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Abstract
Background: With the incorporation of molecular subtyping in glioma patients in 2016 WHO 
classification, there is a need to understand the immunohistochemistry  (IHC) marker expression 
in various glioma patients and to clinically correlate with various subgroups. Objective: Aim of 
the study was to assess IHC marker expression profile in glioma patients and to clinically correlate 
them in various subgroups. Materials and Methods: The prospective study included 115 glioma 
patients. IHC markers  (isocitrate dehydrogenase  [IDH] 1, ATRX, P53, Ki‑67 antibody) were done 
in all patients. Patients received treatment as per the grade of tumor. The patients were followed in 
3 monthly intervals, for a period of 12 months. SPSS software version 20.0 was used for statistical 
analysis. Tables were prepared in Microsoft Excel sheet. Kaplan–Meier method was used for 
survival analysis. Results: There were 11 Grade  1, 33 Grade  2, 26 Grade  3, and 45 glioblastoma 
multiforme (GBM) patients out of which 10 patients were secondary GBM cases. IDH1 mutation is 
frequent in Grade 2 and Grade 3 tumors of both astrocytic and oligodendroglia tumors. Its mutation is 
also common in secondary GBM patients. ATRX mutation is specific to astrocytic lineage, Grade 2, 
Grade  3, and secondary GBM patients. Conclusion: Molecular nature of DA and AA cases can be 
accurately confirmed by combined IDH1 and ATRX IHC thereby avoiding costly investigations 
such as fluorescence in  situ hybridization. In astrocytic tumors, p53 can act as a surrogate marker. 
IDH‑mutant glioma patients have better prognoses than IDH wild gliomas.
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Introduction
Central nervous tumors are the tumors 
which constitute about 1%–2% of all 
the neoplasm.[1] As central nervous 
system  (CNS) tumors have variable 
histology, divergent morphological, and 
differentiation features, therefore, they pose 
major diagnostic challenges.[2] Nowadays, 
for the diagnosis of brain tumors, advances 
in immunohistochemistry  (IHC), molecular 
pathology, and biomarkers play important 
role.[3]

Molecular parameters are included in the 
classification of CNS tumors in the recent 
update 2016 CNS WHO which has broken 
the century‑old rule of diagnosis dependent 
only on microscopy.[4]

Tumor markers in CNS have both 
diagnostic and prognostic importance. 
Various clinical decisions are being made 
based of results of these biomarkers 

whether for screening, diagnosis, treatment, 
or prediction monitoring.[5,6]

In patients with brain tumors, the clinical 
outcome depends on various factors such 
as age, clinical status, extent of tumor 
resection as well as the histological 
type, tumor grade, and other molecular 
alterations.[7]

Gliomas are the most common tumors 
in CNS system in children, and adults 
characterize predominantly by astrocytic or 
oligodendroglia morphology.[8]

It has been recently found that molecular 
subgrouping of gliomas is better than 
histological classification to stratify patients 
into prognostically distinct groups.[9] For 
diagnosis of gliomas, there are certain 
molecular parameters which include 
isocitrate dehydrogenase  (IDH) 1‑R132H 
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mutation, ATRX mutation, and 1p/19q co‑deletion. 1p/19q 
co‑deletion is not detectable by IHC but is mutually 
exclusive to ATRX and p53 mutation in IDH1 gliomas.[10]

IHC is a long‑standing, affordable, and widely available 
technology which was originally described by Coons et al. 
in 1941.[11]

Thus, IHC approaches with defined protocols and materials 
have become an essential means of assessing molecular 
genetic changes and therefore important aspect of current 
practice.

Materials and Methods
Study design

This present prospective study was undertaken in 
department of neurosurgery at a tertiary care center from 
October 2018 to December 2019. Study was initiated after 
approval from ethical committee. Each patient/guardian 
gave informed consent to obtain samples and its use for 
study purpose.

