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Abstract
Background  There exists lack of consensus worldwide regarding the most optimal adjuvant therapy regimen in elderly 
patients with newly-diagnosed glioblastoma (GBM).
Purpose  To identify the most optimal adjuvant therapy regimen in elderly GBM patients through systematic review and 
network meta-analysis.
Methods  Prospective trials randomly assigning elderly GBM patients post-operatively to any adjuvant therapy regimen were 
included. The primary outcome measure was overall survival. Numbers of events, patients at-risk, and censored patients for 
survival were estimated from Kaplan–Meier survival curves in the interval of 0–12 months. The total person-time at risk and 
the mortality × 100 person-months was also estimated. The relative ranking probability of each treatment and rankograms 
were used to estimate the hierarchy of each intervention in terms of overall survival. The mean rank values and the surface 
under the cumulative ranking (SUCRA) curves were also calculated.
Results  A systematic literature search identified 1278 abstracts, that were screened to retrieve full-text manuscripts of poten-
tially eligible articles. After detailed assessment, data from 1569 patients in 7 randomized controlled trials (RCTs) treated 
with one of following regimens was extracted and analyzed: normofractionated radiotherapy (RT) delivered over 5.5–6 weeks; 
moderately hypofractionated RT (2–3 weeks) either alone or in combination with temozolomide or bevacizumab; extremely 
hypofractionated RT (1-week); temozolomide monotherapy; and best supportive care alone. In terms of overall survival, 
moderately hypofractionated RT (3-weeks) with concurrent and adjuvant temozolomide emerged as the best and second-
best adjuvant therapy option with 81% probability and 99.1% probability respectively. Using SUCRA, the surface area for 
moderately hypofractionated RT (3-weeks) with concurrent and adjuvant temozolomide reached almost 100%, confirming 
it as the best intervention. As expected, best supportive care alone was ranked as the worst treatment strategy.
Conclusion  Moderately hypofractionated RT (3-weeks) with concurrent and adjuvant temozolomide is the most optimal and 
preferred adjuvant therapeutic regimen in elderly GBM.
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Introduction

Glioblastoma (GBM) is the most common malignant pri-
mary tumor of the central nervous system (CNS) in adults 
comprising nearly 40% of all primary brain tumors [1]. 
As per data from the Central Brain Tumor Registry of 
United States (CBTRUS), median age at diagnosis for 
GBM is presently around 64 years [1] with an increasing 
incidence due to ageing. The contemporary standard of 
care for newly-diagnosed GBM is maximal safe neuro-
surgical resection and post-operative focal conformal 
radiotherapy (RT) to the tumor bed with margins using 
conventional fractionation (1.8–2 Gy per fraction for a 
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total dose of 59.4–60 Gy in 30–33 fractions delivered over 
6–6.5 weeks) with concurrent oral temozolomide chemo-
therapy (75 mg/m2) followed by six cycles of adjuvant 
temozolomide chemotherapy (150–200 mg/m2 D1–D5 
every 4-weekly). Despite such multi-modality manage-
ment, the prognosis of patients with GBM remains poor 
worldwide with an expected median survival of 15 months, 
2-year survival of 27%, and 5-year survival barely reach-
ing 10% [2, 3]. The survival outcomes decrease signifi-
cantly with increasing age as exemplified by 1-year and 
2-year relative survival of 40% and 14% for patients aged 
between 55 and 64 years which falls sharply to around 13% 
and 4% for patients ≥ 70 years at index diagnosis [4, 5]. 
The management of elderly GBM poses unique challenges 
due to limited life-expectancy (median survival around 
6-months), existing multiple co-morbidities, and increased 
risk of treatment-related toxicity on the ageing brain [5, 6].

Several adjuvant therapy regimens have been tested 
in the elderly population in randomized controlled trials 
(RCTs) across the world; however most elderly patients 
with newly-diagnosed GBM still continue to be treated on 
personal, physician, and institutional biases and prefer-
ences with significant cost and resource implications. Prior 
systematic reviews and meta-analyses in elderly GBM 
[7–9] have inappropriately pooled data from different types 
of study designs (retrospective analyses, uncontrolled pro-
spective trials, registry data, and RCTs) with high-risk of 
biased interpretation and reporting. Synthesis of evidence 
regarding the most optimal adjuvant therapy regimen in 
elderly GBM using traditional meta-analytic methods is 
therefore a difficult and challenging task. Although vari-
ous adjuvant therapeutic options have been compared in 
RCTs in elderly GBM, lack of head-to-head trials makes 
direct comparisons of certain treatments impossible. The 
use of different measures of survival across trials further 
confounds extraction and interpretation. Frequentist or 
classical approach to network meta-analysis (NMA) also 
known as mixed treatment comparison is a potential solu-
tion to these problems [10]. The use of NMA enables 
indirect comparison using a common comparator when a 
head-to-head trial is not available and combines direct and 
indirect comparisons to simultaneously compare several 
treatments while preserving the virtues of randomization 
in individual trials.

