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Background: Traditional classification of diffuse infiltrating gliomas (DIGs) as World Health Organization 

(WHO) grades II-IV is based on histological features of a heterogeneous population of tumors with varying 

prognoses and treatments. Over the last decade, research efforts have resulted in a better understanding of the 

molecular basis of glioma formation as well as the genetic alterations commonly identified in diffuse gliomas.

Methods: A systematic review of the current literature related to advances in molecular phenotypes, mutations, 

and genomic analysis of gliomas was carried out using a PubMed search for these key terms. Data was studied and 

synthesized to generate a comprehensive review of glioma subclassification.

Results: This new data helps supplement the existing WHO grading scale by subtyping gliomas into specific 

molecular groups. The emerging molecular profile of diffuse gliomas includes the studies of gene expression and 

DNA methylation in different glioma subtypes. The discovery of novel mutations in isocitrate dehydrogenase 

1 and 2 (IDH1 and IDH2) provides new biomarkers as points of stratification of gliomas based on prognosis 

and treatment response. Gliomas that harbor CpG island hypermethylator phenotypes constitute a subtype of 

glioma with improved survival. The difficulty of classifying oligodendroglial lineage of tumors can be aided with 

identification of 1p/19q codeletion. Glioblastomas (GBMs) previously described as primary or secondary can now 

be divided based on gene expression into proneural, mesenchymal, and classical subtypes and the identification 

of mutations in the promoter region of the telomerase reverse transcriptase (TERTp) have been correlated with 

poor prognosis in GBMs. 

Conclusions: Incorporation of new molecular and genomic changes into the existing WHO grading of DIGs 

may provide better patient prognostication as well as advance the development of patient-specific treatments and 

clinical trials.
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Introduction

Diffuse infiltrating gliomas (DIGs) are the second most 
common primary central nervous system (CNS) neoplasm 
and account for 80% of primary malignant gliomas. The 
total incidence of primary CNS tumors is approximately 
18.7 per 100,000 persons in the United States and 7 per 
100,000 worldwide. While primary CNS tumors account 
for only 2% of primary tumors, they cause 7% of the years 

of life lost from cancer before age 70. More than half of 
these gliomas are glioblastomas (GBMs) for which the 
overall 5-year survival rate remains less than 5% (1-6). 

Current glioma classifications are based on the 2007 
World Health Organization (WHO) grading scale, which 
separates gliomas based on cytologic features and degrees 
of malignancy after hematoxylin and eosin (H&E) staining 
(Table 1). This system was first employed in the 1920s 
when Bailey and Cushing first classified glial tumors 



Vigneswaran et al. Molecular genetics of glioma classification

© Annals of Translational Medicine. All rights reserved. Ann Transl Med 2015;3(7):95www.atmjournal.org

Page 2 of 13

by their similarity to known glial cell types: astrocytes, 
oligodendrocytes, etc. Thus the cytologic features place 
diffuse gliomas into large categories of astrocytomas, 
oligodendrogliomas, and mixed oligoastrocytomas (7,8). 
Infiltrating gliomas are graded as WHO II-IV (Grade I are 
typically solid and non-infiltrative tumors such as pilocytic 
astrocytomas and subependymal giant cell astrocytomas); 
histologic grading is based on findings of nuclear atypia, 
proliferative (mitotic) activity, microvascular proliferation, 
and necrosis (9). Currently, the WHO classification scheme 
remains a practical and effective means to classify gliomas 
and is the only widely accepted system. However, this 
system is based solely on histologic visual criteria and prone 
to subjective inter-observer variation. Many cases fail to 
adhere to one class and are not reliably associated with 
tumor aggressiveness, treatment response, and ultimately 
progression-free survival (8). Interpreting cellularity, 
anaplasia, or even cell type is not always possible due to 
the histological heterogeneity of tumors (7). Tumors of 
the same WHO grade can have a different clinical course. 
One solution to this conundrum is to use molecular 
and cytogenetic information to assist in diffuse glioma 

classification. In concert with histologic assessment, genetic 
sub-grouping of gliomas may produce more accurate and 
reproducible diagnostic criteria than the current system. 
Hence, treatment protocols could be established based 
on genetic background and copy number abnormalities 
(CNAs). Improving glioma classification may impact patient 
treatment and survival.

