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ABSTRACT

INTRODUCTION: Glioblastoma multiforme (GBM) is one of the deadliest cranial tumors occurring in adults. Various biomarkers have been
tested for their significance in diagnosis, prognosis, and treatment of GBM. Some well-studied markers in GBM are Isocitrate dehydroge-
nase 1 (IDH1), Murine double minute 2 (MDM2), Epidermal Growth Factor Receptor (EGFR), and p53. The aim of this study was to investi-
gate the protein expression of these markers in GBM patients of Pakistan.

METHODS: A total of 102 surgically resected formalin-fixed paraffin-embedded specimens from patients diagnosed and treated at Aga
Khan University Hospital were included in this study. Immunohistochemistry (IHC) for IDH1, MDM2, EGFR, and p53 was performed using
Dako EnVision System and respective monoclonal antibodies. Survival analysis was performed to check association of markers protein

expression with prognosis in GBM patients.

RESULTS: There were 73 males and 29 females in this study, with a median age of 49 years at the time diagnosis. Overexpression of molec-
ular markers was as follows: 52% for EGFR, 26% for p53, 72% for IDH1, and 83% for MDM2. We did observe that EGFR was significantly
associated with increased age of our patients and with worse survival. Age >40years was a predictor for worse prognosis as well.

CONCLUSION: EGFR overexpression and advanced age were worse prognostic indicators.
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Introduction

Glioma is the most common and aggressive brain tumor in
adults, originating from glial cells. It represents around 30%
of central nervous system tumors, 45% of malignant, and 80%
of primary malignant central nervous system tumors. There
are different types of gliomas based on the type of cells
involved, such as astrocytomas, ependymomas, and oligoden-
drogliomas, which are further graded as I, II, III, and IV
according to the World Health Organization classification
system. The most common form of glioma is Glioblastoma
Multiforme (GBM), classified as grade IV, and it accounts for
70% of astrocytomas and 15% of all other intracranial neo-
plasms.! GBM is a rare tumor with a global incidence of
approximately 10 per 100000 people. Despite the advances of
current therapies for GBM, it is still a lethal disease with a
poor prognosis. Because of the aggressive nature of GBM,
patients have a bleak median survival of only about 14 to
15 months following diagnosis.?

GBM is categorized as an aggressive malignancy and is
thought to arise from genetic aberrations and deregulation of
signaling pathways.3 The existing treatment strategy for GBM
is surgery, chemotherapy, and radiotherapy. Most recent treat-
ments include the use of monoclonal and polyclonal antibodies
as immunotherapy. The function of such therapies is to target
specific cancer pathways and these are less toxic to normal cells
as compared to other types of treatments, such as chemother-
apy and radiotherapy.* For diagnostic or therapeutic purposes,
many important biological markers have been identified, such
as epidermal growth factor receptor (EGFR), p53, murine
double protein 2 (MDM2), and isocitrate dehydrogenasel
(IDH1). Therefore, it is necessary to discover effective thera-
peutic targets and agents for the treatment of GBM patients.

EGFR is a transmembrane glycoprotein receptor which
plays a vital role in cell growth and the development of tumor-
like complex signaling cascades that modulate growth, signal-
ing, differentiation, adhesion, migration, and survival of cancer
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cells. It is involved in the progression of many cancers includ-
ing breast, lung, esophageal, and head and neck cancers.” In
astrocytic tumors, overexpression of EGFR is reported to be
90% and approximately 40% to 50% of primary glioblastomas
harbor mutated EGFR.!

