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Abstract

Background The incidence of glioblastoma in the elderly population is increasing as the worldwide population ages. The
differential and poorer survival in the elderly population compared to younger patients is partially explained. The present
study aimed to investigate the clinical impact of epidermal growth factor receptor EGFR-altered glioblastoma in a real-life
elderly glioblastoma population.

Patients and Methods A bicentric and retrospective study was conducted. Patients were 70 years or older and suffering from
histomolecularly confirmed glioblastoma. Single nucleotide variants (SNV), amplification, or chromosome 7 polysomy were
sought. The primary endpoint was the comparison of overall survival (OS) in patients with or without EGFR alteration.
Secondary objectives were to determine other clinical parameters correlated with EGFR alteration status.

Results Seventy-three patients were analyzed: 41.1% had at least one EGFR alteration. The presence of EGFR alteration
did not impact overall survival: HR 0.97 [0.6-1.57], p=0.9; the median overall survival was 6.5 months [5.3-9.3] in the
EGFR-altered group versus 7 months [4.5-10] in the EGFR wild-type group, p=0.75. In multivariate analysis, tumor
resection was associated with a significant overall survival improvement: the median OS in the resected group (n=20) was
11 months [95% CI 7.8-22] versus a median OS of 5.5 months [4.6-7.8] in the unresected group (n=>53), without correla-
tion to EGFR alteration status.

Conclusion In the modern era of molecular characterization and improved treatment modalities, the presence of at least one
EGFR alteration did not influence survival outcomes in an elderly population of glioblastoma patients.
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Introduction

Glioblastoma is the most common and aggressive pri-
mary central nervous system malignancy in adults [1].
The incidence of glioblastoma in the elderly population
is rising steadily as the world population ages, and it is
already an increasingly frequent clinical situation [2]. The
recognized prognostic factors for glioblastoma are age,
extent of initial resection, and Karnofsky index at diag-
nosis [1, 3, 4]. The median overall survival for elderly
patients in general population is lower compared to
younger patients: 6 months versus 15-18 months [5, 6].
This survival difference is partly explained by non-tumoral
factors (performance status at diagnosis, comorbidities,
polymedication, treatment toxicity), but could also be due
to different and specific glioblastoma molecular profiles
in elderly patients. Batchelor et al. studied the survival
impact of tumor protein 53 (TP53) and epidermal growth
factor receptor (EGFR) genes alterations in glioblastoma
patients according to age groups [7]. EGFR amplification
was associated with survival in patients over 46 years old
and was more unfavorable in younger patients. Another
study in 2005, focusing specifically on elderly patients
(over 75 years old), also demonstrated longer survival in
20 patients with EGFR amplification [8]. In the past two
decades, the WHO classification of glioblastoma [9-11]
and molecular characterization have evolved [12], as have
the therapeutic approaches for elderly patients [5]. Current
guidelines recommend that patients older than 70 years
with good performance status undergo tumor resection
followed by concomitant hypofractionated radiotherapy
(40 Gy in 15 fractions) with continuous and maintenance
temozolomide for patients with MGMT promoter-methyl-
ated glioblastoma [13]. In cases of frail general condition,
three options can be discussed: hypofractionated radio-
therapy alone, chemotherapy alone, or best supportive
care, taking into account the MGMTp status [14]. This
renders the survival results for the current elderly popula-
tion obsolete. More recently, Johnson et al. investigated
the potential differences in the molecular profile of the
tumor and tumor microenvironment between glioblastoma
patients aged 65 years or more versus those less than 65
[15]. A proper survival difference was observed according
to age, but no association with gene expression accord-
ing to bulk RNA sequencing data. To date, no study has
been published dedicated to the evaluation of the clinical
impact of EGFR alterations in an elderly population of
glioblastoma patients.
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Patient and methods
Study population and objectives