In this review, we aim to use the existing WHO classification 
of diffuse gliomas (grade II-IV) and incorporate the most 
recent advances in genetic and molecular subclassification 
schemes within each group. Beginning with a brief 
description of four criteria used to help with subtyping 
gliomas, we will then apply these groupings to the WHO 
classifications (Table 2). The aim of translational medicine 
remains to take this new wealth of information and implant 
it within the framework of our existing clinical schema to 
enhance clinical decision making, and ultimately improve 
patient treatments and prognoses.

Isocitrate dehydrogenase mutations

The classification of infiltrating gliomas in adults has been 

Table 1 WHO 2007 classification for diffuse gliomas

Type Grade Description Median survival (years)

Astrocytoma II Found diffusely infiltrating into surrounding neural tissue; 

increased hypercellularity, no mitosis

6-8

Oligodendroglioma II Occur in the white matter and cortex of the cerebral 

hemispheres, low mitotic activity, no necrosis

12

Oligoastrocytoma II Diffuse mixed tumor with mixed glial background 3 to >10

Anaplastic-astrocytoma/

oligodendroglioma

III Highly infiltrating tumors with increased mitotic activity;  

no necrosis or vascular proliferation

3

Glioblastoma IV Infiltrating glial neoplasm with necrosis and  

micro-vascular proliferation; high rate of mitosis

1 to 2

WHO, World Health Organization.

Table 2 Review of glioma markers that aid in diagnosis and prognosis of diffuse gliomas—utility of glioma markers and methods of assessment

Marker Diagnosis WHO Grade Prognosis IHC FISH PCR/SNP

IDH1/2 Glioma; 20 GBM WHO > II Progression free survival >5 years Yes No Yes

1p19q Oligodendroglioma WHO > II Progression free survival >5 years No Yes Yes

MGMT No diagnostic role WHO III-IV Improved response to TMZ No No Yes

+7/+10 10 GBM; progression WHO III-IV Poor No No Yes

WHO, World Health Organization; IHC, immunohistochemistry; PCR, polymerase chain reaction; MGMT, O6-methyl-guanine-DNA 

methyltransferase; TMZ, temozolamide.
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altered by the discovery and characterization of the IDH1 and 
IDH2 mutations in a subset of these neoplasms. Molecular 
profiling based on IDH mutational status has been described 
over the last 6 years as a significant prognostic marker; further 
investigation has clarified that IDH mutant tumors constitute 
a genetically and clinically distinct group of neoplasms as 
compared to their IDH wild-type counterparts (10).

IDH1 mutations were first described in GBM (WHO 
grade IV) tumors. Continued research has focused on the 
role of IDH mutations in lower grade gliomas (11). IDH 
mutations are found in a minority (12%) of GBMs but 
in approximately 70% of grade II-III infiltrating gliomas 
(9,12). IDH mutations are subdivided into IDH1 vs. IDH2 
mutations. Approximately 90% of IDH mutations occur 
with IDH1. The most common IDH1 mutation is a R132H 
point mutation. Several other mutations are described in 
the literature at codon 132 and codon 172 for IDH2 (9).

Research into CNS tumorigenesis has found that IDH 
mutations take part in the initial transformation of a glial 
cell into a tumor cell; proposed models of gliomagenesis 
suggest that the early event of an IDH mutation is followed 
by further changes along stereotypic molecular and 
cytogenetic pathways corresponding to “oligodendroglial” 
or “astrocytic” differentiation (13). Broadly, molecular 
profiling studies have noted that most neoplasms with an 
“oligodendroglial” profile as well as a subset of neoplasms 
with an “astrocytic” profile carry IDH1/2 mutations (14).

Overall, IDH1/2 mutations serve as important biomarkers 
for diffuse gliomas. IDH mutant gliomas behave less 
aggressively and have a better prognosis as compared to 

IDH wild-type gliomas. The finding of an IDH mutation 
confers a better prognosis regardless of tumor grade and 
other variables, serving as an independent prognostic factor 
(11,15). Though IDH mutations can be the precursor to 
CNS glioma formation, the presence of IDH mutations 
is associated with a positive predictive value for better 
progression free survival and overall survival (16).