Aims and objectives

The aim of this study was to identify the most optimal adju-
vant therapy regimen in elderly patients with newly-diag-
nosed GBM patients through a systematic review and NMA 
of prospective RCTs.

Materials and methods

This systematic review and NMA was carried out in accord-
ance with Cochrane methodology [11] including quality 
assessment of individual studies using the Cochrane risk of 
bias method [12] and reported using the Preferred Report-
ing of Systematic Reviews and Meta-Analyses (PRISMA) 
guidelines [13].

Literature search strategy

Eligible studies directly comparing post-operative adjuvant 
therapy regimens in elderly patients with newly-diagnosed 
GBM were identified through a systematic search of the 
medical literature using a validated search strategy. An elec-
tronic search of Medline via PubMed was conducted from 
January 1995 onwards till November 2018 restricted to the 
English language using the terms “astrocytoma OR Glio-
blastoma OR glioma” AND "Randomized Clinical Trial" 
OR randomised OR randomized AND "Radiation Therapy" 
OR radiotherapy OR chemotherapy OR temozolomide OR 
“targeted therapy” OR bevacizumab OR hypofractionated 
OR “best supportive care”. The Cochrane Central Register 
of Controlled Trials (CENTRAL) and Database of Abstracts 
of Reviews of Effectiveness (DARE) were also searched 
electronically from inception till December 2018. Elec-
tronic search was further supplemented by hand-searching of 
review articles, cross references and conference proceedings.

Study selection

Only prospective RCTs randomly assigning elderly patients 
with histo-pathologically proven newly-diagnosed GBM to 
post-operative adjuvant therapy were included, provided 
there was a comparator arm that was not confounded by 
additional differences between the two groups. The defini-
tion of elderly was somewhat arbitrary and variable across 
the included studies with age cut-offs ranging from 60 years 
and above to ≥ 70 years.

Data extraction and assessment for risk of bias

Two reviewers (BK, SK) independently reviewed full-text 
manuscripts of all eligible studies and extracted relevant data 
and information regarding Population (patient demograph-
ics, study-level inclusion and exclusion criteria); Interven-
tions (treatment regimen of test arms); Comparisons (treat-
ment regimen of comparator arms); and Outcomes (survival) 
– PICO format. The analysis, interpretation, and reporting of 
results also included a risk of bias assessment for all included 
individual studies. Any discrepancy in data extraction and/
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or disagreement in risk of bias was resolved by the third 
reviewer (TG) through joint review of the manuscripts to reach 
consensus.

Data synthesis and analysis

The primary outcome measure was overall survival (OS) as it 
is the most relevant and hardest end-point not influenced by 
any salvage therapy. Other endpoints included in the system-
atic review, but not pooled in the NMA were progression-free 
survival (PFS), toxicity including neuro-cognitive impairment, 
and quality-of life (QOL). Before pooling the data in the net-
work, a pair-wise comparison of different interventions from 
all studies was conducted similar to a conventional meta-analy-
sis. The hazard ratio (HR) for death for such pair-wise compar-
ison was computed using the fixed-effects model and reported 
as point estimate along with 95% credible intervals (CrIs). 
Numbers of events, patients at-risk, and censored patients for 
survival were estimated from Kaplan–Meier survival curves 
in the interval of 0–12 months, using appropriate method-
ology. The total person-time at risk and the mortality × 100 
person-months was estimated. The network was also checked 
for inconsistency to assess when the direct comparison of one 
treatment versus another one, derived from one or more studies 
included in NMA, conflicts with evidence drawn via the indi-
rect comparison estimated through the NMA. The restricted 
maximum likelihood method was used to estimate heteroge-
neity, assuming a common variance estimate across different 
comparisons for each single outcome considered. A frequentist 
approach of NMA was used to compare available treatment 
strategies within a single analytical framework. Potential pub-
lication bias was evaluated through a funnel plot. NMA was 
performed with Stata 14.0 (StataCorp, College Station, TX, 
USA) using the ‘network’ command and routines [14]. The 
relative ranking probability of each treatment and rankograms 
were used to estimate the hierarchy of each intervention in 
terms of patient survival. The mean rank values and the sur-
face under the cumulative ranking (SUCRA) curves were also 
calculated. SUCRA is a graphical representation of the overall 
ranking generally denoted as a single number associated with 
each treatment, with value range from 0 to 100%. Higher the 
SUCRA value for any treatment and closer to 100%, greater 
the likelihood of that particular treatment being the top-ranked 
or one of the top-ranked treatments. Lower the SUCRA value 
of any treatment and closer to 0, more likely it would be one 
of the bottom-most treatments.

