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Glioblastoma is the most frequent and aggressive primary tumor of the central nervous system. Prognosis is poor, with a median

survival of 15 months after diagnosis. Various tumor biomarkers show prognostic value for glioblastomas, including VEGFR2,

which is a receptor of VEGEF related to the growth of the blood vessel network. VEGFR2 expression associates with poor
prognosis in some tumors. Here we studied the prognostic value of the VEGFR2 immunohistochemical expression in glioblastoma.
We used tissue microarrays to analyze 45 surgically excised samples from glioblastomas. Clinical data (age, sex, and Karnofsky

Performance Status [KPS]) and morphological data (tumor necrosis, palisading, and vascular thrombosis) were collected. We

performed a molecular study of MGMT and IDH1 expression (which are potential prognostic factors for glioblastomas) and an

immunohistochemical study of VEGFR2 expression. Our results indicate that age, KPS, tumor necrosis, vascular thrombosis,
treatment (STUPP versus other), and VEGFR2 immunoreactivity were related to prognosis (p < .005). In a multivariate analysis,
only age > 65 years (Hazard Ratio (HR) (95% CI): 4.9 (2.1-11.4), p < .01), and VEGFR2 immunoexpression (HR (95% CI): 2.8
(1.3-6.1), p = .008), were found to have a statistically significant relation to prognosis. We conclude that immunohistochemical
evaluation of VEGFR?2 provides added prognostic value to the study of glioblastoma.
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1. INTRODUCTION

Glioblastoma (GB) is the most frequent and aggressive pri-
mary tumor of the central nervous system (CNS). GB com-
prise 12%—-15% of all intracranial neoplasms, and 50%—60%
of all astrocytic tumors, and is more frequent in adults
aged between 45 and 70 years.[!! These tumors are formed
by poorly differentiated pleomorphic astrocytic cells, with
marked atypia, mitosis, palisading, necrosis, vascular pro-
liferation, and endothelial hyperplasia (1). GB can appear

de novo (primary) or from diffuse (grade II) or anaplastic
(grade III) astrocytoma (secondary).[” Some tumor markers
have been identified as potential prognostic factors, such
as isocitrate-dehydrogenase (IDH) mutation.['! The most
frequent mutation is the IDH1 R132H mutation.””) The
prognostic value of IDHI1 mutation has been reflected in a
new classification issue by the World Health Organization.!"’
VEGF is related to poor prognosis and tumor progression!?!
VEGF is highly expressed in palisading tumor cells.*! These
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cells are subjected to high degrees of hypoxia and express
hypoxia-inducible factor 1 (HIF1) and proangiogenic factors,
such as VEGF and interleukin 8 (IL-8), and they are strongly
associated with microvascular hyperplasia.[*> The associ-
ation between an increase of gene expression related with
hypoxia and neovascularization has been published.'®! This
increased expression is more intense for wild-type IDH1
than for mutated IDH1.!®) GBs containing mutated IDH1
are less angiogenic, have smaller blood vessels, and are as-
sociated with less hypoxia than those containing wild-type
IDH1.I7! Increased hypoxia is associated to an increase in in-
vasiveness, stem cell maintenance, treatment resistance, and
angiogenesis.!®! Hypoxia triggers VEGF expression, and this
is a critical step for abnormal vascular expression'®! VEGF
has two receptors, namely VEGFR1 and VEGFR2, which
are both expressed on the surface of GB cells. However,
VEGFR?2 appears to mediate many interactions produced by
VEGF.!"% VEGFR2 is stimulated under normal concentra-
tions of VEGF, while VEGFR1 is maintained inactive.l'%-11
VEGFRI1 is activated in response to high VEGF levels and
acts as an inhibitor of VEGFR2.['% VEGFR2 expression
is regulated by MMP2B! | TGF-beta,['?) and HIF1.["! The
co-expression of VEGF and its receptors is regulated in an
autocrine manner.!'!!" Importantly, VEGFR2 is expressed
by tumor cells. Glioma stem-like cells participate in tumor
neovascularization by transdifferentiation into vascular en-
dothelial cells. These cells show preferential expression
for VEGFR2, and knockdown of VEGFR2 in these cells

