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Abstract Context Glioblastomamultiforme (GBM) is a malignant and aggressive primary brain
tumor with a poor prognosis. This adverse prognosis is due to the tumor’s tendency for
advancement and recurrence caused by highly intrusive nature of the persisting GBM
cells that actively escape from the main tumor mass into the surrounding normal brain
tissue. On the basis of biomarker illustration, it can be classified into molecular
subgroups.
Aims (1) To determine the expression of IDH1, ATRX, p53, and Ki67 by immunohis-
tochemistry, in a cohort of GBMs. (2) To determine whether altered protein expression
of any of these growth-control genes in GBMwill show association with patient survival.
(3) To establish prognostically distinct molecular subgroups of GBM, irrespective of
histopathological diagnosis.
Results In this prospective observational study, 35 histologically diagnosed cases of
glioblastoma were enrolled. The mean age at the time of presentation was
43.46�17.25 years with a male:female ratio of 1.3:1. Of the 35 cases, microvascular
proliferation was seen in 23 cases. Large foci of necrosis (>50%) were seen in 10 cases
and 27 cases hadmitotic count� 5/high power field (HPF). Of 35 cases, 5 (14.3%) cases
showed IDH1 immunopositivity and 30 (85.7%) cases were negative for IDH1. ATRXwas
retained in 24 (68.6%) cases, while it was lost in 11 (31.4%) cases. The p53
immunoexpression was seen in 31 (88.6%) cases, whereas p53 was negative in 4
(11.4%) cases. The overall median survival (OS) was 6 months. In two protein pairs, the
three compositions were IDH1–/p53þ (74.3%), ATRXþ/IDH1– (62.9%), and ATRXþ/
p53þ (57.1%). Combined three-protein immunohistochemical analysis revealed five
different molecular variants. Also, 8.6% (3/35) of the samples had aberrant protein
expression of all three proteins, i.e., ATRX–/p53þ/IDH1þ , while 11.4% (4/35) were
wild-type protein expression group, i.e., ATRXþ/p53–/IDH1–.
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Introduction

Glioblastoma multiforme (GBM) is the most frequent brain
tumor, constituting�12 to 15% of all intracranial neoplasms,
45.2% of primarymalignant brain tumors, and 65 to 75% of all
astrocytic tumors with a median survival range of 1.5 to
2 years. It manifests at any age, preferentially with a peak
incidence between 45 and 75 year of age.1 Glioblastoma and
its variants correspond histologically to the World Health
Organization (WHO) Grade IV. In the past, classification of
brain tumors was primarily based on the concepts of histo-
genesis, whereas revised 2016WHO Classification of Tumors
of the Central nervous System has integrated the well-
established molecular parameters in addition to the prevail-
ing light microscopic appearance, immunohistochemical
(IHC) expression of proteins, and the electron microscopic
assessment of ultrastructural features. In the updated WHO
2016 classification, glioblastoma has been classified into
three categories as follows: glioblastoma, IDH-wild type;
glioblastoma, IDH-mutant; and glioblastoma, not otherwise
specified (NOS). IDH-wild type glioblastoma corresponding
with primary glioblastoma is the most common type ac-
counting for�90% of all glioblastomas, and it lacksmutations
in the IDH genes.2 It usually arises de novo, affects adults
with a mean age at diagnosis of 62 years, with a male-to-
female ratio of �1.35:1. IDH-mutant glioblastomas synony-
mous with secondary glioblastoma account for �10% of all
glioblastomas with a mutation in the IDH1 or IDH2 gene.3

