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ABSTRACT 

Objective: To stratify diffuse gliomas into subtypes including diffuse astrocytomas, oligodendrogliomas and 
glioblastomas based on recent molecular updates and assess their frequencies in our local subpopulation. 
Study Design: Cross-sectional study. 
Place and Duration of Study: Department of Histopathology, Shaukat Khanum Memorial Cancer Hospital and 
Research Centre, Lahore, Pakistan, from Jun 2015 to Jul 2017 
Methodology: Two hundred and fourteen (n=214) cases of adult diffuse gliomas were evaluated. Clinical and 
morphological features like age, gender and type of tumor were quantified. Molecular studies including IDH 1 by 
antibody and PCR, ATRX by antibody and 1p/19q co-deletion by FISH were tested. Gliomas were subcategorised 
based on WHO 2016 guidelines. 
Results: Mean age of presentation was 39 years. Overall n=146/214 (68.2%) of the cases were completely 
classifiable including Diffuse Astrocytomas, Oligodendrogliomas and Glioblastomas. Out of the glioblastomas 
(n=81), 67/81(n=82.7%) were IDH Wild type and 14/81 (17.3%) were IDH Mutant. 
Conclusion: In this study, glioblastomas are the most frequent gliomas as categorized by current WHO molecular 
guidelines followed by diffuse astrocytomas. Oligodendrogliomas are the least common. 
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INTRODUCTION 

The adult diffuse gliomas are the most com-
mon primary central nervous system tumors1,2. 
The diagnosis of diffuse gliomas has historically 
been based primarily on histopathologic featu-
res3. Their correct pathologic diagnosis required 
the ability to distinguish astrocytic from oligod-
endroglial differentiation, a challenging feat even 
for the most experienced neuropathologist. Inte-
robserver variability in the diagnosis of diffuse 
gliomas has been high owing to subjective diag-
nostic criteria, overlapping morphologic features, 
and variations in training and practice among 
pathologists4. In addition, previously, all glial 
tumors were grouped under one major category 
including both localised gliomas such as pilocytic 
astrocytomas as well as diffuse gliomas including 
diffuseastrocytomas. Yet these tumors have a 
wide range of biological behaviours that are only 

partially explained by morphology5. 

Recent updating of the World Health Orga-
nization (WHO) classification of central nervous 
system (CNS) tumors in 2016 demonstrates the 
first organized effort to restructure brain tumor 
classification by incorporating histomorphologic 
features with recurrent molecular alterations6. 
Revised CNS tumor diagnostic criteria more 
distinctly delineates astrocytomas that are more 
circumscribed, that lack IDH gene alterations  
and may contain BRAF mutations (i.e, pilocytic 
astrocytomas, pleomorphic xanthoastrocytoma 
and sub-ependymal giant cell astrocytoma) from 
diffuse gliomas. Also, oligodendrogliomas are 
now closer to diffuse astrocytomas in terms of 
prognosis that localised gliomas6. 

Diffuse gliomas category now includes the 
grade II and III astrocytomas and oligodendro-
gliomas along with grade IV glioblastomas7,8. 
Glioblastomas are now divided into two major 
subtypes based on IDH mutation status9. IDH-
wildtype glioblastoma account for about 90% of 
all glioblastomas2 and are also known as primary 
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glioblastomas indicating that they typically arise 
de novo, without a precursor lesion. IDH mutant 
glioblastomas (secondary glioblastomas) account 
for around 10% of all glioblastomas8. These deve-
lop through malignant progression from grade           
II or III astrocytomas8. Secondary glioblastomas 
usually present earlier, are preferentially located 
in the frontal lobe and have a better prognosis 
than primary glioblastomas.  