A

reduces their self-renewal capacity and promotes vascular-
ization. VEGFR2 is an essential molecule for sustaining
the stemness of glioma stem-like cells as well as for their
capacity to initiate tumor vasculature, and thus for the de-
velopment of the tumor.!'3] Treatment of GB is based on
surgery and radio- and chemotherapy!'*! but prognosis is
poor. The mean survival following diagnosis is 15 months.
Long-term survivors are understood as those patients still
alive at three years after diagnosis.!*! Various parameters
are associated with prognosis, such as age, the Karnofsky
performance status (KPS) at diagnosis, and IDH1 mutation
status.'! Furthermore, some studies have emphasized the
prognostic value of several histological features, such as tu-
mor necrosis and giant multinucleated tumor cells.!'>! Anti-
VEGF treatment induces a hypoxic tumor microenvironment,
thereby favoring a metabolic change in the tumor cells that
leads to enhanced tumor cell invasion.!'®) VEGF blockade
restores and increases MET activity in GB, while induc-
ing a program reminiscent of the epithelial-to-mesenchymal
transition, highlighted by a T-cadherin to N-cadherin switch
and enhanced mesenchymal features. Inhibition of MET
in mouse models blocks the VEGF-induced mesenchymal
transition and invasion, resulting in a substantial increase in
mouse survival, with interesting clinical potential.!'”! Here
we studied the prognostic value of various clinical, morpho-
logical, and molecular data, with particular emphasis on
VEGFR2 immunoexpression (VEGFR2-IE).

Figure 1. IHC analysis in the glioblastoma tissue microarray. VEGFR2-IE. Different levels of expression (low or high) are
shown. VEGFR2-IE < 25% (A) > 25% (B). Magnification: 10 x.

2. METHODS
2.1 Patients

Fifty-three consecutive patients diagnosed with GB between
2008 and 2015 were reviewed. Inclusion criteria were to

2

have all pathological information required for the study, in-
cluding follow-up data. Eight patients were excluded due
to lack of follow-up data. Forty-five cases were included
in the study. Sex, age, KPS scale, tumor location, surgical
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resection, and length of survival were taken from clinical
records. Survival was taken as the number of months pa-
tients survived from the day after surgery. Furthermore, the
histopathological slides of these patients were reviewed, and
the following parameters were examined: tumor necrosis,
endothelial hyperplasia, palisading necrosis, and vascular
thrombosis.

2.2 Molecular methods

The methylation status of the MGMT promoter, and the mu-
tational status of IDH1, were studied in all of these cases.
For this, DNA was extracted from two 15-um sections of
paraffin-embedded tissue using the QLTAamp DNA Mini Kit
(QIAGEN GmbH, Hilden, Germany), following the man-
ufacturer’s protocol. For tissue with less than 50% of tu-
moral cells, the tumor tissue was macrodissected manually.
For analysis of MGMT promoter methylation, 500 ng of
extracted DNA was analyzed by bisulfite treatment using
the EZ DNA Methylation-Gold Kit (Zymo Research Cor-
poration, Irvine, CA, USA). DNA methylation patterns in
the CpG island of the MGMT gene were determined by
methylation-specific PCR (MSP) using primers specific for
either methylated or modified non-methylated DNA, as pre-
viously described.!'8! The IDH1 R132H mutation was as-
sessed by an allelic discrimination assay, which detects low
levels of mutant sequence, using TagMan probes specific for
the wild-type (FAM-5"-CATAGGTCGTCATGCTTA-3’) and
R132H mutant (VIC-5’- CATAGGTCATCATGCTTA-3’) al-
leles. PCR amplification and detection were performed on
an ABI Prism 7500FAST Genetic Analyzer (Applied Biosys-
tems) with an initial step of 10 min at 95°C, followed by 40
cycles of 15 sec at 95°C and 1 min at 60°C.

2.3 TMA

A tissue microarray (TMA) was built using a 1-mm needle in
a microarrayer (Chemicon, California, USA). Three TMAs
were obtained, each containing three or four representative
areas of each tumor.