A retrospective, bicentric study was conducted at the
Comprehensive Cancer Centre Henri Becquerel and the
University Hospital of Rouen. Patients were selected from
the neuropathology department database of the University
Hospital of Rouen. The selected patients were aged 70 or
over at the time of diagnosis and had histomolecularly-
confirmed glioblastoma. The diagnostic neurosurgical
procedure (biopsy, partial or total tumor resection) was
performed between January 1, 2013, and December 31,
2022. All tumors were reviewed and classified according
to the CNS5 WHO classification 2021 [11]; patients with
gliosarcoma, H3K27M-altered diffuse midline glioma, or
grade 4 IDH-mutant astrocytoma were excluded. Clini-
cal and biological data collected included: demographic
characteristics, presence or absence of comprehensive
geriatric assessment at diagnosis, comorbidities according
to the Cumulative Illness Rating Scale—Geriatric (CIRS-
G) score [16], number of comedications, type of surgery
(resection versus biopsy alone), type of treatment received,
and date of death from any cause, as well as hospitaliza-
tion during or after oncologic treatment. CIRS-G was cal-
culated at the time of the study based on medical records.
The primary objective was to study the impact on overall
survival (OS) of EGFR alterations, taking into account the
type of surgery (resection versus biopsy), age at diagnosis
(70-79 versus > =80), MGMT promoter methylation sta-
tus (methylated versus unmethylated), radiotherapy (radio-
therapy versus no radiotherapy), and chemotherapy (chem-
otherapy versus no chemotherapy). Secondary objectives
were to investigate correlation between clinical features
and EGFR alterations status in the studied population.

Molecular experiments

EGFR alterations were investigated using next-generation
sequencing (Illumina NextSeq® platform). The types of
EGFR alterations examined were the following: single
nucleotide variations (SNV), copy number alterations,
and splicing variants (Fig. 1A). DNA extraction, library
preparation, targeted sequencing, pre-processing work-
flow, and variant calling were previously described [17].
In brief, targeted sequencing was performed using a cus-
tom panel GLIOPANEL-v2 [18], and sequencing reads
were aligned to the GRCh37 genome. GLIOPANEL-v2
allows the detection of genomic alterations within recur-
rent altered regions of 20 genes, including all exons of the
EGFR gene. SNVs were considered somatic mutations if
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Fig.1 Description of the study. Schematic representation of the
workflow of the study (A) and flow chart (B) of the population based
on the database of the University Hospital of Rouen. The screened

they had a pathogenic or likely pathogenic status accord-
ing to the COSMIC database. Only variants with a vari-
ant allele fraction (VAF) higher than 2% and a deduped
depth equal to or greater than X 1000 were considered in
the final analysis. Copy number variations were detected
using mCNA [19] (https://gitlab.com/pierrejulien.viailly/
mcna/). EGFR amplification (EGFRamp) was defined by
a number of copies gain equal to or higher than 5. Chro-
mosome 7 polysomy was considered using the PI3KCG
gene (chromosome 7q22.3) copy number variation; if the
CNV was higher than 2.5 copies, chromosome 7 was con-
sidered polysomic. Truncated mutated EGFR were iden-
tified by detecting differential CNV between exons for a
unique sample: deletion of exon 2 to exon 7 (EGFRvIII) or
exon 26 to exon 27 were particularly studied [20]. EGFR
was considered altered (EGFRalr) if at least one mutation
and/or amplification and/or truncated gene was identified;
otherwise, the tumor was considered as EGFR wild-type

patients were aged 70 or over at the time of diagnosis (between Janu-
ary 1, 2013, and December 31, 2022)

(EGFRwt). Finally, MGMT promoter methylation status
was determined using the pyrosequencing method (Theras-
creen MGMT Pyro®, Qiagen®) after DNA bisulfite reac-
tion. A mean of methylated CpG islands greater than 12%
was considered as methylated MGMTp.

TCGA database

Data from The Cancer Genome Atlas Program (TCGA)
were utilized to enhance the cohort for survival analy-
sis. The data were downloaded from cBioPortal using the
‘Glioblastoma Multiforme (TCGA, PanCancer Atlas)’
dataset [21]. The filtering criteria were as follows:
patients had to be 70 years of age or older at diagnosis,
and genomic data (including mutations and structural vari-
ants) along with copy number alteration information (both
detection and log2 values of CNA) had to be available.
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Statistical analyses

Continuous variables are expressed as mean and standard
deviation (sd) or median and interquartile range according to
parametric or non-parametric distribution respectively. Com-
parison between two groups were done using Student test or
Mann—-Whitney test. Comparison for qualitative variables
were performed by using Chi-Square test. Overall survival
(OS) curves were obtained using Kaplan Meier method. Sur-
vival curves were compared with log-rank test. Impact on
survival of the studied variable were estimated using the Cox
regression model (hazard ration — HR). Each variable was
explored in univariate analysis and then all variables with
p-value equal or lower than 0.1 were considered for multi-
variate analysis. OS was the time from the day of diagnosis
until death from any cause. All tests were two-sided and a p
value of 0.05 or less was considered as statistically signifi-
cant, apart for variable selection for the multivariate analysis
of the Cox model. Figures and analyses were performed in
R version 4.3.1 using several packages (trackViewer_1.36.2
[22], survival_3.7-0, survminer_0.4.9, tableone_0.13.2,
dplyr_1.1.4 and corrplot_0.92) with the default settings.

