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Background  Glioblastoma multiforme (GBM) is a disease with poor outcome. 
Alterations or mutations in epidermal growth factor receptors (EGFRs) are found in 
GBM and may be targeted to improve outcomes.
Aims  We analyzed the frequency of EGFR variant III (vIII) mutations in patients with 
GBM and their outcomes after standard treatment.
Materials and Methods  This is a retrospective study conducted in a single tertiary 
cancer center in south India. Forty patients with GBM who had their entire treat-
ment done at this center were identified, and their primary tumor tissue blocks were 
retrieved. Genomic DNA was extracted, and molecular analysis was performed and 
analyzed. The results of mutational analysis were correlated with treatment outcome 
of the patients.
Statistical Analysis  Survival outcome was analyzed using the Kaplan–Meier method. 
The log-rank test was used to assess the association between the groups and various 
parameters.
Results  Our study showed a similar incidence of EGFR vIII alterations as published 
in world literature, but we did not find any difference in overall survival (OS) and 
progression-free survival (PFS) in patients with EGFR vIII mutation compared with non-
mutant cohort.
Conclusions  Contrary to the existing literature which indicated EGFR vIII alterations 
to be a negative prognostic indicator, our study did not find it to be an independent 
predictor of prognosis among Indian GBM patients treated with present standard 
of care.
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Introduction
Glioblastoma multiforme (GBM) and its variants (giant cell 
glioblastoma and gliosarcoma) are the most malignant forms 
of primary neuroepithelial tumors of the central nervous sys-
tem (CNS) and fall under the purview of WHO Grade IV in 
the neuropathological classification schemes.1 The American 
Brain Tumor Association data for 2008–2012 reported that 
in the United States, GBM accounts for 12 to 15% of all intra-
cranial tumors and 50 to 60% of astrocytic tumors.2 In India, 
a prospective study of 656 patients with CNS neoplasms 
from Tata Memorial Hospital reported 38.7% (n = 254) gli-
omas, and among these, 59.5% (151/254) were high-grade 
gliomas.3 Since India does not have a wide-based population 
cancer registry, the hospital cancer registry data may provide 
only a skewed understanding of incidence and mortality. 
GBM can affect patients at any age but has a peak incidence 
between the ages of 45 and 75 years. Our own institutional 
unpublished data show the median age to be 51.5 years  
(16–75 years).

GBM has the poorest overall survival (OS), with only  
0.05–4.7% of patients surviving 5 years past their diagno-
sis.4 Chromosomal alterations are a common reason for gli-
omagenesis. Molecular, cytogenetic, and array-based assays 
of comparative genomic hybridization and RNA expression 
have opened doors to the understanding of genetic alter-
ations which are likely to be causative of gliomas.5

It has been established that the transformed phenotype 
of brain tumor cells is highly complex and results from the 
dysfunction of a variety of interrelated regulatory pathways. 
The transformation process involves the amplification or 
overexpression of oncogenes and loss or lack of expression of 
tumor suppressor genes. Abnormalities in TP53 (mutation) 
and epidermal growth factor receptor (EGFR) (amplification) 
have shown correlations with the occurrence of GBM.6 In the 
past two decades, there has been significant literature on 
the prognostic relevance of EGFR, in particular its receptor 
variant III (EGFR vIII). Glioblastomas often express EGFR vIII, 
which is a constitutively active genomic deletion variant of 
EGFR and is characterized by deletions of exons 2–7 of the 
EGFR gene. EGFR vIII characterized by the truncated extracel-
lular domain has a ligand-independent constitutive activity 
and confers increased proliferation and invasiveness to gli-
oma cells.7

We analyzed the frequency of EGFR vIII mutations among 
our patients afflicted with GBM to assess the presence of 
molecular alterations and its impact on the disease in our 
patient population.

Materials and Methods
This is a single-center, nonrandomized, retrospective study 
in patients diagnosed with GBM. Only those GBM patients 
who received their entire treatment at this tertiary care hos-
pital between January 2014 and August 2015 and had docu-
mented follow-up records until the time of study initiation 
were included. This was done to ensure the uniformity of 

treatment received by the patients. Patients who were lost 
to follow-up or those with clinical outcomes not available 
were excluded from the study. A total of 40 patient tumor 
samples were identified and included in the study. The pro-
tocol was reviewed and approved by the institutional review  
board.

The formalin-fixed paraffin-embedded (FFPE) tumor 
blocks were retrieved from the department of pathology 
archives and were tested for EGFR vIII mutation. Tissue sec-
tions of 5-μm thickness were obtained from FFPE blocks 
and stained with methyl green. The tumor-rich areas were 
microdissected using a 21G needle, and the samples were 
subjected to proteinase K digestion in a rotating incubator 
at 56°C for 3 days. Genomic DNA was extracted using the 
DNeasy Tissue Kit (Qiagen, Hilden, Germany) and kept at 4°C 
before use.

SALSA MLPA probemix was used to determine the dele-
tions of EGFR which results in EGFR vIII. Samples were tested 
as per the manufacturer’s protocol. The deletions and dupli-
cations detected by multiplex ligation-dependent probe 
amplification (MLPA) were not confirmed by other methods 
due to financial constraints. MLPA analysis was done on iso-
lated tumor DNA; hence, the changes detected in our study 
are essentially at the DNA level. The results of mutational 
analysis were correlated with patient demographics and 
treatment outcome of the patients.

