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AbstrAct
background. In the central nervous system, glioblastoma multiforme (GBM) is one of the most important neo-
plasms in adults. Amplification of EGFR and VEGF genes is common in GBM. However, the role of overexpression 
of EGFR and VEGF in survival of patients with GBM has been a contentious issue. Therefore, we performed the 
present study to assess the survival rate of patients with EGFR and VEGF overexpression. 
Materials and methods. Resected samples of GBM patients were evaluated by immunohistochemistry for overex-
pression of VEGF and EGFR. The patients were followed up for a year.
results. The mean±sd of age of patients was 56.2±13.1 years. The majority of the patients were male (65.9%). 
Most of the patients had primary GBM (67%), notwithstanding 33% of the patients with secondary GBM. Moreover, 
19.2% and 49.5% of the samples were VEGF-positive and EGFR-positive, respectively. Overall 6, 12-, and 
18-month survival rates were shown to be 61.5±5.1%, 17.6±4%, and 4.4±2.1%, respectively. There was a signifi-
cant difference between the mean±se survival rate in VEGF-negative patients (12±1.9 months) VEGF-positive pa-
tients (7.8±0.5 months) (P=0.045).
conclusions. We found an association between VEGF and EGFR over-expression and the survival rate of GBM 
patients. The VEGF overexpression was significantly associated with the overall survival rate of the GBM patients, 
but failed to have a prognostic value for their mortality rate. However, EGFR was a predictor of overall survival rate 
and mortality of GBM patients. Moreover, VEGF overexertion has a stronger association with survival rate in GBM, 
compared to EGFR overexpression. 
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INtrODUctION 

gBM, which refers to glioblastoma multiforme, 
is an important brain tumor in adults. it shows 
spread invasiveness, angiogenesis, and tumor ne-
crosis. in the central nervous system, malignant gli-
omas are the most prevalent and lethal cancers of 
which gBM is the most aggressive. gBM is catego-
rized as WHO grade iV astrocytoma and has poor 
prognosis (1). the current approved treatment of 
gBM is surgery, radiotherapy, and chemotherapy 
with oral temozolomide (2). Patients with malignant 
glioma have poor survival rate. Prognostic factors 
such as P53, isocitrate dehydrogenase 1 (iDH1), ep-
idermal growth factor receptor (egFr), and Ki-67 
(3-6) have been established in gliomas. 

Substantial research effort has been made to ex-
plore genetic changes in gBM. this has led to de-
fining subcategories of GBM with different prog-
noses and treatment responses (7). Bioinformatics 
and genome sequencing techniques have helped 
genome-wide sequence analyses in human cancers 
(8). the most important genetic alteration in ma-
lignant glioma is amplification of EGFR, account-
ing for about 50% of all the cases (9). involved 
mechanisms are gene amplification and receptor 
structure alterations due to gene mutation. com-
mon egFr mutations have been found to be asso-
ciated with gBM (10). 

gBM has angiogenesis and tumorigenesis, in 
which VegF (vascular endothelial growth factor) 
has a role (11). in addition, it serves an important 
signaling role in the central nervous system (12,13). 
Upregulation of VegF in tumors brings about a 
poor response to treatment and a poor prognosis in 
glioma patients. endothelial cells express VegF. it 
has been demonstrated that, in gBM, level of VegF 
is elevated. this triggers angiogenesis and tumori-
genesis of glioblastoma stem cells (14,15). Moreo-
ver, VegF has been demonstrated to be associated 
with neural stem cell proliferation and it has been 
shown that glioblastoma stem cells have common 
features with neural stem cell (16). 

We set out this study to evaluate the effect of 
overexpression of egFr and VegF in survival of 
the patients with gBM.

MAtErIALs AND MEtHODs

We evaluated patients with gBM during 2013 
and 2014 in this retrospective study. the clinical 

diagnosis had been done by a neurosurgeon. the 
surgical pathology specimens were obtained from 
Archives of Department of Surgical Pathology, 
Poursina Hospital, School of Medicine, guilan 
University of Medical Sciences, rasht, iran.

