional granular bodies. 

¶ tumor cells are mature-appearing astrocytes; microcystic changes* , fibrillary astrocytes (with long, 

thin "hairlike" processes) and stellate cells, characteristic Rosenthal's fibers (elongated eosinophilic 

mass composed of alpha-B-crystallin ï modified process of astrocyte; also seen in reactive gliosis): 

*separates tumor from glial reaction 

¶ piloid (hairlike) cells in 2 patterns: dense fascicles and loose arrangements. 

¶ Ki67 < 1% - very slow growing and maintain grade 1 over years ï can be cured surgically. 

¶ relatively well-circumscribed tumors but tumor cells typically permeate brain parenchyma up to 

several centimeters!!!  

¶ frequently associated with cysts (with mural nodule of solid tumor). 

¶ location ï cerebellum and midline structures (brain stem*, optic pathways, hypothalamus). 

*dorsal exophytic brain stem glioma (vs. diffuse astrocytoma of pons) 

¶ may infiltrate leptomeninges; very occasionally seeds neuraxis but that does not mean further 

aggressive growth. 

¶ may have regressive features - necrosis (but it is infarct-like and not palisading), hyalinized 

vessels, calcifications (dif. from craniopharyngioma) 

 

 

 

 

 

 



 ASTROCYTOMAS  Onc10 (10) 

 

 

 

Source of picture: James C.E. Underwood ñGeneral and Systematic Pathologyò (1992); Churchill 

Livingstone; ISBN-13: 978-0443037122 >> 

 

 
 

 

Epidemiology 

¶ most common glioma in children and adolescents 

¶ 5.4% of all gliomas 

 

 

Imaging 

¶ intensely enhancing due to high vascularity. 

 

 

 

PLEOMORPHIC XANTHOASTROCYTOMA  (PXA) 

(WHO grade 1 Ÿ WHO 2021 grade 2) 

- high degree of astrocytic pleomorphism, lipidized giant cells (frequently multinucleated), abundant 

reticulin deposits, and chronic inflammatory cell infiltrates. 

BRAF V600E mutation!!!! (plus, no IDH mutation) 

¶ median patient age ï 22 years. 

¶ Ki-67 < 1%; if Ó 5 mitoses / 10 HPF, it is called anaplastic PXA (grade 3) ï significantly worse 

prognosis. 

¶ good prognosis (90% 5-year survival) 

¶ superficial location (esp. temporal lobe), cyst is frequent (may be as cyst with nodule!). 

¶ imaging - strong enhancement. 

 
Large multinucleated xanthomatous cell (arrow) with foamy cytoplasm: 

http://www.amazon.com/gp/product/0443068887
http://www.amazon.com/gp/product/0443068887
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Salient diagnostic clue - large cell with foamy cytoplasm: 

 
 

 

SUBEPENDYMAL GIANT -CELL ASTROCYTOMA  (SEGA) 

(WHO grade I) 

Due to mixed glioneuronal phenotype, sometimes called SUBEPENDYMAL GIANT -CELL TUMOR  

 

- several types of cells, typically including small elongated cells as well as giant, multinucleated 

globoid cells (resemble gemistocytes). 

 
 

¶ unique to tuberous sclerosis!!!  (present in 5-15% TS patients) see p. Pha5 >> 

¶ located in wall of lateral ventricle, near foramen of Monro 

¶ histologically identical to subependymal nodules (so-called ñcandle-gutteringsò) that line 

ventricles in tuberous sclerosis. 

¶ often calcified. 

¶ hyalinized vessels and lymphocytic infiltration are consistent. 

¶ Ki-67 3%. 

¶ imaging ï marked contrast enhancement. 

¶ treatment ï surgery / mTOR inhibitors (everolimus). 