Results

The flow-diagram of study selection and inclusion in the 
NMA is depicted in Fig. 1. The detailed PRISMA check-list 
is also provided in online supplementary file S1. Systematic 

search of the indexed medical literature identified 1278 
abstracts, which were screened to retrieve full-text manu-
scripts of potentially eligible articles. After rigorous and 
detailed assessment, inappropriate, irrelevant, and duplicate 
records were excluded leaving eight publications [15–22] 
corresponding to 7 primary RCTs that were finally included 
in the network. One multicentric RCT [23] randomly assign-
ing patients to moderately hypofractionated RT (n = 14) 
versus temozolomide monotherapy (n = 17) though origi-
nally designed for the elderly (> 65 years) and frail patients 
i.e. Recursive Partitioning Analysis (RPA) classes V and 
VI was later amended to include younger patients (< 65 
but > 50 years of age), provided they belonged to same RPA 
class (V or VI). This study was not included in the network 
as the survival outcomes of elderly patients were neither 
reported separately nor extractable from the published 
report.

Overview of included studies

All included studies were prospective RCTs randomly 
assigning elderly patients with newly-diagnosed GBM to 
post-operative adjuvant therapy. Data from 1569 patients in 
these seven primary RCTs randomized to one of the follow-
ing adjuvant therapy regimens was extracted and analyzed: 
normofractionated RT (5.5–6 weeks); moderately hypof-
ractionated RT (2–3 weeks) either alone or in combination 
with temozolomide or bevacizumab; extremely hypofrac-
tionated RT (1-week); temozolomide monotherapy; and best 
supportive care alone. Six trials compared 2 interventions 
only, while one was a 3-arm trial [17]. All studies had an 
active comparator, excepting a single study that used best 
supportive care alone [16] as the comparator arm. Three tri-
als each used a non-inferiority [15, 18, 21] and superiority 
design [16, 17, 19] while one trial though randomized used 
a non-comparative design [22]. One primary trial originally 
included elderly and/or frail patients in the main analysis 
[20], but separately reported outcomes of the elderly cohort 
(≥ 65 years) as subset analysis in a companion publication 
[21], data from which was included in the meta-analysis. 
Although participants or physicians were not blinded in 
any of the trials, quality of individual studies was generally 
high. Six index RCTs [15–19, 22] demonstrated a low-risk 
of bias for survival outcomes, while the separately reported 
subset analysis [21] of a larger RCT was associated with an 
uncertain risk of bias (online supplementary file S2). Char-
acteristics of included RCTs and survival outcomes are sum-
marized in Tables 1 and 2 respectively.

Data synthesis

The network diagram (Fig. 2) represents the comparisons 
between the various treatment arms with the maximum 
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number of patients (n = 592) being compared between 
normofractionated RT versus temozolomide monotherapy 
across two studies [17, 18]. The second largest comparison 
(n = 542) was between hypofractionated RT versus hypofrac-
tionated RT plus temozolomide in one study [19], followed 
by the comparison (n = 318) between normofractionated 
RT versus moderately hypofractionated RT (2–3 weeks) 
across two studies [15, 17]. Best supportive care alone [16], 
extremely hypofractionated RT [21], and hypofractionated 
RT plus bevacizumab [22] were the regimens with least rep-
resentation in the network. Point estimates of the HR with 
95% CrIs computed using the fixed-effects model for the 
pair-wise comparison of different interventions across all 
studies is presented in Fig. 3.

In terms of overall survival, moderately hypofractionated 
RT (3-weeks) with concurrent and adjuvant temozolomide 

emerged as the best and second-best adjuvant therapy option 
with 81% probability and 99.1% probability respectively 
(Table 3). Using SUCRA, the surface area for moderately 
hypofractionated RT (3-weeks) with concurrent and adju-
vant temozolomide reached almost 100%, confirming it as 
the best intervention (Fig. 4). According to the rankogram, 
extremely hypofractionated RT (25 Gy in 5 fractions over 
1 week) emerged as the second-best adjuvant treatment 
regimen with a 65.3% probability (Table 3). This finding, 
however, needs to be interpreted cautiously in the context of 
small number of patients (n = 26) treated with such extreme 
hypofractionation included in the network as well as inher-
ent bias in any post-hoc subset analysis. As expected, best 
supportive care alone was ranked as the worst treatment 
strategy in terms of overall survival (Fig. 4). No significant 
heterogeneity or inconsistency was detected in the network 

Fig. 1   Flow-diagram of study 
selection and inclusion in 
the systematic review and 
meta-analyses as per PRISMA 
guidelines
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and a relatively symmetric funnel-plot (online supplemen-
tary file S3) denoted the lack of potential publication bias. 
Quantitative data synthesis for PFS was not performed in the 
NMA. However, from reported data in individual studies, it 
was evident that moderately hypofractionated RT combined 
with either temozolomide or bevacizumab resulted in best 
6-month PFS while best supportive care alone was asso-
ciated with worst outcomes. Lack of uniform reporting of 
toxicity and QOL outcomes in the primary RCTs precluded 
statistical pooling of such data in the meta-analysis.