Study aim

1	 To study IHC tumor marker expression profile in glioma 
patients

2	 To clinically correlate IHC tumor marker expression in 
glioma patients.

Sample size

One hundred and fifteen patients were included whose 
radiological, clinical, and histological findings were 
suggested of gliomas and who underwent surgery at 
our institution. After surgical excision of the tumor, the 
part of tumor which was most viable and was devoid of 
macroscopic evident necrosis was taken as specimen. It 
was fixed in 10% formalin and sent for histopathology 
followed by immunohistochemical analysis.

The WHO classification of glioma was used for pathological 
grading. Postoperative radiotherapy/chemotherapy was 
uniformly given as recommended. Treatment of all 
patients included maximum surgical resection, radiation, 
and chemotherapy as recommended by the WHO. All 
Grade 1 patients had no further treatment after surgery.

Histopathological evaluation

Hematoxylin and eosin‑stained slides were evaluated and 
the diagnosis was confirmed as per the WHO classification 
of CNS tumors.

Immunohistochemistry staining

IHC staining was done using one representative block in all 
cases. It was performed using primary antibody against the 
antigens for IDH1, ATRX, p53, and Ki‑67. Biocare reagents 
were used for the staining procedure, and evaluation was 
done manually by two observers under microscope. All the 
procedures were done as per standard protocols.

IDH‑R132H mutation was determined 
using IHC of mutation‑specific anti 1DH 
antibodies  (HPA035248‑100  UL) in glioma patients. 
IDH1 protein expression was assessed. The proportion 
of cases with  >10% cells stained positive was labeled as 
IDH‑R132H mutant [Figures 1 and 5].

ATRX mutation was determined by IHC using polyclonal 
antibody (HPA001906‑100 UL). Tumors with >50% stained 
cells are defined as ATRX retained and tumors with <50% 
stained cells are defined as ATRX loss. Endothelial cells, 
cortical neurons, and infiltrating inflammatory cells were 
generally positive and served as internal positive controls 
[Figure 1 and 5].

KI‑67 IHC analysis was done by calculating the proportion 
of malignant cells stained positive for nuclear antigen. It 
was done in a quantitative and visual way using light 
microscopes  (magnification, x400). The Ki67 percentage 
score is defined as the percentage of positively stained 
tumor cells among the total number of malignant cells 
assessed. Cases with >5% are stained positive and <5% are 
stained negative which are defined as positive and negative, 
respectively [Figure 2].

Similarly, p53 positivity was determined, and tumors 
with  >10% cells stained on IHC are labeled as strong p53 
immunoreactivity [Figure 2].

Statistical analysis

All Analysis were performed using IBM Statistical 
Product and Service Solution (SPSS) software version 
20.0 (Armonk, Newyork, USA) 2011. Charts and tables 
were prepared in Microsoft Excel sheet. Mean  (± standard 
deviation  [SD]) was used for normally distributed 
continuous data. Survival analysis was done with Kaplan–
Meier method. The survival was calculated from the time of 
surgery, till the patient remained in follow‑up or the patient 
died in follow‑up period. The patients were followed in 
3 monthly intervals, for a period of 12 months.

Results
A total of 115 glioma patients were stained for IHC 
markers IDH1‑R132H, ATRX, p53, and Ki‑67 antibody. In 
our dataset, clinical, radiological features were consistent 
with histological diagnosis.

Descriptive analysis

In our study, 46 were female patients and 69 were male 
patients. Overall, there was male preponderance in our 
study. The most common clinical symptom observed was 
headache (87.8%) of patients, followed by seizure (67.8%), 
weakness of body (18.26%), and altered sensorium (11.3%).

KPS  (Karnofsky Performance Status) score was 
evaluated in all patients. KPS score  <70% was found in 
16  patients  (6.67%), 70–80% in 33  patients  (36.19%), and 
above 80% in 66 patients  (57.14%). The tumor was found in 
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the left side in 51 patients, and right side in 53 patients and in 
midline in 11 patients. Hence, in our dataset, tumor was found 
in increased frequency in right side of the brain than left.