Diffuse gliomas are genetically classified into 
distinct subtypes based primarily on Isocitrate 
Dehydrogenase (IDH) mutation status, ATRX 
and co-deletion of chromosome 1p and 19q (1p/ 
19q) along with other molecular markers such as 
p53, TERT and ki67 2,3. These molecular sub-types 
help clinicians plan treatment strategies with 
respect to the molecular subtypes in conjunction 
with WHO grade of tumor. IDH (isocitrate dehy-
drogenase) is an extremely important molecular 
marker with immense prognostic value which is 
now used to categorise diffuse gliomas2. Both 
IDH 1 and IDH 2 mutations occur in infiltrating 
gliomas. IDH 1 mutations are more common; 
present in approximately 70-80% of astrocytomas 
and secondary glioblastomas. The most frequen-
tly occurring IDH 1 mutation is R132H which 
occurs at codon 132 and there is exchange of 
amino acid arginine for histidine. IDH mutant 
gliomas have a slower progression over the 
course of time than those lacking IDH mutation 
and IDH mutant gliomas having a much better 
prognosis than IDH wild type. IDH mutations 
occur early in tumorogenesis of gliomas as 
indicated by the fact that they occur in both 
astrocytic and oligodendroglial gliomas. 

Among IDH mutant gliomas, there are 2 
major types, one category is that which will show 
1p/19q co-deletion and the other larger category 
which demonstrates loss of ATRX. Alpha Thala-
ssemia/ Mental Retardation Syndrome X-linked 
(ATRX) is a gene that codes for a chromatin 
remodelling regulator. ATRX mutation is asso-
ciated with Alternative Lengthening of Telomeres 
(ALT) phenotype2. Loss of ATRX immunohis-
tochemical staining in tumor cells can be used as 

a surrogate for ATRX gene inactivation and 
supports a diagnosis of astrocytoma. 

Oligodendrogliomas are the type of diffuse 
gliomas that are characterized by IDH mutation 
and 1p19q co-deletion1. Deletion of the 1p and 
19q chromosomal arms occurs through an unba-
lanced translocation which leads to inactivating 
mutations of tumor suppressor genes FUBP 1 and 
CIC on chromosomes 1p and 19q respectively. 
These mutations are specific for oligodendroglio-
mas with 1p/19q co-deletion and are mutually 
exclusive with Tp53 and ATRX mutations. Acti-
vating mutations in TERT (telomerase reverse 
transcriptase promoter) are noted in almost all 
oligodendrogliomas. 

IDH can be detected by immunohisto-che-
mistry as well as by Polymerase Chain Reaction 
(PCR) and both modalities have been used in our 
study. ATRX gene undergoes inactivating muta-
tions in astrocytomas. Fluorescent in situ hybri-
dization (FISH) analysis for detection of 1p/19q 
co-deletion is one of the ways to detect this co-
deletion which is seen in cases of oligoden-
drogliomas. 

In this study, we share our experience in 
terms of the frequencies of IDH mutations, 1p19q 
co-deletion and ATRX loss of expression in        
214 cases of WHO defined adult diffuse gliomas-
diagnosed at Shaukat Khanum Memorial Cancer 
Hospital and Research Centre, Lahore Pakistan, 
from June 2015 to July 2017. 

METHODOLOGY 

The study design was, cross-sectional study. 
The study was approved by the Institutional 
Review Board of Shaukat Khanum Memorial 
Cancer Hospital & Research Centre (SKMCH & 
RC). All cases of adult diffuse gliomas (n=214), 
that were received at SKMCH&RC from June 
2015 to July 2017 were selected through non-
probability consecutive sampling. These included 
all cases with a tissue diagnosis of diffuse 
gliomas including oligodendrogliomas, diffuse 
astrocytomas and glioblastomas. 
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Tissues with poor processing and post treat-
ment specimen were excluded from the study. 
For all cases, Haematoxylin and Eosin stained 
slides were reviewed under light microscopic 
examination by a consultant histopathologist 
with a special interest in neuropathology. Addi-
tional studies (IHC, IDH PCR, and FISH for 
1p19q co-deletion) were performed where and as 
needed. The relevant clinical data was extracted 
from electronic medical record including age, 
gender and location of tumor11-15. 

Grading according to WHO guidelines was 
performed in all cases under light microscopic 
examination. Tumors showing cytologic atypia 
along with variation in nuclear shape/size and 
hyperchromasia were graded as WHO Grade II. 
Tumors additionally showing anaplasia and 
unequivocal mitotic activity were labelled as 
Grade III and when microvascular proliferation 
and/or necrosis was also present, the tumor 
qualified as WHO Grade IV16-18. 

