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INTRODUCTION

Glioblastoma is the most common malignant primary brain 
tumor and has a rapid progressive clinical course and then fa-
tal outcome [1-5]. The standard therapy for glioblastoma is a 
surgical resection followed by concurrent chemoradiotherapy 
(CCRT) using temozolomide (TMZ) [6]. Despite standard ther-
apy for glioblastoma, the median overall survival (OS) is only 
14.6 months [6,7]. 

According to the literature, about 50% of cases occur in pa-
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Background    There have been controversies in the treatment of elderly patients with glioblastoma. 
We introduce the outcome of the treatment of elderly patients with glioblastoma comparing with 
younger patients.

Methods    The author’s hospital database was used to identify patients with histologically con-
firmed glioblastoma after surgery between January 2006 and December 2013. Forty-eight patients 
(control group) were under age 65 and 16 patients (elderly group) were aged 65 years or over at the 
time of surgery.

Results    The median age of the elderly group was 71 years and control group was 50 years. 
Mean number of medical comorbidities was 1.8 in the elderly group vs. 0.5 in the control group. The 
median progression free survival (PFS) was 5.6 months and the median overall survival (OS) was 19.9 
months in all patients. The elderly group had a median PFS of 4.2 months vs. 8 months for the control 
group (log-rank test, p=0.762). Median OS was 8.2 months in the elderly group vs. 20.9 months in the 
control group (log-rank test, p=0.457). Major complications occurred in 5 cases (7.8%) for all patients. 
The ratio of completion of concomitant chemo-radiotherapy (CCRT) was 81.3% and was the same 
between the two groups. In multivariable analysis, extent of resection (p=0.034) and completion of 
CCRT (p=0.023) were statistically significant, independent prognostic factors only for PFS in all pa-
tients by Cox proportional hazards model. Age was not an independent prognostic factor. As for OS, 
there was no significant factor. 

Conclusion    Surgical resection and CCRT were well tolerated in elderly patients with glioblastoma, 
and maximal safe resection followed by timely CCRT could improve clinic-oncologic outcomes.

Key Words  Elderly, outcome; Glioblastoma; Prognosis; Concomitant chemoradiotherapy.

tients aged 65 years or older [1,2,4]. However, the trial by Stupp 
et al. [7] included only younger patients for standard therapy 
and several other important clinical trials also excluded elderly 
patients due to poor outcomes in this group, which could be re-
lated to age-dependent underlying molecular differences [1,4,8].

In elderly patients, standard therapy for glioblastoma may 
bring about additional side effects. While the ratio of elderly pa-
tients is steadily increasing, there is a necessity to analyze the 
outcome of the effect of standard treatment in elderly patients 
with glioblastoma. Thus, in this study, we analyzed the out-
come of the treatment of elderly patients with glioblastoma and 
compared it with that of younger patients. 
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MATERIALS AND METHODS

Patient population
This study was approved by the Institutional Review Board of 

the authors’ hospital. The author’s hospital database was used 
to identify patients with histologically confirmed glioblastoma 
between January 2006 and December 2013. Seventy-five pa-
tients were diagnosed as glioblastoma pathologically. Eleven 
patients with secondary glioblastoma were excluded because 
they had a previous chemotherapy or radiotherapy history. 
Therefore, 64 patients were selected for this study. We regard-
ed the ‘elderly patient’ as aged 65 years or over according to 
the traditional concept, government law concering elderly pa-
tient care and geriatric medicine. The elderly group included 
16 patients who were aged 65 years or over at the time of his-
topathologic diagnosis. The control group included 48 patients 
who were younger than 65 years. Data was collected by using 
chart review, surgical reports, and brain magnetic resonance 
imaging (MRI). 

 

Characteristics of patients
Table 1 shows the characteristics of patients. The median 

follow-up period of the patients who were included in this 
study was 12 months (range, 2.1–78.2 months). There were 
37 men and 27 women, with a median age of 54 years (range, 
10–82 years). In the control group, there were 26 men and 22 
women, and the median age of this group was 50 years (range, 
10–64 years). In the elderly group, 11 men and 5 women were 
included and the median age of this group was 71 years (range, 
65–82 years).

The median Karnofsky Performance Scale (KPS) was 90 
and there was no difference between the two groups. The KPS 
range was from 50 to 100 in elderly group and 70 to 100 in the 
control group.