Whether mutations in IDH result in a loss of tumor 
suppressor function, or act as an oncogene, remains a 
source of debate. It has been hypothesized that the effects 
of the IDH mutant enzyme’s product, 2-hydroxyglutarate 
(2-HG), changes a cell’s methylation profile, alters cell 
telomere length, and gene expression. The effects of 
IDH mutations also produce decreased cytoplasmic levels 
of alpha-ketoglutarate and NAPDH that may in turn 
stabilize hypoxia inducible factor 1-α facilitating cellular 
proliferation (17,18).

IDH1/2 mutations can be assessed through several 
methods. As these are point mutations, several polymerase 
chain reaction (PCR) assays are available. Alternatively, 
immunohistochemistry (IHC) for IDH1 mutant protein can 
be employed to study tissue samples (Figure 1) by testing for 
the R132H mutation. Assays for IDH1 mutations can not 
only serve as methods to provide prognostic information 
regarding known neoplasms, but also can aid in the original 
diagnosis of neoplasia (19).

1p/19q co-deletion

There is great inter-observer variability in classifying 

Figure 1 IDH1 IHC staining of an AA at 40×. (A) H&E stain of AA; (B) IDH1 R132H IHC of AA shows high levels of intracellular 
mutant IDH protein in neoplastic cells. IDH1, isocitrate dehydrogenase 1; IHC, immunohistochemical; AA, anaplastic astrocytoma; H&E, 
hematoxylin and eosin.
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gliomas as pure astrocytomas, oligodendrogliomas, or mixed 
oligoastrocytomas leading to diagnostic uncertainty and 
varying treatment practices. Unbalanced translocation of 
chromosomes 1 and 19 with deletion of the 1p arm and the 
19q arm is found in close to 70% of histologically defined 
oligodendrogliomas. It is reported this number may be as 
high as 90% using strict histological criteria (14,20,21). 

A 1p/19q codeletion is considered to be the objective 
molecular definition of oligodendroglial lineage, and tumors 
that lack the codeletion are often observed to have ATRX and 
TP53 mutations, which are putative markers for astrocytic 
lineage. Further, 1p/19q codeletions and ATRX/TP53 
mutations are relatively exclusive of one another, supporting 
the argument of two separate lineages that can be identified 
on a molecular basis to supplement histological diagnosis. 
The 1p/19q loss may be itself a mechanism of inactivation of 
CIC and FUBP1. Profiling studies show that FUBP1 and CIC 
mutations occur simultaneously with IDH mutations, creating 
a unique molecular profile for oligodendrogliomas (22).

Oligodendrogliomas with a 1p/19q co-deletion 
behave in an indolent fashion and tend to respond well to 
chemotherapy (20). Testing for the presence of a 1p/19q co-
deletion is essential for gliomas that appear oligodendroglial 
in origin. FISH analysis, multiplex PCR, and SNP array 
are common techniques used to test for the co-deletion. 
A 1p19q codeletion is associated with improved prognosis 
in low-grade gliomas (LGGs) and predictive of improved 
outcomes with chemotherapy and radiation (14,21,23).

O6-methyl-guanine-DNA methyltransferase (MGMT) status

The DNA repair enzyme MGMT repairs O6 alkyl guanine 
adducts. The repair enzyme mechanism interferes with 
the overlapping effect of temozolamide (TMZ), which 
alkylates at the O6 position of guanine. The MGMT gene 
has a 5'-promoter region that contains a CpG island, 
and methylation of the CpG island results in epigenetic 
silencing of gene transcription (23,24). MGMT promoter 
methylation was identified in 36% of the overall population 
of glioma series studied which demonstrated the presence 
of the mutation improves the effect of TMZ and ultimately 
increases overall survival regardless of treatment arm (25). 
Numerous trials have shown that MGMT promoter 
methylation is a prognostic marker associated with 
improved survival (25-28). MGMT promoter methylation 
can be associated with 1p19q codeletions as well as IDH 
mutations suggesting it may be an epiphenomenon related 
to these or other factors that result in improved survival (29).