They mostly develop through malignant progression from
diffuse or anaplastic astrocytoma,manifest in younger adults
with a mean age at diagnosis of 45 years and carry a better
prognosis. Glioblastoma, NOS, is defined as a high-grade
glioma in which IDH mutation status has not been fully
assessed. GBMs are most aggressive primary brain tumors,
exhibit significant intratumoral heterogeneity at cytopatho-
logical, transcriptional, and genomic levels.1 GBM bears a
plenty of cytological and molecular alterations and there are
a discrete number of genetic and signaling pathway events
that appear to be central to GBM pathogenesis and survival.
Beside IDHmutation, GBMs can have a peculiar expression of
other growth control genes and their proteins including
impaired α thalassemia/mental retardation syndrome X-
linked (ATRX) expression (ATRX–) and p53 overexpression
(p53þ ). In GBMs, ATRX mutations are usually accompanied
by IDH and TP53 mutations.4 For better prognosis in GBM,
IDH mutations are proven markers but connection of TP53

mutations with survival outcome is not uniform.5–7 Muta-
tions in ATRX are still under study to ascertain their connec-
tion with survival outcome in GBM patients and prove these
mutations as prognostic factors.

In the current cohort, the clinical and histopathological
features in 35 cases of glioblastomawere correlatedwith IHC
parameters (IDH1, ATRX, p53, and Ki67) as well as with
patient survival.

Aims

The current study was conducted with the aim to

1. Determine the expression of IDH1, p53, ATRX, and Ki67 by
immunohistochemistry in the cohort of GBMs

2. Determine whether altered protein expression of any of
these growth control genes will show association in
patient survival and thereby establish prognostically dis-
tinct molecular subgroups of GBM irrespective of histo-
pathological diagnosis.

3. Evaluate demographic profile (age, gender, and topo-
graphic details), clinical symptoms, and histopathological
features in patients of glioblastoma.

Materials and Methods

This was the prospective observational study in which 35
histologically diagnosed cases of glioblastoma (WHO Grade
IV) were enrolled. Clinical parameters such as age, gender,
clinical features–signs and symptoms at the onset, and
location of tumor were noted. After examining hematoxylin
and eosin (H&E) stained slides of formalin-fixed, paraffin-
embedded (FFPE) blocks were used for immunohistochem-
istry (IHC) analysis for IDH 1 (isocitrate dehydrogenase 1),
ATRX (Alfa Thalassemia/intellectual Disability syndrome X-
linked), P53, Ki67. Peroxidase, antiproxidase technique was
used for IHC analysis. Antibodies used were Hmab-1 clone
mouse monoclonal antibody from diagnostic Biosystems,
USA, for IDH (R132H), D-5 clonemousemonoclonal antibody
for ATRX, BP-53–12 clone mouse monoclonal antibody for
p53, and MIB-1 clone mouse monoclonal antibody from
PathnSitu, USA for Ki67.

Cytoplasmic expression of IDH1-R132H and nuclear
expression/loss of ATRX were used to categorize the cases
into glioblastoma-IDH wild-type (ATRX nuclear expression
retained) and glioblastoma IDH-mutant (loss of nuclear
ATRX expression). The score was calculated as a percentage

Conclusion In patients with single protein expression, Kaplan–Meier survival analysis
showed statistically better OS in IDH1 mutant glioblastomas. In cases with double
protein pairs, IDH1/p53 revealed statistically significant association with better median
OS. The survival analysis of patients with IDH1/ATRX/p53 protein combinations also
denoted a better OS. Hence, GBM can be grouped into prognostically relevant
subgroups using these protein expression signatures individually, as well as the
combined protein expression signatures.
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of positively labeled nuclei. Overall, 1,000 tumor cells were
counted in randomized fields throughout the section.
The expression for all IHC markers was evaluated quantita-
tively as the percentage of positive tumor cells over total
tumor cells. OS was defined as the time interval between
surgery and death (because of any cause) or the date of last
follow-up.

Statistical Analysis
All data were entered in Microsoft excel sheet and analyses
were performedusing Statistical Package. Afterhistopathology
and IHC data evaluation Kaplan–Meier test and log rank test
were performed to assess the significant association of immu-
nopositive versus immunonegative IDH1, ATRX, p53, proteins
withoverall survival (OS) times inGBMpatients for a follow-up
of 18months after surgery. A p-value of<0.05was considered
statistically significant.

