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Abstract
Background  The optimal radiotherapy regimen in elderly patients with glioblastoma treated by chemoradiation needs to be 
addressed. We provide the results of a comparison between conventionally fractionated standard radiotherapy (CRT) and 
short-course radiotherapy (SRT) in those patients treated by temozolomide-based chemoradiation.
Methods  Patients aged 65 years or older from the GBM-molRPA cohort were included. Patients who were planned for a 
≥ 6-week or ≤ 4-week radiotherapy were regarded as being treated by CRT or SRT, respectively. The median RT dose in the 
CRT and SRT group was 60 Gy in 30 fractions and 45 Gy in 15 fractions, respectively.
Results  A total of 260 and 134 patients aged older than 65 and 70 years were identified, respectively. CRT- and SRT-based 
chemoradiation was applied for 192 (73.8%) and 68 (26.2%) patients, respectively. Compared to SRT, CRT significantly 
improved MS from 13.2 to 17.6 months and 13.3 to 16.4 months in patients older than 65 years (P < 0.001) and 70 years 
(P = 0.002), respectively. Statistical significance remained after adjusting for age, performance status, surgical extent, and 
MGMT promoter methylation in both age groups. The benefit was clear in all subgroup analyses for patients with Karnofsky 
performance score 70–100, Karnofsky performance score ≤ 60, gross total resection, biopsy, methylated MGMT promoter, 
and unmethylated MGMT promoter (all P < 0.05).
Conclusion  CRT significantly improved survival compared to SRT in elderly glioblastoma patients treated with chemoradia-
tion in selected patients amenable for chemoradiation. This study is hypothesis-generating and a prospective randomized 
trial is urgently warranted.
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Abbreviations
GMB	� Glioblastoma
TMZ	� Temozolomide
RT	� Radiotherapy
CRT​	� Conventionally fractionated standard 

radiotherapy
SRT	� Short-course radiotherapy
MGMT	� O6-methylguanine-DNA 

methyltransferase
GBM-molRPA	� Glioblastoma molecular recursive parti-

tioning analysis

GTR​	� Gross total resection
MS	� Median survival

Introduction

Glioblastoma (GBM) is the most frequently diagnosed 
malignant primary tumor of the central nervous system con-
sisting of nearly 50% [1]. The first-line treatment is temozo-
lomide (TMZ)-based chemoradiation for 6 weeks in those 
who are presumed to tolerate the therapy, resulting in a dis-
mal median survival below 2 years [2, 3]. However, a major-
ity of GBMs are diagnosed in the elderly with a median age 
at diagnosis around 65 years [1]. The prognosis of GBM has 
been known to inversely correlate with increasing age [1–4], 
with a reported median survival mostly around 6–12 months 
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for patients older than 65–70 years [5–15]. The standard 
treatment for these elderly patients with limited survival is 
highly controversial with recommendations from guidelines 
varying within a combination of variable radiotherapy (RT) 
regimens with or without TMZ, or TMZ alone based on 
clinical and molecular factors [16–19].

In contrast to the conventionally fractionated standard RT 
(CRT) of 60 Gy in 30 fractions for 6 weeks, which is recom-
mended in young and well-performing GBM patients under 
the age of 65 or 70 years, a more abbreviated RT course in 
1–4 weeks, the so called short-course RT (SRT) or hypofrac-
tionated RT, has been widely investigated among elderly and 
fragile patients [5–14]. SRT alone, compared to CRT alone, 
has shown equivalent survival outcomes in randomized trials 
[5, 7]. Among SRT regimens, even an extremely abbrevi-
ated SRT of 25 Gy in 5 fractions has demonstrated similar 
survival compared to a longer regimen of 40 Gy in 15 frac-
tions [9]. Furthermore, TMZ alone has also shown compara-
ble outcomes in a subset of elderly high-grade astrocytoma 
patients, mostly GBM, compared to SRT or CRT [7, 8].