Discussion

There exists a lack of consensus worldwide regarding the 
most optimal approach to treating elderly patients with 
newly-diagnosed GBM [24, 25], who continue to be man-
aged empirically based on personal or physician biases. 

Given the multitude of adjuvant therapeutic regimens that 
have been tested in different RCTs with somewhat similar 
survival outcomes, it has become increasingly difficult to 
select one regimen as the contemporary standard of care 
in this cohort. The findings of this report can help guide 
therapeutic decision-making in this vulnerable popula-
tion suffering from an incurable disease with limited life-
expectancy. The present NMA compares various adjuvant 
therapy regimens in elderly GBM with each other using 
both direct and indirect comparisons to find the most 
optimal regimen. It establishes and confirms that mod-
erately hypofractionated RT (3-weeks) with concurrent 
and adjuvant temozolomide provides maximum survival 
benefit compared to other regimens in elderly patients with 
newly-diagnosed GBM. It also confirms that any adjuvant 
therapy is better than no post-operative treatment as best 
supportive care alone was associated with the worst sur-
vival outcomes.

Table 1   Patient and treatment characteristics of individual randomized controlled trials in elderly patients with newly-diagnosed glioblastoma 
included in the network meta-analysis

RT radiotherapy, pts patients, KPS Karnofsky performance status, GTR​ gross total resection, STR subtotal resection, # fractions, wk week, TMZ 
temozolomide, BEV bevacizumab, NA not available

Study-year (ref) Treatment arms RT dose and fractiona-
tion

Number 
of pts 
(N)

Age 
cut-off 
(years)

Median 
age 
(years)

Median
KPS

Patients with 
GTR/STR 
(%)

Steroids at 
start (%)

Roa 2004 [15] Normofractionated RT 
(6-wk RT)

60 Gy/30#/6-wk 47  ≥ 60 72.4 70 56.5 NA

Hypofractionated RT 
(3-wk RT)

40 Gy/15#/3-wk 48 71 70 64.6 NA

Guibert 2007 [16] Normofractionated RT 
(5.5-wk RT)

50 Gy/28#/5.5-wk 39  ≥ 70 75 70 48.7 82

Best supportive care 
alone

Not applicable 42 73 70 47.6 86

Malmstrom 2012 [17] TMZ monotherapy Not applicable 119  > 60 70 90 74 51
Hypofractionated RT 

(2-wk RT)
34 Gy/10#/2-wk 123 70 90 73 51

Normofractionated RT 
(6-wk RT)

60 Gy/30#/6-wk 100 70 90 73 56

Wick 2012 [18] TMZ monotherapy Not applicable 195  > 65 72 70 53.3 18
Normofractionated RT 

(6-wk RT)
60 Gy/30#/6-wk 178 71 80 51.3 28

Perry 2017 [19] Hypofractionated RT 
(3-wk RT)

40 Gy/15#/3-wk 271  ≥ 65 73 90 68.3 23.8

Hypofractionated RT 
(3-wk RT) + TMZ

40 Gy/15#/3-wk 271 73 90 68.3 25.6

de Castro 2017 [21] Hypofractionated RT 
(3-wk RT)

40 Gy/15#/3-wk 35  ≥ 65 NA 60 77.1 42

Extremely hypofrac-
tionated RT (1-wk 
RT)

25 Gy/5#/1-wk 26 NA 60 84.6 48

Wirsching 2018 [22] Hypofractionated RT 
(3-wk RT) + BEV

40 Gy/15#/3-wk 50  ≥ 65 70 90 NA 44

Hypofractionated RT 
(3-wk RT)

40 Gy/15#/3-wk 25 70 90 NA 44
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The non-inferiority of moderately hypofractionated RT 
(2–3 weeks) for survival compared to normofractionated RT 
(6-weeks) in elderly GBM was established by two RCTs [15, 
17] with the added benefit of reduced overall treatment time, 
number of hospital visits, and resultant resource-sparing and 

cost-saving. More recently, the addition of temozolomide 
(concurrent and adjuvant) to moderately hypofractionated 
RT further improved survival compared to moderately hypo-
fractionated RT alone with modest and acceptable increase 
in toxicity [19]. Unfortunately, in the elderly cohort, not a 

