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ABSTRACT 

Objective: To determine the immune histochemical expression of IDH1, ATRX and p53 in low-grade diffuse gliomas. 
Study Design: Cross-sectional study. 
Place and Duration of Study: Department of Histopathology, Armed Forces Institute of Pathology, Rawalpindi Pakistan, from 
Jan to Jun 2020. 
Methodology: Forty-two cases of low-grade diffuse glioma were included in the study. The cases were stratified into diffuse 
astrocytoma and oligodendroglioma based on results of immunohistochemistry expression for IDH1, ATRX and p53. 
Results: The frontal lobe was the most commonly affected site 14 (33.3%). Based on the results of immunohistochemistry 
expression, 26 cases (61.9%) were diagnosed as an oligodendroglioma, while 16 cases (38.1%) were diagnosed as diffuse 
astrocytoma. All cases were assigned who grade II out of IV. In oligodendrogliomas, all cases (100%) were IDH1 mutants with 
the retained expression of ATRX and wild type expression of p53. Among the 16 cases of diffuse astrocytoma, IDH1 was 
mutant in 12 cases (75%), ATRX expression was lost in all cases, and p53 was mutant in 6 cases (37.5%). 
Conclusion: The study showed that low-grade diffuse gliomas could be stratified and sub-classified in accordance with the 
World Health Organization (WHO) classification of CNS tumours (2016) successfully by application of immunohistochemistry 
for IDH1, ATRX and p53. 
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INTRODUCTION 

Low-grade diffuse gliomas account for approxi-
mately 20% of all primary brain malignancies.1 Glio-
mas have been sub-classified for the longest time based 
on their morphological similarity to the origin cell and 
differentiation degree. In 2016, the latest published 
update of the World Health Organization (WHO) clas-
sification of the central nervous system (CNS) tumours 
mandated the incorporation of molecular alterations 
along with the microscopic features for the complete 
diagnosis of gliomas.2 Previously, all astrocytic tum-
ours had a separate category, but both astrocytic and 
oligodendroglial tumours are currently grouped as 
diffusely infiltrating gliomas. The diffuse gliomas in-
clude astrocytoma, oligodendroglioma, oligoastrocy-
toma and glioblastoma. The classification considers the 
tumour growth pattern, clinical behaviour, and muta-
tions of IDH1 and IDH2 genes.3 The behaviour of the 
majority of low-grade gliomas belonging to WHO 
Grade-II is considered more favourable than the more 

aggressive high-grade gliomas. However, 50–75% of 
cases of low-grade gliomas tend to show accelerated 
growth and progression to a higher grade.4 In order to 
better stratify the risks of progression, molecular 
classification of CNS tumours was incorporated as en-
hanced understanding and insights of driving muta-
tions of the tumours have become available. 

2016 WHO classification of CNS tumours          
sub-classifies diffuse gliomas based on the mutational 
presence of Isocitrate Dehydrogenase (IDH), ATRX 
chromosome 1p and 19q (1p/19q) co-deletion. Other 
molecular markers of note include p53, Ki67 and 
TERT.5 IDH is a crucial enzyme of the Krebs cycle.   
IDH mutations are speculated as an initial preliminary 
event in glioma-genesis.6 Diffuse gliomas can harbour 
both IDH1 and IDH2 genetic mutations. Mutations         
in IDH1 are most prevalent, the commonest being in 
codon IDH1 (R132H), which occurs in most gliomas. 
The mutations in IDH are detected in all oligo-
dendroglioma cases and 70-80% cases of astrocyto-
mas.7 IDH mutant gliomas have improved prognostic 
outcomes compared to IDH wild type.8 IDH1/2 muta-
tions can be identified by immunohistochemistry (IHC) 
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staining and/or Polymerase Chain Reaction (PCR).9 

TP53 is considered the guardian of the genome 
and an important tumour suppressor gene mutated in 
approximately 50% of astrocytomas and 10% of oligo-
dendrogliomas. Concomitant IDH, ATRX and TP53 
mutations can be regarded as a molecular signature      
of astrocytomas.10 Tp53 mutation can be ascertained   
by immuno histochemistry staining and/or DNA 
sequencing. 