Genetic classifications

The recent trend towards genomic profiling of gliomas has 
led to the exploration of classifying lesions into molecular 
groups based on multi-gene predictors. This classification 
may allow for the identification of new targets with 
the additional benefits of predictive markers for target 
therapies. The Cancer Genome Atlas (TCGA) database 
first sequenced GBM in 2008. Researchers have examined 
DNA, mRNA, microRNA and epigenetic profiling to 
identify multiple glioma subtypes with different clinical 
outcomes. Genetic abnormalities involving gain and loss of 
heterozygosity (LOH) of chromosome 7 and 10 respectively 
with associated EGFR amplification and PTEN loss drive 
tumorigenesis in high-grade gliomas (30,31). Similarly, the 
presence of mutations involved in the receptor tyrosine 
kinase (RTK), p53, or RB pathways have similar associations 
with high-grade gliomas. Ultimately, patient specific 
data from high throughput screening will be utilized for 
diagnosis, prognostication, and patient-specific therapy 
based on the unique genetic signature of their neoplasm 
(Figures 2,3). 

Gliomas

Low grade gliomas (LGGs): WHO grade II

Epidemiology
Low-grade infiltrating gliomas (LGG; WHO grade II) 
account for 28% of primary CNS tumors in the United 
States and often progress to high-grade gliomas (WHO 
grade III and IV). Oligodendrogliomas make up 5% and 
astrocytomas make up 17.4% with the remaining being 
classified as oligoastrocytomas. Patients with grade II lesions 
have a 5-year survival rate of approximately 50% without 
taking into account any molecular subclassifications (32). The 
median age at time of diagnosis ranges between 43 and 48, 
depending on histologic subtype (33).

Pathology/IHC
Basic histological classification of a LGG is based on 
cytologic evaluation of astrocytic or oligodendroglial 
differentiation. Based on the 2007 WHO classification, 
astrocytic and oligodendroglial gliomas are divided 
into three histological types: diffuse astrocytoma, 
oligoastrocytomas, and oligodendrogliomas (9). In all 
types there is diffuse invasion without a clear tumor 
border in addition to nuclear atypia as compared to non-
neoplastic cellular counterparts. Individual tumor cells 
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Figure 2 Virtual karyotype generated from a SNP array by chromosome analysis suite freeware. (A) Chromosome analysis suite virtual 
karyotype of a patient with GBM who had tissue sent for SNP array analysis. Classical findings of Chr 10 loss and 7 gain are identified with 
novel focal amplifications of Chr 12 (B) of GLI1 and (C) CDK4. This unique genomic profile is the signature of a classical GBM with new 
therapeutic targets in GLI/CDK4/6. Similar analysis can be carried out on high grade gliomas to help with diagnosis when histology is 
equivocal and aid in determining prognosis. GBM, glioblastomas.

Figure 3 NCBI BLAST readout for a portion of the genome associated with unique amplifications identified in chromosome analysis. 
Data identified in chromosome analysis can be further interpreted with aid of online resources to aid in the discovery of new mutations and 
subclass of gliomas. In the above NCBI query of the amplified portion of Chr 12 identified in prior patient, we are able to view all genes that 
may be affected as a result of the mutation and determine which genes are of known clinical significance and which remain to be studied.

A
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may show nuclear irregularity (in the case of astrocytomas) 
or round nuclei with perinuclear clearing (in the case 
of oligodendrogliomas). Some tumors show a mix of 
cellular morphologies, leading to the designation of 
oligoastrocytoma (9).

Clinical ly,  most diffuse astrocytomas are well-
differentiated and slow growing, with a tendency to recur 
after surgical resection, often with progression to higher 
grade gliomas (8). Oligodendrogliomas are typically even 
more indolent; however, these lesions also eventually 
progress to higher grade lesions (34). 

Immunohistochemical staining for glial fibrillary acidic 
protein (GFAP) often permits confirmation of glial origin. 
Immunohistochemical staining for mitotic activity using 
the antibody MIB-1 can also be employed to verify a low 
proliferative index (35). Additional staining for p53 can 
assist in the designation of a lesion as a neoplastic glial 
process and is more commonly positive in astrocytic 
tumors (36). Currently, these criteria are employed to 
make the final pathological diagnosis of a WHO II glioma. 
Further stratification based on molecular and genetic 
changes must be considered to enhance a clinician’s ability 
to determine prognosis and treatment course. 