Table 2   Survival outcomes of individual randomized controlled trials of elderly patients with  newly-diagnosed glioblastoma in the network 
meta-analysis

Statistically significant results are highlighted in bold
Pts patients, PFS progression-free survival, OS overall survival, HR hazard ratio, CI confidence interval, wk weeks, RT radiotherapy, TMZ temo-
zolomide, BEV bevacizumab, NA not available
*OS reported at 6-months and not at 1-year

Study-year (ref) Treatment arms Number 
of pts 
(N)

Follow-
up 
(month)

Median 
PFS 
(month)

HR (95% CI)
P value

Median OS 
(mth)

HR (95% CI)
p-value

OS at 1 year 
(%)

Roa 2004 [15] Normofrac-
tionated RT 
(6-wk)

47 NA NA NA 5.1 mth 0.89 (0.6–1.35)
p = 0.57

44.7*

Hypofraction-
ated RT 
(3-wk)

48 NA 5.6 mth 41.7*

Guibert 2007 
[16]

Normofrac-
tionated RT 
(5.5-wk)

39 4.9 3.8 0.28 (0.17–0.47)
p < 0.001

6.8 0.47 (0.29–0.76)
p = 0.002

12

Best supportive 
care alone

42 1.3 3.9 0

Malmstrom 
2012 [17]

TMZ mono-
therapy

119 NA NA NA 8.3 0.70 (0.52–0.93)
p = 0.01

27

Hypofraction-
ated RT 
(2-wk)

123 NA NA 7.5 0.85 (0.64–1.12) 
p = 0.24

23

Normofrac-
tionated RT 
(6-wk)

100 NA NA 6 1
(reference)

17

Wick 2012 [18] TMZ mono-
therapy

195 25.2 3.3 1·15 (0.92–1·43)
p = 0·043

8.6 1.09 (0.84–1.42)
p = 0.03

34.4

Normofrac-
tionated RT 
(6-wk)

178 4.7 9.6 37.4

Perry 2017 [19] Hypofraction-
ated RT 
(3-wk)

271 17 3.9 0.50 (0.41–0.60)
p < 0.001

7.6 0.67 (0.56–0.80)
p < 0.001

22.2

Hypofraction-
ated RT 
(3-wk) + TMZ

271 5.3 9.3 37.8

de Castro 2017 
[21]

Hypofraction-
ated RT 
(3-wk)

35 NA 3.2 p = 0.706 6.2 p = 0.936 10

Extremely hypo-
fractionated 
RT (1-wk)

26 4.3 6.8 18

Wirsching 2018 
[22]

Hypofraction-
ated RT 
(3-wk) + BEV

50 NA 7.6 0.36 (0.20–0.65) 
p = 0.003

12.1 1.09 (0.63–1.89)
p = 0.77

54

Hypofraction-
ated RT 
(3-wk)

25 4.8 12.2 56
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single RCT has directly compared moderately hypofraction-
ated RT (2–3 weeks) plus temozolomide (best therapeutic 
option in elderly GBM) versus normofractionated RT plus 
temozolomide (current standard of care in non-elderly 
GBM) precluding any definitive or robust conclusions. How-
ever, propensity-matched analyses in two separate elderly 
cohorts [26, 27] have demonstrated no significant difference 
in survival between the two approaches, thereby suggesting 
non-inferiority of hypofractionated RT combined with temo-
zolomide. A National Cancer Database study [28] evaluat-
ing practice patterns, outcomes, and predictors of survival 
in elderly glioblastoma patients aged 65 years and above, 
treated with definitive adjuvant chemoradiotherapy, reported 
increasing use of hypofractionated chemoradiotherapy over 
time. The authors also reported significant negative selec-
tion bias with patients undergoing hypofractionated chemo-
radiotherapy being older, with worse performance status, 
and undergone biopsy only. Normofractionated chemora-
diotherapy was associated with improved median survival 
compared to hypofractionated chemoradiotherapy (10.7 vs. 
6.2 months; p < 0.001), which persisted both on Cox mul-
tivariate analysis yielding a hazard ratio (HR) of 0.59 with 
95% confidence interval (CI) ranging from 0.49 to 0.72 
(p < 0.001) and propensity-matched analysis (median OS 8.7 
vs. 6.2 months; HR = 0.69; 95% CI 0.53 to 0.89; p = 0.005). 
More recently, a meta-analysis [29] of 917 patients from 
seven non-randomized studies comparing hypofraction-
ated RT plus temozolomide versus standard (normofrac-
tionated) RT plus temozolomide in elderly glioblastoma 
reported comparable PFS between the two regimens with a 
mean difference (MD) of 0.3 months (95% CI −2.4 to 2.9; 
p = 0.85), but significantly shorter OS (MD = − 3.5 months, 
95% CI −6.3 to −0.6; p = 0.02) in the hypofractionated RT 
plus temozolomide arm, re-kindling the debate. In patients 
with RPA class V and VI glioblastoma (elderly, or frail, or 
both), temozolomide monotherapy has now been demon-
strated to be associated with worse clinical outcomes (PFS, 
OS, and quality-adjusted survival) compared to moderately 
hypofractionated RT (30 Gy in 6 fractions over 2 weeks) in 
a small RCT that was terminated prematurely due to poor 
accrual [23]. A Cochrane review is currently underway to 
determine the most effective and best tolerated approach for 
the treatment of elderly patients with newly-diagnosed GBM 
[30] that could provide the highest level of evidence to guide 
therapeutic decision-making.

