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ARTICLE INFO ABSTRACT

Keywords: Introduction: Glioblastomas are aggressive primary intracranial tumours of the central nervous system causing
Glioblastoma significant mortality and morbidity worldwide.

Hypoxia Objective: This study aims to evaluate the prognostic value of tissue expression by immunostaining of hypoxia-
i—]l)l}l;—lla inducible factor (HIF-la), isocitrate dehydrogenase 1 (IDH1), and tumour protein p53 in glioblastoma in
Immunohistochemistry Moroccan patients. The association of HIF-1a, IDHI1, and p53 expression with the clinicopathological data and

overall patient survival (OS) was also evaluated.

Materials and methods: Confirmed glioblastomas were included in this study. Twenty-two tissue samples were
obtained by neurosurgical intervention resulting from total resection, and subtotal resection or biopsy. Karnofsky
index, histological type of tumour, and the status of IDH1, p53 protein, and HIF-1la expression by immuno-
staining were reported.

Results: The majority of the patients were males (64%) with a sex ratio of 1.75. The average age was 54 + 13.
Median follow-up was 10.10 months and median overall survival was 10 months. The expression of HIF-1a was
high in 10 samples (45%) and low in 12 (55%). There was a statistically significant difference in OS of 85% at 12
months for the subgroup of patients “HIF-1a negative IDH1 positive” p = 0.038, the unadjusted analysis showed
that the group “HIF-la positive, IDH1 positive” was a poor prognostic factor, the HR was 0.08 (95% CI:
0.009-0.756, p = 0.027).

Conclusion: Patients with negative HIF-la expression and positive IDH1 expression have a better prognosis,
suggesting that these two biomarkers may be useful in the search for new approaches for targeted therapy in
glioblastoma.

Overall patient survival

1. Introduction tumours issued in 2016, the diagnosis of glioblastoma is based on four

criteria: nuclear atypia, mitosis, necrosis, and endothelial capillary

Glioblastomas (GBM) are the main primary intracranial tumours of
the central nervous system (CNS). They account for 81% of all malignant
brain tumours in adults, and 60-70% of all gliomas, causing significant
mortality and morbidity worldwide [1-3].

According to the 4th edition of the WHO classification of CNS

proliferation [4]. The mutational status of IDH1 and IDH2 genes, coding
for two isoforms of the enzyme isocitrate dehydrogenase (IDH) were
added to this revised 4th edition. These mutations induce the production
of alpha-ketoglutarate and lead to a hypermethylation phenotype. This
phenotype inhibits tumour suppressor oncogenes, inducing the
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development of glioblastomas [5].

Mutant IDH status is a better prognostic factor for glioblastoma.
Mutation status of IDH is usually assessed by immunohistochemical
(IHC) study on a section of fixed and paraffin-embedded tissue showing
a mutant protein IDH1-R132H which is present in 85% of secondary
glioblastomas [4].

Radiologically, the glioblastoma appears as a lesion in hyposignal T1
and hypersignal T2, with a heterogeneous irregular contrast pattern,
corresponding to the hypercellular infiltrating part of the tumour, with a
central zone of necrosis, associated with a peripheral hypersignal FLAIR
(Fluid Attenuation Inversion Recovery) corresponding in part to the
perilesional edema more or less associated with the infiltrating cells
isolated around the lesion [6].

GBM are characterized by pathological vascularisation, rapid
growth, intense angiogenesis, and a tendency to recur. Treatment re-
mains difficult due to radiotherapy resistance, with a relative 5-year
survival of less than 5% [2,7,8].

The standard treatment for glioblastoma has 3 pillars: a total and
maximal resection, encephalic radiotherapy combined with temozolo-
mide (Temoradiation), and semestrial cycles of adjuvant temozolomide.
This therapeutic strategy has demonstrated its superiority over exclusive
radiotherapy with a gain of 2.5 months in median survival and a relative
reduction in the risk of death [9]. Amongst factors of radiotherapy and
chemotherapy resistance, hypoxia is a predominant feature in gliomas
and their microenvironment and is associated with tumour growth,
progression, and resistance to conventional therapy [10]. Hypoxia leads
to the stabilisation of HIF (Hypoxia Inducible Factor), of which HIF-1 is
the canonical representative. This factor is composed of HIF-lalpha
subunit (HIF-1a) regulated by the oxygen level and a constitutively
expressed HIF-1f subunit. HIF-1a increases the expression of specific
genes in the presence of low oxygen concentration [11,12].

