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ABSTRACT
: Background and Aim: Glioblastoma Multiforme (GBM) is the most common malignant and
Article info: : invasive tumor of the brain. The relation between prognosis and survival of GBM patients with
Received: 10 Apr 2020 Epidermal Growth Factor Receptor (EGFR) expression is challenging. Thus, we aimed to evaluate

Accepted: 05 Jun 2020 the prognosis and survival of patients with GBM and its relationship with EGFR expression.

Available Online: 01 Jul 2020 Methods and Materials/Patients: This single-arm cohort study was conducted on 70 patients with
: GBM during 2012-2018 in Shahid Rahnemoon and Mortaz hospitals. The immunohistochemistry
technique was applied to paraffin blocks of brain tumors for examining EGFR expression. Other
data were extracted from medical records. To determine the survival rate, the Kaplan—-Meier
curves were used. A chi-square test was used for the analysis of data. Statistically, P<0.05 was
assumed significant.

Results: The Mean#SD survival of patients with GBM was 22.3+2.5 months (95% Cl=17.41-27.10).
In addition, 1, 2- and 5-year survival rates were 90%, 30% and 5%, respectively. The mean survival
of patients with negative and positive EGFR was 27.4+7.3 and 20.612.4 months, respectively.
Besides, 11.1% and 14.3% of patients in negative and positive EGFR groups were alive. There was
no significant difference in patient’s survival in terms of EGFR expression (P=0.36). No significant
difference was seen between the two groups (EGFR positive and negative groups), regarding the
frequency of age, sex, tumor’s anatomical location, and place of living (P>0.05).

Keywords: :  Conclusion: Based on our study, it seems that the GBM tumor was associated with a poor
Epidermal growth factor : prognosis and a low survival rate. It was also found that the expression of the EGFR gene did not
receptor, Glioblastoma i affect the survival rate of patients with GBM. Therefore, its use as a predictor factor for survival
multiform, Prognosis : and prognosis is questionable.
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Highlights
® Patients with GBM have an overall low survival rate of about 22 months regarding the tumor location.

e No statistical relation was seen between the expression of EGFR (epidermal growth factor receptor) mutation and
survival rate.

e No significant relation was seen between the expression of EGFR mutation and patients’ age, sex, or the tumor’s
anatomical location.

Plain Language Summary

Glioblastoma multiforme is the most malignant brain tumor. Patients with this tumor have little chance of survival,
so if neoplastic cells grow more slowly, patients will live 3 to 5 years. Much research has been done on the factors
that contribute to the growth of neoplastic cells and the mutations that occur before the aggressive behavior of these
cells. Learning about effective molecules and mutations can help us in target therapy and increase survival. One of
these mutations seems to be related to the epidermal growth factor receptor in glioblastoma multiforme, which is
thought to be mutated in this tumor. If we find a statistical relationship between the expression of this receptor and
the survival rate of patients, then we can use the therapeutic goal to slow the growth of malignant cells and thus
increase survival. In this study, we examined the expression of this factor and the relationship between its expression
and sex, age, tumor’s anatomical location, and survival rate. Unfortunately, there was no relationship between the
expression of the growth receptor and survival rate, age, sex, and anatomical location. Further studies with more
sample sizes are recommended.

is observed nearly in one-third of all classical tumors,
perineural, and neural mesenchymal glioblastomas [7].
Among these, the mutation of extracellular domain
EGFR is observed in glioblastoma [8]. One of the causes
of resistance of GMB to therapeutic intervention is the
complex feature of the tumor [5]. In the recent years,
a new treatment approach has been recognized for the
treatment of the disease called target therapy, and those

1. Introduction

lioblastoma Multiforme (GBM) is the
most aggressive type of brain tumor with
both primary and secondary categories,
in which neoplastic cells proliferate rap-
idly and invade surrounding tissues, dis-
rupting the function of vital centers and

resulting in a high mortality rate [1]. The disease usually
occurs in the sixth and seventh decades of life. More-
over, the patient’s survival rate after the initial diagnosis
is 12-15 months [2, 3]. A small percentage of patients
with GBM can survive 3 years or more [1, 4]. Despite the
improvements in surgical techniques and radiotherapy,
the prognosis of these tumors is very poor, thus most
patients with GBMs die less than a year and none have
long-term survival. Microscopically, GBM shows areas
of pseudopalisading necrosis, pleomorphic cells and
nuclei, and microvascular proliferation. Genetically, dif-
ferent deletions, point mutations, and amplifications
have been observed in GBM, leading to activation of
signal transduction pathways downstream of tyrosine
kinase receptors such as platelet-derived growth fac-
tor receptor and Epidermal Growth Factor Receptor
(EGFR) [5]. Studies have shown that EGFR is expressed
by approximately 60% of primary glioblastomas and
10% of secondary glioblastomas [6]. Mutation of EGFR