On histopathological analysis, tumor was found to be WHO 
Grade  1 in 11  (9.56%), WHO Grade  2 in 33  (28.69%) of 
patients, WHO Grade 3 in 26  (22.6%), and WHO Grade 4 
in 45 (39.13%) of patients.

Postoperative therapy

In our study, WHO Grade  1  patients did not receive any 
radiotherapy or chemotherapy, all WHO Grade  2  patients 
received only radiotherapy, and WHO Grade  3 and 
Grade  4  patients received both radiotherapy and 
temozolomide chemotherapy.

Survival analysis

The patients were followed 3  monthly. At 3  months, 
10  patients expired; at 6  months, 19  patients expired; at 
9 months, 23 patients expired; and at 12 months, 24 patients 
expired with total of 91  patients  (79.31%) survived along 
with the association of markers with survival association 
of markers IDH1‑R132H, ATRX, p53, Ki‑67 antibody with 
tumors were identified [Figure 3 and 4].

All Grade  1  patients were alive with no reoccurrence 
during 1  year of follow‑up. Among Grade  2 out of 
33  patients, 3 expired. Among the living patients, there 
was one case of reoccurrence. In Grade  3  patients out of 
26, 4  patients expired. In 45 Grade  4  patients, 17 expired 
during 1 year.

IHC analysis

IHC marker association as per the WHO grade.

It is shown in Table 1.

IHC marker association as per the diagnosis.

It is shown in Table 2.

Discussion
In the recent years, advancement in molecular testing 
in glial tumors has helped to understand better about the 
pathogenesis and biology. Classification of gliomas into 
different prognostic groups, helps in the development of  
for various  protocols for management of patients.[12] The 
commonly used IHC markers in glial tumors are IDH, 
ATRX, P53, and Ki‑67 antibody index.

Molecular analysis of astrocytic lineage gliomas

Astrocytic lineage includes pilocytic astrocytoma, 
diffuse astrocytoma  (DA), anaplastic astrocytoma, and 
glioblastoma.

Anaplastic astrocytoma  (AA) and DA have identical 
IHC profile which is characterized by ATRX and IDH 
mutation.[12]

In both oligodendroglial and astrocytic tumors, IDH is 
well‑established molecular marker. The prevalence of IDH 
mutation is not consistent in DA as it ranges from 54% to 
90%.[13,14] In pilocytic astrocytoma and glioblastoma, IDH 
mutation is rare.[12]

In our dataset, IDH1 mutation was not seen in PA whereas 
in DA, it was 73.6% and 64.28% in AA. Our results were 
comparable with other studies which showed that IDH1 
mutations were more common in DA than AA.[15]

As per previous studies, high‑grade gliomas with IDH 
mutation had shown better outcome.[16,17] In high‑grade 
glioma, the prognostic role of IDH mutation is 
unambiguously accepted; there is uncertainty about its 
prognostic role in glial tumors of low grade. Sanson 
et  al. demonstrated that IDH1‑mutated DA has shown 
longer overall survival than IDH1 wild cases  (150.9  vs. 
60.1  months).[18] There are few other studies which 
suggested that prognosis is better in Grade  2 IDH‑mutant 
gliomas patients.[14] However, in some studies, there was no 
improved outcome in IDH mutant glioma patients.[19]

In our study, it was found that mutant IDH1 patients had better 
prognosis in term of overall survival in both DA and AA case. 
Among Grade  2 and Grade  3 tumors, Grade  2 tumors had 
better prognosis in our study, consolidating the importance 
of grading on the basis of histomorphological features. There 
was a study done by Ruess et al. in which little difference in 
survival was found between IDH mutant DA and AA.[20]

ATRX mutation is common in astrocytic lineage. IHC is 
used to determine nuclear ATRX expression. It occurs 
predominate in Grade  2 and Grade  3 astrocytic lineage 
glioma, i.e.,  DA and AA. It is found rarely in primary 
glioblastoma multiforme (GBM) and ODG.[21] In our study, 
ATRX loss was seen in 73.6% of DA and 64.2% of AA 
cases.