Numerous studies have shown that mild hypoxia may decrease the
level of p53 protein. This decrease may help in cell protection from
apoptosis which could allow them a better adaptation in the hypoxic
environment. The p53 protein is encoded by the TP53 gene, known as
the most frequently mutated gene in human tumours. The p53 pathway
is inactivated in most tumours because it functions as the “guardian of
the genome”, acting as a tetrameric transcription factor that induces the
transcription of hundreds of target genes, which are involved in the
regulation of apoptosis, cell cycle, and DNA repair. Most studies have
shown that the increase in p53 protein levels during hypoxia is due to a
stabilisation that depends on the presence of HIF-1a protein [13-15].

In normoxia, the protein of HIF-la is hydroxylated by prolyl-
hydroxylase (PHD) and is then recognised by the tumour suppressor
pVHL (Von Hippel-Lindau protein), leading to its ubiquitination and
degradation by the proteasome [16-18]. Under hypoxic conditions, the
PHDs are inactive, HIF-1a is no longer degraded. Before joining the
nucleus, HIF-1a is accumulated and then associated with its partner
HIF-14, forming the HIF-1 factor. Thus, the dimer formed binds to the
HRE (Hypoxia Responsive Element) consensus sequences contained in
the promoters of target genes (more than 100 genes) including Vascular
Endothelial Growth Factor (VEGF), erythropoietin, glucose transporters,
and pH regulators [17,18]. HIF-1a functions as a key transcription factor
for the regulation of many genes in response to hypoxia, namely the
genes responsible for glucose metabolism, extracellular matrix meta-
bolism, cell growth and proliferation, cell survival, pH regulation, and
DNA repair mechanisms [12,19]. Expression and transcriptional activity
of HIF-la increases as oxygen concentration decreases [20]. The
angiogenic mechanism of glioblastomagenesis is under the control of the
hypoxia-induced transcription factor HIF-1a [21]. The signalling path-
ways involved are mainly [22]:

- The Angiogenesis pathway by activating vascular endothelial growth
factor (VEGF) and other promoters of the target genes: VEGF-R1,
Angiopoietin-2, PDGF, FGF, COX-2.

- The cell survival pathway by expressing EPO, NOS2, TGFa.
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- The Glucose metabolism pathway by expressing the GLUT1 and 3
genes, GAPDH, HK1, and HK2.
- The integrin pathway by expressing EGF, IGF-2, TGF-f1, and TGF-p3.

This study aims to evaluate the prognostic value of tissue expression
by immunostaining of HIF-1a, IDH1, and p53 on a series of glioblas-
tomas from Moroccan patients. The association of HIF-1a, IDH1, and
p53 expression with the clinicopathological data and overall patient
survival (OS) was also evaluated.

2. Materials and methods
2.1. Type of study

This is a prospective observational study carried out between June
2017 and December 2019 at the Pathological Anatomy and Neurosur-
gery Departments of the Rabat Specialities Hospital and the Sidi
Mohamed Ben Abdallah National Oncology Center in Rabat, Morocco.

2.2. Inclusion criteria

Consenting Moroccan adult patients, over 18 years of age with a
histologically confirmed glioblastoma, treated at the Specialities Hos-
pital and the National Institute of Oncology in Rabat, were included.

2.3. Exclusion criteria

Patients with other brain tumours, under 18 years old; patients with
brain metastases; patients of other nationalities and patients treated in
another oncology center.

3. Methodology

This study was carried out in two stages: The first stage was patient
recruitment; during which an operating sheet was filled from the med-
ical records which included clinicopathological and radiological char-
acteristics: Sex, age, cerebral MRI, location of the tumour, extent of
resection, Karnofsky index, histological type of tumour, and the status of
IDH1, p53 protein and HIF-1u expression by immunostaining.

The second stage consisted of following the included patients after
surgery and completing the operating sheet with therapeutic data: type
of treatment received, duration of treatment, a dose of radiotherapy (in
Grays), and number of the cycles of chemotherapy.

3.1. Patients

Between June 2017 and December 2018, we counted 71 patients
with histologically confirmed diffuse glioma. Of which 22 glioblastomas
meeting the inclusion criteria that we included in this study. Tissue
samples were obtained by neurosurgical intervention leading to total
resection, subtotal resection or biopsy. The anatomopathological ex-
amination was carried out by an experienced neuropathologist at the
Pathological Anatomy Laboratory of the Specialities Hospital in Rabat.
The histological type and grade of the tumour were determined ac-
cording to 2016 WHO classification of central nervous system tumours
(Fig. 1).