Results

Clinical Data
The mean age of the presentation was 43.46�17.25 year
with a range of 14 to 78 years. There was a male preponder-
ance with 20 male and 15 female patients with a male to
female ratio of 1.3:1. The frequencies of tumor locationwere
as follows: 6 (17.1%) in the temporal, 5 (14.3%) in frontopar-
ietal, 4 (11.4%) in frontotemporal, temporalparietal, and
parietooccipital in each. Likewise, three cases (8.6%) were
in frontal, parietal, and frontotemporoparietal region and
single cases (2.9%) were in the occipital, parietal region, and
cerebellum. In 30 (85.7%) patients, macroscopic gross total
tumor removal was done, whereas in 5 (14.7%) patients only
subtotal tumor removal could be performed. No patient
received preoperative neoadjuvant therapy. Duration of

symptoms was variable, ranging from 5 days to 10 months.
Headachewas themost frequent symptom (64.6%), followed
by seizures (52.6%), disorientation (44.8%), motor distur-
bances (32.2%), somnolence in (22.4%), and sensorial dis-
turbances (18.6%). In the follow-up period of 18 months, 31
patients were given radiotherapy/chemotherapy postoper-
atively, whereas 4 patients opted out of this treatment.

Histopathological Data
Pattern of microvascular proliferation, extent of necrosis,
mitotic activity, and presence of other components or var-
iants were assessed in all cases.

Of the 35 cases, microvascular proliferation showing
endothelial cell proliferation and glomeruloid tufts both
were seen in 23 cases, while the remaining 12 cases
showed only endothelial proliferation. Large foci of necro-
sis (>50%) were seen in 10 (28.6%) cases, whereas in 25
(71.4%) cases, less than 50% of the tumor was necrotic
(►Fig. 1A, 1B). Mitotic count was �5/HPF in 8 cases,
whereas 27 cases had mitotic count � 5/HPF. Mitotic
activity was in conformation with the Ki67 index. Ki67
ranged from 5 to 90% with a mean value of 36.34�21.05%.
In our study, we had a few variants of GBM-like giant cell
glioblastoma (3 cases), epithelioid glioblastoma (2 cases),
and small cell glioblastoma (one case). In 15 (42.6%) cases,
additional features such as gemistocytic cells, oligoden-
droglial-like cells and primitive neuronal component were
noted.

Immunohistochemistry Data and Survival Analysis of
GBMs with IDH1, ATRX, and p53 Protein Expression
Out of 35 cases, 5 cases showed IDH1 immunopositivity
and 30 cases were negative for IDH1. ATRX was retained
in 24 cases, while it was lost in 11 cases. The p53

Fig. 1 (A, B) Microphotograph showing palisading necrosis and micro vascular proliferation in glioblastoma case (H&E, x100, x400); 1C, 1D, 1E,
1F) Microphotograph showing immunonegativity for IDH1, immunopositivity for IDH1, ATRX, and p53, respectively (x100, x400).
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immunoexpression was seen in 31 (88.6%) cases, whereas
p53 was negative in 4 (11.4%) cases (►Fig. 1C–1F).

Overall median survival (OS) was 6 months. Aberrant pro-
tein expression status (each or combinationsof three proteins),
was correlated with median overall survival (►Table 1). The
Kaplan–Meier survival analysis showed statistically better OS
in IDH1-mutant glioblastomas (►Fig. 2A–2C).

Survival Analysis of GBMs with Combinations of Two
Protein Expression
►Table 2 shows immunohistochemical results of two protein
pairs, ATRX/IDH1, ATRX/p53, and IDH1/p53 and their medi-
an OS.