Results
Characteristics of the study cohort

From 2013 to 2022, 73 patients were included in the final
analysis out of the 133 patients identified in the database
(Fig. 1)(Fig. 1B). The median age was 75 years (range
70-87), and the sex ratio was 1.9 (Table 1). A vast major-
ity of the patients underwent biopsy-alone as the diagnostic
procedure (n=153/73, 72.6%). No significant differences
were observed between the resected and unresected groups
in terms of age (mean 74.8 versus 76.1, p=0.215), CIRS-G
score (mean score 4.7 versus 4.5, p=0.78), or Karnofsky
index score for those available (n=31/70, 42.5%, mean 69%
versus 77%, p=0.138). Only 5 patients (6.8%) of the entire
population had an oncogeriatric evaluation before treatment.
Regarding treatment after the neurosurgical procedure,
data were available for 74% of the population (n=254/73).
Among these patients, 79.6% (n=43/54) had radiotherapy-
based first-line treatment, and 46.3% (n=25/54) received
temozolomide, either concurrently with radiotherapy or as
maintenance therapy. No patient had chemotherapy alone.

Table 1 Clinical, molecular

T . . Entire cohort EGFRwt group EGFRalt group p-value
characterlstlcs.at d1agn051§ and n=73 n=43 n=30
treatment received according to
EGFR alteration Age — mean (SD) 75.8y (3.9) 75.72 (3.50) 75.87 (4.52) 0.877
Male sex — no. (%) 39 (53.4) 25 (58.1) 14 (46.7) 0.466
Brain Location! — no. (%)
Internal capsule 2.7 12.3) 1(3.3) 0.664
Frontal 13 (17.8) 7 (16.3) 6 (20.0)
Insula 1(1.4) 0 (0.0) 1(3.3)
Occipital 2.7 12.3) 1(3.3)
Parietal 13 (17.8) 7 (16.3) 6 (20.0)
Temporal 25(34.2) 14 (32.6) 11 (36.7)
More than 2 17 (23.4) 13 (30.2) 4 (13.3)
Laterality — no. (%)
Left 45 (61.6) 27 (62.8) 18 (60.0) 0.429
Right 26 (35.6) 14 (32.6) 12 (40.0)
Both 2(2.8) 2 4.7 0(0.0)
CIRS-G score median [IQR] 4(3,6) 5.00 [2.50, 5.50] 4.00 [3.00, 6.75]0.946
Biopsy-alone — no. (%) 53 (72.6) 32 (74.4) 21 (70.0) 0.881
Radiotherapy2 —no. (%) 43 (79.6) 22 (51.2) 21 (70.0) 0.171
Temozolomide? — no. (%) 25 (46.3) 13 (44.8) 12 (48.0) 1
MGMT promoter unmethylated3 36 (51.4) 19 (46.3) 17 (58.6) 0.441

—no. (%)

"Brain location was considered as the main lobe involved by the tumor, in case of multiple lobes involve-
ment without evidence of one the tumor was considered as more than 2

’Data available for 54 patients

3Data available for 70 patients
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Impact of EGFR alterations on survival

In the entire population, 30 patients (41.1%) had at least
one EGFR alteration, namely a mutation (n=17, 23.3%),
an amplification (n=25, 34.2%) and/or a truncated gene
(n=10, 13.7%) (Table 1). No clinical differences at baseline
or treatment schedule between the EGFRalt group and the
EGFRwt group were observed (Table 1). The median overall
survival in the entire population was 6.9 months [95% CI
5.3-8.4]. The overall survival rate at one year was 22% [95%
CI 15-35%] and at two years was 4.2% [95% CI 1.4-13%].
The presence of EGFR alterations did not impact overall sur-
vival in the studied population: HR 0.97 [95% CI 0.6-1.57],
p=0.9. The median overall survival was 6.5 months [95%
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Fig.2 Kaplan—-Meier curves according to the different EGFR altera-
tions in the studied cohort (n="73). The proportion of alive patients
over time is presented according to the presence of at least one EGFR
alteration in the tumor (A), the status of copy number variation (B),
the presence of at least one mutation (C), and the presence of a trun-

