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Abstract

Glioblastoma multiforme is a highly malignant and aggressive primary brain tumor with a dismal
prognosis. We studied the association of immunohistochemical expression of hypoxia inducible
factor-1 alpha (HIF-10), telomerase reverse transcriptase (TERT), isocitrate dehydrogenase |1
(IDHT) and tumor protein p53 with overall survival (OS) in glioblastoma patients uniformly treated
by standard of care, with adequate follow-up. In 87 patient samples studied, 59 were male and 28
were female. The median age was 55 years. The median follow-up was 27.7 months and the median
overall survival was 14.9 months. Nuclear staining of HIF-1a was expressed in all samples and scored
as strong in 42 (48%) and weak in 45 (52%). Multivariable Cox regression revealed strong HIF-1a
expression as an independent poor prognostic factor (Hazard Ratio 2.12, 95% CI 1.20 - 3.74, P =
0.01). There was a statistically significant difference in OS (9.8 months vs. 16.3 months) between the
“HIF-1a —strong and TERT —strong” and the “HIF-1a — weak and TERT — weak” patient subgroups,
as evaluated by Kaplan-Meier analysis (P = 0.005). In our study, HIF-1a expression was an
independent predictor of OS. The subgroup of patients with strong expression of both HIF-1a and
TERT had the poorest prognosis.
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Introduction

Tumour hypoxia plays a critical role in cancer
metabolism  triggering cancer aggressiveness,
invasiveness and treatment resistance resulting in
poor survival. Both normal and tumour cells respond
to hypoxia by regulating the hypoxia inducible factor
(HIF) family of transcription factors. In hypoxic
conditions, both HIF-la and HIF-2a proteins
accumulate rapidly in the nucleus and disappear on
re-oxygenation. HIF-1a activity is determined by its
expression and is inversely proportional to the
intracellular oxygen concentration [1]. It is maintained
at low levels under normoxic conditions due to

continuous degradation via the ubiquitin-dependent
proteasome pathway. Hypoxia via von Hippel-
Lindau protein inhibits this pathway and leads to
overexpression of HIF-la protein levels. HIF-la
activates varied genes involved in glycolysis and
angiogenesis like VEGF, glucose transporters, Insulin
like growth factor 2 (IGF2) and IGF binding proteins
1,2 and 3 [2,3]. These genes synthesize proteins, which
increase intracellular oxygen availability, or allow
metabolic adaptation to hypoxia when HIF-la is
overexpressed [4].

Telomerase activity (TA) has been implicated in
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the tumorigenesis of many tumours including glioma.
In normal somatic cells, telomeres progressively
shorten with each cell division until it reaches a
critical limit, ultimately triggering a DNA damage
response leading to senescence or apoptotic cell death.
Most human cancers adapt a telomere maintenance
mechanism by the overexpression of telomerase while
others may use alternative lengthening of telomeres
(ALT). The telomerase complex consists of telomerase
RNA component (TERC); a catalytic subunit called
human telomerase reverse transcriptase (hTERT) and
associated protein (hTP1). TERT expression is one of
the critical determinants of TA. Promoter mutations in
Telomerase reverse transcriptase (TERT) gene at
specific hotspots (p. C228T and p. C250T) causes
telomerase overexpression observed in nearly 80% of
adult glioblastomas and is associated with poor
prognosis [5,6]. Meta-analysis of 28 studies of IDH
and TERT mutations in 11,519 low-grade glioma
patients showed that TERT promoter mutations were
associated with a poor progression free survival (PFS)
and overall survival (OS) but dependent on tumour
grade and IDH mutation status [7]. We studied the
expression levels of IDH1, HIF-1a, TERT and p53 in
human glioblastomas and their association with OS.

Methods

We examined formalin-fixed paraffin embedded
(FFPE) tumour tissue sections from 87 patients
diagnosed with GBM treated between June 2008 to
January 2016 with the aim of studying immunohisto-
chemical (IHC) expression of IDH1 (R132H), HIF-1a
protein, TERT and p53 and their impact on OS.
Inclusion criteria were patients age > 18 years of age,
80-90 % viable tumor specimen in the paraffin block
with more than 1 cm? tissue by light microscope
examination of haematoxylin and eosin (H & E)
stained sections, availability of complete clinical data
and adequate follow-up. All patients were treated
with maximal safe surgical resection, adjuvant
radiotherapy and temozolomide followed by 6 cycles
of maintenance temozolomide. The study was carried
out after approval from the Institutional ethics board.
All relevant clinico-pathological information was
obtained from the medical records. OS was defined as
the time interval between surgery and death (because
of any cause) or the date of last follow-up.