The P53 gene, located on human chromosome 17p13 (p53),
is a vital tumor suppressor protein that acts as a sensor of cel-
lular stress and influences many signaling pathways, such as cell
cycle arrest, apoptosis, senescence, and differentiation.® The
expression of p53 gene was shown to be upregulated in many
cancers, such as endometrial cancer, colorectal cancer, head and
neck squamous cell carcinoma, and breast cancer.”-1° Likewise,
the network of p53 target genes also acts as a regulator of aging
and cancer prevention.!! Existing studies have also reported
that p53 plays a significant role in regulating glioma develop-
ment and progression.!2

The Murine Double Minute 2 (MDM?2) gene is an onco-
gene that is amplified in a variety of human cancers.’ The p53
protein regulates the expression of MDM2, and MDM?2 is
essential for the negative regulation of p53 as well. It is an E3
ubiquitin ligase, localized in the nucleus, located on chromo-
some 12 (12p14.3-q15). MDM2 protein seizes p53 expression
via direct binding with its E3 ubiquitin ligase activity. The cor-
relation between p53 and MDM2 is particularly important for
the proliferation of tumor growth.* Modifications in MDM?2
gene may be found in both primary and secondary GBM. In
primary GBM, it is amplified in about 10% of the cases and
overexpressed in 50%, while in secondary GBM, it is overex-
pressed in 10% of tumors.’

The IDH genes encode 2 metabolic enzymes, namely IDH
1 and IDH 2, present in the cytoplasm and mitochondria and
located on the long arm of Chromosome 2 (2g33.3). They
carry out decarboxylation of isocitrate to a-ketoglutarate by
reducing NADP in the cytosol. These metabolic enzymes are
essential for cellular respiration. IDH1 mutation is commonly
found in low-grade glioma and about 90% of high-grade gli-
oma (GBM) contains wild-type IDH1 and the remaining are
mutant IDH1. The mutation in IDH1 is thought to be a prog-
nostic marker for glioblastoma patient survival.’> The most
common IDH1 mutation is R132H, a novel point mutation in
exon 4 codon 132 which replaces amino acid arginine with his-
tidine. Another lesser common mutation is R172 which occurs
in IDH2.IDH1/2 mutations may be loss of function or gain of
function. It is theorized that once mutated, the IDH1/2
enzyme loses its affinity to substrate IDH for conversion to
o-ketoglutarate and instead gains a neomorphic enzymatic
affinity for conversion of o-ketoglutarate to oncometabolite
D-2-hydroxyglutarate which in turn causes several genome-
wide epigenetic modifications and progression of glioma.1¢

The existing data on the genetics of Pakistani GBM patients
is very limited. Understanding the genetics of a patient popula-
tion is crucial for an accurate and comprehensive diagnosis,
such as using molecular classification for gliomas, and also for

applying latest treatment options, such as targeted therapy.
Keeping in mind the current need of therapeutic targets for
GBM patients and low survival rate, the objective of our study
was to investigate the protein expression of different prognostic
markers p53, EGFR,IDH1, and MDM?2 and to correlate their
protein expression with patient characteristics and overall sur-
vival of Pakistani GBM patients.

Materials and Methods
Study subjects and samples

Medical records from a total of 102 patients admitted to Aga
Khan University Hospital Karachi, Pakistan were reviewed.
Patients who were admitted between January 2015 and
December 2016 with biopsy-proven GBM were selected. The
samples and medical records were accessed from November
2017 to October 2019. Inclusion criteria were complete demo-
graphic, clinicopathologic data, adequate follow-up, and avail-
ability of sufficient paraffin-embedded tumor material. Patients
and surgical samples that did not fulfill all the listed criteria
were excluded from the study. All the samples diagnosed or
treated in our institute, including these specimens, were stored
according to the institutional policies for storing specimens.
Our institute is accredited by Joint Commission International
(JCI) and College of American Pathologists (CAP), and the
appropriate storage practices according to their guidelines are
to store specimens for 10years. The specimens were used and
returned to the institutional storage.

Ethical considerations

This study was approved by the Ethical Review Committee of
Aga Khan University (ERC#2018-0511-808). All patients pro-

vided written informed consent for participation in the study.