Paraffin blocks were then selected for immu-
nohistochemistry for stains such as IDH, ATRX, 
Olig2, p53 and Ki67 as per requirement of each 
case. Anti-IDH1 R132/DIA-H09 mouse monoclo-
nal anti-brain tumor marker, clone H09, lyophili-
zed powder (Dianova) was used for immunohis-
tochemical evaluation of IDH1. The expression of 
IDH mutations was determined by assessing 
cytoplasmic staining in proportions of positively 
stained tumor cells. Cases in which >10% cells 
were stained were defined as positive. Cases 
which were negative by IHC were tested by IDH-
PCR19,20. 

All sections were immunostained with 
mouse monoclonal anti-ATRX antibody, clone 
CL0537, purified immunoglobulin, and buffered 
aqueous glycerol solution (Sigma-Aldrich). ATRX 
gene mutation leads to loss of nuclear protein 
expression in tumor cells. Endothelial cells and 
normal glial cells serve as positive internal con-
trol. Cases with >50% stained tumor cells in the 
presence of positive internal control were consi-
dered ATRX retained and cases with <50% 

stained cells were considered negative (ATRX 
Loss). 

Routine IHC cannot assess 1p19q co-dele-
tion. Chromosomal loss of 1p and 19q was detec-
ted by Fluorescent In-situ Hybridization using 
VYSIS Abbott 1p/19q probe. After interpretation 
of IDH1, ATRX, Olig-2 and other ancillary stains, 
gliomas were categorized into molecular sub-
types based predominantly on the guidelines25. 
Cases in which IDH mutation was present, ATRX 
was retained and 1p19q co-deletion by FISH was 
identified were classified as Oligodendrogliomas. 
Cases which showed loss of ATRX expression 
were classified as Astrocytomas, IDH mutant and 
IDH wildtype depending on the status of IDH 
immunohistochemistry. Cases which were nega-
tive for IDH by immunohistochemistry, IDH by 
PCR (polymerase chain reaction) was recommen-
ded on them. FISH for 1p19q co-deletion was 
performed on those cases in which morphology 
and immunohistochemistry favoured the diag-
nosis of oligodendroglioma. 

Statistical analysis was carried out using the 
SPSS statistical software package (version 20.0; 
SPSS, Chicago, IL, USA). 

RESULTS 

The current WHO 2016 classification of 
diffuse gliomas relies on histopathological and 
molecular parameters. This is in sharp contrast to 
the previous categorization that relied heavily on 
light microscopic appearance of the tumour and 
its line of differentiation. We studied 214 cases   
of adult diffuse gliomas between June 2015 and 
July 2017. The aim of this study was to evaluate 
how many cases could be properly classified after 
incorporation of the recent molecular parameters 
with special emphasis on IDH, ATRX and 1p/19q 
co-deletion. 

Mean age of patients was 39 years with 
patient’s ranging in age from 18 years to 80 years. 
There were n=81/214 (37.9%) females and n= 
133/214 (62.1%) males. 

Exact location of 135/214 (63.1%) cases was 
known of which 42/135 (31.1%) were frontal, 
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14/135 (10.4%) frontoparietal, 7/135 (5.2%) 
occipital, 34/135 (25.2%) parietal, 21/135 (15.5%) 
temporal and 17/135 (12.6%) were located in         
the temporoparietal region. There were 79/214 
(36.9%) cases in which exact location was not 

mentioned.  

 In this study, IDH1 has been evaluated           
by immunohistochemistry and PCR and two 
separate work flow charts depicting their results 
have been incorporated.  

The first algorithm (fig-1) was for grade II 
and III adult diffuse gliomas that were tested for 
IDH-PCR. There were a total of 28/133 (21.1%) 
cases on which IDH was tested by PCR. Of these, 
26/28 (93%) cases were positive (IDH-mutant) 

and ATRX loss was found in n=13/26 (50%)        
of these cases and these were classified as  
Diffuse Astrocytomas, IDH mutant, ATRX loss. 
However, n=13/26 (50%) of these IDH mutant 
cases by PCR retained ATRX and FISH testing for 
1p19q co-deletion was tested on n=11/13 (85%) of 

 
Figure-1: Distribution of IDH1-PCR Tested Cases. 