IHC expression was evaluated as immunoreac-
tivity score (IRS) and is calculated from the
percentage of stained cells and signal intensity using
semi-quantitative microscopic analysis. Two spots
were evaluated for each sample and a mean score was
calculated. Staining was scored as 1 when < 10% of
cells were positive; 2 when 10-50% of cells were
positive and 3 when = 50% of cells were positive.

Signal intensity was scored as negative (0), weak (1),
moderate (2) and strong (3). IRS score was categorised
as negative (0), weak (1 - 6) and strong (> 6).

Serial sections of 3 microns were cut from each
paraffin block, one of which was stained with H & E
for histological assessment. For antibody validation,
eight patient samples were studied. Two specimens
each from IRS score 1-3, 4-6, 7-9 and 10-12 were
analysed on samples obtained from the same block
with two different antibodies. The first set of anti-
bodies for IHC staining of the four biomarkers were
HIF-1a (rabbit polyclonal, PA1-16601, Thermofisher),
p53 (mouse cocktail, MAS5-14067, Thermofisher),
TERT mouse monoclonal, MA5-16033, Thermofisher)
& IDH1-R132H (mouse monoclonal, DIA-H09, Dia-
nova). The alternate antibodies were TERT - ab183105
(rabbit polyclonal, Abcam), HIF-1a - ab51608 (rabbit
monoclonal, Abcam), IDH1-R132H - SAB4200548
(mouse monoclonal, Sigma-Aldrich) and p53 - ab1314
42 (rabbit polyclonal, Abcam). There was more than
90% concordance in the IRS scores between the anti-
bodies. Hence, the first set of antibodies were used in
the final analysis of the all the specimens. Previously
confirmed p53-positive and HIF-la-positive breast
cancer tissue was used as positive control for p53 and
HIF-1la. Previously confirmed TERT-positive liver
cancer tissue was used as positive control for TERT.
Negative controls were performed with phosphate
buffered saline instead of primary antibody.

Sections were immunohistochemically stained
for HIF-1a using the catalysed signal amplification
system (Dako, Carpinteria, CA) based on a
streptavidin-biotin-horseradish ~ peroxidase (HRP)
complex, employing rabbit polyclonal antibody
against HIF-1a protein. After de-paraffinization and
rehydration, slides were treated with target retrieval
solution (CC1, pH 8.0) at 97°C for 45 minutes, and
then manufacturer’s instructions were followed.
Nuclei were lightly counterstained with haematoxy-
lin. The polyclonal antibody against HIF-la was
diluted to 1:50. Autoclave pre-treatment in 0.1M
citrate buffer, pH 6.0, was performed for 10 minutes at
105°C. Automated immunohistochemistry analysis
was performed on a VENTANA BENCHMARK XT
(Ventana-BioTek Solutions, Inc., Tucson, AZ). Two
independent experienced neuropathologists who
were blinded to the specific diagnosis and prognosis
for each individual case scored the IHC sample. For
HIF-1a, cytoplasmic staining was ignored, as it is
located only in the nucleus.

A statistical analysis was conducted using SPSS
17.0 software (SPSS, Chicago, IL, USA). Kaplan-Meier
(KM) method was used to derive OS curves.
Comparisons between survival curves were assessed
using log-rank (LR) test. Univariate and multivariable
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analysis of the clinico-pathological parameters were
performed using the Cox proportional hazards
analysis. Chi-squared test was used to analyse the
associations between HIF-1a and clinico-pathological
variables. Differences were considered significant at P
<0.05.