Descriptive statistics were used to describe patient char-
acteristics as frequencies. The actual values relating to the 
patient characteristics are mentioned in mean or median 
values. Statistical analysis was performed using the IBM 
SPSS version 20 software. Survival outcome analysis was 
done using the Kaplan–Meier method. Association between 
the groups and various parameters (age, extent of surgical 
excision, size of the tumor, etc.) was looked at using the log-
rank test.

Results
This retrospective study included 40 patients. All patients 
received conventional treatment with maximal safe resec-
tion, followed by chemoradiation and adjuvant temozolo-
mide. The radiation dose was 6000 cGy in 30 fractions over a 
period of 6 weeks. The concurrent temozolomide was dosed 
at 75 mg/m2 and the adjuvant was administered at 150 to 
200 mg/m2 1 to 5 days every 4 weeks for six cycles.

Twenty-four (60%) patients were male. EGFR vIII muta-
tion was detected in 23 (57.5%) tumor samples. The sex dis-
tribution among the mutant group was identical; however, 
it was male predominant (n = 12; 70.6%) in the nonmutant 
population. The mean age in the EGFR vIII-positive patients 
was 47.13 years, which was approximately 5 years lower 
than 52 years in the negative group. The most common site 
of tumor in EGFR vIII-mutant patients was temporal region. 
EGFR vIII-mutant tumors were relatively larger than their 
negative counterparts. In spite of the larger size, the total 
plus near-total surgical resection rates were identical in both 
the groups.
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The median progression-free survival (PFS) time among 
the whole cohort was 10.53 months. The median PFS time 
in the EGFR vIII-positive group was 11.10 months, and 
in the EGFR vIII-negative group, it was 8.83 months (p = 
0.520) (►Fig.  1). The median OS time among the whole 
cohort was 16.7 months. The median OS time in the EGFR 

vIII-positive group was 17.5 months, and in the negative 
group, it was 16.76 months (p = 0.953) (►Fig. 2). There was 
no statistically significant difference between the survivals of 
these two groups.

Discussion
GBM is a disease with a very short median survival, elu-
cidating that both prognostic and predictive biomarkers 
play a very important role. Approximately 54% of GBMs 
with EGFR gene amplification also express EGFR vIII.8 
The EGFR vIII-positive cells are located in cellular areas of 
the tumor but not in the invading zone.9 This could sug-
gest that EGFR vIII has a central tumor-initiating and per-
petuating role. The upregulated EGFRs participate in key 
processes of tumor cell invasion and tumor-related angio-
genesis. Glioma cell invasion and increased angiogenesis 
share mechanisms of the degradation of the extracellular 
matrix (ECM) through the upregulation of ECM-degrading 
proteases as well as the activation of aberrant signaling 
pathways.10

The frequency of GBM with EGFR vIII mutation at 57.5% in 
our cohort was in line with the available literature.7,11 Analysis 
of data from the groups carrying EGFR vIII mutation as a vari-
able showed no statistical difference in the OS and the PFS. 
We have represented for comparison some of the available 
studies in literature in ►Table  1.11-13 The fact that 57.5% of 
patients expressed EGFR vIII, and they had a median age of 
47 years, was interesting.

Even though the presence of EGFR vIII did not translate 
into a poor prognosticator factor in our cohort, it still would 
find therapeutic applications. A recent publication from our 
institution has demonstrated the significance of humanized 
anti-EGFR vIII single-chain fragment variable as a poten-
tial immunotherapeutic agent as well as a targeting agent 
for specific delivery of drugs to EGFR vIII-expressing cancer 
cells.14 Work on orthotopic mice models has suggested that 
tumor-selective, bitargeted anti-EGFR/EGFR vIII CAR T-cells 
may be a promising modality for the treatment of patients 
with EGFR/EGFR vIII-overexpressing GBM.15

The limitation of our study is its small sample size. Due 
to cost constraints, we have not been able to verify the pos-
itive samples using other real-time polymerase chain reac-
tion-based assays or next-generation sequencing to confirm 
the alterations identified in our study.

Fig. 1  Kaplan–Meier graph for progression-free survival (PFS) time in 
epidermal growth factor (EGFR) receptor variant III (vIII).

Fig. 2  Kaplan–Meier graph for overall survival (OS) time in epidermal 
growth factor receptor (EGFR) variant III (vIII).

Table 1   Few comparable studies for EGFR alterations

Study author/years Number of cases EGFR study Result

Shinojima et al11 87 EGFR vIII alterations Significant unfavorable predictor on OS for amplification. 
EGFR vIII showed a trend toward shorter OS

Heimberger et al12 196 EGFR vIII alterations No prognostic significance on OS with EGFR vIII

Umesh et al13 54 Alterations Significant negative prognostic factor on OS

Present study 40 Alterations of EGFR vIII No impact of EGFR vIII mutation on the OS and PFS

Abbreviations: EGFR vIII, epidermal growth factor receptor variant III; OS, overall survival; PFS, progression-free survival.
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Conclusions
Based on our study, in the Indian context among patients 
with GBM, EGFR mutations are present and carry prognostic 
significance. However, EGFR vIII does not translate into poor 
prognosis. However, in a cost-constrained setting, we believe 
that EGFR vIII identification may identify patients who could 
benefit from newer therapeutic measures.
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