3.2. Sample preparation for immunohistochemistry

The specimen received was fixed in neutral buffered formalin. The
samples included in paraffin were cut to a thickness of 4 pm. The tissue
ribbon obtained was spread out on pre-treated (chromo-gelatinised)
slides in Bain Marie. The slides were dried in an oven at 56 °C for 1 h,
then dewaxed in two toluene baths for 10 min each and then in two
alcohol baths for 5 min each, and then hydrated using tap water for 5
min. An antigenic unmasking was carried out in the microwave. The
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316 Adult patients were admitted with
different pathologies from neurosurgery
departement during the study period

71 Patients with histological di is of

glioma confirmed in the laboratory of

Exclusion criteria:

pathological anatomy

- Patients under 18 years of age.

32 Patients included in the
study

- Patients with low grade glioma,
- Patients with other brain tumours,
- Patients with brain metastases,

Inclusion criteria:
- Consenting patient
- 18 Years of age or older.

- Glioblastoma histologically confirmed,

22 Patients with glioblastoma

- Patients are taken care at Rabat Specialty Hospital,
- Patients treated at the National Institute of Oncology

in Rabat.
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Fig. 1. Flow chart recruitment of patients with glioblastoma and immunostaining by

HIF-1 o and HDI1.

blocking of endogenous peroxidase was done with 3% hydrogen
peroxide or with a blocking agent for 5 min.

3.3. Immunohistochemistry

The previously prepared sections were incubated with a primary
mouse monoclonal antibody anti-HIF-1a specific mouse monoclonal
(clone ESEE122, 1:1000 dilution, ph6) from Abcam, a mouse mono-
clonal anti IDH1R132H (clone H09, 1:40 dilution, ph6) from Dia Nova,
and a mouse monoclonal anti p53 (clone DO-7, pre-diluted ready to use,
ph6) from Dako. The sections were incubated with a secondary antibody
conjugated to biotin, and the third incubation with a tertiary antibody
conjugated to peroxidase. Each incubation lasted 30 min at room tem-
perature in a humid atmosphere, except for IDH1 sections which were
incubated overnight at a temperature of 4 °C. Between each incubation,
the slides are rinsed with PBS buffer and carefully wiped around the cut.
The developing system was used to visualise the immunoreaction is DAB
(3,3’ Diaminobenzidine Tetrahydrochloride Citrate Buffer Ph6) which
gives a brown stain. Observation of the slides after immunostaining was
carried out using the optical microscope.

3.4. Histological evaluation

It was performed on H&E (Hematoxylin Eosin) stained histological
sections, examined by a neuropathologist and confirmed as grade IV
glioblastoma according to the WHO 2016 classification.

3.5. Interpretation of immunostaining results

The immunoreactivity of HIF-1a was observed in the cytoplasm or
nucleus of the tumour cells in our series of glioblastomas. No immuno-
staining of HIF-1a was observed in the parenchyma or vascular cells of
normal cerebral tissue. The expression of HIF-1a was quantified under

an optical microscope (x100) by evaluating the percentage of stained
tissue surface area in relation to the total surface area of the sample.
Staining of HIF-1a with less than 10% was considered as negative/weak
staining, and more than 10% value was considered as a positive/strong
staining or overexpression of HIF-1a [23].

Immunoreactivity of IDH1 was observed in the nucleus and cyto-
plasm of glioblastoma tumour cells with strong perinuclear staining
(Fig. 2).

3.6. Ethical aspect

The protocol of this study was approved (File N° 27/16) and the
approbation was obtained from the Ethics Committee of the Faculty of
Medicine and Pharmacy, Mohammed V University of Rabat, Morocco.

Written informed consent was signed by all patients before the use of
their tissue samples and consultation of their medical records to retrieve
clinicopathological and radiological data.

This study is in accordance with the Reporting Recommendations for
Tumour Marker Prognostic Studies for biomarker assessment [24].

3.7. Statistical analysis

Comparison of the different prognostic and clinicopathological fac-
tors with the expression of biomarkers was done using the test of 2 and
the Fisher Exact test for a number <5.