Immunobistochemistry

Tissue sections (3-5um thick) were obtained from formalin-
fixed paraffin-embedded tissue blocks for immunohistochemical
staining and mounted on precoated FLEX IHC Microscope
Slides (Dako, Denmark). The sections were dried at 55°C for
30minutes. These sections were deparaffinized in xylene and
rehydrated through serial-graded (100%, 90%, 80%, and 70%)
water—ethanol solutions and then rinsed in distilled water. The
Envision FLEX + Visualization kit, Mouse, High pH (K800221,
Dako, Denmark) was used for performing immunohistochemis-
try (IHC) for all antibodies. To unmask the antigen, the slides
were treated with Target Retrieval Solution, High pH (50x Tris/
EDTA buffer, pH 9) (Dako, Denmark) in a preheated
(90°C-95°C) water bath for 20 minutes, while proteinase K was
added for 30 mins for EGFR only. The slides were then allowed
to cool for 15 to 20 minutes at room temperature. After antigen
retrieval, endogenous peroxidase was blocked with Peroxidase-

Blocking Reagent (Dako, Denmark) for 10 minutes. The slides
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were rinsed well with Tris Buffer Saline with Tween 20 (TBST)
(Dako, Denmark). The sections were then incubated for 30 min-
utes with Primary Antibodies against IDH1, EGFR, MDM?2,
and p53 at room temperature and rinsed with TBST buffer.
Anti-human primary antibodies against the following antigens
were used: mouse monoclonal p53 (Dako, clone DO-7; 1:50
dilution), mouse monoclonal EGFR (Dako, clone H11; 1:200
dilution), rabbit polyclonal IDH1 (Abcam, ab81653; 1:200 dilu-
tion), and mouse monoclonal MDM?2 (Abcam, clone 2A10,
ab16895; 1:100 dilution). Afterwards, these sections were treated
with secondary antibody EnVision FLEX + Mouse (LINKER)
(Dako, Denmark), and bound antibody was identified using the
polymer technology EnVision/HRP, DAB + Chromogen
(Dako, Denmark). Slides were then counterstained with hema-
toxylin for 30 seconds. After counterstaining, the specimens were
dehydrated in a graded water—ethanol series and mounted with
Dako Toluene-Free Mounting Medium (Dako, Denmark) and
observed under light microscope.

Ewvaluation of slides

The stained sections were observed microscopically by 2
pathologists, blinded to each other and the case history. At least
200 tumor cells from 5 to 10 different fields each were observed.
This ensured that thousands of cells from multiple areas of the
tissue were reviewed before assigning a score. Results were
based on a combination of intensity of staining (mild, moder-
ate, or strong) and the percentage of cells stained. The follow-
ing criteria were used for scoring the slides: 0 / negative (when
no staining was observed), 1 (< 5% cells are stained), 2 (5%-
50% cells stained), and 3 (> 50% of cells stained).17:18

Statistical analysis

SPSS version 22 (SPSS Inc, Chicago, IL, USA) was used for
analysis. Descriptive analysis was reported as mean = SD or
median, depending on the normality of the population.
Differences between categorical variables (biomarker + and
biomarker -) were assessed using Pearson’s Chi-Square test or
Fisher’s Exact test, where appropriate. For overall survival anal-
ysis, only those patients with known status (dead or alive) and
follow-up data were included. Follow-up was taken in months
from the date of surgery until last follow-up, or death, which-
ever occurred first. Patients who were alive at last contact were
considered censored observation for survival analysis. Kaplan—
Meier survival curves and log-rank tests were used to compare
survival between 2 groups. A P-value of less than .05 was con-
sidered significant for all tests.

Results

A total of 102 GBM patients (73 males, 29 females) were
included, with a mean age of 47.35 £16.129 and a median age
of 49years at the time of diagnosis. The minimum and maxi-
mum patient ages were 20 and 81 years, respectively. The site of

lesion was categorized as frontal (n=11), temporal (n=27),
occipital (n=2), parietal (n=14), frontoparietal (n=6), fronto-
temporal (n=3), temporoparietal (n=6), and parieto-occipital
(n=3). For 30 patients, the site of lesion was unspecified or
other than the ones listed above.