2.4 Immunohistochemical methods

Slides of 3-micron-thick tissue samples were obtained from
each TMA and analyzed by immunohistochemical staining
for VEGFR?2. For this, slides were deparaffinized, and anti-
gen was retrieved for 10 min with citrate buffer 0.01 M
(pH 6.0) at 120°C. Sections were treated with 3% H202 to
quench endogenous peroxidase activity and blocked with
PBS 1% FBS. Primary antibody (VEGFR2 from Cell Sig-
naling, rabbit monoclonal antibody D5B1 1/500) was added
at the corresponding dilution overnight at 4°C. Pre-immune
rabbit or mouse IgG was used as a negative control. As
the secondary antibody, HRP-conjugated (Envision+, Dako)
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anti-rabbit Ig was used. After washes with PBS, DAB (3,
3-diaminobenzidine) was added as a chromogenic substrate
(Dako). Sections were counterstained with hematoxylin &
eosin, and then dehydrated and mounted. Immunohistochem-
istry was examined in an Olympus BX61 microscope, and
the cellSens software was used for image acquisition. TMAs
were examined by two pathologists (GI and FA). The method
of evaluation was to observe the positivity of tumor cells in
the cytoplasm (see Figure 1 A and B). The percent of positive
cells was calculated. An agreement was reached between the
two pathologists when the difference in evaluation of each
case was < 10%; if the difference was > 10%, the sample was
re-evaluated using a multiheaded microscope. The median
expression of VEGFR-IE was calculated. Of the different
cut-offs tested for VEGFR2-IE, < 25% was considered to be
the most discriminant point with respect to patient survival
time. VEGFR2-IE was considered positive when at least 25%
of the tumor cells showed VEGFR2 immunostaining.['*!(see
Figure 2)
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Figure 2. VEGFR2-IE and Kaplan-Meier survival analysis.
Patients showing high VEGFR2-IE (> 25% of tumor cells
positive for VEGFR?2) (green) display lower survival than
those with low VEGFR2-IE (< 25% of tumor cells positive
for VEGFR2) (blue)

2.5 Ethical Considerations
This work was approved by the Ethical Committee of the
Hospital del Mar with number 2013/5122

2.6 Statistical analysis

Mean and standard deviations were used to describe age,
while frequencies and percentages were used for categorical
variables. Survival time in the different analysis was ex-
pressed as median and 95% confidence interval (CI). Kaplan
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Meier curves and the log rank test were used to compare
the survival times between different variables. To determine
the factors related to prognosis, multivariate Cox regression
analyses were performed for cases with wild-type IDH]1. In
this case, hazard ratios with their 95% CI were shown. All
analyses were performed with SPSS 21.0 (IBM Corp.).

3. RESULTS

A total of 45 patients with GB were included in the study.

The clinical information for these patients is summarized in
Table 1.

Table 1. Clinical and morphological data of GB patients.
Bivariate analysis, based on all the patients

Data (n) Median (C195%) p*

Sex Wo (16) 88 (64-112) .062
Ma (29) 145(103-187)

Age <=65 (29) 155 (5 4-25 6) .000
> 65 (16) 57(33-82)

Karnofsky <=70(22) 88(64-11 2) .027
> 70 (23) 16 0 (8 7-23 3)

Resection Pa (15) 88(18-158) .848
To (30) 131(81-181)

Necrosis No (4) 12 6 (0-87 5) .038
Yes (41) 113 (7 4-15 1)

Endot. hyper.  No (9) 159 (0-497) 102
Yes (36) 113(81-14 4)

Palisading No ( 21) 108 (56-159) .663
Yes (24) 120 (7 1-16 8)

Thrombosis No (10) 240(187-29 4) .040
Yes (35) 105 (7 6-13 4)

Treatment (*)  STUPP (23) 155(116-19 3) .018
Other (19) 63(29-98)

Note. Median: Median survival (in months) *: Log-Rank test. Sex, Ma= Male; Wo= Female;
Resection, To= Total or subtotal; Pa= Partial or just biopsy; Endot. hyper.= Endothelial
hyperplasia; Multi. Cells= Multinucleated giant cells. Treatment (*): 42 patients. 3 patients

did not receive treatment after surgery.

3.1 Clinical and surgical data

The median survival time of patients was 12 months (95% CI:

9.15-14.8). Two patients (4.4%) died before 1.3 months, 10
(22.2%) between 1.3 and 5.7 months, 11 (24.4%) between 6.3
and 12 months, 12 (26.7%) between 12.6 and 22.8 months, 5
(11.1%) between 24.1 and 27.9 months, and 5 (11.1%) after

28 months. with a maximum survival time of 72 months.
The study included 29 men (64.4%) and 16 women (35.6%).

Marginally significant differences were observed for patient
survival and sex (p = .062; see Table 1). The mean (SD)

age of all patients was 58.5 (14.1) years (range 29-81 years).

The distribution of patient age was as follows: 5 patients
were between 29 and 39 years, 9 between 40 and 49 years, 8
between 50 and 59 years, 11 between 60 and 69 years, and