Genetics and molecular markers
A review of literature over the last five years indicates 
that there is a growing consensus that patients diagnosed 
with LGG should be stratified into two groups based on 
1p/19q codeletion and IDH mutational status (17,20,37). 
Genetically, LGGs contain IDH1 mutations in 70-80% of 
cases. Additionally TP53 mutations are seen in ~60% of 
astrocytomas whereas over 70% of histologically defined 
oligodendrogliomas show codeletion of 1p/19q. The 
mixed oligoastrocytomas carry either TP53 mutations or 
1p/19q co-deletions as these alterations are for the most 
part mutually exclusive (38,39). IDH mutations and 1p/19q 
co-deletion have been studied extensively in retrospective 
and prospective trials and are shown to be associated with 
improved prognosis.

The workup of  inf i l t ra t ing  LGGs in  an  adul t 
requires determination of its nature as an astrocytic or 
oligodendroglial neoplasm. Aside from histological findings 
as discussed above, testing for molecular and cytogenetic 
features can aid in classification and provides additional 
information for patients and treating clinicians. Most 
important is the definition of a tumor’s IDH mutation 
status, which can be assessed through IHC (for the protein 
product of the most common mutation) or molecular 

methods (19). Second, delineation of a 1p/19q co-deletion 
within an infiltrating glioma provides cytogenetic evidence 
of an oligodendroglial tumor and places the tumor in 
a distinct category with prognostic and predictive 
relevance (40). Third, identification of an ATRX or TP53 
mutation supports the interpretation that the neoplasm is an 
infiltrating astrocytoma, since these abnormalities are rarely 
seen in oligodendrogliomas (Figures 4,5) (38,39). Molecular 
profiling has shown that infiltrating astrocytomas in adults 
with ATRX and TP53 mutations often co-segregate with 
IDH mutations and behave in a more indolent fashion than 
IDH wild-type astrocytomas (14,21,39). Use of PCR assays 
or next-generation sequencing in addition to IHC can help 
identify these mutations (Figures 2,3) (35,38). 

 Ultimately, one can use this data to stratify three groups 
of patients with histological LGGs: 1p/19q co-deletion 
with IDH mutations and 1p/19q intact patients with or 
without IDH mutations (1p/19q co-deletion is almost always 
associated with IDH mutations) (Table 3). Those patients with 
1p/19q co-deletions are diagnosed with oligodendrogliomas 
and it is believed that this codeletion will eventually become 
a requirement for the diagnosis of oligodendrogliomas. In 
combination with 1p/19q assessment, use of TP53 and ATRX 
evaluation may allow for definitive molecular classification 
of tumors thought to be mixed by histologic parameters 
(oligoastrocytomas) (39). Research continues into identifying 
other molecular markers that may help with prognostication 
in LGGs.

In clinical practice, oligodendroglioma patients, without 
chromosomal 1p19q codeletions, may need to be followed 
more closely with serial imaging at shorter time intervals. 
Patients with WHO grade II astrocytomas, without IDH 
mutations, are prone to transform to higher grade tumors 
faster than those patients with IDH mutations present 
in their tumor. These patients tend to have a poorer 
prognosis (6).

Anaplastic astrocytomas/oligodendrogliomas (AA/AOs): 
WHO grade III

Epidemiology
Anaplastic malignant gliomas (WHO grade III) exhibit 
nuclear pleomorphism and most importantly increased 
mitotic activity (9). They are a heterogeneous group 
classified as AAs, anaplastic oligoastrocytomas (AOA), 
and AOs. These tumors account for 6.7% of gliomas and 
patients have a 5-year survival of approximately 30% with 
the majority of patients progressing to grade IV GBM (32). 
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Figure 4 ATRX IHC staining of an AA at 40×. (A) H&E stain of gliomas; (B) ATRX staining of AA shows absence of normal ATRX 
in neoplastic cells, while normal staining (brown) can be seen in glial and endothelial cells. IHC, immunohistochemical; AA, anaplastic 
astrocytoma; H&E, hematoxylin and eosin.

Figure 5 p53 IHC staining of an AA at 40×. (A) H&E stain of high grade gliomas; (B) p53 stain for aggregation of mutant p53 protein. IHC, 
immunohistochemical; AA, anaplastic astrocytoma; H&E, hematoxylin and eosin.
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Table 3 Stratification scheme for LGGs based on current data on IDH mutational status and ATRX/p53 mutations vs. 1p19q co-deletions—
WHO II low grade glioma stratification with prognosis

Types ATRX/p53 mutation 1p19q co-deletion

IDH1/2 mutation Astrocytoma: survival >7 years Oligodendroglioma: survival >12 years

IDH wild type Astrocytoma: survival <5 years Rare

LGGs, low-grade gliomas; WHO, World Health Organization.
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The accurate histological diagnosis of anaplastic gliomas is 
of great importance for determining a patient’s prognosis 
and guiding therapy. 