Figure 1 shows strong positive expression of all markers
observed in GBM biopsies as brown coloration. EGFR posi-
tivity displayed as membranous and cytoplasmic staining, p53
positivity was exclusively nuclear, while IDH1 and MDM2
positivity was cytoplasmic, and in some cases, nuclear positivity
was also observed for MDM2.

The positive overexpression of molecular markers was found
to be 53/102 (52%) for EGFR, 27/102 (26%) for p53, 73/102
(72%) for IDH1, and 85/102 (83%) for MDM2. Staining
intensity was noted as follows: for EGFR, there were 13 mild,
23 moderate, and 17 strong positives; for p53, there were 14
mild, 17 moderate, and 10 strong positives; for IDH1, there
were 21 mild, 36 moderate, and 16 strong positives; and for
MDM2, there were 19 mild, 38 moderate, and 28 strong posi-
tives. For p53 statistical analysis, the mild positives were merged
with negative results. This was done so that any cells expressing
p53 normally/wild type (which shows as weak positivity in a
few scattered cells) would not be counted among those tissues
that are overexpressing p53, as previously performed.!®
Correlations among markers and patient characteristics have
been listed in Tables 1 to 4. The only significant association
found was between age and EGFR status (P<<.001) which
showed that EGFR was overexpressed with increasing age in
our patients.

Complete follow-up data and last status (whether dead or
alive) were known for 90 out of 102 patients, and these patients
were used for survival analysis. Figure 2 shows the Kaplan—
Meier survival curves for GBM patients in relation to markers
status. EGFR-overexpressed patients were seen to have signifi-
cantly lower survival as compared with their negative counter-
parts (P=.009). Moreover, increasing age was also correlated
with a worse prognosis as patients > 40 years of age had median
survival of 5months, whereas patients younger than 40years
had median survival of 19months (P=.002). Correlations
among survival and markers status and patient characteristics
are shown in Table 5.

Discussion

It has been observed that unusual expression of EGFR, p53,
IDH1, and MDM?2 proteins in GBM patients has an impact
on overall survival, although some studies have cited an
improvement, while others have affirmed a worse effect on
prognosis. The aim of our research was to study the correla-
tion between overall survival of GBM patients and immuno-
histochemical expression of EGFR, p53,1DH1, and MDM2
proteins. We found that EGFR, IDH1, and MDM2 proteins
were overexpressed in >50% of our patients, while p53 was
overexpressed in about 26% of patients. On correlating the
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Figure 1. Strong immunohistochemical positivity for (A) EGFR in GBM, observed as membranous and cytoplasmic brown coloration, (B) p53 in GBM,
observed as nuclear brown coloration, (C) IDH1 in GBM, observed as cytoplasmic brown coloration, (D) MDM2 in GBM, observed as cytoplasmic (and in

some cases nuclear) brown coloration at 20X magnification.

overexpression of these protein markers with overall survival,
we found that only EGFR was significant for patient survival.
Although another noteworthy observation for EGFR was
that increasing age was significantly associated with higher
EGFR expression (P<.001). Moreover, EGFR overexpres-
sion and increasing age were worse prognostic factors for our
population.

Considering the demographics of our population, we had a
higher number of males as compared to females in our data
which corresponds with previous observations about the gen-
der prevalence of GBM.? The mean age of our patients at
about 47years is slightly lower than the peak incidence esti-
mated to be around 55 to 60years of age! in Western coun-
tries; however, it is in line with the findings of Ahsan et al?
which was a study based on central nervous system tumors in
the Pakistani population. Age above 40years was a worse prog-
nostic indicator for our patients as determined on Kaplan—
Meier survival analysis.