with EGFR mutations appear to respond appropriately to
this type of treatment [9]. The study by Smith et al. has
found no association between the expression of EGFR
with prognosis and survival rate [10]. However, Tripathy
et al., have found a significant correlation between the
expression of EGFR and survival time [11]. Consider-
ing that in previous studies, different results have been
reported in terms of EGFR expression and survival rate
of patients with GBM, we decided to investigate EGFR
expression and its relationship with demographic and
prognostic variables and patient survival. If there is a sig-
nificant relationship between the incidence of this factor
and the survival rate of patients, it is suggested to use
the anti-EGFR therapy to change the prognosis and sur-
vival of patients.
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2. Methods and Materials/Patients

This single-arm cohort study was conducted on all
patients with GBM during 2012-2018 in Shahid Rahn-
emoon and Mortaz hospitals, Yazd, Iran. After obtain-
ing written informed consent from patients, the ethical
committee of the university approved the study (IR.
SSU.MEDICINE.REC.1397.015). Then, brain tumors of
patients with GBM who underwent surgery were deliv-
ered to the department of pathology. After fixing the tu-
mor in 10% neutral buffer formalin, they were placed in
different concentrations of alcohol (70%, 80%, 90%, and
100%), xylene, and paraffin solution. Following that, the
specimens were sliced into 4 um pieces for staining. The
hematoxylin and eosin (H & E) were also used to stain
and analyze tissue sections. The Immunohistochemistry
(IHC) technique was applied on paraffin blocks for stain-
ing of EGFR using the EGFR antibody (Dako, Denmark)
according to the company protocol. We used a 4-scale
scoring system to report the IHC results for expression
of EGFR (intensity of staining O - no staining, 1 - light, 2 -
moderate, and 3 - strong) based on the kit protocol and
previous studies. All positive staining (1, 2, 3) were con-
sidered positive, and score 0 was considered negative
for EGFR expression. Other data including age, sex, sur-
vival, and tumor’s anatomical location were extracted
from medical records. Patients with incomplete medical
records were excluded from the study.

Statistical analysis

Data were entered into SPSS (Version 22, IBM Corp.).
The chi-square test was used for data analysis. To deter-

Figure 1. The survival rate of patients with GBM
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mine the survival rate, we used the Kaplan-Meier esti-
mator. The log-rank test was used for comparison of sur-
vival. Using PASS 15 software and the median survival in
groups and indicators obtained from the log-rank test,
the test power was determined to be 80%. Statistically,
P<0.05 was assumed significant.

3. Results

The aim of this study was to determine the survival of
patients with GBM and its association with EGFR. For
which, 70 patients were selected, 26(37.1%) of whom
were female and 44(62.9 %) were male. However, data
on the survival of 44 patients and EGFR expression of
54 patients were obtained. The survival rate of patients
with GBM is shown in Figure 1.

As demonstrated in Figure 1, the mean survival of pa-
tients was 22.3+2.5 months (95% CI=17.41-27.10). Most
deaths occurred during the first 34 months after diag-
nosis. Besides, 1, 2- and 5-year survival rate were 90%,
30% and 5%, respectively. The frequency of patients re-
garding the tumor’s anatomical location, survival rate,
place of living, and EGFR expression is shown in Table 1.

As shown in Table 1, 34.9% of patients had a tempo-
ral anatomical location. Moreover, 84.5.5% of patients
died. The living place of most patients (56.7%) was Yazd.
Also, 41.8% of patients had a score of +3 for EGFR. The
frequency of parameters including age, sex, tumor’s
anatomical location, and place of living in terms of EGFR
expression status is shown in Table 2.
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Table 1. Frequency of patients, regarding the tumor’s anatomical location, survival, place of living, and EGFR expression

Parameters No. (%)
Temporal 22 (34.9)
Occipital 11(17.5)
Parietal 12 (19)
Tumor anatomical location
Frontal 12 (19)
Other 6(9.5)
Total 63 (100)
Dead 49 (84.5)
Survival Alive 9 (15.5)
Total 58 (100)
Yazd 38(56.7
Place of living Other cities 29 (41.4)
Total 67 (100)
1+ 7(13)
2+ 10 (18.5)
EGFR expression
3+ 26 (48.1)
Negative 11 (20.4)
As shown in Table 2, no significant difference was de- months, respectively. Furthermore, 11.1% and 14.3%
tected between the two groups regarding the frequen- of patients in negative and positive EGFR groups were
cy of age, sex, tumor’s anatomical location, and place alive. Figure 2 displays the survival rate of patients con-

of living (P>0.05). The mean survival of patients with sidering EGFR expression.
negative and positive EGFR was 27.4+7.3 and 20.6+2.4