CI 5.3-9.3] in the EGFRalt group versus 7 months [95%
CI 4.5-10] in the EGFRwt group, p=0.9 (Fig. 2A). In
detail, neither copy number variation (Fig. 2B), mutation
(Fig. 2C), nor truncated gene (Fig. 2D) had an impact on
OS. For the CNV analysis, HR was equal to 1.42 [95% CI
0.85-2.37], p=0.2, for the copy neutral and 0.59 [95% CI
0.22-1.55], p=0.3, for chromosome 7 polysomy compared
to EGFRamp group. When pooling patients that carried
EGFRamp glioblastoma (n=25) and those with chromo-
some 7 polysomy (n=35), a trend for a favorable outcome
was observed compared to EGFR copy neutral in univari-
ate analysis, but this was not confirmed when adjusting for
other prognostic factors such as resection status (Table 2).
Tumor resection was associated with a significant overall
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cated gene (D). Chromosome 7 polysomy is defined as a copy num-
ber gain of chromosome 7 higher than 2.5, based on the PI3KCG
gene (7q22.3). Samples having both chromosome 7 polysomy and
EGFR amplification were considered as EGFR-amplified glioblas-
toma. p-value is from the log-rank test
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Table 2 Cox model for overall survival in the studied population

n

Univariate Analysis

Multivariate analysis

HR CI95% inf  CI95%sup  p.value HR CI95% inf ~ CI95% sup  p.value
Tumor resection vs biopsy 73 037 021 0.67 0.001 041 0.22 0.76 0.005
Age >=80y vs 70-79y 73 128  0.68 2.40 0.5
MGMTp unmethylated vs methylated 70 1.44  0.89 2.34 0.14
CIRS-G score <4 vs >=4 73 0.66 04 1.08 0.1 0.69 042 1.13 0.14
EGFR wild-type vs EGFR alteration 73 097 0.6 1.57 >09
EGFR copy neutral vs EGFR amplifi- 73 1.59 098 2.59 0.062 1.38 0.83 2.28 0.2

cation or chr7 polysomy

survival improvement: the median OS in the resected group
(n=20) was 11 months [95% CI 7.8-22] versus a median
OS of 5.5 months [95% CI 4.6-7.8] in the unresected group
(n=353), log rank p<0.0001. EGFR alteration status was
not associated with survival outcome in the biopsy-alone
group: HR 1.3 [0.72-2.32], p=0.4. Eighty-eight percent of
the EGFR mutations occurred in the extracellular domain of
EGEFR protein (Fig. 3) as previously described in the TCGA
cohort [20]. The small number of mutations in our cohort
did not allow to explore potential different prognostic impact
of EGFR mutation’s location.

Integrated survival outcomes from TCGA data

Sixty-six patients were selected from the TCGA dataset,
with a median age of 76 years (range 70-89) and a sex
ratio of 1.2. Twenty-nine patients had glioblastoma with
EGFR amplification (n=29/66, 43.9%), while 12 patients

had glioblastoma with EGFR mutation (n=12/66, 18.2%).
The median overall survival was 7.4 months [95% CI
4.9-11]. When combining the two cohorts, the one-year
survival rate was 28% [95% CI 21-37%] and the two-year
survival rate was 5.3% [95% CI 2.4-11.2%], Supplemen-
tary Table 1. Neither EGFR amplification nor EGFR
mutation status influenced overall survival: the median
survival was 8 months [95% CI 6.0-12] for glioblastoma
with EGFR amplification compared to 5.9 months [95%
CI 4.6-8.4] for EGFR copy-neutral glioblastoma, with a
log-rank p-value of 0.22; and 7.8 months [95% CI 4.9-14]
for glioblastoma with EGFR mutation versus 6.3 months
[95% CI 4.9-8.4] for glioblastoma with wild-type EGFR,
with a log-rank p-value of 0.18 (Fig. 4). These results were
corroborated by univariate Cox regression analysis: hazard
ratio (HR) of 1.26 [95% CI 0.87-1.82] for EGFR ampli-
fication and HR of 1.37 [95% CI 0.87-2.17] for EGFR
mutation.