Montgomery et al previously reported positivity percent-
ages for EGFR, IDH1, MDM2, and p53 for a cohort of 36
patients and found 100% positivity for EGFR, MDM2, and
p53, while only 1 patient was positive for the mutant form of
IDH1. In comparing these results with our cohort, we found
lesser positivity percentages for EGFR, MDM2, and p53.The
differences may be due to the differing populations under
study (Brazilian and Pakistani), and the differences in cohort

sizes (36 vs 100). Also, the authors defined positivity as start-
ing from 0% to 25% which also includes any cases that had
zero positive cells in their total count, whereas we considered
zero cells stained as negative. The higher scoring criteria of
our study were established to rule out any artifacts and nor-
mally expressed positive signals and to only include true over-
expression of all respective protein markers. Moreover, in the
case of IDH1, a comparison is not wholly applicable because
Montgomery et al' detected only the mutant type of IDH1 in
their study, while the antibody we tested in our cohort did not
specify between the mutant and wild-type forms of IDH1,
only noting the immunohistochemical expression of both of
the 2 IDH1 states.

Our study used the H11 clone of EGFR which detects
both the wild type and the deletion mutant form of EGFR
(EGFRVIII). The same clone was used by Lopez-Gines et al
to detect EGFR overexpression in 40 cases of glioblastoma,
and they found EGFR overexpression in 50% of cases, which
corroborates our findings. In addition, a close correlation
between the levels of EGFR protein expression and EGFR
gene-copy number alteration was also reported. This suggests
that high EGFR protein levels, such as those observed in our
study, are in fact due to changes at the genetic and transcrip-
tional level and that IHC is a valuable detection technique in

this regard.?’ Another study assessing the expression of
EGFR in formalin-fixed paraffin-embedded sections of
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Table 1. Patient characteristics in relation to p53 status.

VARIABLES P53
POSITIVE NEGATIVE P -VALUE* UNADJUSTED OR 95% Cl
Sex
Male 73 19 54 .872 0.924 0.351-2.431
Female 29 8 21 1 (ref)

Age (years)

=40 78 19 59 .384 0.644 0.238-1.740
<40 24 8 16 1 (ref)

IDH1
Positive 73 19 54 .872 0.924 0.351-2.431
Negative 29 8 21 1 (ref)

EGFR
Positive 53 14 39 .989 0.994 0.412-2.398
Negative 49 13 36 1 (ref)

MDM2
Positive 85 24 61 .549 1.836 0.484-6.966
Negative 17 3 14 1 (ref)

Abbreviations: Cl, confidence interval; EGFR, epidermal growth factor receptor; IDH, isocitrate dehydrogenase; MDM, murine double minute; OR, odds ratio.
P-value calculated using Pearson’s Chi-Square test or Fisher’s Exact test, where appropriate.
*P-value considered significant at <.05.

Table 2. Patient characteristics in relation to EGFR status.

VARIABLES EGFR
POSITIVE NEGATIVE P -VALUE UNADJUSTED OR 95% CI
Sex
Male 73 37 36 .682 0.835 0.352-1.981
Female 29 16 30 1 (ref)

Age (years)

>40 78 48 30 <.001* 6.080 2.053-18.004
<40 24 5 19 1 (ref)

IDH1
Positive 73 42 31 .074 2.217 0.918-5.356
Negative 29 11 18 1 (ref)

p53
Positive 27 14 13 .989 0.994 0.412-2.398
Negative 75 39 36 1 (ref)

MDM2
Positive 85 42 43 .249 0.533 0.181-1.572
Negative 17 11 6 1 (ref)

Abbreviations: Cl, confidence interval; EGFR, epidermal growth factor receptor; IDH, isocitrate dehydrogenase; MDM, murine double minute; OR, odds ratio.
P-value calculated using Pearson’s Chi-Square test or Fisher’s Exact test, where appropriate.
*P-value considered significant at <.05.
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Table 3. Patient characteristics in relation to IDH1 status.