This study aimed to classify low-grade diffuse 
gliomas based on immuno histochemical staining and 
expression of the IDH1, ATRX and p53 markers on 
tissue samples. 

METHODOLOGY 

After approval from the Review Board (FC-HSP17 
-23/READ-IRB/18/903) of the Armed Forces Institute 
of Pathology (AFIP), Rawalpindi Pakistan, this cross-
sectional study was carried out at the Department of 
Histopathology, AFIP, from January 2020 to June 2020. 

Forty-two patients were included in the study             
by non-probability, consecutive sampling. The sample 
size was calculated using the WHO sample size calcu-
lator.11 

Inclusion criteria: Patients aged 3-70 years, with low-
grade diffuse glioma were included in the study. 

Exclusion Criteria: Patients with inappropriately fixed 
tissue, patients who already received chemo or radio-
therapy or recurrent tumours were excluded from the 
study. 

 Patient data like name, age, gender and tumour 
location were recorded. Initially, Hematoxylin and 
Eosin (H&E) slides were prepared from formalin-fixed 
paraffin-embedded (FFPE) tissue sections. Immuno 
histochemistry using IDH1, ATRX and p53 antibodies 
(DAKO) was performed per the manufacturer’s proto-
col. For IDH1, cytoplasmic staining in more than 10% 
of tumour cells was taken as an equivalent to IDH-
mutant type. 11. Loss of nuclear staining of ATRX in 
>90% of tumour cells was considered as ATRX loss/ 
ATRX-mutant.12 Nuclear positivity of p53 in more than 
50% of tumour cells was labelled as p53 mutant.13 

The cases were classified into diffuse astrocytoma 
and oligodendroglioma based on immuno histoche-
mistry results for IDH1, ATRX and p53. All of the data 
was recorded in the proforma. 

Statistical Package for Social Sciences (SPSS) 
version 22.0 was used for the data analysis. Mean and 
standard deviation was calculated for age. Frequency 

and percentage were calculated for qualitative variab-
les like gender, tumour type, tumour grade, and exp-
ression of IDH1, ATRX and p53 and the Chi-square 
test was applied. The p-value of ≤0.05 was considered 
statistically significant. 

RESULTS 

Out of 42 cases of low-grade diffuse glioma, the 
mean age of patients in our study was 35.31 ± 16.23 
years, with an age range from 3 to 70 years. Thirty-
three males (78.6%) and nine females (21.4%). The 
frontal lobe was the commonest affected site (n=14, 
33.3%) followed by temporal lobe (n=11, 26.2%), fronto 
parietal region (n=5, 11.9%), cerebellum (n=4, 9.5%), 
temporoparietal region (n=3, 7.1%), and fronto tempo-
ral region, occipital lobe, parietal lobe and pineal re-
gion (n=1, 2.4% each). Based on results of immuno his-
tochemistry, 26 cases (61.9%) were diagnosed as oligo-
dendrogliomas, while 16 cases (38.1%) were diagnosed 
as diffuse astrocytoma. All cases were assigned WHO 
grade II out of IV. All oligodendro-gliomas (100%) 
cases were IDH1 mutants with the retained expression 
of ATRX and wild type p53 expression. Among the 16 
cases of diffuse astrocytomas, IDH1 was mutant in 12 
cases (75%) while IDH was wild type in 4 cases (25%), 
p=0.007. ATRX showed loss of expression in all cases. 
p53 was mutant in 6 cases (37.5%) and wild type in 10 
cases (62.5%), p=0.001 as shown in  the Table. 

 

Table: Comparison of IDH1, ATRX, p53 with Low grade 
diffuse gliomas. 