 
Figure-2: Distribution of IDH1 antibody tested cases. 
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these cases. It was seen that 1p19q co-deletion 
was present in 9/11 (81.8%) of these cases and 
they were labelled as Oligodendrogliomas, IDH 
mutant, 1p/19q co-deleted. The other two cases 
2/11 (18.2%) did not show 1p/19q co-deletion 
and were classified as Diffuse Gliomas, NOS. On 
the other hand, there were n=2/28 (7.14%) cases  
that were IDH negative by PCR. ATRX was 
perfor-med on both these IDH-PCR negative 
cases. Both cases showed ATRX loss (2/2, 100%) 
and a diag-nosis of Diffuse Astrocytoma, grade II 
was favoured. 

The second algorithm (fig-2) that was 
assessed in this study was of those 105/133 
(78.9%) cases of grade II and III adult diffuse 

gliomas which were tested by IDH1 antibody 
using immunohistochemistry. Of the 66/105 
(62.9%) IDH mutant cases, those that showed 
ATRX loss (n=34/66, 51.5%) were classified into 
final subcategories and included 28/34 (82.4%) 
Diffuse Astrocytomas, IDH Mutant, ATRX loss, 
WHO Grade II and 6/34 (17.6%) cases of Anap-
lastic Astrocytomas, IDH Mutant, ATRX loss, 
WHO Grade III. 32/66 cases (48.5%) retained 
ATRX. FISH studies for 1p/19q co-deletion was 
only performed on 2/32 (6.3%) of these cases, 
both of which showed 1p/19q co-deletion and 
were thus classified as Oligodendrogliomas, IDH 
Mutant, 1p/19q co-deleted. However, on 30/32 
(93.8%) cases, no further testing was done and 
these remained partially classified as Diffuse 
Gliomas, NOS, IDH Mutant. Out of the IDH1 
negative cases (n= 39/105, 37.1%), IDH1 PCR was 

only performed on 2/39 (5.13%) of these cases. 
One of them showed IDH1 positivity by PCR, 
with ATRX retained and 1p19q co-deletion       
and was diagnosed as Oligodendroglioma, IDH 
mutant, ATRX retained, 1p19q co-deleted. The 
other case was also IDH mutant by PCR with 
weak nuclear expression of ATRX. 1p19q co-
deletion was not tested on this and was therefore 
partially classified as diffuse gliomas, NOS. 

There were 39/135 (37.1%) cases which were 
IDH antibody negative. IDH by PCR was 
performed on 2/39 (5.1%) of them while on the 
rest (37/39, 94.9%), IDH PCR was not performed. 
These cases which were negative by IDH Anti-
body and on which IDH1 PCR was not perfor-
med (37/39, 94.9%), were further tested for ATRX 
and were categorised into 2 main groups bases on 
ATRX results. Group A showed ATRX loss (n=12 
/37, 32.4%). These included n=10/12 (83.3%), 
grade II and n=2/12 (16.6%) grade-III tumours 
and although they were called Diffuse Glioma 
(NOS), Astrocytoma was morphologically favou-
red with complete workup for IDH advised to 
oncologists. Group B showed intact ATRX (n=25/ 
37, 67.6%) and included n=14/25 (56%) grade II 
diffuse gliomas, NOS and n=11/25 (44%) grade 
III diffuse gliomas NOS. 

Of the n=81/214 (37.9%) glioblastomas       
(fig-3), n=67/81 (82.7%) showed negative IDH1 
(either by antibody or PCR) whereas n=14/81 
(17.3%) were IDH mutant. 

Overall, n=146/214 (68.2%) of the cases were 
completely classifiable including diffuse Astrocy-
tomas, Oligodendrogliomas and Glioblas-tomas, 
as clearly illustrated in fig-3. 

DISCUSSION 

WHO 2016 CNS classification has incorpo-
rated molecular studies as an integral part of the 
classification of diffuse gliomas. In Pakistan, 
Shaukat Khanum Memorial Cancer Hospital and 
Research Centre is one of the rare institutes that 
have access to IDH antibody, ATRX antibody, 
PCR testing for IDH and 1p/19q co-deletion  
FISH studies. No local data is available on these 
molecular tests and the frequencies of various 

 
Figure-3: Classification of cases according to WHO 
guidelines. 
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subtypes of adult diffuse gliomas. This study 
aimed to assess, in our local setup, the catego-
rization of adult diffuse gliomas after incorpo-
rating these molecular tests in the diagnostic 
process and assess the frequency of cases that 
were completely classifiable. 