VARIABLES IDH1
POSITIVE NEGATIVE P -VALUE* UNADJUSTED OR 95% ClI
Sex
Male 73 54 19 .393 1.496 0.592-3.781
Female 29 19 10 1 (ref)

Age (years)

>40 78 57 21 .543 1.357 0.507-3.635
<40 24 16 8 1 (ref)

p53
Positive 27 19 8 .872 0.924 0.351-2.431
Negative 75 54 21 1 (ref)

EGFR
Positive 53 42 11 .074 2.217 0.918-5.356
Negative 49 31 18 1 (ref)

MDM2
Positive 85 62 23 .559 1.470 0.488-4.434
Negative 17 11 6 1 (ref)

Abbreviations: Cl, confidence interval; EGFR, epidermal growth factor receptor; IDH, isocitrate dehydrogenase; MDM, murine double minute; OR, odds ratio.
P-value calculated using Pearson’s Chi-Square test or Fisher’s Exact test, where appropriate.
*P-value considered significant at <.05.

Table 4. Patient characteristics in relation to MDM2 status.

VARIABLES MDM2
POSITIVE NEGATIVE P -VALUE* UNADJUSTED OR 95% ClI
Sex
Male 73 62 11 .559 1.470 0.488-4.434
Female 29 23 6 1 (ref)

Age (years)

=40 78 64 14 .756 0.653 0.171-2.496
<40 24 21 3 1 (ref)

IDH1
Positive 73 62 11 .559 1.470 0.488-4.434
Negative 29 23 6 1 (ref)

EGFR
Positive 53 42 11 .249 0.533 0.181-1.572
Negative 49 43 6 1 (ref)

p53
Positive 27 24 3 .549 1.836 0.484-6.966
Negative 75 61 14 1 (ref)

Abbreviations: Cl, confidence interval; EGFR, epidermal growth factor receptor; IDH, isocitrate dehydrogenase; MDM, murine double minute; OR, odds ratio.
P-value calculated using Pearson’s Chi-Square test or Fisher’s Exact test, where appropriate.
*P-value considered significant at <.05.
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Figure 2. Kaplan—Meier survival curves in 66 GBM patients selected according to (A) p53 status, (B) EGFR status, (C) MDM2 status, and (D) IDH1

status.

GBM found 43.5% EGFR-positive cases in 76 patients. In
the same cohort, p53 positivity was also observed in 64% of
these patients which is a higher number than our own obser-
vation.?? Considering the effect of these markers on overall
survival, it has been noted that EGFR-positive patients have
longer survival and a better overall response to therapy as
compared to EGFR-negative patients. These findings were
noted for a cohort of 52 patients in which 30 were positive for
EGFR. However, we had no such observations for our
patients. Our EGFR-positive patients had a median survival
of 4months and EGFR-negative patients had a median sur-
vival of 15months (P=.009).23 In another detailed meta-
analysis of 17 studies based on IHC conducted in the year
2017, hazard ratios were pooled, and in a cumulative of 1458
patients, the pooled HR was 1.72, meaning that a high EGFR
THC expression was a significantly poor prognosis factor for
GBM patients, similar to our findings.?*

Moreover, we observed a significant correlation between age
and EGFR status which leads us to suggest that more aged
patients harbor EGFR mutations and may be better recipients

of EGFR-targeted therapies, such as those using tyrosine
kinases and monoclonal antibodies. However, this can only be
determined by further molecular analysis of the type and fre-
quency of EGFR mutations occurring in these patients to
determine their suitability for such a therapy as these therapies
target only specific mutations in the EGFR gene. The associa-
tion of EGFR and advanced patient age may be due to the fact
that primary GBM is more prevalent in patients aged 50 years
and above, and EGFR mutations are more frequent in primary
GBM tumors (about 35%) as compared with secondary GBM
where it occurs rarely?® In addition to EGFR mutations,
EGFR amplification is also a commonly occurring event in
primary advanced-age GBM, along with other genetic events,
such as MDM?2 amplification and expression.?¢ Furthermore,
the EGFR-positive patients of this cohort suffered from statis-
tically worse prognosis as compared with EGFR-negative
patients. This ties in with the fact that advanced-age primary
tumors are characterized by increased EGFR expression and
these patients may have developed primary tumors at late
stages of their life, leading to worse prognosis.
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Table 5. Correlation of patient characteristics with overall survival.