4

12 were 70 years or older. In total, 29 patients were 65 years
old or younger, and 16 patients were over 65 years old. Age
was split at 65 years as standard treatment is recommended
for patients under this age, and treatments are not well estab-
lished for those over 65. The survival time was 15.5 months
(95% CI: 5.4-25.6) for patients aged 65 years or younger,
and 5.7 months (95% CI: 3.3-8.2) for those over 65 years.
The difference in survival time was statistically significant (p
<.001; see Table 1). In the 30 cases involving the temporal
lobe, tumors were either limited to only the temporal lobe (18
cases) or also extended to the parietal lobe (five cases), the
frontal lobe (four cases), both the frontal and parietal lobes
(two cases) or the occipital lobe (one case). In the 13 cases
involving the frontal lobe, most tumors were limited to only
the frontal lobe (12 cases), with one case in which the tumor
also extended to the parietal lobe. The tumor was located
exclusively in the parietal lobe in one patient, and exclusively
in the occipital lobe in one patient. None of the patients in
this group had tumors located in central structures. The KPS
scale at diagnosis was under 70 for 22 cases, and over 70 for
23 cases. Median survival of patients for KPS under 70 was
8.8 months (95% CI: 6.4—-11.2), and for over 70, 16.0 months
(95% CI: 8.7-23.3). The difference was statistically signifi-
cant (p = .027; see Table 1). Surgical resection was total in
16 cases (35.6%), subtotal (i.e., more than 80% of the tumor)
in 14 cases (31.1%), and partial (i.e., less than 80% of the
tumor) in 12 cases (26.6%). Three cases were biopsied only
(6.7%). The evaluation of extension of surgical resection
was done with postoperative radiological evaluation. Two
patient groups were established: 1) total or subtotal surgical
resections (30 cases), and ii) partial resection or biopsy (15
cases). The differences in survival between these two groups
was not statistically significant (p = .848; see Table 1).

3.2 Treatment

Three patients did not receive post-surgical treatment. In
patients who received such treatment (42), 23 were treated
with Stupp’s protocol (e.g., postoperative radiotherapy, of
60 Gy, with concomitant and adjuvant temozolamide for 6
cycles)(19), and 19, with another treatment (UCP 10, TMZ
1, BCNI1, 1, QT-RT 1, RT 6). The patients treated with
Stupp’s protocol survived a median of 15.5 months (95%
CI: 11.6-19.3) while those who received other treatments
survived a median of 6.3 months (95% CI: 2.9-9.8). The
difference was statistically significant (p = .018; see Table

1).

3.3 Histopathological data

Results of the histopathological analyses of the 45 cases
revealed: tumor necrosis in 41 cases (91.1%), endothelial
hyperplasia in 36 cases (80%), palisading necrosis in 24
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cases (53.3%), and vascular thrombosis in 35 cases (77.8%)
(see Table 2). Patients with vascular thrombosis survived
a median of 10.5 months (95% CI: 7.6—-13. 4), while pa-
tients without vascular thrombosis survived a median of 24.0
months (95% CI: 18.7-29.4) Vascular thrombosis was associ-
ated with poor prognosis (p = .040) (see Table 1).

Table 2. Molecular and immunohistochemical data of GB
patients. Bivariate analysis, based on all the patients

Gene/protein n Median (C195%) P*

MGMT MET (14) 119(71-16 8) 0099
UNMET (31) 113(69-157)

IDH1 MUT (8) 94 (0-269) 0075
NO MUT (37) 12 (94-146)

VEGFR2 <=25(25) 131(25-237) 0029
> 25 (20) 108 (90-125)

VEGFR2

(IDHIWT) <=25 (17) 13 1(0-26 8) 0 069

Note. Median: Median survival (in months) *:Log-Rank test.

3.4 Molecular and immunohistochemical data

The MGMT promoter was found to be methylated (MGMT-
PM) in 14 cases (30.4%), and the IDHIR132H mutation
was present in 8 cases (17.7%). All of them were related to
survival in a marginally significant manner (p =.099 and p =
.075) (see Table 2).Five of the cases showing IDH1 wild type,
have less than 50 years old. In all of them the surgical resec-
tion of the tumor was complete. No study of IDH2 mutation
was performed. The THD2 mutations are very infrequent
in GB.[?! The mean positive staining for VEGFR2-IE was
28.2% (range 0—100%) of cells. Twenty-five cases (55.6%)
comprised < 25% cells with VEGFR2-IE, and 20 cases
(44.4%), > 25%. Survival analysis showed a correlation be-
tween VEGFR2-IE > 25% and poor prognosis of the patient.
Cases with VEGFR?2 IE > 25% correlated with patient sur-
vival of a median of 10.8 months (95% CI: 9.0-12.5), while
those < 25%, with a survival of a median of 13.1 months
(95% CI: 2.5-23.7) (p = .029; see Table 2) . We performed
bivariate analysis of VEGFR2-IE in cases that had wild-type
IDH1 (IDH1-WT) and found that VEGFR2-IE higher than
25% correlated with poor prognosis, with a marginal statis-
tical significance (p = .069; see Table 2). Of the cases in
which IDH1 was mutated cases, none had more than 25%
of cells positive for VEGFR-IE. In summary, in univariate
analysis, the parameters influencing the prognosis were age,
KPS, vascular thrombosis, and VEGFR2 immunoexpression.
Multivariate analysis using these parameters revealed that
only age (> 65 years old; HR 4.90; 95% CI: 2.10-11.4, p <
.001) and positive VEGFR2-IE (> 25%; HR 2.82; 95% CI:
1.31-6.08, p = .008) were factors that correlated to prognosis,
and in particular, with a better prognosis in patients under 65