Results

It was possible to evaluate the IHC tumour
specific IDH1, HIF-1a, TERT and p53 expression in all
the 87 specimens. Their distribution across various
clinical subgroups is given in Table 1. Nuclear
staining of HIF-la expressed in all samples was
scored as strong in 42 (48%) and weak in 45 (52%).
Staining was seen predominantly in the perinecrotic
tumour regions as shown in Figure 1 There were 52
(60%) patients with strong expression of TERT and in
35 (40%) patients it was absent/weakly expressed.
There were 8 samples expressing IDH1 (R132H)
mutant status and 79 were IDH1 wildtype. There was
a high degree of concordance in the IHC interpreta-
tion between the investigators in 81 samples. In the
remaining 6, a new sample was prepared from a
different paraffin block and re-evaluated to reach a
consensus.

The median age was 55 years [Inter-quartile
range- 22 years]. The median follow-up was 27.7
months and the median OS was 14.9 months. 70

(80.5%) patients died and 17 (19.5%) patients are alive
with disease. No patients were lost to follow-up.
Figure 2 summarizes the KM survival curves for age,
edema, KPS, extent of resection, corpus callosum
infiltration, p53, HIF-1a and TERT expression. The OS
of patients showing strong expression of HIF-1a was
significantly shorter than that of patients with
tumours that stained weakly for HIF-1a, 11.3 months
vs. 16.1 months respectively (P = 0.003) as evaluated
by KM analysis. Age, KPS, extent of resection, edema,
IDH1, HIF-1a, TERT expression and corpus callosum
infiltration were all predictors for survival in
unadjusted cox analysis (Table 2). Univariate cox
proportional hazards analysis of HIF-1la expression
gave a hazard ratio (HR) of 2.02 (95% Confidence
Interval: 1.25 - 3.25, P = 0.004). Strong expression of
HIF-1a as an independent adverse prognostic factor
was maintained in multivariable analysis using cox
proportional hazards model with a HR of 2.12 (95%
CI: 1.20 - 3.74, P = 0.010). The OS of patients when
TERT was absent or weakly expressed was
significantly higher than tumours strongly expressing
TERT, 15.3 months vs. 13.2 months respectively (P =
0.035) as evaluated by KM analysis. The HR for TERT
expression was 1.69 (95% CI: 1.03 - 2.79, P = 0.038) in
unadjusted Cox proportional hazards analysis.
However, in adjusted analysis the HR was 1.65 (95%
CI: 0.94 - 2.89, P = 0.082).

Antigen Primary AB: Cat. No, RRID, Dilution Supplier 15,;‘3‘;‘:]‘13
IDH1-R132H | DIA-H09, mouse monoclonal, AB_2335716, 1:50 Dianova Cytoplasmic
HIF-1a PA1-16601, rabbit polyclonal, AB_2117128, 1:50 Thermofisher | Nuclear
TERT MAS3-16033, mouse monoclonal, AB_11153520, 1:50 | Thermofisher | Nuclear

P33 MA35-14067, mouse monoclonal, AB_ 10981528, 1:50 | Thermofisher | Nuclear
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Figure 1. Immmunohistochemical expression of A) Isocitrate dehydrogenase 1 (IDHT), B) Tumor protein p53, C) Hypoxia inducible factor-1 alpha (HIF-1ca) and D)

Telomerase reverse transcriptase (TERT)
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Figure 2. Kaplan-Meier survival curves of different prognostic factor: A — Age-categorical, B — Edema, C — Karnofsky Performance Status (KPS), D — Extent of
resection, E — Corpus callosum involvement, F — IHC expression of P53, G — IHC expression of HIF-1alpha, H — IHC expression of TERT.
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Table 1. Biomarker expression levels of 87 newly diagnosed histopathologically confirmed GBM patients
Prognostic Factor Number of IDH1-R132H HIF-1a TERT P53

Patients Wildtype  Mutant Weak Strong Weak Strong Weak Strong

(IRS < 6) (IRS7-12)  (IRS<6) (IRS 7-12) (IRS < 6) (IRS 7-12)