Pathology/IHC
The WHO classi f icat ion of  CNS tumors as  AAs, 
oligodendrogliomas, or oligoastrocytomas is based on similar 
architectural and cytologic features as each tumor’s grade 
II counterpart. However, anaplastic infiltrating gliomas are 
distinguished from lower grade lesions primarily by the 
presence of mitotic activity. Anaplastic gliomas additionally 
often show greater degrees of cellularity and nuclear atypia 
than their grade II counterparts, but mitotic activity serves 
as the primary discriminant between grade II and grade III 
lesions. AO may also feature tumor necrosis and vascular 
proliferation in addition to elevated proliferation indices; 
under current criteria pure oligodendroglial tumors are not 
classified as grade IV neoplasms (GBM) without a definable 
astrocytic component (9).

Pathologic evaluation of these lesions is similar to 
lower grade gliomas, with the added caveat of close 
inspection for focal necrosis or vascular proliferation that 
may indicate a higher grade process. As is true for lower 
grade lesions, a typical immunohistochemical staining 
panel may include IDH1 mutant protein, p53, ATRX and 
MIB-1 for proliferation index (22,39,41). AOA, like their 
grade II counterparts, may be best addressed for definitive 
classification as either astrocytoma or oligodendroglioma by 
molecular means (38,39).

Genetics and molecular markers
AAs carry a worse prognosis than AOs. AAs progress 
from WHO II astrocytomas and typically harbor the 
same genetic precursor mutations of IDH1/2, TP53 and 
ATRX. Early concomitant mutations in these genes lead 
to the formation of LGGs that progress to higher grade 
anaplastic lesions. Stratification by IDH status is key. 
IDH wild-type gliomas tend to be higher grade than 
IDH mutant gliomas and also tend to be more aggressive 

when matched grade-for-grade with their IDH mutant 
counterparts. Particularly when higher grade (WHO grade 
III to IV), IDH wild-type gliomas often acquire certain 
cytogenetic abnormalities, namely amplifications of EGFR 
and deletions of PTEN (42,43). 

Malignant progression has been associated both with 
particular genetic abnormalities and with an increase in the 
number of aberrations; in fact, IDH wild-type anaplastic 
astrocytomas often show cytogenetic abnormalities 
similar to those of glioblastoma (11). The most common 
copy number aberrations identified in GBM exist on 
chromosomes 7 and 10, where EGFR and PTEN are 
located. Amplifications of EGFR are strongly associated 
with poor prognosis and progression to WHO IV lesions. 
EGFR amplifications are seen in 30-40% of GBMs and 
appear to be by and large mutually exclusive with IDH 
mutations in high-grade gliomas. PTEN deletions are 
seen in a much higher proportion (approximately 80%) of 
GBMs. The finding of one or both of these abnormalities 
reinforces the diagnosis, tumor grade, and classification 
as an IDH wild-type tumor. Stratification of astrocytomas 
based on copy number aberrations and the accumulation 
of mutations on chromosomes 7, 9, and 10 will ultimately 
serve as predictors of outcome (1) (Table 4).

As discussed with WHO grade II oligodendrogliomas, 
AOs with 1p/19q co-deletion have been associated with 
increased chemosensitivity and longer progression free 
survival (22). Studies of comparative genomic hybridization 
(CGH) data on AOs show many features in common with 
well-differentiated oligodendrogliomas with additional 
deviations of gains on chromosome 7 and losses on 4, 9p, 
and 10. Additionally, recurrent oligodendrogliomas, which 
have progressed to WHO grade III, have similar gains 
on 7 and losses on 10. These gains of 7 and losses of 10 
are associated with EGFR amplification and PTEN loss 
seen similarly in GBM and associated with equally poor 
prognosis (14,20,44). Those tumors with 1p/19q loss or 
7q gain also show close correlation with IDH mutations, 
which are consistent with their overall  improved 

Table 4 Stratification scheme for high grade lesions based on current data regarding IDH mutational status and the presence or absence 
of copy number abnormalities associated with chromosomes 7 and 10—WHO III anaplastic glioma stratification with prognosis

Types +7 +7/-10q

IDH1/2 mutation Anaplastic astrocytoma: survival >5 years Anaplastic oligodendroglioma: survival >10 years

IDH wild type Anaplastic astrocytoma: progression to 20 GBM <2 years 20 GBM: survival <2 years

WHO, World Health Organization.
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prognosis. Even though oligodendrogliomas are known to 
have improved prognosis, IDH1 mutants have improved 
progression free survival compared to IDH1 wild type 
cases (5,45). 