Recently, the survival benefit of combining concurrent 
and adjuvant TMZ with RT was replicated in patients older 
than 65 years by a Canadian-led phase 3 randomized trial 
[14]. The absolute survival benefit was modest at 2 months 
in all patients and was more pronounced in patients with 
methylation of the O6-methylguanine-DNA methyltrans-
ferase (MGMT) promoter [14]. However, all patients in 
this trial were treated with SRT of 40.5 Gy in 15 fractions, 
leaving radiation oncologists a question whether SRT is 
enough in elderly fit patients who are suitable for chemora-
diation with good performance status or favorable molecular 
subtypes.

In our previous studies, a subset of GBM patients with 
favorable prognostic factors survived exceptionally longer 
than previous reports following TMZ-based chemoradiation 
[3, 20]. We assumed that in highly selected elderly patients, 
a more radical chemoradiation schedule with CRT might 
provide survival benefit following surgery compared to 
SRT-based chemoradiation. Therefore, in the multi-institu-
tional cohort from the GBM molecular recursive partition-
ing analysis (GBM-molRPA) study [3, 20], we performed 
a hypothesis-generating analysis for patients older than 65 
and 70 years focusing on the survival difference based on 
RT regimens of CRT vs. SRT.

Methods

Patients

This multi-institutional retrospective study was approved 
by every institutional review boards of participating insti-
tutions (Seoul National University Hospital IRB No. 

1804–144-941). Korean patients aged 65 years or older were 
identified from the training and validation set from the 2 
published GBM-molRPA studies [3, 20]. Patients who were 
excluded from the training set due to the lack of information 
of IDH1 mutation [3], were all reincluded for the current 
analysis. All patients were newly diagnosed as GBM and 
underwent TMZ-based concurrent and adjuvant chemoradia-
tion between 2006 and 2016. Gross total resection (GTR) 
was defined as no evidence of enhancing tumor on postop-
erative magnetic resonance imaging within 48–72 h. Meth-
ylation profiles of the MGMT promoter defined by methyla-
tion-specific polymerase chain reaction was available in all 
patients. More detailed eligibility criteria can be found in our 
previous reports [3, 20]. Patients who were intended for an 
abbreviated RT course of 4 weeks or shorter were designated 
as receiving SRT.

Statistics

The primary endpoint of the study was overall survival, 
whereas information of progression-survival was not col-
lected. Survival was calculated from the date of surgery or 
biopsy. The Statistical Package for Social Sciences, version 
23.0 (IBM Corp., Armonk, USA) was used for analysis. 
P-value under 0.05 was considered statistically significant. 
Log-rank test and Cox proportional-hazards model was used 
for univariate analysis of variables. In the multivariate analy-
sis for survival, the Cox proportional-hazards analysis was 
performed in a backward-stepwise fashion. For comparison 
of underlying factors between specific groups, independent 
T-test or Chi-squared test was used.

Results

Patient characteristics and radiotherapy

A total of 260 and 134 patients aged older than 65 and 
70 years were identified, respectively. Detailed patient, 
tumor, and treatment characteristics of both age groups can 
be found in Table 1. In the patients aged 65 years or older, 
192 (73.8%) and 68 (26.2%) patients were treated by CRT- 
and SRT-based chemoradiation, respectively. The number of 
patients treated by CRT- and SRT-based chemoradiation in 
patients 70 years or older was 83 (61.9%) and 51 (38.1%), 
respectively.

Among all 260 patients, the median RT dose in the CRT 
group was 60 Gy in 30 fractions (interquartile dose range, 
60–61.2 Gy), whereas the median dose in the SRT group was 
45 Gy in 15 fractions (interquartile dose range, 42.5–45 Gy). 
Only 2 patients (1.0%) in the CRT group actually received an 
incomplete RT dose lower than 50 Gy (48 Gy in 24 fractions 
and 41.4 Gy in 23 fractions) due to rapid disease progression 
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during RT, whereas only 1 patient (1.5%) in the SRT group 
received a dose exceeding 50 Gy (51 Gy in 17 fractions).