Age
18 - 54 Years 41 (47%) 36(88%) 5 (12%) 24 (58%) 17 (42%) 18 (44%) 23 (56%) 33 (80%) 8 (20%)
>= 55 Years 46 (53%) 43 (04%)  3(6%) 21 (46%) 25 (54%) 17 (37%) 29 (63%) 40 (87%) 6 (13%)
Sex
Male 59 (68%) 54 (91%)  5(9%) 28 (48%) 31 (52%) 24 (41%) 35 (59%) 48 (81%) 11 (19%)
Female 28 (32%) 25(89%) 3 (11%) 17 (61%) 11 (39%) 11 (39%) 17 (61%) 25 (89%) 3(11%)
Karnofsky Performance Score
>=80 26 (30%) 285%) 4 (15%) 18 (69%) 8 (31%) 12 (46%) 14 (54%) 25 (96%) 1(4%)
>= 60 & <80 30 (34%) 27 (90%) 3 (10%) 13 (43%) 17 (57%) 12 (40%) 18 (60%) 21 (70%) 9 (30%)
>=40 & <60 31 (36%) 30(97%)  1(3%) 14 (45%) 17 (55%) 11 (36%) 20 (64%) 27 (87%) 4(13%)
Diabetes
No 65 (75%) 58(89%) 7 (11%) 33 (51%) 32 (49%) 26 (40%) 39 (60%) 51 (79%) 14 21%)
Yes 22 (25%) 21(95%)  1(5%) 11 (50%) 11 (50%) 9 (41%) 13 (59%) 2(100%)  0(0%)
Hypertension
No 62 (71%) 56 (90%) 6 (10%) 31 (50%) 31 (50%) 24 (39%) 38 (61%) 49 (79%) 13 (21%)
Yes 25 (29%) 23(92%)  2(8%) 13 (52%) 12 (48%) 11 (44%) 14 (56%) 24 (96%) 1(4%)
Anemia
No 52 (60%) 46 (88%) 6 (12%) 24 (46%) 28 (54%) 23 (44%) 29 (56%) 42 (81%) 10 (19%)
Yes 35 (40%) 33 (94%)  2(6%) 20 (57%) 15 (43%) 12 (34%) 23 (66%) 31 (89%) 4(11%)
Edema
Moderate 48 (55%) 45 (04%)  3(6%) 27 (56%) 21 (44%) 19 (40%) 28 (60%) 40 (85%) 7 (15%)
Extensive 39 (45%) 34(87%) 5 (13%) 18 (46%) 21 (54%) 16 (40%) 24 (60%) 33 (82%) 7 (18%)
Extent of Resection
Biopsy 14 (16%) 13(93%)  1(7%) 3 (21%) 11 (79%) 2 (14%) 12 (86%) 12 (86%) 2 (14%)
Sub-total 35 (40%) 3497%)  1(3%) 20 (57%) 15 (43%) 16 (46%) 19 (54%) 30 (86%) 5 (14%)
Gross-total 38 (44%) 32(84%) 6 (16%) 22 (58%) 16 (42%) 17 (45%) 21 (55%) 31 (82%) 7 (18%)
Corpus callosum infiltration
No 64 (74%) 56 (87%) 8 (13%) 39 (61%) 25 (39%) 30 (47%) 34 (53%) 54 (84%) 10 (16%)
Yes 23 (26%) 23(100%) 0 (0%) 6 (26%) 17 (74%) 5 (22%) 18 (78%) 19 (83%) 4(17%)

HIF-1a: Hypoxia inducible factor-1 alpha, IDH1: Isocitrate deydrogenase 1, TERT: Telomerase reverse transcriptase, TP53: Tumor protein p53

There were 79 patients with wild type IDH1 and
8 patients had IDH1 (R132H) mutation. The OS of
IDH1 mutant patients was significantly higher than
wild type IDH1 patients, 25.3 months vs. 13.6 months
by KM analysis (P = 0.04). The HR for IDHI1
expression was 0.40 (95% CI: 0.16 - 0.99, P = 0.048) in
unadjusted Cox proportional hazards analysis. How-
ever, multivariable Cox proportional hazards analysis
showed IDH1 was not an independent prognostic
factor in our sample. The radiological edema was
evaluated prior to surgery using baseline MRI. Edema
extending < lem from tumour margin was defined as
moderate and edema extending for > lcm from
tumour margin was defined as extensive. The OS in
patients with moderate and extensive edema was 16.1
months and 11.4 months respectively by KM analysis
(P < 0.001). Univariate Cox proportional hazards
analysis evaluated extent of edema as a prognostic
variable with a HR of 2.75 (95% CI: 1.62 - 4.66, P <
0.001). This significance was retained in multivariable
Cox proportional hazards analysis with a HR of 2.46
(95% CI: 1.34 - 4.53, P = 0.004). KPS and extent of
surgical resection were also independent prognostic
factors in KM and multivariable Cox proportional
hazards analysis. Infiltration of tumour into corpus
callosum, TERT expression, age-categorized (18-54
years, > 55 years) were significant in KM analysis but

not significant in multivariable Cox proportional
hazards analysis. Sex, diabetes, hypertension and p53
expression had no significant effect on OS.