In clinical practice, patients with anaplastic (WHO 
grade III) gliomas will be followed with short interval 
imaging and clinic visits. Those patients with tumors 
containing MGMT methylation and IDH mutations 
will have a better prognosis than those patients who 
are MGMT unmethylated with wild-type IDH status 
(12,20,24,37,41). High-grade gliomas that harbor 1p19q 
co-deletions also have improved prognosis (22). The 
accumulation of cytogenetic abnormalities and particularly 
gain of chromosome 7 and loss of chromosome 10 are 
indicators of likely transformation to WHO grade IV 
tumors, also known as GBM. 

Glioblastoma (GBM): WHO IV

Epidemiology
The most common adult glioma is a GBM (WHO grade IV 
astrocytoma) accounting for 15% of primary brain and CNS 
tumors and 55% of all gliomas. The incidence of GBM is 
3.19/100,000 with a 5-year survival rate for patients <5%. 
GBM is the most aggressive diffuse glioma of the astrocytic 
lineage with patient median survival of ranging from  
12-15 months despite all therapies. 

Pathology/IHC
Under current classification, GBMs are infiltrating 
astrocytomas that share the enhanced mitotic activity of 
anaplastic lesions and carry additional histologic features of 
vascular proliferation and tumor necrosis. Usually, GBMs 
are highly cellular tumors with marked nuclear atypia 
and “pseudo-palisading” necrosis characterized by the 
heaping up of tumor cells surrounding zones of necrosis. 
Oftentimes thrombi are noted within vessels inside and 
adjacent to the tumor; these thrombi may also be associated 
with necrotic foci (9). Complete microscopic resection 
can never be achieved and recurrence is common following 
therapy (9). There are a variety of histological variants of 
GBM that include small cell, giant cell, and gliosarcoma. 
Some histologic subtypes of GBM may introduce diagnostic 
challenges that require immunohistochemical confirmation 
of the tumor’s glial nature; GFAP immunostaining is usually 
helpful in these scenarios. Further immunohistochemical 
workup of  GBMs may involve staining for IDH1 
mutant protein, ATRX, and p53, similar to lower grade 

astrocytomas (19,38).

Genetics/molecular markers
All GBMs can be divided into two subtypes based on the 
presence of absence of a precursor lesion of a lower grade. 
Primary GBM is the most common type (>90%) and 
diagnosed as a de novo lesion without progression from a 
lower grade tumor in older patients (>60 years). Secondary 
GBMs result from progression of LGGs (WHO grade II/
III) and are commonly found as a recurrence in younger 
patients. The time to GBM progression from a grade II 
in contrast to a grade III lesion is also longer (5 to 2 years 
respectively) (13,46,47). Progression to a GBM can occur at 
any time though. The identification of GBMs as primary vs. 
secondary was further sub-classified after the analysis of the 
TGCA data derived from GBM patients. Over the last 
5 years, numerous research groups have analyzed the data 
to generate defined subclasses of GBM based on genetic and 
molecular profiles that correlate to prognosis and treatment 
response. 

Analysis of GBM genomics reveals multiple tumor 
suppressor and oncogenes that are inactive and active, 
respectively, during tumor progression and de novo 
formation. The three main pathways implicated in GBM 
formation are: RTK-RAS-MAPK-PI3KA, the p53 pathway, 
and the RB pathway (4,6,23,48,49). As discussed in the 
prior sections, the gain of copies of chromosome 7 along 
with losses of chromosome 10 contributes to the EGFR and 
PTEN mutations commonly identified in primary GBMs. 
IDH mutations, TP53 mutations, and ATRX mutations are 
characteristic of secondary GBMs (21,39). These mutations 
cluster specifically into gene expression profiles that are 
characteristic of recently described GBM subgroups.