A significant selection-bias was observed in choosing 
the RT schedule (Table 2). Patients treated with CRT were 
younger (mean age, 69.4 years vs. 74.0 years, P < 0.001), 
were well-performing (mean Karnofsky performance score, 
75.5 vs. 68.4, P = 0.001), and received more GTR (55.1% 
vs. 37.5%, P < 0.001). However, there was no difference in 
the proportion of patients with methylated MGMT promoter 
(CRT 41.3% vs. SRT 48.4%, P = 0.319).

Survival outcome

The median follow-up for survivors were 20.7 and 
13.4 months in patients aged older than 65 and 70 years, 
respectively. The median survival (MS) for each age groups 

were 16.2 and 15.4 months, respectively. Compared to SRT, 
CRT significantly improved MS from 13.2 to 17.6 months 
and 13.3 to 16.4 months in patients older than 65 years 
(P < 0.001) and 70 years (P = 0.002), respectively. The full 
results of the univariate analysis for survival in both age 
groups are listed in Table 1.

In multivariate analysis (Table  3) for patients with 
65 years or older, GTR (P < 0.001), methylated MGMT 
promoter (P < 0.001), and receiving CRT (P = 0.002) were 
related with significantly favorable survival outcomes. Age 
showed marginal significance (P = 0.060) whereas decreased 
performance status did not affect survival (P = 0.274). 
In patients aged > 70 years, GTR (P = 0.003) and CRT 
(P = 0.003) were significantly favorable prognostic fac-
tors for survival, whereas MGMT promoter methylation 
showed marginal significance (P = 0.080). Age (P = 0.320) 

Table 1   Patient, tumor, and treatment characteristics and results of univariate analysis in all patients

MS median survival, KPS Karnofsky Performance Scale, GTR​ gross total resection, PR partial resection, MGMT O-6-methylguanine-DNA 
methyltransferase, IDH1, isocitrate dehydrogenase 1, N/R not reached, N/A not available, CRT​ conventionally fractionated standard radiotherapy, 
SRT short-course radiotherapy
*Log-rank test, **Cox proportional-hazards model

Variables 65 years or older 70 years or older

n (%) MS (months) (95% CI) P* n (%) MS (months) (95% CI) P*

Total 260 (100.0) 16.2 (14.7–17.7) 134 (100.0) 15.4 (13.4–17.4)
Age (continuous) Median 70 (range, 65–86) < 0.001** Median 73 (range, 70–86) < 0.001**
Age (categorical)  < 0.001 0.029
 65–70 126 (48.5) 18.9 (13.9–24.0) – –
 70–75 85 (32.7) 15.9 (13.8–17.9) 85 (63.4) 15.9 (13.8–17.9)
 75– 49 (18.8) 14.0 (8.8–19.2) 49 (36.6) 13.9 (8.8–19.2)

Sex 0.699 0.701
 Male 137 (52.7) 16.4 (14.3–18.4) 80 (59.7) 15.6 (13.7–17.5)
 Female 123 (47.3) 15.4 (12.8–18.0) 54 (40.3) 18.5 (10.6–18.8)

KPS (continuous) Median 70 (range, 30–100) 0.001** Median 80 (range, 50–100) 0.003**
KPS (categorical) 0.041 0.013
 70–100 187 (71.9) 17.6 (15.2–20.0) 93 (69.4) 16.4 (14.9–17.8)
 ≤ 60 73 (28.1) 14.5 (12.7–16.4) 41 (30.6) 11.6 (9.1–14.1)

Surgery < 0.001 < 0.001
 GTR​ 132 (50.8) 21.8 (18.3–25.3) 58 (43.3) 18.6 (13.5–23.7)
 PR 84 (32.3) 14.3 (12.3–16.3) 44 (32.8) 15.0 (11.4–18.6)
 Biopsy 44 (16.9) 11.2 (6.0–16.3) 32 (23.9) 7.9 (6.3–9.4)