Accordingly, the presence of ATRX mutation which is 
depicted as loss of nuclear ATRX expression is helpful 

Table 1: Immunohistochemistry analysis as per the WHO grade
WHO Cases IDH positive (%) ATRX loss (%) P53 positive (%) Ki-67 >5(%)
Grade 1 11 0 0 2 (18.18 ) 0
Grade 2 33 24 (72.72) 14 (42.42) 19 (57.57) 2 (6.06)
Grade 3 26 16 (61.53) 9 (34.61) 21 (80.76) 22 (84.61)
Grade 4 45 14 (31.11) 11 (24.44) 18 (40) 45 (100)
Total 115 54 (46.95) 34 (29.56) 60 (52.17) 69 (60)
IDH – Isocitrate dehydrogenase; MIB – Monoclonal antibody to ki67
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for deciding astrocytic lineage. Molecular diagnostic 
classification for diffuse gliomas is based on ATRX status 
with IDH1/IDH2 mutation and 1p/19q co‑deletion status 
which is viewed as better than customary classification.

Therefore, tumors with loss of ATRX expression, IDH 
mutation, and intact 1p/19q have been classified as 
astrocytomas. Since 1p/19q co‑deletion and ATRX mutation 
are mutually exclusive, all diffuse glioma patients need to 
be tested for IDH1 and ATRX status.[12]

Glioblastoma

In our study, we had 45  cases of glioblastoma. Out of 
which, only 14  cases  (31.11%) were positive for IDH1. 
Similarly, ATRX was lost in 11  cases  (24.44%). P53 was 
positive in 35  cases and Ki‑67 antibody was  >5% in 
all cases of glioblastoma. 35 were primary GBM cases, 
remaining 10 were secondary GBM.

In primary GBM cases, 6 were IDH mutant and 4 had 
ATRX loss. In secondary GBM cases, 8 were IDH positive 
and 7 had ATRX loss. P53 was positive in 27 primary 
GBM cases and 8 secondary GBM cases.

Among 45 GBM patients, 17 patients expired in 12 months 
of follow‑up. Out of 17  patients, 13 were IDH negative 
and these results were suggestive of better survival among 
IDH‑positive patients. Our results were comparable with 
previous results by various studies.[22]

Weller et  al. studied in 301 GBM patients and found that 
IDH1 mutation in GBM has better progression‑free and 
overall survival.

Few studies have demonstrated that some relationship 
exists between aberrant expression of ATRX, p53, and 
IDH1 proteins in GBM patients and their OS.[17]

Molecular analysis of oligodendroglial lineage gliomas

In our study, 83.33% ODG cases and 58.33% of anaplastic 
ODG had IDH1 mutation. Among 12 Grade  2 ODG 
patients, all patients survived for 12  months and among 
Grade  3 ODG patients, 1  patient expired after 6  months 
of follow‑up. The expired patient was IDH negative, p53 
positive with high Ki‑67 index.

In ODG patients with negative IDH1, 1p/19q co‑deletion 
by fluorescence in  situ hybridization  (FISH) needs to be 
done to confirm the diagnosis and if p53 is positive that is 
indicative of bad prognosis in these patients.[23]

Grade  2  patients with IDH mutation, with 1p/19q 
co‑deletion, and retained ATRX are labeled as 
oligodendrogliomas. Cases with astrocytic morphology 
with retained ATRX or cases with ODG morphology with 
loss of ATRX are subjected to 1p/19q co‑deletion status by 
FISH.[2]

p53

Frequency of p53 immunopositivity is higher in 
high‑grade glioma patients  (78.87) than that in low‑grade 
gliomas  (50%). In our study, p53 was positive in 
77  (66.95%) patients. p53 was highly positive in Grade  3 
and Grade 4 tumors. Out of 45 patients in Grade 4, 35 were 
positive  (77.77%) for p53, 21  (80.76%) were positive for 
Grade  3, and only 19/31  patients  (61.29%) were positive 
for Grade 2 patients.