 

 

ASTROBLASTOMA  

 

 

 

DIAGNOSTIC ENTITIES: 2. ADULT -TYPE DIFFUSE 

GLIOMAS  

OLIGODENDROGLIOMA, IDH -MUTANT, 1P/19Q-CODELETED  

See p. Onc12 >> 

 

ASTROCYTOMA, IDH -MUTANT  

(WHO grades 2, 3, 4) 

 

N.B. in WHO 2021, grading is no longer entirely histological, since the presence of CDKN2A/B 

homozygous deletion results in WHO grade of 4, even in the absence of microvascular proliferation or 

necrosis. 

http://www.neurosurgeryresident.net/Pha.%20Phacomatoses,%20Neurocutaneous%20disorders/Pha5.%20Tuberous%20Sclerosis.pdf
http://www.neurosurgeryresident.net/Onc.%20Oncology/Onc12.%2520Oligodendrogliomas.pdf
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N.B. in WHO 2021, term ñglioblastomaò is reserved only for IDH-wildtype grade 4 astrocytomas! (i.e. 

glioblastoma = worst of the worst) 

 

DIFFUSE ASTROCYTOMA (formerly  - LOW -GRADE ASTROCYTOMA ) 

(WHO grade 2) 

 

Genetics (WHO 2021) 

¶ for IDH-wildtype diffuse astrocytic tumors in adults, presence of at least one genetic parameter 

(TERT promoter mutation, EGFR gene amplification, combined gain of entire chromosome 7 and 

loss of entire chromosome 10 [+7/ī10]) - sufficient to assign the WHO grade 4. 

 

Genetics (WHO 2016) 

- divided into IDH-mutant, IDH-wildtype and NOS categories: 

¶ great majority falls into the IDH -mutant category (more favorable prognosis than for IDH-

wildtype ï applies to both grade II and grade III tumors). 

¶ if immunohistochemistry for mutant R132H IDH1 protein and sequencing for IDH1 codon 132 and 

IDH2 codon 172 gene mutations are both negative, or if sequencing for IDH1 codon 132 and IDH2 

codon 172 gene mutations alone is negative, then the lesion can be diagnosed as IDH -wildtype. 

N.B. diffuse astrocytoma, IDH-wildtype is an uncommon diagnosis - such cases need to 

be carefully evaluated to avoid misdiagnosis of lower grade lesions such as 

gangliogliomas; moreover, anaplastic astrocytoma, IDH-wildtype is also rare, and most 

such tumors will feature genetic findings highly characteristic of IDH-wildtype 

glioblastoma. 

¶ if IDH testing is not available or cannot be fully performed (e.g., negative immunohistochemistry 

without available sequencing), the resulting diagnosis would be NOS. 

 

 

Histology 

¶ slight hypercellularity (more cellular than normal brain), uniform cells (closely resemble mature 

resting or reactive, nonanaplastic astrocytes), no nuclear pleomorphism (or very slight), no 

endothelial proliferation, no mitotic activity (or very rare): 

 
¶ Ki-67 proliferation index is usually < 4%. 

¶ major differential ï reactive astrocytosis (H: look for Rl32H-mutant IDH1). 

N.B. most of low grade astrocytomas are positive for IDH1 R132H mutant protein! 

 

 
Glioma (at left) shows greater cellularity and pleomorphism than adjacent brain (at right), but margin is not distinct: 

 
Source of picture: ñWebPath - The Internet Pathology Laboratory for Medical Educationò (by Edward C. Klatt, MD) >> 

 

 

 
Expanded white matter of left cerebral hemisphere and thickened corpus callosum and fornices: 

http://library.med.utah.edu/WebPath/webpath.html
http://library.med.utah.edu/WebPath/webpath.html
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Source of picture: Ramzi S. Cotran ñRobbins Pathologic Basis of Diseaseò, 6th ed. (1999); 

W. B. Saunders Company; ISBN-13: 978-0721673356 >> 

 
Frontal tumor expanded flattened gyri (arrows): 

 
Source of picture: Ramzi S. Cotran ñRobbins Pathologic Basis of Diseaseò, 6th ed. (1999); 

W. B. Saunders Company; ISBN-13: 978-0721673356 >> 

 
Glioma demonstrates mass effect; note neoplasm variegation (areas of red, tan, white, and brown): 

 
Source of picture: ñWebPath - The Internet Pathology Laboratory for Medical Educationò (by Edward C. Klatt, MD) >> 

 

 

GEMISTOCYTIC ASTROCYTOMA  

- the only distinct variant of diffuse astrocytoma in WHO 2016 (protoplasmic and fibrillary  variants 

have been eliminated). 