In two protein pairs, the three compositions were IDH1–/
p53þ (74.3%), ATRXþ/IDH1– (62.9%), and ATRXþ/p53þ
(57.1%). The three smallest subgroups were IDH1–/p53–
(11.4%), ATRXþ/p53–(11.4%), and ATRXþ/IDH1þ (5.7%)

(►Table 2). By analyzing the patients’ survival according to
the combinations of the ATRX and p53 pair, ATRX–/p53þ
expression revealed thehighestmedianOS (9months), while
the ATRXþ/p53–combination showed the lowest median OS
(3 months). The analysis of IDH1 and p53 pair revealed that
IDH1–/p53þ group correlated with the high median OS (6
months), while IDH1–/p53–group had the lowmedian OS (3
months). The results of survival analysis for ATRX/IDH1were
censored as until the end of observation (18 months), all
patients were alive. The Kaplan–Meier survival analysis of
two protein expression pairs also revealed the same results
(►Fig. 3).

Survival Analysis of GBMs with Combinations of Three
Protein Expression
Combined three-protein immunohistochemical analysis
revealed five different molecular variants (►Table 3). About

Fig. 2 (A) Median survival for IDH1þ (mutant and wild-type); (B) Median survival for ATRX (mutant and wild-type); (C) Median survival for p53þ
(mutant and wild-type).

Table 2 Analysis of various combinations of two proteins pairs in GBMs and survival outcomes

Results of IHC No (%), n¼35 Median OS, mon p-Value�

IDH1/ATRX # IDH1þ/ATRX– 3 – 0.062

IDH1–/ATRX- 8 –

IDH1þ/ATRXþ 2 –

IDH1–/ATRXþ 22 –

IDH1/p53 IDH1þ/P53þ 5 – 0.038

IDH1–/P53- 4 3.00

IDH1–/P53þ 26 6.00

ATRX/p53 ATRXþ/P53- 4 3.00

ATRX–/P53þ 11 9.00 0.840

ATRXþ/P53þ 20 6.00

#All cases are censored.
�Log rank test.

Table 1 IDH1, ATRX, and p53 immunoexpression in enrolled GBMs and median overall survival in each subgroup

Mutant Protein Result of IHC No. (%) Median OS (months) p-Value

Mutant protein Wild type protein

IDH1þ 5 (14.3%) – 6.00 0.011

ATRX– 11 (31.4%) 9.00 6.00 0.573

P53þ 31 (88.6%) 3.00 6.00 0.762
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8.6% (3/35) of the samples consisted of aberrant protein
expression of all three proteins, i.e., ATRX–/p53þ/IDH1þ ,
while 11.4% (4/35) werewild-type protein expression group,
i.e., ATRXþ/p53–/IDH1–. The survival analysis of patients
with these three proteins combination were censored as
until the end of observation (18 months); event of study i.e.,
death of patients did not occur (►Fig. 4).

Discussion

Glioblastomas are themost frequent and themostmalignant
of all brain tumors in adults, accounting for �45 to 50% of all
primary malignant brain tumors.2 These tumors are delin-
eated by diverse histology, genetic instability, and varied
clinical behavior with a dismal prognosis.8 Clinical, histolog-
ical, immunohistochemical, and molecular variables affect
the survival of glioblastoma patients. In the present study,
the key clinical features, the major histopathological param-
eters and the immunohistochemical expression of ATRX,
IDH1, and p53, individually, as well as in different combina-
tions were analyzed and correlated with the overall median
survival of patients.

In the past few years, some clinical variables in predicting
survival in glioblastomas have been well defined. In various
studies among the clinical variables, younger age has been
associated with a prolonged survival.9–11 In the current
cohort, male predominancewas noted with a male to female
ratio of 1.3:1, which was similar to other studies.12–14 In our
study, the majority of tumors were located in the cerebral
hemispheric region. This is in line with previous reported
studies that have shown similar localization, with a predom-
inance of hemispheric lesions, along with a lower incidence
of tumors in the posterior fossa.13,15Another clinical variable
associated with better survival in glioblastoma patients was
near total/gross total resection in various studies.16–18

Histological features of GBM include hypercellularity,
nuclear atypia, mitotic activity, micro vascular proliferation,
and necrosis. We studied these parameters individually. The
histological parameters have found significant association
with patient’s clinical outcome in some studies while not in
others.19–23 Our study did not show any correlationwith any
of these features.