Table 2: Immunohistochemistry analysis as per histological diagnosis
Type Total IDH positive (%) ATRX loss (%) P53 positive (%) Ki‑67 (>5) (%)
PA 7 0 0 2 (1.18) 0
GG 4 0 0 0 0
DA 19 14 (73.6) 14 (73.6) 11 (57.89) 2 (10.5)
AA 14 9 (64.28) 9 (64.28) 9 (64.28) 10 (71.42)
P GBM 35 6 (17.14) 4 (11.42) 10 (28.57) 35 (100)
S GBM 10 8 (80) 7 (70) 8 (80) 10 (100)
ODG 12 10 (83.33) 0 8 (66.66) 0
A ODG 12 7 (58.33) 0 12 (100) 12 (100)
IDH – Isocitrate dehydrogenase; P GBM – Primary glioblastoma multiforme; S GBM – Secondary glioblastoma multiforme; AA – Anaplastic astrocytoma; 
DA – Diffuse astrocytoma; ODG – Oligodendrogliomas; PA – Pilocytic astrocytoma; GG – Ganglioglioma; ATRX 

Figure 2: Photomicrographs showing tumor cells positive for P53 and Ki 
67 antibody on immunohistochemistryFigure 1: Photomicrographs showing tumor cells positive for IDH and ATRX 

on immunohistochemistry
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For identification of p53 mutational analysis, p53 
IHC is used as highly specific marker. In Grade  2 and 
Grade  3 tumors, p53 mutation is invariably associated 
with IDH1‑R132H tumors and p53 mutation is mutually 
exclusive 1p/19q co‑deletion. Hence, p53 is a valuable 
IHC marker and selected for analysis. There is a strong 
correlation between p53 mutation which is mutually 
exclusive with 1p/19q co‑deletion, and ATRX loss is also 
mutually exclusive with 1p/19q co‑deletion which suggests 
the importance of p53 and ATRX IHC without 1p/19q 
co‑deletion mutational analysis.[24,25] The association of p53 
mutation in low‑grade glioma is suggestive of aggressive 
behavior of the tumor which is usually observed after 
3–4 years from diagnosis as this is the time required for the 
p53 mutation to expand which was observed by widespread 
p53 positivity in recurrences.[26]

Ki‑67 antibody

Ki‑67 expression is a marker of cancer cell proliferation 
and its higher value is associated with poor prognosis. 
High‑grade gliomas have high Ki‑67 antibodies. High 
Ki‑67 expression in 19.4% cases of low‑grade gliomas 
is associated with poor seizure control rate which is 

most common symptom in these patients. Ki‑67 indices 
were comparable between similar grade gliomas. Ki‑67 
antibody is useful for low‑  and high‑grade gliomas but 
to differentiate between different grades and categorize 
them is difficult. Hence, Ki‑67 is not considered alone as 
a tumor‑grade marker but in collaboration with other IHC 
markers and histomorphological features.[27]

Conclusion
The molecular IHC characterization with immunomarkers 
IDH1‑R132H, ATRX, p53, Ki‑67 anticipated that the low 
Grades 1 and 2 gliomas with DAs, oligodendroglioma, 
pilocytic astrocytoma had best prognosis, trailed by 
molecular group of AAs and poor result among glioblastoma 
patients. Molecular nature of DA and AA cases can be 
precisely determined by combined IDH1 and ATRX IHC 
markers thus reducing the need of costly investigations 
like FISH. In astrocytic tumors, p53 can act as a surrogate 
marker. Anyway, this system of classification cannot replace 
genetic analysis, yet at the same time can possibly precisely 
predict molecular subgrouping of all glioma patients. As 
there is unusual expression in our study, further assessment 
and long‑term follow‑up need to be done to consolidate 
their relationship with survival and prognosis.[12]
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