Survival analysis of HIF-1la expression against
various subgroups of prognostic factors was studied
using unadjusted Cox proportional hazards and the
same has been represented in a Forest plot (Table 3).
Chi-squared test of association to check for interaction
of HIF-la against the prognostic factors was
significant for extent of resection, corpus callosum
infiltration and TERT expression only. Chi squared
test of association showed correlation between the
presence of HIF-1a protein and expression of TERT (P
= 0.032). A Kruskal-Wallis H test was conducted to
determine if there were differences in OS between
groups that differed in their biomarker expression:
“HIF-1a - weak & TERT - weak” expression (n = 23),
“HIF-1a - weak & TERT - strong” expression (n = 21),
“HIF-1a - strong & TERT - weak” expression (n = 12)
and “HIF-1a - strong & TERT - strong” expression (n
= 31) groups (Figure 3). The mean ranks of OS were
statistically ~significantly different between the
groups, x2(3) = 10.263, P = 0.016. Subsequently,
pairwise comparisons were performed using Dunn’s
(1964) procedure with a Bonferroni correction for
multiple comparisons. Statistical significance was
accepted at P < 0.0083. This posthoc analysis revealed

http://lwww.jcancer.org



Journal of Cancer 2019, Vol. 10

2402

statistically significant difference in OS between the
“HIF-1a - strong & TERT - strong” expression and
“HIF-1a - weak & TERT - weak” expression groups
only (P = 0.005). There was no difference in OS in any
other group combination.

Discussion

Glioblastoma has a dismal prognosis with a
median overall survival of 14.7 months. Genetic
sequencing of this tumour has not provided a reliable
marker to target owing to its intratumoral and
inter-tumoral heterogeneity. In our study, we
analysed the IHC expression of IDH1, HIF-1a, TERT
and p53 to study their impact on OS and their
correlation with clinico-pathological and radiological
features. We confirmed the negative prognostic
impact of strong expression of HIF-la on OS of
patients (11.3 months vs. 16.1 months, P = 0.003).
Strong expression of HIF-la was associated with
TERT expression, type of surgery and involvement of
corpus callosum but not with IDH1, P53, age and
gender. KM analysis showed patients with weak
expression of both HIF-la and TERT had the best
prognosis of 16.3 months while patients with strong

expression of both HIF-1la and TERT had the worst
prognosis of 9.8 months (P = 0.005 by LR). Our results
indicate the significance of HIF-la and TERT as
potential prognostic markers in glioblastoma and
provide a scope for targeted therapy in selected
patients using HIF-1a and TERT inhibitors.

There are various factors responsible for
treatment resistance in glioblastomas (Table 4) [8-15].
Hypoxia has been correlated with poor prognosis in
cervical cancers, head & neck cancers, soft tissue
sarcomas, hepatocellular, gastric and invasive breast
cancer [16-21]. In our patient population, mainly from
Southeast Asia, strong HIF-la expression was
associated with a poor prognosis of 11.3 months and
weak HIF-1a expression with 16.1 months suggesting
strong HIF-la expression may lead to chemo-
radioresistance and poor outcomes. Hypoxia has also
been documented in malignant gliomas [22]. Vaupel
et al reported that even small alterations in oxygen
tension in tumours could change the radiosensitivity
[23]. Many gliomas including glioblastomas over-
express HIF-la possibly contributing to the poor
prognosis [24].