This study included 214 adult diffuse glioma 
cases from July 2015 to July 2017. Our study 
revealed temporal and parietal lobes as being the 
most common locations for occurrence of diffuse 
gliomas. Previous investigations included a large 
study of 987 gliomas from University Hospital 
Zurich which showed parietal lobe to be the most 
common site (34%) followed closely by temporal 
(31%), frontal lobe (23%) and least frequently the 
occipital lobe(16%)21. In our study, a subset of 
cases were only labelled for site as brain and 
exact location in the brain had not been specified. 

IDH1/2 mutations are present in the majo-
rity of astrocytomas and oligodendrogliomas as 
well as secondary glioblastomas21. They are not 
seen in conditions such as vasculitis, encephalitis, 
demyelinating diseases or reactive gliosis, which 
can also at times mimic gliomas22. Also, as 
discussed earlier, their main importance lies in 
the fact that circumscribed gliomas such as 
pilocytic astrocytomas andg angliogliomas are 
always IDH negative23. IDH has been evaluated 
by two techniques: immunohistochemistry and 
PCR and two separate work flow charts depicting 
their results have been incorporated. This is 
because our institute acquired the IDH-PCR test 
before the IDH antibody. 

When considering all IDH1/2 mutant diffuse 
gliomas, more than 90% show the R132 IDH1 
type of mutation24,25. Therefore, IDH1 specific 
antibody is an effective and rapid test for quick 
detection of the majority of IDH mutations. Of 
the IDH1 mutant cases, those that show ATRX 
loss were classified into final subcategories.        
Of the IDH1-mutant cases by immunohisto-
chemistry (not all cases could be confirmed by 
IDH-PCR), 32 cases (44%) retained ATRX. FISH 
studies for 1p/19q co-deletion was only perfor-
med on 2 of these cases both of which showed 

1p/19q co-deletion and were thus classified             
as Oligodendrogliomas, IDH Mutant, 1p19q co-
deleted. However, in the other 30 cases, we faced 
difficulty in sub classifying them, as neither     
was IDH PCR nor FISH for 1p/19q co-deletion 
was performed on any of them. These partially 
worked up cases were classified as Diffuse Glio-
mas, NOS. Although not fully subcategorized, 
IDH mutant status along with the morphologic 
WHO grade of these tumors did give some 
prognostic information to the clinician to help 
plan management strategies 

Another major group was of those cases on 
which IDH PCR was performed directly without 
the IDH antibody. This was because our institute 
acquired the IDH-PCR test before the IDH 
antibody. The majority of these cases were IDH 
mutant 26/28 (96%) and most of these were 
classifiable into subcategories. The majority was 
of Diffuse Astrocytomas followed by oligoden-
drogliomas. Those 2 cases which were IDH1 
negative by PCR but showed ATRX loss, based 
on morphology and ATRX loss, astrocytoma was 
favoured morphologically. However, we recom-
mend performing the complete IDH panel inclu-
ding sequence testing for IDH2. The reason for 
these cases being IDH negative by PCR might    
be due to the fact that the PCR being used by   
our institute only evaluates IDH1. IDH2 was not 
tested and it is possible that these two cases 
harboured IDH2 mutations. 

LIMITATION OF STUDY 

In our setup, due to hesitancy on the part of 
the patient/clinician for molecular testing most 
likely due to financial reasons and lack of familia-
rity with the current prognostic implications of 
these tests, it was not always possible to do the 
complete molecular workup in each case. There 
fore, in a certain percentage of cases (31.8%), 
there was difficulty in classification and in such 
cases the WHO-recommended term of Diffuse 
Glioma, NOS was used. 
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CONCLUSION 

In this study, glioblastomas are the most 
frequent gliomas as categorized by current    
WHO molecular guidelines followed by diffuse 
astrocytomas. Oligodendrogliomas are the least 
common. 
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