 

 

Normal astrocytes show no H&E-stainable cytoplasm that is distinct from the background 

neuropil. Reactive astrocytes are defined by enlarged nuclei and the presence of stainable, defined 

cytoplasm, culminating in the gemistocyte, which has a mass of eosinophilic cytoplasm, often an 

eccentric nucleus, and cytoplasm that extends into fine processes 

 

¶ gemistocytic astrocyte [Gr. plump] - greatly swollen, brightly eosinophilic normal reactive 

astrocyte (abundant glial fibrils and expanded cytoplasm) with eccentric nucleus [may have two 

nuclei] 

ð usually appear during acute injury; after that, gradually shrink in size. 

ð also found in some chronic diseases and in gemistocytic astrocytomas (gemistocytes are 

known to dedifferentiate to high grade glioma at rapid pace, usually indicative of poor 

prognosis): 

Presence of > 20% gemistocytes (in otherwise low-grade astrocytoma) 

suggests course similar to ANAPLASTIC ASTROCYTOMA. 

ñGemistocytes are badò 

 

 

 
 

http://www.amazon.com/gp/product/0721601871
http://www.amazon.com/gp/product/0721601871
http://www.amazon.com/gp/product/0721601871
http://www.amazon.com/gp/product/0721601871
http://library.med.utah.edu/WebPath/webpath.html
http://library.med.utah.edu/WebPath/webpath.html
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ANAPLASTIC ASTROCYTOMA  

(WHO grade 3) 

 

Genetics 

¶ divided into IDH-mutant, IDH-wildtype and NOS categories ï see above >> 

 

Histology 

¶ moderate hypercellularity, anaplasia, nuclear pleomorphism, increased mitoses, endothelial 

proliferation: 

 

 
 

 
 

Note very pleomorphic cell in center: 
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Source of picture: ñWebPath - The Internet Pathology Laboratory for Medical Educationò (by Edward C. Klatt, MD) >> 

 

 

GLIOBLASTOMA , IDH-wildtype (formerly  ï GLIOBLASTOMA 

MULTIFORME ) 

(WHO grade 4) 

Genetics (2021 CNS WHO) 

IDH-wildtype diffuse and astrocytic glioma in adults if there is: 

a) microvascular proliferation 

b) necrosis 

c) TERT promoter mutation 

d) EGFR gene amplification 

e) +7/ī10 chromosome copy number changes 

 

 

Genetics (2016 CNS WHO) 

1) glioblastoma, IDH-wildtype (about 90 % of cases) 

2) glioblastoma, IDH-mutant (about 10 % of cases) 

3) glioblastoma, NOS 

¶ definition of full IDH evaluation can differ for glioblastomas in older patients relative to 

glioblastomas in younger adults and relative to WHO grade II and grade III diffuse gliomas: in the 

latter situations, IDH sequencing is highly recommended following negative R132H IDH1 

immunohistochemistry, whereas the near absence of non-R132H IDH1 and IDH2 mutations in 

glioblastomas from patients over about 55 years of age suggests that sequencing may not be 

needed in the setting of negative R132H IDH1 immunohistochemistry in such patients. 

 

 
 

 

Histology 

¶ marked cellularity, high proliferation indices, anaplasia, foci of tumor necrosis (!!!) accompanied 

by pseudopalisading (tumor cells crowded along edges of necrotic region): 

N.B. necrosis distinguishes glioblastoma multiforme from anaplastic astrocytoma! 

¶ poorly differentiated, round, or pleomorphic cells, occasional multinucleated cells. 

¶ infiltrates brain extensively (may become enormous before turning symptomatic); frequently 

involve and cross corpus callosum; GLIOMATOSIS CEREBRI  ï almost entire brain infiltrated with 

tumor cells (three lobes or more to both cerebral hemispheres with additional involvement of the 

deep grey matter structures, brain stem, cerebellum, and spinal cord); gliomatosis cerebri may be 

present also in grade II-III gliomas. 

N.B. gliomatosis cerebri can be seen in any of the diffuse glioma subtypes, 

but is most common in anaplastic astrocytoma.  