Overall survival (OS) “survival at one year” was determined by
Kaplan-Meier (KM) method. OS is defined in our study as the time from
diagnosis to the date of last follow-up or death due to disease. Follow-up
was censored at one year.

Follow-up was performed every 3 months by consulting medical
records and by calling, adjuvant chemotherapy and radiotherapy were
fully discussed with patients before the start of treatment, and all pa-
tients had received adequate chemotherapy and radiotherapy according
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Fig. 2. Immunohistochemical expression of A) Hypoxia inducible factor-1 alpha (HIF-1a), B) HIF-1a in normal cerebral tissue, C) Isocitrate dehydrogenase 1 (IDH1),

Tumour protein p53.

to the treatment protocol.

Progression-free survival (PFS) has been defined as the time between
surgery and tumour progression on MRI, or the death of the patient due
to glioblastoma. To determine the difference in overall survival in our
study, based on biomarker expression, we used the Log Rank test. The
results were considered significant when p (degree of significance) is less
than 0.05, very significant when p < 0.01, and highly significant when p
< 0.001.

Univariate analysis using the Cox model was performed for all
prognostic factors studied, multivariate analysis using Cox regression
was performed for factors with p < 0.05 in the univariate analysis or
representing a prognostic interest, or which may be a confounding
factor.

4. Results

The 22 glioblastomas included in this study represent 6.96% of the
samples received from the Neurosurgery Department and analysed at
the Pathological Anatomy Laboratory. The majority of patients were
male (64% men vs 36% women) with a sex ratio of 1.75.

The average age was 54 & 13; 73% of the patients were older than 50
years. More than half of the patients (55%), had a KFS>70. Hyperten-
sion (HT) was noted in 14% of cases and 9% were diabetic. Smoking was
observed in 9% of the cases. The tumour location was frontal in 41%,
parietal in 23%, temporal in 18%, and multilobar in 18% of patients.
Biopsy, incomplete resection, and complete resection were observed in
41%, 41%, and 18% respectively.

Radiologically, infiltration of the corpus callosum was observed in
82% of patients and edema in 73%. Histological analysis showed mitotic
activity and necrosis in all patients, endotheliocapillary proliferation
was observed in 64% of cases, and cell density was high in 82%.

The description of the different prognostic and clinicopathological
factors is shown in Table 1. HIF-1a expression was positive in 10 patients
(45%) and negative in 12 patients (55%). IDH1 expression was positive

in 10 patients and negative in 12. The majority of samples expressing
HIF-1a (70%) had a negative expression of IDH1. The median follow-up
was 10.10 months and the median overall survival (OS) was 10 months.
A total of 13 (59.1%) patients had died and 9 (40.9%) survived with the
disease. The rate of OS after 6 months of diagnosis was 72.7%, but after
one year of follow-up, the number of survivors was less than 39.7%.

Fig. 3 illustrates the KM survival curves for age, KFS, corpus callosum
infiltration, HIF-1a, IDH1, p53, Radiotherapy, and Chemotherapy. The
OS of patients according to age groups showed that patients with age
<50 years have 100% survival at 6 months and one year, however,
patients with age >50 years have 60% survival at 6 months and 20% at
one year. The Log Rank test showed a statistically significant difference
with p = 0.019. OS in patients expressing mutant IDH1 status was high
at 6 months and one year, 90% and 70%, respectively. According to the
Log Rank test, this difference was very significant with p = 0.008.

Age, sex, KFS status, edema, corpus callosum infiltration, extent of
resection, cell density, endotheliocapillary proliferation, expression of
IDH1, HIF-1a, and p53 were all predictors of survival in the unadjusted
Cox analysis (Table 2).

Univariate Cox proportional hazard analysis showed that the mutant
IDH1 is a predictive factor with a hazard ratio (HR) of 0.21 (95% Con-
fidence Interval: 0.05-0.78, p = 0.020).

OS in patients with positive HIF-1a expression was shorter than those
with a negative one, 18% versus 65% at 12 months, respectively. The
log-Rank test did not give a statistically significant difference with p =
0.143. The HR of the HIF-1 alpha expression was 0.45 (95% CL:
0.14-1.40, p = 0.170) in the unadjusted Cox proportional risk analysis.

KFS status and chemotherapy were independent prognostic factors in
the KM survival analysis. Log Rank test showed that KFS was a highly
significant prognostic factor, p < 0.001. This significance was retained
in the Cox multivariable proportional hazard analysis with an HR of
15.70 (95% CI: 3.09-79.78, p = 0.001).