We investigated pre-existing medical comorbidities including 
hypertension, diabetes mellitus (DM), cardiac disease, pulmo-
nary disease, renal disease, hepatic disease, use of anticoagula-
tion, and others. The most common comorbidity was hyperten-
sion in both groups. The next common comorbidity in the 
elderly group was DM (25.0%) and cardiac disease (25.0%), 

Table 1. Characteristics of patients

Elderly group (n=16) Control group (n=48)
Median age, years (range) 71 (65–82) 50 (10–64)
Gender, n (%)

Men 11 (68.8) 26 (54.2)
Women 5 (31.2) 22 (45.8)

Median KPS (range) 90 (50–100) 90 (70–100)
Comorbidities, n (%)

Hypertension 8 (50.0) 9 (14.6)
DM 4 (25.0) 1 (2.1)
Cardiac disease 4 (25.0) 1 (2.1)
Pulmonary disease 1 (6.3) 1 (2.1)
Renal disease 0 (0) 0 (0)
Hepatic disease 1 (6.3) 2 (4.2)
Anticoagulation 5 (31.3) 1 (2.1)
Others 3 (18.8) 0 (0)
Multiple ≥3 6 (37.5) 1 (2.1)

Mean comorbidities 1.8 0.5
Extent of resection, n (%)

GTR 5 (31.3) 18 (37.5)
No GTR 11 (68.8) 30 (62.5)

CCRT, n (%)
Completion of CCRT 13 (81.3) 39 (81.3)
Discontinuation of CCRT 0 (0) 5 (11.4)
No CCRT 3 (18.8) 4 (8.3)

Molecular, n (%)
IDH1 mutation 0 of 5 patients (0) 2 of 14 patients (14.3)
MGMT methylation 6 of 12 patients (50) 21 of 41 patients (51.2)

KPS: Karnofsky Performance Scale, GTR: grossly total resection, CCRT: concurrent chemoradiotherapy, IDH1: isocitrate dehydrogenase 1, 
MGMT: O6-methylguanine-DNA methyltransferase, DM: diabetes mellitus
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while it was hepatic disease (4.2%) in the control group. Six 
patients (37.5%) had 3 or more pre-existing comorbidities in 
the elderly group while there was just one patient (2.1%) in the 
control group. Mean number of medical comorbidities was 1.8 
in the elderly group and 0.5 in the control group.

Patients underwent either open resection or stereotactic bi-
opsy for diagnostic purposes. The extent of resection was as-
sessed by the patients’ postoperative brain MRIs taken within 
48 hours after surgery. The resection extent was classified into 
3 groups: “grossly total resection (GTR)”, “partial resection 
(PR)”, and “biopsy”. GTR was defined as no residual enhanc-
ing lesion, and PR as residual enhancing lesion after open re-
section. Patients who underwent stereotactic biopsy were in-
cluded in the biopsy group. GTR of tumor was achieved in 23 

patients (35.9%) for all patients; 5 patients (31.3%) belonged 
to the elderly group and 18 patients (37.5%) to the control 
group. The patients with PR were 39 of 64 patients (60.9%), 
and only a biopsy was performed in 2 of 64 patients (3.1%).

Radiotherapy regimens were 2 Gy given 5 days per week 
for 6 weeks, for a total of 60 Gy and chemotherapy regimens 
were continuous daily temozolomide (75 mg per square meter 
of body surface area per day, 7 days per week from the first to 
the last day of radiotherapy). Fifty-two of 64 patients (81.3%) 
had completed CCRT, and among them, 13 patients (81.3%) 
belonged to the elderly group and 39 patients (81.3%) to the 
control group. Five patients (11.4%) discontinued CCRT and 
they were all in the control group. Seven of 64 patients (10.9%) 
could not start the CCRT after surgery, and among them, 3 
patients (18.8%) belonged to the elderly group and 4 patients 
(8.3%) to the control group. 

Nineteen patients were investigated for isocitrate dehydroge-
nase 1 (IDH1) mutation. IDH1 mutation was positive in none 
of 5 patients of the elderly group and 2 of 14 patients (14.3%) 
of the control group. Fifty-three patients were also investigat-
ed for O6-methylguanine-DNA methyltransferase (MGMT) 
status (methylated vs. unmethylated); 6 of 12 patients (50.0%) in 
the elderly group and 21 of 41 patients (51.2%) in the control 
group had methylated MGMT. 