HIF1-alpha and TERT association

759

_|P=0005

Percentage survival
=

257

— HIF 1o weak TERT weak

--i7% HIFla weak TERT stiong
— HIFla strong TERT weak

— 1 HIFle strong TERT stiong

Overall survival in months

Number of patients at risk

HIF-10 weak & TERT weak 23 23 20 9 4 3
HIF-1a weak & TERT strong 22 21 14 5 2 1
HIF-1a strong & TERT weak 12 12 6 3 2 2
:—::OFI;L, a strong & TERT 30 57 10 5 1 0
UNADJUSTED COX ADJUSTED COX*
PROGNOSTIC FACTOR e HAZARD RATIO S— HAZARD RATIO
(95% CT) (95% C1)
HIF1-a vs TERT
HIF 1-0. weak & TERT weak 0.007 0.003
HIF1-o weak & TERT strong 0.572 1.23 (0.60 - 2.50) 0.051 2.15 (1.00 - 4.64)
HIF1-a strong & TERT weak 0.331 1.47 (0.68 - 3.17) 0.018 3.05 (1.21 - 7.70)
HIF1-o strong & TERT strong 0.001 2.73 (147 - 5.07) 0.000 3.67 (1.83 - 7.38)

Figure 3. Kaplan-Meier and Cox proportional hazards analysis of association between IHC expression of HIFI-alpha and TERT. *Adjusted for Age-categorical, KPS,

extent of resection, edema, corpus callosum infiltration & IDHI.
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Table 2. Kalplan-Meier and Cox proportional hazards analysis

Prognostic Factor Kaplan-Meier Unadjusted Cox Adjusted Cox
Median OS P Value By Log Rank P Value Hazard Ratio (95% CI) P Value Hazard Ratio (95% CI)
Age
*18 - 54 Years 16.1 0.039 0.041 1.64 (1.02-2.65) 0.569 0.85 (0.47 - 1.51)
>=55 Years 124
Sex
*Male 13.7 0.755
Female 16.1
Karnofsky Performance Status <0.001 <0.001
*>=80 214 <0.001
>=60 & < 80 152 0.002 2.71 (142-517) 0.173 1.64 (0.81 -3.34)
>=40 & <60 10.3 <0.001 6.96 (3.49 - 13.87) <0.001 4.84 (2.24 - 10.45)
Diabetes
No 151 0.892
Yes 124
Hypertension
*No 151 0.874
Yes 14.5
Edema
Moderate 16.1 <0.001 <0.001 2.75 (1.62 - 4.66) 0.004 2.46 (1.34 - 4.53)
Extensive 114
Extent of Resection <0.001 0.016
*Biopsy 8.5 <0.001
Sub-total 114 0.027 0.46 (0.24 - 0.91) 0.826 0.92 (0.43 - 1.96)
Gross-total 16.5 <0.001 0.20 (0.10 - 0.41) 0.024 0.41 (0.19 - 0.89)
Corpus callosum infiltration
No 15.2 0.018 0.021 1.86 (1.10 - 3.16) 0.911 0.96 (0.50 - 1.87)
Yes 10.9
IDH1 (R132H)
*Wildtype 13.6 0.040 0.048 0.40 (0.16 - 0.99) 0.127 0.47 (0.18 - 1.24)
Mutant 253
HIF-1 a Expression
*Weak (IRS 1-6) 16.1 0.003 0.004 2.02 (1.25-3.25) 0.010 2.12 (1.20 - 3.74)
Strong (IRS 7-12) 113
TERT Expression
*Weak (IRS 1-6) 15.3 0.035 0.038 1.69 (1.03 - 2.79) 0.082 1.65 (0.94 - 2.89)
Strong (IRS 7-12) 13.2
TP53 Expression
*Weak (IRS 1-6) 14.7 0.657 0.659 1.15 (0.61 - 2.16)
Strong (IRS 7-12) 15.1

*Referent category. HIF-1a: Hypoxia inducible factor-1 alpha, IDH1: Isocitrate deydrogenase 1, TERT: Telomerase reverse transcriptase, TP53: Tumor protein p53