Patients 

Post-operative survival duration was obtained 
from medical records and by phone contact. crude 
data included clinical and laboratory data, age at 
diagnosis, tumor type (primary versus secondary), 
location of tumor, tumor volume, resected volume, 
last follow-up or death. Patients with other types of 
astrocytoma and those who did not continue radio-
therapy treatment, were excluded from the study. 

specimen preparation 

All of the surgical specimens after partial or 
complete resection were fixed in buffered formalin 
(4%), embedded in paraffin and kept in an archive. 
Sections stained with He (hematoxylin and eosin) 
were evaluated. Proper blocks were thereafter se-
lected for further analysis. immunohistochemical 
assays by anti-egFr and anti-VegF antibodies 
were carried out to determine antigen distributions 
within the tumors and characterize extent of over-
expression. For immunohistochemical staining, 
sections (5-µm) were cut and put on silanized 
slides. The sections were deparaffinized by a series 
of xylenes, cleared by means of alcohol, and rehy-
drated before the assay. At ambient temperature, 
they were then incubated with primary antibodies 
of VegF and egFr for 20 and 15 min, respective-
ly. All the slides were assessed independently by a 
pathologist. the stained sections were then evalu-
ated for proliferation index, tumor grading, micro-
vascular proliferation, and necrosis. the present 
study was approved by ethics committee of guilan 
University of Medical Sciences. 

Data were analyzed by SPSS (version 19) using 
Kaplan-Meier tests to estimate overall 18-month 
survival rate for all patients. The log-rank test was 
applied in order to compare survival rate between 
the groups. Moreover, to model predictors, cox 
models were applied. Frequency tables and Fish-
er’s exact, Wilcoxon Signed-Rank, and 
Kruskal-Wallis tests were also applied. A P-value 
≤ 0.05 was considered as statistical significance. 
Survival rate was shown as mean±se.
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rEsULts 

In the present study 116 confirmed GBM pa-
tients were initially enrolled; however, 25 subjects 
were excluded according to exclusion criteria. the 
mean±sd age of the participants was 56.2±13.1 
years old. 65.9%of the subjects were male and pri-
mary gBM constituted 67% of the tumors. the 
tumors were mostly found in the right temporal re-
gion (19.8%), but least seen in the left occipital 
region (1.1%). Baseline characteristics of the pa-
tients with gBM are summarized in table 1. 

TABLE 1. Baseline characteristics of patients with 
confirmed GBM

PercentFrequency Variable 
34.1%31MaleGender
65.9%60Female

100.0%91Total 
56.24 ± 13.13Age (Mean±S.D)

67.0%61PrimaryType
33.0%30Secondary

100.0%91Total
19.8%18Right 

Temporal
Location

14.3%13Left 
Temporal

14.3%13Right 
Frontal

17.6%16Left Frontal
12.1%11Right 

Parietal
17.6%16Left 

Parietal
3.3%3Right 

occipital 
1.1%1Left 

Occipital
100.0%91Total 

18.48± 5.47Primary tumor size (cm3)
15.76± 3.92Resected tumor volume (cm3)

survival rate analysis 

We found that 83 subjects (91.2%) were 
VegF-positive and 45 patients of the patients 
(49.5%) were egFr-positive. Kaplan-Meier anal-
ysis showed that overall survival rate was 
61.56±5.1 percent in the 6-months follow up, 
17.6±4.0 percent after 12 months and 4.4±2.1 per-
cent after 18 months (Figure1-a). 

VEGF

One-year and 18-month survival rates (mean ± se) 
were 50.0±17.7 % and 12.5±11.7 % in VegF-neg-
ative patients, respectively. in VegF-positive pa-
tients, one-year and 18-month survival rates 
(mean±se) were 14.5±3.9 and 3.6±2.0, respectively. 
A significant difference was found between mean 
survival rate of VegF-negative and VegF-posi-
tive patients (12.0±1.9 months) (7.8±0.5 months) 
(p = 0.045). the median of survival time in nega-
tive-VegF patients (11 months) was higher than in 
the positive-VegF patients (8 months) (Figure 1-b).

EGFr

One-year and 18-month survival rates 
(mean±se) were 21.7±6.1% and 21.7±6.1% in eg-
Fr-negative patients, respectively. in egFr-posi-
tive patients, one-year and 18-month survival rates 
(mean±se) were 8.7±4.2 and 13.3±5.1, respective-
ly. There was a significant difference in the 
mean±se survival rate of egFr-negative (9.8±0.74 
months) and egFr-positive (6.5±0.58) patients (p 
= 0.001) (Figure 1-c).

cox regression analysis showed that VegF 
overexpression increased the relative risk of mor-

FIGURE 1. Cumulative survival rate of GBM patients: a. total (a); b. by VEGF; c. by EGFR 
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tality by 2.26 times (rr= 2.26, 95% ci: 1.08-
4.74), in contrast to that increased by egFr, (2.15 
times) (rr= 2.15, 95% ci: 1.38=3.74). Final cox 
regression model showed that with matched age, 
gender and tumor type variables, only egFr  
(rr = 1.9, p = 0.004) and tumor type (with trend 
of secondary to primary tumors) was able to pre-
dict the mortality (rr = 0.36, p < 0.001) (table 2). 