Statistical analysis
All analyses were done with Version 21.0 of IBM SPSS 

(SPSS Inc., Chicago, IL, USA). The log-rank test was used to 
get progression free survival (PFS) and OS. PFS was defined 
as the time interval between initial diagnosis and recurrence 
or progression on brain MRI, and OS was calculated from the 
time of initial diagnosis to that of death by any cause. Multivari-
ate analyses of risk factors were performed using the Cox pro-
portional hazards model. The following variables were ana-
lyzed for correlation with clinico-oncologic outcome: age, 
extent of resection, status of CCRT, MGMT methylation sta-
tus, and combined disease status including hypertension, dia-
betes insipidus, pulmonary disorder, heart disorder, renal dis-
order, hepatic disorder, use of anticoagulation treatment and 
others.

RESULTS

Overall outcome
At the time of this study, 37 of 64 patients had expired. The 

median PFS was 5.6 months and the median OS was 19.9 
months in all patients. The median PFS was 8 months in the 
control group vs. 4.2 months in the elderly group (Fig. 1), but 
there was no statistical significance (p=0.762). The median 
OS was 20.9 months in the control group vs. 8.2 months in the 

Fig. 1. Comparison of progression free survival.
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Fig. 2. Comparison of overall survival.
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elderly group (Fig. 2), but there was also no statistical signifi-
cance (p=0.457).

Prognostic factors for survival
Table 2 shows the outcome of this study including prognostic 

factors in univariate analysis. In univariate analysis, prognostic 
factor for PFS with a statistical significance were extent of re-

Table 2. Prognostic factors related to survival

PFS OS
Median PFS p value Median OS p value

Age 0.762 0.457
Control group (age <65 years) 8 months 20.9 months
Elderly group (age ≥65 years) 4.2 months 8.2 months

Extent of resection 0.014* 0.074
GTR 11.5 months 26.1 months
No GTR 4.5 months 15.8 months

CCRT 0.006* 0.092
Completion of CCRT 8 months 24.9 months
No completion of CCRT 4.3 months 10.4 months

Preoperative KPS 0.016* 0.026*
KPS ≤70 2.7 months 8.5 months
KPS >70 8 months 15.8 months

MGMT methylation 0.166 0.448
Methylation 11.5 months 26.1 months
Un-methylation 5.6 months 24.2 months

Comorbidities
Hypertension (+) 5.2 months 0.985 15.1 months 0.528
Hypertension (-) 8.2 months 24.2 months
DM (+) 5.2 months 0.169 7.5 months 0.025*
DM (-) 5.8 months 21 months
Pulmonary disease (+) 4.9 months 0.796 8 months 0.250
Pulmonary disease (-) 5.6 months 19.9 months
Anticoagulation (+) 2.7 months 0.176 7.1 months 0.089
Anticoagulation (-) 5.8 months 21 months
Comorbidities ≥3 5.2 months 0.55 8.3 months 0.574
Comorbidities <3 5.8 months 20 months

*p<0.05. PFS: progression free survival, OS: overall survival, KPS: Karnofsky Performance Scale, GTR: grossly total resection, CCRT: concur-
rent chemoradiotherapy, MGMT: O6-methylguanine-DNA methyltransferase, DM: diabetes mellitus

Table 3. Multivariate analysis of factors associated with PFS and OS

PFS OS
p value OR 95% CI p value OR 95% CI

Age 0.746 1.165 0.463–2.931 0.073 2.174 0.929–5.086
Extent of resection 0.034* 1.901 1.051–3.437 0.076 2.586 0.904–7.396
CCRT 0.023* 2.279 1.118–4.643 0.855 0.881 0.228–3.401
Preoperative KPS 0.190 1.764 0.755–4.124 0.890 1.123 0.218–5.777
Comorbidities

Hypertension 0.691 0.835 0.344–2.028 0.936 0.952 0.286–3.166
DM 0.677 1.345 0.344–5.421 0.491 0.383 0.025–5.878
Pulmonary disease 0.712 1.489 0.181–12.262 0.103 7.883 0.659–94.347
Anticoagulation 0.218 4.894 0.392–61.159 0.312 4.994 0.221–112.916
Comorbidities ≥3 0.310 0.319 0.035–2.894 0.073 2.174 0.929–5.086