CHARACTERISTICS TOTAL N=90 MEDIAN SURVIVAL IN MONTHS 95% CI P -VALUE

Sex
Male 63 5 3-7 107
Female 27 14 0-28

Age (years)
>40 66 5 3-7 .002*
<40 24 19 -

IDH1
Positive 65 5 2-8 .97
Negative 25 11 2-20

EGFR
Positive 45 4 2-6 .009*
Negative 45 15 9-21

P53
Positive 37 5 3-7 116
Negative 53 11 4-18

MDM2
Positive 77 6 2-10 .364
Negative 13 5 0-15

Abbreviations: Cl, confidence interval; EGFR, epidermal growth factor receptor; IDH, isocitrate dehydrogenase; MDM, murine double minute.

*P-value calculated using log-rank test and considered significant at <.05.

Regarding IDH1, a 2012 study by Sipayya et al?” found
that GBM patients had 9.7% (7/72) IDH1-positive speci-
mens in a total of 195 gliomas. However, another study cor-
relating the expression of IDH1 mutant protein using IHC
detected no positive samples in GBM patients of India.?8
Contrarily, we observed high IDH1 positivity (72%) in our
patients and this deserves further molecular investigations to
check whether IDH1 gene mutation corresponds to the
observed protein overexpression. To investigate the concord-
ance of IDH1 IHC positivity and molecular analysis, a meta-
analysis was performed by Pyo et al? on 1360 cases of
glioblastoma from 16 studies. The meta-analysis calculated
that the overall concordance rate was 0.947, reflecting that
IDH1 IHC is a suitable and reliable method for testing IDH1
mutations. In a literature review assessing the importance of
IDH1 in GBM, it was concluded that IDH1-mutant patients
had significantly longer progression-free survival as compared
with wild-type IDH1 patients and that IDH1 status was an
independent prognostic factor for survival in GBM patients.30
This, however, could not be reflected in our data as we observed
no significant difference in the survival times of IDH1-
positive and IDH1-negative patients which were 5months
and 11 months, respectively (P=.97).

It is generally understood that IDH1/2-mutant tumors
have a better prognosis as compared with IDH1/2 wild-type
tumors. A study hypothesized that this may be due to neovas-
cularization and tumor angiogenesis as GBM is a highly vascu-
larized tumor.® However, no significant differences in hypoxia
and angiogenesis between IDH1 wild-type and IDH1-mutant
tumors was seen. Another study has attributed the increased
survival advantage of IDH1-mutant tumors to the fact that
tumor-related immune response is severely downregulated in
IDH1-mutant tumors, including leukocyte chemotaxis.?! This
results in much lower infiltration of immune cells, such as mac-
rophages, microglia, monocytes, and neutrophils in glioma,
while the presence of these infiltrative cells in other tumors is
linked to lower survival.

We did not observe any significant difference in survival of
IDH1-positive and IDH1-negative patients. This may be due
to the difference of treatments that our patients received in
comparison to other clinical practices. Due to the lack of health
insurance and other financial difficulties, many patients failed
to follow-up with their complete treatment protocol which
further complicated survival. Furthermore, the prognostic
effect of IDH1 is apparent for patients with IDH1 wild-type

versus IDH1-mutant patients.?> However, we analyzed the
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expression level of IDH1 protein only and further molecular
investigations regarding the status of IDH1 (whether mutated
or not) may help highlight the prognostic differences further.
Similar to our findings, another study group has also concluded
no survival differences based on IDH1 mutation for a glioblas-
toma cohort with long-term follow-up. Out of 172 patients,
only 2 had mutated IDH1 R132H which was confirmed using
IHC and sequencing. Hence, there may be factors other than
IDH1 mutation affecting the survival of our GBM patients.33