Detecting hypoxia and strategies to overcome it
have been attempted with conflicting results.
Silencing HIF-1a inhibits proliferation, invasion and
migration of glioblastoma cells in vitro and in vivo
[25,26]. Treatment modalities targeting hypoxia may
improve therapeutic responses by acting as either
radio/chemo sensitizer. Most of the solid tumours
have a hypoxic microenvironment that can affect
cell-mediated immunity resulting in ineffective
immune response against the tumour or lead to
immune suppression. The reasons for resistance to
immunotherapy are varied. Intratumoral hypoxia
induces excessive autophagy in cancer cells
hampering natural killer (NK) cell mediated cytolysis.
This leads to selective degradation of cytolytic
effectors perforin and granzyme B making hypoxic
tumour cells resistant to this mode of cell killing. The
promise of immune checkpoint inhibitors too in
preclinical studies has not been successful in clinical
trials. It is unlikely that immunotherapy approach by

itself will be effective because of the molecular
heterogeneity of the tumour and involvement of
multiple pathways in the maintenance and
progression of this tumour. HIF-1a inhibitors with
newer immunotherapy approaches supplementing
the standard treatment of maximal safe resection,
radiotherapy and temozolomide may stand a better
chance of improving outcomes.

Telomere dysfunction and upregulation of TA
have been implicated as a critical factor in
carcinogenesis by maintaining the telomeres at the
end of chromosomes and making them immortal [27,
28]. TERT promoter mutation has been shown to
promote hTERT gene expression selectively in tumour
cells with more than 90% human cancers displaying
high level of TA, whereas the other subunits are
expressed both in normal and cancer cells [29, 20].
Studies have shown IHC evaluation of TERT as a
reliable representation of TA and function in cancer
cells. Also, the nuclear overexpression of TERT has
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been associated with step-wise disease progression in
breast cancer and with poor OS in Lung cancer,
urothelial bladder cancer and head and mneck
squamous cell carcinoma [31-33]. The OS of GBM
patients with absent or weak expression of TERT was
significantly higher than patients with strong
expression of TERT, 15.3 months vs. 13.2 months

respectively (P = 0.035) as evaluated by KM analysis.
Spiegl-Kreinecker et al in his study on the prognostic
potential of genomic alterations on telomerase
activation in 126 glioblastoma patients showed TERT
promoter mutation was associated with significantly
shorter OS [35].

Table 3. Forest-plot of patients categorised under subgroups of prognostic factors against HIF-1a expression using Cox proportional

hazards.

Prognostic Factor Events*/Number of patients (%) Estimated mortality at Unadjusted Cox Hazard Ratio (95% CI) P value for
HIF-la Weak HIF-1a Strong median follow-up of 27.7 interaction
(IRS < 6) (IRS 7-12) months (%)

Age —— 0.230

18 - 54 Years 15/24 (63) 17/17 (100) 812 “+o—

>= 55 Years 16/21 (76) 22/25 (88) 864

Sex —o— 0.248

Male 18/28 (64) 29/31 (94) 815 -

Female 13/17 (77) 10/11 (91) 8838 o

Karnofsky performance status —t— 0.102

>= 80 9/18 (50) 8/8 (100) 58.1 ——

>= 60 and < 80 10/13 (76) 15/17 (88) 95.1

>=40 and < 60 12/14 (86) 16/17 (94) 100.0 —o—

Edema ™ 0.247

Moderate 17/27 (63) 19/21 (90) 729 ‘+—

Extensive 14/18 (78) 20/21 (95) 100.0 | o—

Resection -+ 0.046

Biopsy 1/3 (33) 11/11 (100) 100.0

Sub-total 14/20 (70) 12/15 (80) 88.4 ——

Gross-total 15/22 (68) 16/16 (100) 752 N

Corpus callosum —o— 0.004

No infiltration 26/39 (67) 24/25 (96) 81.6 — e

Infiltrated 5/6(83) 15/17 (88) 921

IDH-1 -T0— 0.522

Wildtype 29/40 (72) 36/39 (92) 865 —o—

Mutant (R132H) 2/5 (40) 3/3 (100) 543

TERT +. 0.032

Weak IRS< 6 17/23 (74) 11/12 (92) 73.8 -«— = >

Strong 7-12 14/22 (64) 28/30 (93) 927 ! ! 10 100

TP53 HIF1-0 strong has HIF1-0 weak has 0.469

Weak IRS < 6 27/39 (69) 31/34 (91) 82.1 better prognosis better prognosis

Strong 7-12 4/6 (67) 8/8 (100) 100.0

*Event is death. HIF-1a: Hypoxia inducible factor-1 alpha, IDHI: Isocitrate deydrogenase 1, TERT: Telomerase reverse transcriptase, TP53: Tumor protein p53