Epidermal Growth Factor Receptor
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Fig.3 Schematic Representation of the EGFR Protein and the Loca-
tion of the Altered Amino Acids Identified in the Studied Population
(n=73). Overall, 35 mutations were identified in 17 samples (23.3%)
of the cohort. Of these mutations, 91.4% (n=31/35) were missense
mutations, one was a nonsense mutation, one was an insertion, and
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one was a splice variant. The mutations affecting the amino acids of
the EGFR protein are represented. The pie plot by location represents
the proportion of mutated samples within this amino acid among the
entire cohort
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Contributing elements to clinical outcomes

In the studied population, the in-patient rate was obtained
for 60.3% (n=44) of the entire cohort. Among this sub-
group, almost half of the patients (n=21/44, 47%) were
hospitalized twice or more during active or palliative
management. The three most frequent causes for hospi-
talization were: deterioration in general condition (35%),
neurological impairment including deficit, intracranial
hypertension, or seizures (26%), and treatment-related
toxicity (19%). The in-patient rate was not associated
with the EGFR alteration status of the tumor: 90% in the
EGFRalt group (n=18/20) versus 95.8% in the EGFRwt
group (n=23/24), p=0.870.

When considering EGFR CNV as a continuous vari-
able, the mean copy number gain was 37 copies (min.
2.82 — max. 111.55) in the EGFR gained glioblastoma
population (EGFR amplification 4+ chromosome 7 poly-
somy, n=30). In the EGFRamp group (n=25), all tumors
harbored a copy gain higher than 10 copies. No correla-
tion between EGFR CNYV and clinical features was identi-
fied (Fig. 5).

In the subgroup of patients with adjuvant treat-
ment data available (n=54), radiotherapy, regardless
of the delivered dose, or temozolomide administration
were identified as favorable prognostic factors: HR
0.55 [0.34-0.89], p=0.015 and HR 0.15 [0.07-0.31],
p <0.001, respectively. The rate of patients receiving radi-
otherapy and/or temozolomide was equivalent between
the EGFRalt subgroup and the EGFRwt subgroup: 70%
versus 51.2% for radiotherapy, p=0.171, and 48% versus
44.8% for temozolomide, p=1.
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Fig.5 Correlation plot between clinical, therapeutic features and
EGFR copy number in the studied cohort (n=73). EGFR copy num-
ber is set at 2 copies for non-amplified and non-polysomic samples.
Tumor resection variable was transformed as binary variables. No
correlation between those variables and EGFR copy number was
identified. The only significant correlation was identified between
overall survival (months) and tumor resection status (p <0.01)

Discussion

Seventy-three elderly patients with glioblastoma were ret-
rospectively analyzed in our study. The observed median
OS was 6.9 months, and the 1-year survival rate was 22%.
This OS is in accordance with those observed in previ-
ous studies [14] or the CBTRUS database in the USA
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[1]: 14.1% for the population of glioblastoma patients
older than 75. EGFR alterations (EGFRalt) status in
the tumor did not influence survival in our cohort: HR
0.97 [0.6-1.57], p=0.9. In detail, EGFR amplification
occurred in one-third of the patients (34.2%) and was the
most frequent EGFR alteration. The EGFR amplifica-
tion (EGFRamp) group had similar survival compared to
the copy neutral group, HR 1.42, p=0.2. This result is
in accordance with a meta-analysis conducted by Chen
et al. by pooling the results of three studies, HR 1.101
[0.845-1.434], p=0.475 [23]. The population of the
studies included all ages and not solely elderly patients.
Studies focusing on EGFR amplification as an independ-
ent prognostic factor in the elderly in the modern era of
tumor molecular characterization [11] and with up-to-
date post-surgical treatment such as hypofractionated
radiotherapy [5] are still lacking. The negative impact of
EGFR amplification on survival in young patients (less
than 45 years old) is controversial [24-26]. One limitation
is the homogeneity of the method to consider a glioblas-
toma as “EGFR amplified”. EGFR amplification could be
accurately determined by fluorescence in situ hybridiza-
tion (FISH) or RNA sequencing (RNAseq). Tumor DNA
sequencing of the EGFR locus is now considered a valu-
able surrogate marker of EGFR amplification and is highly
correlated with FISH [27]. Moreover, the threshold to con-
sider EGFR as amplified was set at a gain of at least 5 cop-
ies [28], especially for clinical trials. This more stringent
threshold that we integrated into our study could partially
explain the lower frequency of EGFR-amplified tumors
compared to the frequency of amplified chr7p11.2 where
EGFR is located in the TCGA database [20] (n=276/543,
50.8%). In fact, all EGFRamp glioblastomas in our cohort
harbored a copy gain higher than 10 copies. A more recent
study also identified an overall frequency of EGFRamp
glioblastoma of 34.5% without a difference between
patients younger or older than 65 years of age [15]. Three
different CNV situations could be distinguished: EGFR
gene amplification, a polysomy of chromosome 7 when
the gain of chromosome 7 is higher than 2 copies, and the
copy neutral situation, where neither of the other situa-
tions occurred [29]. The situation of chromosome7/EGFR
polysomy without amplification should be interesting to
explore as a prognostic factor because it seems to be an
independent entity [30]. The low number of patients carry-
ing this polysomy in our cohort (n=35) prevented us from
identifying any prognostic signal.