Published by Sciedu Press

years of age and low VEGFR2-IE (see Table 3).

Table 3. Multivariate Cox regression analysis of prognosis

Variable HR (95% CI) P value
VEGFR2-IE > 25% 282 (131-6 08) .008
AGE (> 65) 490(210-114) <.001

4. DISCUSSION

Glioblastoma (GB) is the most frequent and aggressive pri-
mary tumor of the CNS. Importantly, angiogenesis, which
supports GB development and progression, has been reported
as a major reason for the poor prognosis of these tumors.[!
The overexpression of VEGF is related to hypoxia,* mi-
crovascular hyperplasia,'*>! and poor prognosis.l*! In fact,
hypoxia triggers VEGF expression, and this is a clue for
abnormal vascular expression in GBs.'”) VEGFR?2 appears
to mediate many of the interactions of VEGF.!'”) The co-
expression of VEGF and its receptors is regulated in an
autocrine manner.'!! VEGF expression is higher in tumor
areas that are under hypoxial'' in which the hypoxia factor
1 (HIF1) is highly expressed. Hypoxia is related to neovas-
cularization,®! and angiogenesis is determined by VEGFR2
expression.!'?l Thus, there is a relationship between the hy-
poxia and the expression of VEGF and its receptors. Here,
we have demonstrated the prognostic value of immunoex-
pression of VEGFR2 (VEGFR2-IE) in GB when VEGFR2
is expressed > 25% of tumor cells. Specifically, tumors
showing >25% VEGFR2-IE correlated with a lower survival
time of patients as compared to those that had < 25% (10.8
months as compared to 13.1 months; p = .029). The levels of
VEGFR2-IE were higher in hypoxic areas, which are charac-
terized by vascular proliferation, necrosis, and thrombosis.
These observations may explain the relationship between
poor survival, tumor necrosis, and thrombosis. Accordingly,
we found that the mean percentage of cells with VEGFR2-IE
was 31.4% in cases with tumor necrosis, as compared to
1.5% in cases without tumor necrosis. However, although
necrosis in the present series was found to be related to poor
prognosis, there were only four cases without necrosis: one
after complete surgery, two after partial surgery, and one
with only a biopsy. Thus, there are too few cases to con-
sider this to have statistical value. Note that the relationship
between poor prognosis and tumor necrosis has been docu-
mented in the literature:!'°! however, these data did not take
into account expression of VEGFR2. We also observed po-
tential relationships between VEGFR2-IE and thrombosis,
endothelial hyperplasia, and palisading. Specifically, the
mean levels of cells with VEGFR2-IE were: 33.5% in cases
with thrombosis and 12.2% in cases without; 30.0% in cases
with endothelial hyperplasia and 24.0% in cases without; and
42.9% in cases with palisading, and 12.% in cases without.
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A recent publication has demonstrated that wild-type IDH1
gliomas (grade II) and glioblastomas undergo a more intense
hypoxia degree, with higher levels of expression of VEGF
(which is mediated by some angiogenic factors expressed
in endothelial cells) as well as of TGFbeta and HIF1.1 In
accordance with these data, we have found an inverse correla-
tion between the presence of VEGFR2-IE and mutated IDH1
with patient prognosis. The cases we studied with mutated
IDH1 showed a mean VEGFR2-IE of 2.6% (0-8.25), while
cases with wild-type IDH1 showed a mean VEGFR2-IE of
34.5% (0-100). These data highlight the prognostic value of
VEGFR2-IE in GBs that contain wild-type IDH1. As a limi-
tations of this work, we would like the point to the variety of
treatments that patients underwent, which somewhat limits
the results of this work. Furthermore, although we could
have studied IDH mutations other than the more frequent
IDH1 mutation, we considered it to be out of the scope of
this work.

5. CONCLUSION

Our work indicates that measuring immunoexpression of
VEGFR?2 can provide a helpful biomarker for GB prognosis
if introduced into the routine exams of GB, especially for
those tumors that contain wild-type IDH1.
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