Categorical age (18-50 years, >50 years), corpus callosum infiltra-
tion, edema, and extent of resection were significant in the KM analysis
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Table 1
Immunohistochemical biomarker expression levels in 22 GBM patients histopathologically confirmed.
Prognostic Factor Number of IDH-1-R132 HIF-1-a p53
Patients n (%) ) . . ) . )
Negative n Positive n P-value n Positive n Negative n P-value n Positive n Negative n P-value n
(%) (%) (%) (%) (%) (%) (%) (%) (%)
Age 6 (27) 2(33) 4 (67) 0.229 3 (50) 3 (50) 0.583 2 (40) 3 (60) 0.363
18-50 Years 16 (73) 10 (63) 6 (37) 7 (44) 9 (56) 10 (67) 5(33)
>50 Years
Sex 14 (64) 3(38) 5 (62) 0.221 8(57) 6 (43) 0.165 5 (62) 3(38) 0.551
Male 8 (36) 9 (64) 5 (36) 2 (25) 6 (75) 7 (58) 5(42)
Female
Karnofsky 12 (55) 7 (88) 1(12) 0.026* 5 (63) 3(37) 0.546 5(71) 2(29) 0.663
Performance status 10 (45) 9 (64) 5 (36) 5 (36) 9 (64) 7 (54) 6 (46)
>70
<70
Extent of resection 9 (41) 6 (67) 3(33) 0.257 4 (44) 5 (56) 0.699 6 (67) 3(33) 0.413
Biopsy 9 (41) 5 (56) 4 (44) 4 (44 5 (56) 3(38) 5(62)
Sub-total 4 (18) 1(25) 3(75) 2 (50) 2 (50) 3(100) 0
Gross-total
Corpus collosum 18 (82) 10 (56) 8 (44) 0.632 9 (50) 9 (50) 0.368 9 (56) 7 (44) 0.624
infiltration 4 (18) 2 (50) 2 (50) 1(25) 3(75) 3 (75) 1(25)
Yes
No
Edema 16 (73) 7 (44) 9 (56) 0.119 6 (38) 10 (62) 0.229 8 (53) 7 (47) 0.267
Yes 6 (27) 5(83) 1(17) 4 (66) 2(34) 4 (80) 1(20)
No
Mitotic activity 22 (100) 12 (55) 10 (45) 10 (45) 12 (55) 12 (60) 8(40)
Yes 0 0 0 0 0 0 0
No
Endothelial-capillary 14 (64) 8 (57) 6 (43) 0.460 7 (50) 7 (50) 0.454 8 (67) 4(33) 0.449
proliferation 8 (36) 4 (50) 4 (50) 3(38) 5(62) 4 (50) 4 (50)
Yes
No
Necrosis 22 (100) 12 (55) 10 (45) 10 (45) 12 (55) 12 (60) 8 (40)
Yes 0 0 0 0 0
No
Cell Density 4(18) 2 (50) 2 (50) 0.632 2 (50) 2 (50) 0.632 2 (50) 2 (50) 0.574
Moderate 18 (82) 10 (56) 8 (44) 8 (44) 10 (56) 10 (62) 6 (38)
High
*p < 0.05.

HIF-1a: Hypoxia inducible factor-1 alpha, IDH1: Isocitrate dehydrogenase 1, TP53: Tumour protein p53.

but found to be not significant in the multivariate Cox proportional risk
analysis. Sex, risk factors, tumour location, and p53 expression had no
significant effect on OS.

OS in patients who received radiotherapy was high compared to
those who did not. Log Rank test showed a highly significant difference
p < 0.001.

However, patients who received chemotherapy concomitantly with
radiotherapy followed by adjuvant chemotherapy (6 cycles of temozo-
lomide every 28 days) had higher OS than patients who were treated
with radiotherapy alone. KM analysis and Log Rank test showed a sta-
tistically significant difference with p = 0.042. This difference was
maintained in the Cox multivariate analysis with an HR of 3.44 (95% CI:
1.03-11.48, p = 0.044).

We carried out a survival analysis to show whether there is a dif-
ference in the OS between the HIF-la and IDH1 expression groups
(Table 3): “HIF-1a positive IDH1 positive” (n = 3), “HIF-1a negative
IDH1positive” (n = 7), “HIF-1a positive IDH1negative” (n = 7), “HIF-1a
negative IDH1 negative” (n = 5).