Prognsotic and predictive role 
of O6‑methylguanine‑DNA‑methyltransferase 
(MGMT)

In all the seven included RCTs, patients were not assigned 
treatment or stratified based on MGMT gene promoter 
methylation status. Four studies (17,18,19,22), however, 

Fig. 2   Network geometry of randomized controlled trials comparing 
various adjuvant therapy regimens in elderly patients with newly-
diagnosed glioblastoma. Each regimen is depicted as a node (number 
of patients in parentheses) with solid lines representing direct com-
parisons between any two interventions in the network

Fig. 3   Pair-wise comparison of different interventions for overall sur-
vival in elderly patients with newly-diagnosed glioblastoma. Point 
estimates of the hazard ratio (HR) with 95% credible intervals (CrIs) 
for individual studies are represented as solid black line, while the red 
diamond denotes the pooled estimate of that comparison across all 
studies
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did report outcomes of subset analysis based on availabil-
ity of methylation status in variable proportions of patients. 
As expected, patients with methylated MGMT gene pro-
moter had significantly better overall survival compared to 
patients with unmethylated tumors in each of these 4 studies, 
irrespective of treatment, re-inforcing the strong and inde-
pendent prognostic impact of MGMT methylation status 
on outcomes in elderly GBM. The potential use of MGMT 
methylation as a predictive marker for selecting elderly 
patients for adjuvant chemotherapy with temozolomide 

was suggested by two European studies (17,18), that demon-
strated superior outcomes with temozolomide monotherapy 
compared to RT alone in patients with methylated MGMT 
with the converse being true for unmethylated patients. 
However, even in patients with unmethylated tumors, the 
addition of temozolomide chemotherapy concurrently dur-
ing RT and subsequently as adjuvant leads to a clinically 
meaningful improvement in survival (19), precluding the 
use of MGMT methylation status alone as an independent 
factor in selecting patients for combined modality treatment.

Table 3   Ranking of various adjuvant therapy regimens for overall survival in the network meta-analysis

All numbers are expressed as percentages. Treatment with best rank (3-wk RT + TMZ) and worst rank (BSC alone) are highlighted in bold. 
SUCRA of 0.8 for 3-wk RT + TMZ and 0.0 for BSC alone
Wk week, TMZ temozolomide, BEV bevacizumab, BSC best supportive care, SUCRA​ surface under the cumulative ranking

Adjuvant therapy regimens

Ranking 6-wk RT 3-wk RT 2-wk RT 1-wk RT 3-wk RT + TMZ 3-wk RT + BEV TMZ mono-
therapy

BSC alone

1st (best) 0.0 0.0 0.0 16.7 81.0 1.9 0.4 0.0
2nd best 4.2 4.0 0.1 49.6 18.1 17.2 6.8 0.0
3rd best 13.5 29.1 0.4 14.1 0.8 25.7 16.4 0.0
4th best 21.6 32.8 1.9 7.9 0.1 16.4 19.4 0.0
5th best 35.9 17.0 4.9 4.4 0.0 9.3 28.4 0.0
6th best 24.0 13.2 14.1 4.7 0.0 16.0 27.8 0.2
7th best 0.7 3.9 77.5 2.5 0.0 12.7 0.7 2.0
8th best (worst) 0.0 0.0 1.2 0.1 0.0 0.9 0.0 97.8
Mean rank 4.6 4.2 6.7 2.6 1.2 4.2 4.6 8.0
SUCRA​ 0.5 0.5 0.2 0.8 1.0 0.5 0.5 0.0

Fig. 4   Graphical ranking of adjuvant therapy regimens for overall 
survival in elderly patients with newly-diagnosed glioblastoma using 
surface under the cumulative ranking (SUCRA) curve. SUCRA is 
a numeric presentation of the overall ranking and presents a single 
number associated with each treatment with values ranging from 0 

to 100%. The higher the SUCRA value of any particular interven-
tion, and the closer to 100%, higher the likelihood that the particular 
intervention represents the best treatment option; lower and closer the 
SUCRA value to 0 for any particular intervention, more likely that 
the particular intervention represents the worst treatment option