DIscUssION 

in cancers, VegF is involved in angiogenesis. 
VegF also stimulates capillary permeability, angi-
ogenesis and endothelial cell growth (17). glioma, 
a highly vascularized tumor, has progressive angi-
ogenesis. Serum and cerebrospinal fluid VEGF has 
been considered as a potential biomarker in glioma 
patients (18,19). VegF upregulation also increas-
es cell density, leading to tumor hypoxia (20). 
VegF, which is induced by hypoxia via HiF-1a, 
forms blood vessels by stimulating VegFr-2/
KDr in glioma (21). Additionally, the prognostic 
value of VegF upregulation was seen in survival 
from glioma (22,23). However, it was demonstrat-
ed that VegF failed to be an independent prognos-
tic factor for the survival from glioma patients 
(24,25). Hence, well-designed studies are still 
needed to provide evidence for prognostic value of 
VFGF in glioma (26). EGFR gene amplification 
and mutations are found in different cancers (27). 
Therapies have shown limited efficacy against 
GBM. Use of EGFR-specific inhibitors have been 
approved for patients with non-small cell lung car-
cinoma and are currently under investigation by 
GBM clinical trials (28,29). Specifically, EGF ac-
tivation of egFr on glioma cells enhances VegF 
secretion by glioma cells (30). in the present study, 
we evaluated the overexpression of these two 
growth factors in survival of gBM patients. 

We discovered that 91.2% of patients were 
VegF-positive and 49.5% were egFr-positive. 
Both VegF- and egFr-positive patients experi-
enced poor 12-month and 18-month survival rate 
with superiority of VegF. egFr and tumor type 

were two independent prognostic factors of mor-
tality in gBM patients. chen et al. found higher 
positive rate of VegF expression in a group of 
high-grade glioma, compared to the low-grade gli-
oma (26). it was also reported that VegF upregu-
lation was involved in the progression of glioma 
and angiogenesis, suggesting contribution role of 
VegF in regulation of neoangiogenesis and prolif-
eration (31,32). We found that VegF overexpres-
sion produced a significantly lower survival rate in 
gBM patients. Similarly, cehn et al. (26) in their 
meta-analysis, implied that VegF overexpression 
was associated with overall survival of glioma pa-
tients. Subgroup analyses also indicated the strong 
prognostic value of VegF overexpression in over-
all survival of glioma patients. Xu et al. showed 
that VegF heightens proliferation of gBSc 
through VegFr2; and Ki8751, which is a Veg-
FR2-specific inhibitor, makes suppression in 
VegF-induced gBSc proliferation (33). Moreo-
ver, VegFr1 impose downregulation in the posi-
tive VegF effect upon the proliferation of gBScs. 
Almost all cells, in some GBMs, showed amplifi-
cation of egFr, but in others, the tumor cell pro-
portion with amplification of EGFR were 10-60% 
in various regions in the same tumor (34,35). eg-
FR-amplified cells were frequently seen next to the 
tumor edge, but not in the center (34). However, 
this was not confirmed by findings of Okada et el. 
(35). in a case series by Hatanpaa et al. (36), dif-
fuse and focal EGFR gene amplification was seen 
in 27% and 9% of gBMs, respectively. Amongst 
the gBMs having egFr overexpression on the 
membrane, 74% had diffuse amplification of 
egFr gene, and 16% showed that with focal am-
plification. Among the GBMs without expression 
of egFr on membrane, 0 and 7% showed diffuse 
and focal amplification of EGFR gene, respectively. 

cONcLUsIONs 

This investigation was the first one carried out 
in an iranian population and evaluated the VegF 
and egFr overexpression simultaneously. We 

TABLE 2. Cox regression of variables affected the mortality of GBM patients
Variables B SE Sig. RR 95.0% CI for Exp(B)

Lower Upper
EGFR 0.650 0.223 0.004 1.916 1.238 2.965

Tumor type -1.034 0.238 0.0001 0.356 0.223 0.567
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found an association between VegF and egFr 
over-expression and the survival rate of gBM pa-
tients. The VEGF overexpression was significantly 
associated with overall survival rate of the gBM 
patients, but failed to have a prognostic value for 
their mortality. However, egFr was predictor of 
overall survival rate and mortality of gBM pa-
tients. Moreover, our findings suggest that VEGF 
overexertion has a stronger association with sur-

vival rate in gBM, compared to egFr overex-
pression. Further investigation is required to better 
understand the role of VegF and egFr overex-
pression in gBM.
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