MGMT promoter 0.001 0.191
 Methylated 112 (43.1) 22.0 (16.9–27.2) 53 (39.6) 15.4 (12.4–18.4)
 Unmethylated 148 (56.9) 15.1 (13.8–16.4) 81 (60.4) 14.7 (8.9–20.5)

IDH1 0.201 0.295
 Mutated 5 (1.9) N/R N/A 3 (2.2) 20.1 N/A
 Wild type 198 (76.2) 16.4 (13.9–18.8) 99 (73.9) 15.9 (14.1–17.7)
 N/A 57 (21.9) 32 (23.9)

Radiotherapy < 0.001 0.002
 CRT​ 196 (75.4) 17.6 (15.3–20.0) 84 (62.7) 16.4 (14.6–18.2)
 SRT 64 (24.6) 13.2 (11.2–15.4) 50 (37.3) 13.3 (9.8–16.8)
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and performance status (P = 0.173) were not prognostic in 
patients 70 years or older. In summary, compared to SRT, 
CRT resulted in significantly better overall survival after 
adjusting for other variables in both age groups (Fig. 1).

Since a significant difference in patient characteristics 
was observed between the CRT and SRT groups, we inves-
tigated whether the survival benefit with CRT was valid 
across all patient subgroups according to performance 

status, surgical extent, and methylation status of the 
MGMT promoter in patients older than 65 years. CRT 
demonstrated significantly improved MS compared to 
SRT throughout all 6 subgroups as the following: Karnof-
sky performance score 70–100, Karnofsky performance 
score ≤ 60, GTR, biopsy, methylated MGMT promoter, 
and unmethylated MGMT promoter (all P < 0.05) (Table 4, 
Fig. 2).

Table 2   Comparison of 
patient characteristics between 
radiotherapy dose groups in 
patients 65 years or older

KPS Karnofsky Performance Scale, GTR​ gross total resection, PR partial resection, MGMT O-6-methyl-
guanine-DNA methyltransferase, CRT​ conventionally fractionated standard radiotherapy, SRT short-course 
radiotherapy
*Independent T-test, **Pearson’s chi-squared test

Variables CRT​ SRT P*

n (%) n (%)

Total 196 (100.0) 64 (100.0)
Age (continuous) Mean 69.4 ± 3.4 Mean 74.0 ± 5.2 < 0.001
KPS (continuous) Mean 75.5 ± 13.8 Mean 68.4 ± 15.0 0.001
Surgery < 0.001**
 GTR​ 108 (55.1) 24 (37.5)
 PR 65 (33.2) 19 (29.7)
 Biopsy 23 (11.7) 21 (32.8)

MGMT promoter 0.319**
 Methylated 81 (41.3) 31 (48.4)
 Unmethylated 115 (58.7) 33 (51.6)

Table 3   Results of multivariate 
analysis

KPS Karnofsky Performance Scale, GTR​ gross total resection, PR partial resection, MGMT O-6-methyl-
guanine-DNA methyltransferase, CRT​ conventionally fractionated standard radiotherapy, SRT short-course 
radiotherapy
*Cox proportional-hazards model

Variables 65 years or older (n = 260) 70 years or older (n = 134)

HR (95% CI) P* HR (95% CI) P*

Age 0.060 0.320
 65–70 (70–75 for 70 years or older) 1.000 1.000
 70–(75-for 70 years or older) 1.335 (0.987–1.805) 1.243 (0.810–1.908)

KPS 0.274 0.173
 70–100 1.000 1.000
 ≤ 60 1.196 (0.868–1.646) 1.360 (0.874–2.114)

Surgery < 0.001 0.003
 GTR​ 1.000 1.000
 PR 1.740 (1.256–2.411) 1.543 (0.991–2.401)
 Biopsy 2.196 (1.482–3.254) 2.367 (1.426–3.929)