*p<0.05. PFS: progression free survival, OS: overall survival, OR: odds ratio, CI: confidence interval, KPS: Karnofsky Performance Scale, 
CCRT: concurrent chemoradiotherapy, DM: diabetes mellitus
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section, completion of CCRT, and preoperative KPS, and for OS 
were preoperative KPS and presence of DM. Multivariate anal-
ysis of factors associated with PFS and OS was done except 
for MGMT methylation and IDH1 mutation due to the differ-
ence in the number of patients tested for the two factors. Table 
3 shows the results of multivariate analysis. Extent of resection 
and completion of CCRT were identified as independent prog-
nostic factors for PFS. There was no independent prognostic 
factor for OS in multivariate analysis. In this study, age was not 
a prognostic factor for PFS and OS in both univariate and mul-
tivariate analyses. 

 
Tolerability to surgery

For all patients, systemic postoperative complications oc-
curred in six patients. Among them, two patients were belonged 
to the elderly group. One of 2 patients who was 78 years old 
needed intensive care unit (ICU) care for nine days due to pul-
monary congestion, pneumonia and acute renal failure. Oth-
er patients who belonged to the elderly group had no need for 
extension of ICU stays for medical reasons. 

Mean duration from surgery to CCRT was 17.7 days in the 
control group and 16.3 days in the elderly group. The postop-
erative recovery period did not show a significant difference 
between the two groups.

Postoperative intracranial hemorrhage occurred in three 
patients (3 of 64 patients, 4.7%). Among them, one patient (1 
of 46 patients, 2%) was in the control group and two patients (2 
of 16 patients, 12.5%) in the elderly group. Cerebral infarction 
was found in one patient who was in the elderly group and 
status epilepticus was also observed in one patient who be-
longed to the elderly group.

Tolerability to concurrent chemoradiotherapy 
Fifty-two of 64 patients (81.3%) completed postoperative 

adjuvant CCRT and there were no differences between the 
two groups. In the control group, 44 of 48 patients (91.7%) 
started CCRT after surgery and 5 of 44 patients (11.4%) could 
not complete CCRT. Therefore, 39 of 48 patients (81.3%) com-
pleted CCRT in the control group. In the elderly group, 13 of 16 
patients (81.3%) started CCRT after surgery, and they all fin-
ished CCRT.

Disease progression rapidly occurred in 4 patients and one 
patient discontinued CCRT due to a severe skin rash. On the 
other hand, in the elderly group, 13 of 16 patients (81.3%) start-
ed CCRT and all of them finished CCRT. 

Reported side effects in the patients who were finished 
CCRT showed that 13 of 52 patients (25%) suffered from mi-
nor gastrointestinal problems and 7 of 52 patients (13.5%) from 
alopecia. Two of 52 patients (3.8%) were observed to have leu-
kocytosis. Skin rash occurred in 2 of 52 patients (3.8%).

DISCUSSION

The significance of brain tumor treatment in elderly patients 
has been emphasized due to the progressive increase in life ex-
pectancy [9]. As a result of the significant increase in the in-
cidence of glioblastoma in the elderly [10,11], treatment of glio-
blastoma in this group is becoming more important [8,9]. About 
half of patients with glioblastoma are older than 65 years in 
most western countries [1,12], and its incidence in elderly pa-
tients will continue to increase because the elderly group of the 
population is growing faster than other groups [13]. The inci-
dence of glioblastoma in patients aged over 65 years has dou-
bled from 5.1 per 100,000 in the 1970s up to 10.6 per 100,000 
in the 1990s in Los Angeles County [14,15]. Now, the median 
age of patients with glioblastoma is about 65 years [14].

Although there are standard therapies for glioblastoma such 
as a surgical resection followed by CCRT using TMZ [6,16], 
the natural history of glioblastoma is to take a rapidly progres-
sive clinical course, followed by a fatal outcome [1-5,12]. Ac-
tually, despite standard therapy for glioblastoma, the median 
OS for glioblastoma is only 14.6 months [6,7,14,17]. Elderly pa-
tients have a poorer prognosis than younger patients and medi-
an survival is only 4–5 months in these patients [14,16]. Rea-
sons for poorer prognosis in elderly patients may include 1) 
less favorable molecular signatures; 2) receipt of less care in-
cluding surgery, radiation therapy (RT), and chemotherapy; 
and 3) treatment toxicity and comorbidities as compared with 
younger patients [14].