In Fig. 4, KM analysis and Log Rank test showed that the “HIF-1a
negative HDI1 positive” group had a better OS than the other groups
(85% at 12 months), with a statistically significant difference p = 0.038.
Univariate unadjusted analysis showed that the “HIF-la positive
HDI1negative” group was a poor prognostic factor, with an HR of 0.08
(95% CI: 0.009-0.756, p = 0.027).

5. Discussion

Glioblastoma is the most aggressive brain tumour of the central
nervous system with a median survival of 14.7 months [25]. Despite the

fundamental knowledge about glioblastoma biology and the new gen-
eration of genetic sequencing “NGS”, these tumours are difficult to treat
because of their inter-tumoral and intra-tumoral heterogeneity.
Currently available treatments can only slow progression and reduce
clinical signs and symptoms [26-31].

In this study, we analysed the immunohistochemical expression of
IDH1, HIF-1a, and p53 and their impact on the overall survival pa-
rameters with a special focus on the correlation of the expression of
these biomarkers to the clinicopathological, radiological and therapeu-
tic data. This work reported the positive prognostic impact of the mutant
IDH1 status on the overall survival in the population at 6 months and 1
year, which confirms the important prognostic value of this biomarker
for the stratification of patients with glioblastoma. A high expression of
HIF-1a was associated with the extent of resection and corpus callosum
infiltration. However, the expression of HIF-1a was not associated with
IDH1, p53, age, sex, and tumour location. The KM analysis showed that
patients with negative expression of HIF-1a had better survival at 12
months compared to patients with positive expression. The Log Rank
test showed no statistically significant difference. Survival analysis
comparison between the different groups of patients according to HIF-1a
expression and IDH1mutated status showed that the “negative HIF-1a
and positive IDH1” group had an OS of 85% at 12 months, better than
the other groups. The group of patients with positive HIF-1a and nega-
tive IDH1 had a poor prognosis. These results indicate the importance of
HIF-1a, and IDH1 as potential prognostic markers in glioblastomas [25,
32] and as an important basis for developing personalized therapy [33].

Hypoxia and HIF-1la have been correlated with poor prognosis in
several cancers such as breast cancer [34], cervical cancer [35], ovarian
cancer [36], liver cancer [37], and in different patient populations. In
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our sample of Moroccan patients, positive expression of HIF-la was
associated with a poor prognosis, and the negative expression of HIF-1a
was associated with a better prognosis, 18% versus 65% survivors at one
year, suggesting that high expression of HIF-la may lead to
chemo-radioresistance and induce a poor response to conventional
glioblastoma treatments. Sheehan et al., have shown that small alter-
ations in O2 tension inside tumours may affect radiosensitivity [38].
Also, Zhao et al., have shown that high expression of HIF-1a in gliomas
and glioblastomas can contribute to poor prognosis, and the deactiva-
tion of HIF-1a inhibits proliferation, invasion, and migration of glio-
blastoma cells in vitro and in vivo [39]. The involvement of HIF-1« in the
resistance to conventional glioblastoma treatment is explained by the
mechanisms of adaptation to tumour hypoxia, generally dependent on
HIF-1a. These mechanisms induce the activation of genes involved in
tumour angiogenesis and the reduction of tumour cells’ sensitivity to
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Table 2
Kaplan-Meier and Cox proportional hazards analysis.
Prognostic Kaplan-Meier Unadjusted Cox Adjusted Cox
Factor _
Median OSp value  pvalue HR (95% CI)  p value HR (95%
Log Rank CDh

Age

18-50 Years 14.1 0.013 R

>50 Years 7.6 0.054 7.52 0.296 3.39
(0.96-58.65) (0.34-33.48)

Karnofsky Performance status

>70 4.8 < 0.001 R

<70 11.9 <0.001 13.98 0.001 15.70
(3.42-57.07) (3.09-79.78)

Edema

No 9.3 0.027 R

Yes 9.4 0.474 1.50 0.898 1.09
(0.48-4.65) (0.27-4.38)

Cell Density

Moderate 10.3 0.492 R

High 11.2 0.277 3.10 0.276 3.12
(0.40-23.94) (0.40-2.58)

IDH1 (R132H)

Negative 12.7 0.013 R

Positive 6.6 0,020 0.21 0.103 0.24
(0.05-0.78) (0.04-1.32)

HIF-1 o

Expression

Negative 10.3 0.15 R

Positive 8.2 0,170 0.45 0.8231.17
(0.14-1.40) (0.29-4.68)

Chemotherapy

Received 12.4 0.039 R

Not Received 6.8 0.062 0.32 0.044 3.44
(0.09-1.05) (1.03-11.48)

R: reference, HR: Hazard Ratio.