MGMT promoter < 0.001 0.080
 Methylated 1.000 1.000
 Unmethylated 1.757 (1.293–2.387) 1.448 (0.956–2.194)

Radiotherapy 0.002 0.003
 CRT​ 1.000 1.000
 SRT 1.720 (1.227–2.409) 1.890 (1.236–2.890)
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Discussion

The standard treatment for GBM in the elderly is highly 
controversial, and the strategy relies mostly on the insti-
tutional or physician’s policy due to the shortness of evi-
dence to date [21]. For example, the most recent version 
of the National Comprehensive Cancer Network guideline 
provides a wide spectrum of treatment options for patients 

older than 70 years with good performance and methyl-
ated MGMT promoter including CRT + TMZ, SRT + TMZ, 
TMZ alone, and SRT alone [19]. In contrast, the American 
Society for Radiation Oncology strongly states that CRT 
has no benefit over SRT [16]. Although the consensus cut-
off for defining ‘elderly’ in this disease has probably nar-
rowed to 70 years or older [16–19], most of the piled evi-
dence is not based on this cut-off value and used a 60-year 
or 65-year cut-off for defining the ‘elderly’ [5, 7–9, 14]. 

Fig. 1   Survival curves of patients older than a 65 years (n = 260) and 
b 70  years (n = 134) according to radiotherapy regimens. Both sur-
vival curves are adjusted for variables included in the multivariate 

analysis. CRT​ conventionally fractionated standard radiotherapy, SRT 
short-course radiotherapy, MS median survival

Table 4   Subgroup analysis 
for survival according to 
radiotherapy regimen

CRT​ conventionally fractionated standard radiotherapy, SRT short-course radiotherapy, MS median sur-
vival, KPS Karnofsky Performance Scale, GTR​ gross total resection, MGMT O-6-methylguanine-DNA 
methyltransferase
*Log-rank test

Variables n CRT​ SRT P*

MS (months) (95% CI) MS (months) (95% CI)

KPS
 70–100 187 18.8 (15.8–21.8) 15.1 (11.6–18.6) 0.023
 ≤ 60 73 15.1 (13.4–17.1) 13.0 (10.3–15.6) 0.023

Surgery
 GTR​ 132 24.5 (18.9–30.1) 15.1 (13.0–17.2) 0.007
 Biopsy 44 16.0 (9.4–22.7) 8.4 (6.7–10.1) 0.019

MGMT promoter
 Methylated 112 26.4 (18.7–34.1) 16.3 (10.6–22.1) 0.008
 Unmethylated 148 16.2 (14.4–18.0) 10.9 (8.6–13.1)  < 0.001
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The definition of ‘elderly or frail’ is currently somewhat 
ambiguous.

To date, there has been no high-level evidence support-
ing the superiority of CRT over SRT in elderly patients 
with GBM when treated by RT alone. Roa et al. have pre-
viously shown that SRT of 40 Gy in 15 fractions is equiva-
lent to CRT of 60 Gy in patients aged 60 years older [5]. 
Furthermore, an even more abbreviated SRT of 25 Gy in 5 
fractions was also shown to result in similar survival out-
comes compared to the SRT with 40 Gy in patients older 
than 65 years by Roa et al. [9]. However, both studies were 
conducted in a very small number of patients [5, 9], the 
prior study was also underpowered to prove equivalence 
accruing only half of the targeted accrual number [5], and 
the latter used a non-standard treatment regimen as the 
control arm [9]. Moreover, the Nordic study by Malm-
ström et al., where SRT alone of 34 Gy in 10 fractions 
showed similar efficacy as CRT alone of 60 Gy in patients 
older than 60 years, more than half of the enrolled patients 
were younger than 70 years in whom standard chemora-
diation should have been the treatment of choice [2, 7]. 
The selection between CRT and SRT became more com-
plicated since Perry et al. opened the TMZ-based chemo-
radiation era for GBM in the elderly [14]. Although the 
benefit of TMZ was only marginal (P = 0.055) at 2 years 
for patients with unmethylated MGMT [14], the survival 
gain may become statistically significant as for the patients 
from the Stupp trial with long-term follow-up [22]. To 
date, there is no evidence comparing CRT and SRT in the 
context of concurrent chemoradiation.