When incorporating the TCGA dataset (n=66) for
patients over 69 years old, no survival differences were
observed based on EGFR amplification status or muta-
tion status. This finding aligns with earlier results from the
TCGA glioblastoma cohort (n=380), which indicated equiv-
alent median overall survival for both the EGFR-amplified
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and non-amplified groups, as well as for the EGFR-mutated
and wild-type groups: 15 months versus 13 months, with a
log-rank p-value of 0.36, and 15 months versus 15 months,
with a p-value of 1 [21]. The lack of impact from EGFR
alterations, particularly amplification, has recently been reaf-
firmed in a large cohort of /IDH-wildtype grade 4 gliomas
[31]. However, a negative impact of EGFR amplification was
noted in /DH-mutant gliomas. /IDH-mutant gliomas were
not included in our cohort as we aimed to focus solely on
glioblastoma, in accordance with the CNS5 WHO classifi-
cation. The incidence of IDH-mutant gliomas in the elderly
population is very rare, and a dedicated study investigating
the prognostic impact of EGFR alterations in this specific
group could be valuable.

No study has addressed the age threshold to define what
constitutes an elderly population of glioblastoma. The
threshold varies from >60 to >75 [2]. The threshold of equal
to or higher than 70 was chosen. The exploratory analysis
performed on the subgroup of patients being “older old”,
i.e., higher than 80 years of age, did not reveal any influ-
ence of EGFR alterations on survival. A dedicated study
investigating the impact of EGFR alterations on survival in
this “older old” population should be interesting and com-
plementary to recently published clinical cases cohort [32].

A significant improvement in OS was observed in the
tumor-resected group compared to the biopsy-alone group.
The survival impact of tumor resection in patients over
70 is still lacking robust prospective clinical trials. Most
studies are retrospective or prospective with a low number
of participants or are not randomized. Nevertheless, resec-
tion seems to improve OS for fit patients since a phase
III trial published in 2003 by Vuorinen et al. has shown
a median survival of 171 days for the resected group ver-
sus 85 days for the non-resected group [33]. In 2021, the
French neuro-oncology society (ANOCEF) conducted a
multicenter randomized controlled trial comparing resec-
tion surgery versus biopsy [34]. The study showed that
surgery did not significantly increase overall survival but
did increase progression-free survival (PFS) and quality
of life in patients. It should be noted that in this study, the
median survival in each group was 8 and 9 months, which
is slightly higher than the usual survival in this population,
and all patients had at least radiotherapy after diagnosis. In
this context, our results should be interpreted with caution
as potential confounding factors such as performance sta-
tus at diagnosis were missing and could possibly influence
the OS in the resected group. The slightly lower propor-
tion of resections in our cohort (27.4%) compared to the
SEER database (35% for patients aged 65 to 79, and 28%
for patients aged 80 and older) [35] may also be attributed
to other clinical factors, such as performance status in this
frail and unselected population. Regarding MGMT pro-
moter methylation, a non-significant difference in OS was
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observed. MGMTp methylation is known in the literature
to be a favorable prognostic factor in glioblastoma and
a predictive biomarker of response to alkylating agents,
especially temozolomide [36]. The lack of significance for
MGMTp methylation is probably due to the small number
of patients exposed to temozolomide (n=24, 31%). As
in phase III studies in the elderly, we have shown that
patients who received radiotherapy or radiochemotherapy
had an improvement in overall survival [5, 6].

Finally, other oncogeriatric evaluations should be
explored in the specific population of glioblastoma
patients. To our knowledge, no available oncogeriatric
scale is validated in glioblastoma. The CIRS-G score par-
tially reflects the frailty of elderly patients and was not
found to influence OS in multivariate analysis or to be
correlated with EGFR alterations.

Conclusion

When considering the characterization of somatic EGFR
alterations using next-generation sequencing in a real-
life elderly glioblastoma population, the presence of at
least one EGFR alteration did not influence survival out-
comes. Aggressive treatment, such as tumor resection, is
significantly associated with improved survival outcomes.
However, predictive clinical or biological factors prior to
tumor-related intervention are still lacking in this specific
population.
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