D

Figure 2. The survival rate of patients considering EGFR expression E?Ns
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Table 2. Frequency of parameters including age, sex, tumor’s anatomical location, and place of living in terms of EGFR expression status

No. (%)
Parameters P
EGFR Negative (Group 1) EGFR Positive (Group 2)
20-40 3(30) 7 (70)
Age (y) 40-60 4(18.2) 18 (81.8) 0.70
60-80 4(18.2) 18 (81.8)
Female 4(18.2) 18 (81.8)
Sex 0.74
Male 7(21.9) 25(78.1)
Temporal 4(20) 16 (80)
Occipital 2(28.6) 5(71.4)
Tumor’s anatomical location Parietal 0(0) 9 (100) 0.45
Frontal 1(33.3) 9(66.7)
Other 1(33.3) 2(66.7)
Yazd 7(21.9) 25(78.1)
Place of living 0.541
Other cities 3 (15) 17 (85)

As shown in Figure 2, the mean survival of patients in
both groups was close. Therefore, there was no signifi-
cant difference in the survival rate of patients regard-
ing the EGFR expression (P=0.36). The frequency of
parameters including age, sex, tumor’s anatomical lo-
cation, and place of living in terms of EGFR expression
is shown in Table 3. As shown in Table 3, no significant
difference was observed between all groups (negative, +1
positive, +2 positive, +3 positive), regarding the frequency
of age, sex, tumor’s anatomical location, and place of living
(P>0.05).

4. Discussion

GBM is the most malignant type of glial tumor. Despite
the low prevalence of this tumor, it accounts for 2.5%
of cancer deaths [12] and the survival of patients is 3
months, but treatment leads to higher survival of these
patients. Recently, studies have shown that patients
with EGFR mutations have responded appropriately to
targeted therapy [11]. In our study, the MeanSD over-
all survival of patients was 22.3+2.5 months. Also, we
found that the 1-, 2- and 5-year survival rates of these
patients were about 90%, 30%, and 5%, respectively.
Many studies examined the prognosis and survival of

patients with GBM. Krex et al. reported that the mean
survival of patients with GBM was 4.6 years [13].

Kumar et al. assessed the survival of patients with
GBM and reported that the survival of patients with and
without treatment was 12-17 months and 3 months, re-
spectively [9]. Another study expressed that the mean
survival of patients after surgery and resection of the
tumor was 12.5 months. In contrast, this time reached
16 months after chemotherapy with temozolomide [13].
Factors including age at diagnosis, low Karnofsky perfor-
mance status, lack of complete resection of the tumor,
and high-grade histological features worsened the prog-
nosis. Surgery and tumor removal had a significant effect
on the prognosis and survival of patients [14]. Further-
more, tissue specimens in the current study were as-
sessed considering EGFR expression, and positive EGFR
and negative EGFR were observed in 43 (79.6%) and 11
individuals (20.4%). No statistically significant difference
existed between the duration of survival and the EGFR
expression status, which indicates that the expression of
EGFR did not affect the survival rate of patients.

In the study by Krex et al., the population of patients
with GBM was 55, and EGFR amplification was observed
in 10 patients (26%). The findings unveiled that GBM
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S Iranian Journal of
NEUROSURGERY

July 2020, Vol 6, Issue 3, No 22 Hia

Table 3. Frequency of parameters including age, sex, tumor’s anatomical location, and place of living in terms of EGFR expression

Parameters Negative +1 Positive +2 Positive +3 Positive P
20-40 3(30) 2(20) 2(20) 3(30)
Age (y) 40-60 4(18.2) 3(13.6) 5(22.7) 10 (45.5) 0.81
60-80 4(18.2) 2(9.1) 3(13.6) 13 (59.1)
Female 4(18.2) 4(18.2) 2(9.1) 12 (54.5)
Sex 0.39
Male 7(21.9) 3(9.4) 8(25) 14 (43.8)
Temporal 4(20) 4(20) 3(15) 9 (45)
Occipital 2(28.6) 0(0) 1(14.3) 4(57.1)
T“molr s anatomical Parietal 0(0) 1(11.1) 2(22.2) 6 (66.7) 0.44
ocation
Frontal 1(10) 2 (20) 1(10) 6 (60)
Other 1(33.3) 0(0) 2(66.7) 0(0)
Yazd 7 (21.9) 3(9.4) 5(15.6) 17 (53.1)
Place of living 0.505
Other cities 3(15) 4(20) 5(25) 8 (40)

patients with longer survival did not have EGFR ampli-
fication. Perhaps because EGFR amplification was more
common in elderly patients; however, in this study, pa-
tients were young with a long survival [13]. In another
study, EGFR amplification was observed in 34% of pa-
tients, and EGFR amplification was associated with a
good prognosis in patients with GBM [15].