TCGA is a global genomic profiling project that utilized 
high-throughput microarray technologies to identify 
molecular subtype classifications of cancers, multigene 
clinical predictors, new targets for drug therapy, and 
predictive markers for these therapies. In the case of GBM, 
two major studies of the TCGA data identified three 
major subtypes (50,51). Two of the subgroups consistently 
replicate similar profiles in various studies and are in 
stark contrast to each other: proneural and mesenchymal. 
Proneural GBM is a secondary GBM that is present in 
young adults and has neuronal differentiation that is 
associated with better outcomes. Proneural GBMs have 
IDH and TP53 mutations, glioma-CpG island methylator 
phenotype, and normal expression of EGFR/PTEN. This 
group represents close to 10% of all GBMs, consistent 
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with the known prevalence of secondary GBMs (6,50-52). 
The mesenchymal GBM is common in older adults and is 
associated with a worse prognosis and characterized by NF1 
loss or mutations, abnormalities in Akt signaling, increased 
expression of angiogenic peptides, and overexpression of 
genes related to motility, the extracellular matrix, and cell 
adhesion. The final TCGA subtypes are the neural and 
classical tumors that are associated with PTEN loss and 
EGFR amplification and constitute the majority of GBMs 
(Figure 6). 

Sequence-based analyses of the TCGA data missed 
unique fusion mutations with oncogenic potential. Singh 
et al. first described chromosomal translocations that fuse 
in-frame the tyrosine kinase coding domains of fibroblast 
growth factor receptor (FGFR) genes (FGFR1 or FGFR3) 
to the transforming acidic coiled-coil (TACC) coding 
domains of TACC1 or TACC3, respectively. The FGFR-
TACC fusion protein displays oncogenic activity when 
introduced into astrocytes causing mitotic defects leading 
to aneuploidy and ultimately gliomagenesis (53). The first 
studies found close to 5-7% of examined GBMs harbored 
this unique fusion protein. Tumorigenesis in this subset 
of GBMs is thought to be initiated by this fusion protein 
with its growth promoting function and loss of mitotic 
control leading to aneuploidy and ultimately tumor 
progression (53). As a tumor initiator, the fusion protein 
is a favorable target for therapy. This fusion protein’s 

oncogenic activity is achieved by constitutively activated 
FGFR that has become the target of kinase inhibitors in 
drug trials (54).

Recently, two studies have associated mutations in the 
promoter region of the telomerase reverse transcriptase 
(TERTp) with worse prognosis in GBM. This finding was 
predicated on prior studies showing increased telomerase 
activity has been associated with poor-prognosis in high 
grade gliomas. In a study of over 395 GBM biopsy samples, 
two TERTp mutations were present in over 75% of the 
samples and associated with poor survival (55). A second 
group studied 192 samples and found a similar link between 
TERTp mutation status and survival establishing a link 
between the mutation and an aggressive clinical course if 
not treated with surgical resection and chemotherapy (56). 
Ultimately, the TERTp mutations can be added to the list 
of prognostic biomarkers, including the aforementioned 
EGFR and IDH1 mutational status that will further aid 
in stratification of patient prognosis and ultimately 
therapy (57). The importance in identifying these subtypes 
lies in the enrichment of specific mutations for each subtype 
that could be potential therapeutic targets for personalized 
clinical trials. 

Discussion

The use of the WHO grading scale will  remain a 

Figure 6 Hypothesized pathways of gliomagenesis based on recent TCGA data. Hypothesized pathways of gliomagenesis based on TCGA 
data leading to the formation of subtypes of GBM: mesenchymal, classical, proneural and GBM-O. GBM, glioblastomas; IDH, isocitrate 
dehydrogenase; TCGA, The Cancer Genome Atlas.
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cornerstone in the diagnosis, treatment, and prognostication 
of diffuse gliomas. However, the advance in molecular 
profiling and identification of unique gene expression 
profiles, key mutations, fusion proteins, and cytogenetic 
events can separate diffuse gliomas into subtypes that lend 
themselves to personalized therapies and prognostic groups. 
Using these tools will better account for clinical, pathologic, 
and molecular heterogeneity observed in WHO tumor 
grades. Doing so will allow clinicians to ultimately design 
better clinical trials specific to glioma tumor types and 
identify unique therapeutic targets based on the individual 
patient profile.
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