Journal of Neuro-Oncology	

1 3

Caveats and limitations

Despite inherent advantages of NMA that combines direct 
and indirect comparisons, certain caveats and limitations 
remain. Synthesis of data and meta-analyses was limited 
to survival outcomes without pooling the data for toxic-
ity or QOL, as they were not reported uniformly across all 
studies precluding quantitative synthesis. Given the limited 
life-expectancy in elderly GBM, toxicity and QOL are also 
important endpoints which could guide therapeutic decision-
making. Apart from age, other covariates such as perfor-
mance status, extent of resection, and MGMT methylation 
are known prognostic factors that can impact upon out-
comes, but, were not accounted for in the analysis. However, 
randomization would have ensured that baseline characteris-
tics were well-balanced in the primary studies, eliminating 
selection bias. Finally, this analysis was based on summary 
statistics extracted from published reports rather than pool-
ing of individual patient data.

Conclusions

This is the first attempt to rank various adjuvant therapy 
options in the management of elderly patients with newly-
diagnosed GBM using a network of prospective randomized 
trials. Moderately hypofractionated RT (3-weeks) with 
concurrent and adjuvant temozolomide emerged as the best 
treatment option and should be considered the most optimal 
and preferred adjuvant therapeutic regimen in this cohort.

Funding  No source of funding was involved in the preparation of this 
manuscript.

Compliance with ethical standards 

Conflict of interest  None of the authors have any conflicts of interest 
to declare.

References

	 1.	 Ostrom QT, Gittleman H, Truitt G et al (2018) CBTRUS sta-
tistical report: primary brain and other central nervous system 
tumors diagnosed in the United States in 2011–2015. Neuro Oncol 
20:1–86

	 2.	 Stupp R, Mason WP, van den Bent MJ et al (2005) Radiotherapy 
plus concomitant and adjuvant temozolomide for glioblastoma. N 
Engl J Med 352:987–996

	 3.	 Stupp R, Hegi M, Mason M et al (2009) Effects of radiotherapy 
with concomitant and adjuvant temozolomide versus radiother-
apy alone on survival in glioblastoma in a randomized phase III 

study: 5-year analysis of the EORTC-NCIC trial. Lancet Oncol 
10(5):459–466

	 4.	 Shu C, Yan X, Zhang X et al (2019) Tumor-induced mortality in 
adult primary supratentorial glioblastoma multiforme with differ-
ent age subgroups. Future Oncol 15(10):11105–11114

	 5.	 Lornier CF, Hanna C, Sarran F et al (2017) Challenges to treating 
older glioblastoma patients: the influence of clinical and tumor 
characteristics on survival outcomes. Clin Oncol 29(11):739–747

	 6.	 Mason M, Laperriere N, Wick W et al (2016) Glioblastoma in 
the elderly: making sense of the evidence. Neurooncol Pract 
3(2):77–86

	 7.	 Yin AA, Zhang LH, Cheng JX et al (2013) Radiotherapy plus 
concurrent or sequential temozolomide for glioblastoma in the 
elderly: a meta-analysis. PLoS ONE 8(9):e74242

	 8.	 Yin AA, Cai S, Dong Y et al (2014) A meta-analysis of temo-
zolomide versus radiotherapy in elderly glioblatoma patients. J 
Neurooncol 116:315–324

	 9.	 Zarnett OJ, Sahgal A, Gosio J et al (2015) Treatment of elderly 
patients with glioblastoma: a systematic evidence-based analysis. 
JAMA Neurol 72(5):589–596

	10.	 Mills EJ, Thorlund K, Ioannidis JP (2013) Demystifying trial net-
works and network meta-analysis. BMJ 346:f2914

	11.	 Higgins JPT, Green S (ed) (2011) Cochrane handbook for system-
atic reviews of interventions. Version 5.1.0 [updated March 2011]. 
The Cochrane Collaboration. www.handb​ook.cochr​ane.org

	12.	 Higgins JP, Altman DG, Gøtzsche PC et al (2011) The Cochrane 
Collaboration’s tool for assessing risk of bias in randomised trials. 
BMJ 343:d5928

	13.	 Moher D, Liberati A, Tetzlaff J et al (2009) Preferred reporting 
items for systematic reviews and meta-analyses: the PRISMA 
statement. BMJ 339:b2535

	14.	 Chaimani A, Higgins JP, Mavridis D et al (2013) Graphical tools 
for network meta-analysis in STATA. PLoS ONE 8(10):e76654