In the current study, we have directly compared 
CRT and SRT in elderly patients treated by TMZ-based 
chemoradiation and found a significant survival benefit 
of 3–4 months with CRT compared to SRT. This ben-
efit exceeds that of additional TMZ. Of note, since this 
study was conducted in patients treated before the benefit 
of TMZ in elderly was proved by the Canadian-led trial 
[14], we can assume that highly selected patients who were 
deemed feasible for chemoradiation as well as CRT by 
physicians were included. It is reflected in the overall MS 
of 15–16 months from our study, which is longer than the 
results of any prospective trial evaluating RT + TMZ in the 
elderly to date [10–14]. Although there was a significant 
selection bias between the CRT and SRT groups in terms 
of age, performance, and surgical extent, the survival 
superiority of CRT was noted across all subgroups in our 

study (Table 4, Fig. 2). Moreover, the survival difference 
remained significant even after adjusting for all clinical 
factors via multivariate analysis (Table 3).

There are some intuitive hypothetical potentials of CRT 
that may improve survival compared to SRT. Although 
GBM is not regarded as a curable disease with chemora-
diation, administration of RT prolongs progression-free 
survival, as it does for low-grade diffuse gliomas [6, 23]. 
Since almost all patients with GBM die due to the disease 
itself [24], it is important to delay progression, and most 
GBM patients recur locally at first progression. Therefore, 
local delivery of higher RT dose, especially when com-
bined with the radiosensitizing TMZ, might play a role 
in delaying progression. Assuming a tumor α/β ratio of 
9 Gy [25], CRT of 60 Gy in 30 fractions results in a higher 
biologically effective dose of 73 Gy compared to that of 
52 Gy in patients treated with the most widely used SRT of 
40 Gy in 15 fractions. Indeed, even in patients undergoing 
biopsy, in which large tumor burden would reside, CRT 
significantly prolonged MS by 8 months. However, since 
the biologically effective dose is also higher for the normal 
brain tissue with CRT, careful selection of elderly patients 
who can tolerate the 6-week course of CRT without dete-
rioration of performance or worsening of general medical 
conditions would be critical.

This study has some limitations including its retrospec-
tive nature and the lack of information of the selection 
criteria for administrating chemoradiation in the elderly. 
Hence, the results of this study are only applicable for 
highly selected patients without a known selection cri-
terion. CRT will not be as cost-effective for all elderly 
patients, especially in elderly patients who would survive 
only 6–8 months [5–9]. Unfortunately, we do not have any 
predictive tools to gain clue on which RT schedule would 
be more appropriate in an individual basis. However, as 
the life expectancy keep increasing especially in developed 
countries [26], patients older than 65 years or 70 years 
might not be as fragile as in the past, requiring a more 
radical chemoradiation regimen as in younger patients 
rather than a palliative approach.

In summary, CRT significantly prolonged overall sur-
vival compared to SRT in selected elderly GBM patients 
treated with TMZ-based chemoradiation in this largest 
dataset to date. The survival benefit was valid in all prog-
nostic subgroups. Of note, the findings of this study are 
only hypothesis-generating, raising the urgency for high-
level evidence comparing CRT- and SRT-based chemo-
radiation for elderly GBM patients. The selection criteria 
should be investigated as well.

Fig. 2   Survival curves of patients 65  years or older with a KPS 
score of 70–100, b KPS score of 60 or lower, c gross total resection, 
d biopsy only, e methylated MGMT promoters, and f unmethylated 
MGMT promoters. CRT,conventionally fractionated standard radio-
therapy, SRT short-course radiotherapy

◂
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