Rich et al. reported that EGFR expression was not
associated with the outcome of patients. It was also
found that EGFR amplification was observed in 41% of
patients [16]. Furthermore, EGFRvIII expression was no-
ticed in 55% of patients. Other studies were conducted
in the USA and demonstrated that among 196 patients
with GBM, positive EGFR was observed in 105 patients
(54%), negative EGFR in 91 (46%), and EGFRvIII in 61
(31%). No significant difference was observed between
positive and negative EGFR groups regarding sex [17].

Quan et al. conducted a study on 288 patients with
GBM and demonstrated amplification of EGFR in 36
patients (33.6%). Moreover, no significant relation was
seen between the amplification of EGFR and age. It is
also believed that the amplification of EGFR was not
considered as an influential prognostic factor in patients
with GBM [18]. Shinojima et al. proposed that EGFR was
expressed in 46% of patients with GBM. Besides, am-

LTy
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plification of EGFR was reported as a poor prognostic
factor in these patients [19].

A study by Smith et al. found no significant differences
in survival of patients with or without overexpression of
EGFR, which was in line with our study [10]. However,
Tripathy et al. have found a significant relationship be-
tween overexpression of EGFR and overall survival rate,
in which patients without overexpression of EGFR had
longer overall survival, being inconsistent with our study
[11]. Zhang et al., in their study, concluded that no dif-
ferences existed between patients with EGFR mutation
and patients without overexpression, which was in line
with our study [20]. Based on the frequency distribu-
tion of patients with GBM, among 70 patients, 15.7%
were in the age range of 20-40 years, 33 (47.1%) in the
age range of 40-60 years, and 37.1% in the age range of
60-80 years. The age range of patients with GBM in vari-
ous studies was different. Krex et al. reported that the
age of patients with GBM ranged from 21 to 72 years
old with a mean age of 51 years [13]. Saadeh et al. and
Fisher et al. demonstrated that the age range of GBM
patients was 18-78 years with a mean age of 54 years
old [21, 22]. Other studies demonstrated the incidence
of tumors in the age range of 75-84 years old and mean
age 64 years [22]. Still, several researchers stated that
age over 50 years was one of the major risk factors for
GBM, whereas this disease was rare in the age under 20
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years [23]. GBM occurs in the first 2 decades of life in
less than 3% of all cases [23].

Two different studies were conducted on 174 and 211
patients with GBM and observed only 4 cases with GBM
in the first 2 decades of life [24, 25]. In general, accord-
ing to the mentioned studies, it seems that GBM was
more common in the 6th and 7th decades of life, and the
highest incidence of this tumor was in the age range of
45-65 years, which is consistent with the findings of our
study. Also, the frequency of tumors regarding the tu-
mor’s anatomical location suggested that the temporal
lobe, occipital lobe, parietal lobe, and frontal lobe were
observed in 34.9%, 17.5%, 19%, and 19% of patients,
respectively. Monzén et al. reported that the most com-
mon site of tumor involvement was the frontal region.
They reported that most symptoms were focal neural
symptoms, seizures, and symptoms of increased intra-
cranial pressure [25]. Another study discovered that the
most common site of glioblastoma multiforme in the
brain was especially in the centers above the tentorium.
This tumor makes up 20% of all intracranial tumors [26].

5. Conclusion

Based on the results of the present study, it seems that
the GBM tumor was associated with a poor prognosis
and a low survival rate. There was no statistically signifi-
cant relationship between the incidence or absence of
EGFR overexpression and survival rate. Besides, there
were no significant statistical differences between the
status of EGFR expression with age, sex, tumor loca-
tion, and living place of patients. Therefore, according
to these findings, it cannot be used as a predictor factor
for patients’ survival.

Limitations of the current study were being retrospec-
tive, a small sample size, and the lack of evaluation of
the effect of monoclonal antibody therapy on patients
with overexpression of EGFR.

It is recommended that more comprehensive studies
with larger sample sizes as well as clinical trials be car-
ried out on the use of anti-EGFR monoclonal therapy to
inhibit this factor and its effect on the patient’s progno-
sis and survival time.
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