Immnohisto-
chemistry 

Diffuse 
Astrocytoma 

Oligodend-
roglioma 

p-
value 

IDH1 

Mutant 12 (75%) 26 (61.9%) 
0.007 

Wild Type 4 (25%) - 

ATRX 

Loss 16 (38.1%) - 
<0.001 

Retained  - 26 (61.9%) 

p53 

Mutant  6 (37.5%) - 
0.001 

Wild Type 10  (62.5%) 26 (61.9%) 

DISCUSSION 

The WHO CNS classification, 2021, has recom-
mended incorporating immuno histochemical analysis 
and molecular genetic evaluation studies as an integral 
component in the classification of diffuse gliomas. It 
facilitates the stratification of patients into prognostic 
subcategories, which allows the individualization and 
optimized augmentation of treatment.14,15 

The frontal lobe was the most common location 
(n=8, 50%) for diffuse astrocytoma, while the temporal 
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lobe was the most prevalent site for oligodendroglioma 
(n=9, 34.6%). This is in concordance with a study 
conducted at the same centre by Ahsan et al.16 

Based on IHC analysis, 26 cases (61.9%) were dia-
gnosed with oligodendroglioma while 16 cases (38.1%) 
had diffuse astrocytoma. All cases were graded as 
WHO grade II. Among the 16 cases of diffuse astrocy-
tomas, IDH1 was mutant in 12 cases (75%), ATRX was 
lost in all cases, and p53 was mutant in six cases 
(37.5%). The pictorial view of a few cases of oligoden-
drogliomas was shown in Figures (A-D). 
 

 
Figure (A-D): (A): SOL Frontal lobeOligodendroglioma WHO 
grade-II, (B): IDH1, Mutant-Oligodendroglioma WHO grade 
II, (C): SOL Temporoparietal lobe–Diffuse glioma WHO 
grade-II, (D): ATRX Loss–Diffuse glioma WHO grade II. 

 

Our results were comparable with the studies 
conducted in various parts of the world. In Lahore, 
Pakistan, the study showed IDH mutation by immuno-
histochemistry in 28/34 (82.4%) diffuse astrocytomas.17 
In an Indian study, IDH1 mutation was observed in 
80% (20/25), ATRX mutation was seen in 87% (20/23), 
and overexpression of p53 was found in 44% (11/25) of 
diffuse astrocytomas.13 The frequency of IDH1 muta-
tion was 67.8%, ATRX mutation was 57.1%, and p53 
overexpression was 48.24% in a study conducted in 
Guangzhou, China.15 In another Chinese study, IDH1 
mutation was detected in 57.81%, while ATRX muta-
tion was found in 76.56% of diffuse astrocytoma.18 

In our study, all oligodendrogliomas were IDH1 
mutants with the retained expression of ATRX and 
wild type p53. However, IDH1 mutation was observed 
in a Chinese study in 9/12 (75%) while ATRX mutation 
in 1/12 (8.33%) of oligodendrogliomas.18 

The study showed that low-grade diffuse gliomas 
could be stratified and subclassified in accordance with 
the World Health Organization (WHO) classification of 
CNS tumours 2021 successfully by application of im-
munohistochemistry for IDH1, ATRX and p53. Addi-

tional studies like IDH PCR and FISH for 1p 19q co-
deletion should be done for confirmation. 

LIMITATIONS OF STUDY 

In our setup lack of awareness of the current prognostic 
implications of these tests and the financial restraints, it was 
not always possible to do the complete workup. Routine 
immunohistochemistry cannot assess 1p19q co-deletion. 

CONCLUSION 

This study demonstrated that low-grade diffuse glio-
mas can be effectively categorized by immuno histochemis-
try according to the integrated approach recommended by 
the latest WHO classification of CNS tumours, 2021. Never-
theless, there is a greater emphasis on molecular markers in 
terms of classification and grading, so immuno histoche-
mistry evaluation should also be validated by additional 
molecular testing. 
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