Table 3

Kaplan-Meier and Cox proportional hazards analysis of association between IHC
expression of HIF-la and IDH1. Adjusted for Age-categorical, cell density,
chemotherapy and KFS.

Prognostic Factor HIF-1a vs Unadjusted Cox Adjusted Cox

IDH1 P value HR (95% CI) P value HR (95% CI)
HIF-1a positive vs IDH1 0.148 0.134
positive
HIF-1a negative vs IDH1 0.412 0.49 (0.08-2.69) 0.615 0.45 (0.02-9.59)
positive
HIF-1a positive vs IDH1 0.027 0.08 0.37 0.009
negative (0.009-0.756) (<0.001-0.74)
HIF-1a negative vs IDH1 0.762 0.82(0.22-2.94) 0.236 0.34 (0.05-2.00)
positive

cytotoxic effectors [40,41].

The immunotherapy approach is unlikely to be effective because of
the molecular heterogeneity of glioblastomas and the involvement of
several pathways under the control of HIF-1a in the maintenance, pro-
gression, and resistance of these tumours. Promising perspectives
include the combination of HIF-1a inhibitors with new approaches to
immunotherapy, in addition to the standard treatment, for a better effect
on tumour treatment, quality of life and overall survival [42,43].

In tumours, hypoxic areas are often correlated with overexpression
of the mutant protein p53. The expression levels of p53 protein and HIF-
la in tumours (in vivo) can be used to discriminate between different
prognostic subgroups. Several studies have shown that the immuno-
histological detection of functionally inactive p53 and the presence of
hypoxia have no prognostic impact if analysed as single parameters, but
the combination of the two parameters indicates an aggressive pheno-
type with an unfavourable prognosis in various types of cancers [13,44].

Inactivation of IDH1 decreases glioblastoma cell growth and pro-
motes a more differentiated tumour cell state, increasing apoptosis in
response to targeted therapies and prolonging the survival of animals
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HIF-1alpha and IDH1 association
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with patient-derived xenografts [45].

Radiotherapy and chemotherapy treatments cause oxidative stress to
the tumour cell, and the IDH1 protein expressed by the non-mutated
gene protects the cell from the stress of aggressive treatment. The pos-
itive regulation of IDH1 (IDH1 wild-type) represents a metabolic
adaptation that ensures macromolecular synthesis, aggressive growth,
and therapeutic resistance [45-47]. In addition, Shimin et al. have
shown that mutations in IDH1 alter the affinity of the enzyme for its
substrate and dominantly inhibit the activity of wild-type IDH1 by the
formation of catalytically inactive heterodimers. Forced expression of
mutant IDH1 in cultured cells reduces the formation of the enzyme
product o-ketoglutarate (a-KG), and increases the expression levels of
HIF-1a which is stabilised by o-KG. This increase has been reversible.
Expression levels of HIF-1o were higher in human gliomas with an IDH1
mutation than in tumours without a mutation. They showed that the
IDH1 mutation in gliomas was correlated with overexpression of HIF-1a
[48], which suggests that the mutant IDH1 status contributes to
tumorigenesis, partly through induction of the HIF-1a pathway [47].

The main strength of our work is that it is a clinical study directly
correlating negative HIF-la and positive IDH1 immunohistochemical
expression with OS in a group of patients with glioblastomas. This study
had several limitations, the sample size was limited by the duration of
the study, lack of resources to look for the methylation status of the
MGMT promoter, which is a prognostic factor in glioblastomas in elderly
subjects. The IDH1 mutation could not be sought by molecular
sequencing. The findings of this study need to be confirmed in a larger
sample.

6. Conclusion

The expression of HIF-1a is an indicator of intra-tumoral hypoxia,
which plays a crucial role in the initiation, progression, and resistance to
treatment. A high expression of HIF-1a is associated with a poor prog-
nosis in several cancers including glioblastomas. Patients with negative
or weak expression of HIF-1a and mutated IDH1 have a better prognosis,
which allows them to be useful prognostic biomarkers in the search for
new approaches to target glioblastomas.
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