 
Marked cellularity with marked hyperchromatism and pleomorphism; prominent vascularity; necrosis (at left) with 

neoplastic cells palisading around it (pseudopalisading): 

http://library.med.utah.edu/WebPath/webpath.html
http://library.med.utah.edu/WebPath/webpath.html
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Source of picture: ñWebPath - The Internet Pathology Laboratory for Medical Educationò (by Edward C. Klatt, MD) >> 

 

 
Source of picture: ñWebPath - The Internet Pathology Laboratory for Medical Educationò (by Edward C. Klatt, MD) >> 

 

 
 
Foci of necrosis with pseudopalisading; endothelial cell proliferation leading to ñglomeruloidò structure (arrows): 

 
 
Necrotic, hemorrhagic, infiltrating mass: 

 
Source of picture: Ramzi S. Cotran ñRobbins Pathologic Basis of Diseaseò, 6th ed. (1999); 

W. B. Saunders Company; ISBN-13: 978-0721673356 >> 

 
Pseudopalisading (upper left), neovascularity, nuclear 

anaplasia, multinucleated giant cells (lower right): 
Cellular anaplasia, multinucleated cells, bizarre 

mitosis (upper left corner): 

http://library.med.utah.edu/WebPath/webpath.html
http://library.med.utah.edu/WebPath/webpath.html
http://library.med.utah.edu/WebPath/webpath.html
http://library.med.utah.edu/WebPath/webpath.html
http://www.amazon.com/gp/product/0721601871
http://www.amazon.com/gp/product/0721601871
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Source of picture: James C.E. Underwood ñGeneral and Systematic Pathologyò (1992); Churchill 

Livingstone; ISBN-13: 978-0443037122 >> 

 

 

 
 
Vascular neoplasm with prominent areas of necrosis and hemorrhage; note crossed midline: 

 
Source of picture: ñWebPath - The Internet Pathology Laboratory for Medical Educationò (by Edward C. Klatt, MD) >> 

 

http://www.amazon.com/gp/product/0443068887
http://www.amazon.com/gp/product/0443068887
http://library.med.utah.edu/WebPath/webpath.html
http://library.med.utah.edu/WebPath/webpath.html
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Source of picture: ñWebPath - The Internet Pathology Laboratory for Medical Educationò (by Edward C. Klatt, MD) >> 

 

 

EPITHELIOID GLIOBLASTOMA  

- variant of IDH-wildtype glioblastoma 

¶ large epithelioid cells with abundant eosinophilic cytoplasm, vesicular chromatin, and prominent 

nucleoli (often resembling melanoma cells), and variably present rhabdoid cells. 

¶ predilection for children and younger adults. 

¶ typically present as superficial cerebral or diencephalic masses. 

¶ often harbor a BRAF V600E mutation. 

¶ often lack other molecular features of conventional adult IDH-wildtype glioblastomas, such as 

EGFR amplification and chromosome 10 losses; instead, there are frequent hemizygous deletions 

of ODZ3. 

 

Although the neuroimaging features are not specific, many cases show a superficial localization and 

sharp demarcation, as seen on this post-contrast T1-weighted MR image (a). Histologically, the Ep-

GBM may also show a discrete border with adjacent brain, often suggestive of a metastasis (b). This 

mimicry is further complicated by the tumor cytology featuring large epithelioid cells with abundant 

eosinophilic cytoplasm, vesicular nuclei, and large melanoma-like nucleoli (c). Not uncommonly, a 

subset of tumor cells display eccentric nuclei and paranuclear inclusions that overlap with rhabdoid 

neoplasms (arrows). Some Ep-GBMs show features of a lower grade precursor in adjacent tissue; in 

this particular example, there was focal evidence of pleomorphic xanthoastrocytoma, including bizarre 

giant cells despite lack of mitotic activity, numerous eosinophilic granular bodies, and xanthomatous 

appearing vacuolated astrocytes (d). GFAP expression is often limited (e) and may even be lacking 

entirely. In contrast, S100 protein is strongly expressed (f), whereas other melanoma markers are 

typically negative (not shown). Other glial markers, such as OLIG2 may also be positive (g), but many 

lack this protein as well. Roughly half of Ep-GBMs express BRAF V600E mutant protein as seen in 

this example (h): 

http://library.med.utah.edu/WebPath/webpath.html
http://library.med.utah.edu/WebPath/webpath.html

























