The trial by Stupp et al. [7] included only younger patients 
for standard therapy and several other important clinical tri-
als also excluded elderly patients due to poor outcomes in this 
group [1,4,8,13,14]. In population-based reviews of the man-
agement of elderly patients with glioblastoma, a large pro-
portion of these patients did not receive the standard therapy 
[12,18]. Kita et al. [19] reported that the proportion of glio-
blastoma patients who were treated with only supportive care 
increased with age. And Barnholtz-Sloan et al. [20] also report-
ed that multidisciplinary therapy was less common in elderly 
patients. Actually, standard therapy for elderly glioblastoma 
patients does not exist [10,13,14,21]. This means great variabil-
ity in treatment for elderly glioblastoma patients in many coun-
tries and centers [13].

In this study, we applied the standard therapy for glioblas-
toma to an elderly group and control group. Thanks to the re-
cent improvements made in neurosurgery [9], surgery for glio-
blastoma was tolerable for elderly patients in this study. There 
were a few complications after surgery. Postoperative intracra-
nial hemorrhage occurred in three patients (4.7%) and among 
them, two patients in the elderly group. Cerebral infarction 
was found in one patient in the elderly group, and one patient 
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in the elderly group was diagnosed with status epilepticus after 
surgery. Tolerability in CCRT was also shown for both groups. 
Fifty two of 64 patients (81.3%) were treated with CCRT and 
the results were the same between both groups. The side ef-
fects of CCRT were minimal. Only one patient in the control 
group discontinued CCRT due to a severe skin rash. 

Although our study’s patient number could be considered 
small, the results of this study suggests that the standard ther-
apy for glioblastoma provides a tolerable clinical and oncologi-
cal outcome for patients who are aged 65 years or over with pri-
mary glioblastoma. Elderly patients often believe that they need 
longer to recover from aggressive neurosurgery and have a high 
risk for surgical complication [2,22]. However, this study shows 
that elderly patients are also tolerable to aggressive tumor re-
section as is the control group. Oszvald et al. [23] who reported 
on elderly glioblastoma patients and matched the patients to 
their younger counterparts confirmed that elderly patients may 
benefit from aggressive surgery. An increased risk of CCRT 
toxicity with age was generally known [14,16,21,24], but oth-
er studies also show acceptability to RT with TMZ chemo-
therapy [10,25]. In this study, elderly patients could tolerate 
treatment of CCRT as younger patients. Minimal side effects 
were tolerable in almost all patients including the elderly. 

According to previous studies, prognostic factors for el-
derly patients with glioblastoma are preoperative KPS, extent 
of tumor resection, radiotherapy, chemotherapy, and MGMT 
methylation status [6-8,26]. Our study identified the extent of 
tumor resection, completion of CCRT, and preoperative KPS 
as independent prognostic factors in univariate analysis, and ex-
tent of resection and completion of CCRT in multivariate anal-
ysis. However, age and MGMT methylation status were not a 
prognostic factor. 

This study has several limitations. It is retrospective and uses a 
small sample size. Unusual high proportion of positive MGMT 
methylation status was found in this study. This can be pre-
sumed to be the reason why the MGMT methylation status is 
not a prognostic factor. According to molecular studies in glio-
blastoma, there are substantial differences in important features 
at the methylation status of the MGMT promoter [27]. All 
except for one Russian patient are Koreans, and there is a dif-
ference in ethnic group compared to other studies. IDH1 muta-
tion is not considered to be significant due to a small number of 
patients.

Nevertheless, our study may be meaningful and support the 
finding that elderly glioblastoma patients could be treated by 
standard therapy and future prospective clinical studies will be 
needed to establish a standard of treatment for elderly glioblas-
toma patients.

In conclusions, surgical resection and CCRT were well tol-
erated in elderly patients with glioblastoma. Clinical and on-

cologic outcome were not affected by age or medical comor-
bidities. In elderly patients, maximal safe resection followed 
by timely CCRT could improve clinico-oncologic outcomes.
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