	15.	 Roa W, Brasher PM, Bauman G et al (2004) Abbreviated course of 
radiation therapy in older patients with glioblastoma multiforme: a 
prospective randomized clinical trial. J Clin Oncol 22:1583–1588

	16.	 Keime-Guibert F, Chinot O, Taillandier L et al (2007) Radiother-
apy for glioblastoma in the elderly. N Engl J Med 356:1527–1535

	17.	 Malmstrom A, Gronberg BH, Marosi C et al (2012) Temozo-
lomide versus standard 6-week radiotherapy versus hypofrac-
tionated radiotherapy in patients older than 60 years with glio-
blastoma: the Nordic randomised, phase 3 trial. Lancet Oncol 
13(9):916–926

	18.	 Wick W, Platten M, Meisner C et al (2012) Temozolomide chemo-
therapy alone versus radiotherapy alone for malignant astrocy-
toma in the elderly: the NOA-08 randomised, phase 3 trial. Lancet 
Oncol 13:707–715

	19.	 Perry JR, Laperriere N, O’Callaghan CJ et al (2017) Short-course 
radiation plus temozolomide in elderly patients with glioblastoma. 
N Engl J Med 376(11):1027–1037

	20.	 Roa W, Kepka L, Kumar N et al (2015) An IAEA randomized 
phase III study of radiation therapy in elderly and/or frail patients 
with newly diagnosed glioblastoma multiforme. J Clin Oncol 
33:4145–4150

	21.	 de Castro DG, Matiello J, Roa W et al (2017) Survival outcomes 
with short-course radiation therapy in elderly patients with glio-
blastoma: data from a randomized phase 3 trial. Int J Radiat Oncol 
Biol Phys 98(4):931–938

	22.	 Wirsching HG, Tabatabai G, Roelcke U et al (2018) Bevacizumab 
plus hypofractionated radiotherapy versus radiotherapy alone in 
elderly patients with glioblastoma: the randomized, open-label, 
phase II ARTE trial. Ann Oncol 29:1423–1430

	23.	 Pedretti S, Masini L, Turco E et al (2019) Hypofractionated radia-
tion therapy versus chemotherapy with temozolomide in patients 
affected by glioblastoma RPA class V and VI glioblastoma: a 
phase II randomized trial. J Neurooncol 143(3):447–455

http://www.handbook.cochrane.org


	 Journal of Neuro-Oncology

1 3

	24.	 Palme J, Bhamidipati D, Mehta M et al (2018) Treatment recom-
mendations for elderly patients with newly diagnosed glioblas-
toma lack worldwide consensus. J Neurooncol 140(2):421–426

	25.	 Wick A, Kessler T, Elia AEH et al (2018) Glioblastoma in elderly 
patients: solid conclusions built on shifting sands. Neuro Oncol 
20(2):174–183

	26.	 Minniti G, Scaringi C, Lanzetta G et al (2015) Standard (60 Gy) 
or short-course (40 Gy) irradiation plus concomitant and adjuvant 
temozolomide for elderly patients with glioblastoma: a propensity-
matched analysis. Int J Radiat Oncol Biol Phys 91(1):109–115

	27.	 Rusthoven CG, Koshy M, Sher DJ et al (2016) Combined-modal-
ity therapy with radiation and chemotherapy for elderly patients 
with glioblastoma in the temozolomide era: a National Cancer 
Database Analysis. JAMA Neurol 73(7):821–828

	28.	 Haque W, Verma V, Butler EB, The BS (2018) Patterns of 
care and outcomes of hypofractionated chemoradiation versus 

conventionally fractionated chemoradiation for glioblastoma in 
the elderly population. Am J Clin Oncol 41(2):167–172

	29.	 Lu VM, Kerezoudis P, Brown DA et al (2019) Hypofractionated 
versus standard radiation therapy in combination with temozolo-
mide for glioblastoma in the elderly: a meta-analysis. J Neuroon-
col 143(2):177–185

	30.	 Lawrie TA, Hanna CR, Rogozinska G et al (2019) Treatment of 
newly diagnosed glioblastoma in the elderly. Cochrane Database 
Syst Rev. https​://doi.org/10.1002/14651​858.CD013​261

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1002/14651858.CD013261

	Optimal adjuvant therapy in elderly glioblastoma: results from a systematic review and network meta-analysis
	Abstract
	Background 
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Aims and objectives
	Materials and methods
	Literature search strategy
	Study selection
	Data extraction and assessment for risk of bias
	Data synthesis and analysis

	Results
	Overview of included studies
	Data synthesis

	Discussion
	Prognsotic and predictive role of O6-methylguanine-DNA-methyltransferase (MGMT)
	Caveats and limitations

	Conclusions
	References