Recently, for the classification of GBM, key molecular
parameters such as IDH and ATRX have been incorporated
in the 2016WHO classification. The aim of the present study
was to establish a correlation between survival (OS) of GBM
patients and the immunohistochemical expression of ATRX,
IDH1, and p53 individually as well as in different combina-
tions to define certain molecular subtypes. These molecular
subtypes do play a pivotal role in the clinical practice as the
treatment strategies are planned in accordance to the mo-
lecular subtype.6 In addition, these mandatory IHC markers
(IDH and ATRX) deliver an increased level of objectivity.

Fig. 3 (A) Median survival for IDH1þ/ATRX; (B) Median survival for IDH1/p53; (C) Median survival for ATRX/p53.

Table 3 Combined triple proteins of IDH1, ATRX, and p53
immunohistochemical results and survival outcomes

GBM variants No (%),
n¼

Median OS,
mon#

p-Value�

IDH1þ/ATRX-/P53þ 3 0.117

IDH1þ/ATRXþ/P53þ 2

IDH1–/ATRXþ/P53- 4

IDH1–/ATRX-/P53þ 8

IDH1–/ATRXþ/P53þ 18

Abbreviations: ATRX–, loss of ATRX expression; ATRXþ , positive ATRX
protein expression; IDH1–, negative for mutated IDH1(R132H) protein;
IDH1þ , positive IDH1 protein expression; OS, overall survival; p53–,
lack of p53 expression; p53þ , overexpression of p53.
#All cases are censored.
�p-Value was obtained by log rank test of Kaplan–Meier survival analysis.

Fig. 4 Median survival with combination of IDH1/ATRX/P53.
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Immunohistochemically, the IDH1 positivity was seen in
14.3% of patients, ATRX loss in 31.4%, and p53 overexpression
in 88.6%. The results for IDH1 expression and p53 over-
expression was in concordance with that of the study done
by Pant et al.24 Survival analysis was better in IDH1-positive
as comparedwith IDH1-negative patients and found statisti-
cally significant (p<0.011) in the Kaplan–Meier survivals
analysis. Likewise, ATRX mutation (ATRX–) was associated
with better overall survival as comparedwith ATRX-retained
(ATRXþ ) cases. Some studies have exhibited a correlation
between TP53 gene mutations and decreased median sur-
vival, while others have not found such correlation. In our
cohort, the Kaplan–Meier survivals analysis, the OS was
better survivals in GBM patients with p53-ve than patients
with counterpart result (►Fig. 2). We examined two or three
protein combinations immunohistochemically to see their
associationwith survival. Different survival rates in different
protein alterations were assessed. In IDH1/ATRX combina-
tion and IDH1/ATRX/p53 combination, the overall median
survivalwas better but not statistically significant. Statistical
significance was seen in IDH1/p53 combination, with
p<0.05.

Conclusion

Aberrant expression of IDH1 individually as well as combi-
nation of IDH1/p53 was associated with a distinct and
statistically significant increased survival rates and emerged
as significant prognostic factors. Better overall survival was
also noted in IDH1/ATRX combination and IDH1/ATRX/p53
combination denoting their prognostic value as well. Sta-
tistically significant associationwas not found in these cases.
This may be due to small sample size, which is a limitation of
the current study. Hence, GBM can be grouped into prognos-
tically relevant subgroups by these protein expression sig-
natures individually, as well as the combined protein
expression signatures and these proteins may be used as
prognostic markers in addition to diagnostic markers.
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