Table 4. Causes of treatment failure in glioblastoma

SL.No. Cause of treatment resistance Biomarkers

Treatment strategy

Challenges

Hyperbaric Oxygen, Allosteric hemoglobin
modifiers, hypoxia activated prodrugs &

limited efficacy, side effects including
seizures, chemo-radioresistance

Flurocarbons [8]

1 Tumor hypoxia HIF-1a, HIF-2a

2 Telomere dysfunction TERC, TERT, TA

3 Immunosuppressive GBM CD19, EGFRVIII, HER2, IL-13  Car T-cell therapy [11]
microenvironment Ra2

CTLA4, PDL1, PD1

Telomerase inhibitor (Imetelstat) [9,10]

chemo-radioresistance
Immunosuppressive effects of RT,
TMZ and corticosteroids

Blockade checpoint inhibitors (Ex: PD1

checkpoint blockade), Vaccines, Adoptive cell
transfer, Oncolytic viruses [12]

Tumor heterogeneity EGFRVIII, SOX2, Olig2, MET,

PDGFRA

4 Tumor microtubules Cx43, GAP-43, STMN1

@1

Inherent radioresistance

6 Conventional fraction in RT HIF-1a

Targeted therapy [13]

Anti-microtubule activity drugs [14]
MGMT promoter methylation Radiosensitizers (Ex: TMZ)

Altered fractionation, Simultaneous integrated
boost-RT

Identify and target all clonal
sub-populations

Development of drug resistance
Unmethylated MGMT in GBM
Microvascular damage, decreased
vascular endothelial apoptosis [15]

IL-13 Ra2: Interleukin-13 Receptor alpha 2; CTLA4: Cytotoxic T-Lymphocyte Associated Protein 4; PDL1: Programmed cell death ligand 1; PD1: Programmed cell death
protein-1; Sox2: (sex determining region Y)-box 2; Olig2: Oligodendrocyte Transcription Factor 2; MET: MET Proto-Oncogene; PDGFRA: Platelet Derived Growth Factor
Receptor Alpha; Cx43: Connexin 43; GAP-43: Gap associated protein 43; STMN1: Stathmin 1
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Hirotaka et al studies on human placenta have
shown HIF-1a induces h'TERT promoter activity and
enhances endogenous TERT expression under
hypoxic conditions [36]. Glioblastomas are known to
have extensive hypoxic regions within the tumour.
We hypothesise that intratumoral low oxygen tension
can induce increased HIF-la expression and can
directly upregulate hTERT transcription and TA
resulting in increased proliferation and maintenance
of cancer stem cells. The high levels of expression of
HIF-1a and TERT in our samples suggest that this
could be a generalized response to hypoxia in
glioblastomas leading to chemo-radioresistance by
upregulating telomerase. In our study population 30
(34.5%) patients with strong expression of both HIF-a
and TERT had a median OS of 9.8 months. The high
frequency of TERT mutations, increased TA and
TERT expression gives an opportunity for exploring
new approaches in treating glioblastoma. Since some
normal tissues with high regenerative potential can
also express TERT, clinical use of TERT inhibitors as
anticancer drugs should be used with caution.

The main strength of our work is that it is a
clinical study directly correlating HIF-1la and TERT
immunohistochemical expression with OS in a group
of patients uniformly treated by standard of care with
adequate follow-up. There are several limitations in
our study. MGMT methylation status was not
available for most of the patients and hence was not
considered in our analysis. MGMT is a known
prognostic factor in glioblastomas and its impact, as a
confounder on the role of HIF-1a in glioblastomas
needs to be studied. Secondly, most of the patients are
from South Asia and therefore the findings of this
study need to be confirmed in patients from other
parts of the world.

Conclusion

All glioblastomas exhibit some degree of
activation of HIF-1a indicating that hypoxia plays an
important role in its growth and response to
treatment. A strong HIF-la expression confers a
worse prognosis in glioblastoma patients. Patients
exhibiting a combination of weak HIF-la and TERT
expression have better prognosis implying that
HIF-la and TERT may play an important role as
prognostic biomarkers and for development of
targeted treatment strategies.
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