The IHC expression of p53, as detected by the clone DO-7,
may be a marker for inactivating p53 mutations as it detects total
p53. Weakly staining scattered cells are considered normal/wild
type, while strong nuclear staining is considered overexpression
due to inactivating point mutation of TP53. Additionally,a com-
plete lack of expression may be due to a null mutation/deletion
of TP53.To discriminate between these types of expression, the
p53 mild positives of our study were considered negative in sta-
tistical analysis, so that any normal/wild-type expression of p53
was not included in the p53-overexpressing cells and does not
influence the correlations. This is in line with our previous study
on p53 expression in oral cancer.!®

To assess the role of mutant p53 in malignant gliomas, a
2014 study by Wang et al investigated mutant p53 in patients
being treated with temozolomide. It was found that the expres-
sion of mutant p53 was significantly inversely proportional to
survival and a fivefold increase in chemosensitivity to temozo-
lomide was seen when knockdown of mutant p53 occurred.’* It
is noted that p53 pathway is deregulated in 84% of glioblasto-
mas and 7°P53 mutations lead to high expression of oncogenic
variants of p53 protein.® Birner et al investigated 114 cases of
primary GBM and found 25.4% positive patients. They also
observed that p53-positive patients were significantly younger
and had markedly better overall survival. Although we observed
no correlation of p53 with age (P=.384) or survival (P=.116),
we did observe the same 26% positivity of p53 in our patients.
Since Birner et al considered only >50% immunostaining as
positivity, we may base the similarity on positivity threshold.
Another study conducted on the Korean population had a
higher positivity of 48.4% of p53 evaluated immunohisto-
chemically in GBM.3¢

To study the differing expression patterns of MDM2 in pri-
mary vs secondary glioblastomas, an immunohistochemical and
molecular examination was undertaken on 29 patients of pri-
mary GBM and 27 patients of secondary GBM. MDM2
immunoreactivity was seen in 52% of primary GBM and 11%
of secondary GBM.3” We had a significantly higher 83%
MDM2 positivity in our patients. Although other studies have
concluded MDM2 to be linked to poor overall survival in GBM
patients,’® we found no significant difference in our patient set.

Statistically significant correlations have also been found
between p53 and MDM2, and EGFR and MDM2 by other
authors. In addition, a strong negative correlation has also
been found for p53 and survival with a higher percentage of

p53 positivity leading to a lower survival in months.? While
there are other studies that have denied such correlations and
concluded an effect of MDM2 apart from p53 as well, with
one such study citing that only 1 out of 15 primary GBMs
that overexpressed MDM?2 also contained a p53 mutation.3”
Similarly, we found no association of p53 and MDM?2 in our
patients (P=.549) even though an inverse relationship between
MDM2 and p53 has also been suggested due to the fact that
MDM2 targets p53.

The patient population in this study is heterogenous and
poorly studied. Comparisons between our study and those from
genetically and geographically diverse regions might not draw
fair conclusions. Further molecular and immunohistochemical
approaches are needed on a broader set of patients to determine
the impact of these markers on GBM patients. From this study,
the role of these markers remains in doubt, although EGFR pre-
sented as a worse prognostic indicator for the Pakistani GBM
population. Differences in analytical techniques, antibodies used,
and even among criteria used to assess the same technique may
account for the varying results. Systematic reviews and meta-
analysis researching only immunohistochemical studies and
their results will yield a more comprehensive view of these mark-
ers and their eventual utility in a clinical setting.

Conclusions

The role of p53, EGFR, MDM2, and IDHI1 in initiating,
maintaining, and progressing glioblastoma has been docu-
mented and we found increased expression of these markers in
most of our GBM patients. However, we only concluded the
adverse effect of EGFR overexpression on survival, out of all
markers tested. Increasing age was also correlated with higher
EGFR expression and poor survival.
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