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Abstract 

Background & Objective: Radiotherapy and temozolomide are the standard therapy for newly diagnosed 
glioblastoma multiforme (GBM). However, it is unclear whether adding another agent to the commonly 
used radiotherapy-temozolomide (RT + TMZ) benefits newly diagnosed GBM patients. The present 
network meta-analysis aimed to assess the efficacy of combining other agents with RT + TMZ for 
GBM treatment.
Methods: A comprehensive literature search was conducted on PubMed, EMBASE.com, Web of 
Science, and the Cochrane Central Register of Controlled Trials from inception to September 23, 2014, 
to include all randomized controlled trials of RT + TMZ-based therapy in GBM patients. Pairwise and 
network meta-analyses were performed to compare the therapeutic regimens. Results: Seventeen studies 
involving 4,148 patients were identified. The results of pairwise meta-analysis indicated no significant 
differences among most comparison groups, except for bevacizumab + RT + TMZ versus RT + TMZ 
for progression-free survival (hazard ratio [HR] = 0.71, 95% confidence interval [CI]: 0.59–0.86; P = 
0.000) and RT + TMZ versus RT alone for overall survival (HR = 0.71, 95% CI: 0.58–0.88; P = 0.001). 
The results of network meta-analysis also showed no significant differences in most comparisons; 
however, adverse events were more common among patients receiving additional therapeutic agents 
other than RT + TMZ. The ranking probability analysis indicated that bevacizumab + RT + TMZ and 
nimustine + cisplatin + RT + TMZ were associated with the best progression-free and overall survival, 
but they also caused the most adverse events in GBM patients. RT + bevacizumab + irinotecan had 
the highest probability of being the best regimen for minimizing adverse events.
Conclusions: The addition of other targeted agents, particularly bevacizumab and nimustine, to 
RT + TMZ could be slightly effective for the treatment of newly diagnosed GBM patients; however, 
adverse events remained common.
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INTRODUCTION

Glioblastoma multiforme (GBM) is the most 
common and deadliest primary brain malignancy, 
with an annual prevalence of 2–3 new cases 
per 100,000 persons in Europe and North 
America.1 The disease is more common in men 
than in women with an incidence rate ratio of 
1.26:1.2,3 The prognosis of GBM is particularly 

poor with a median survival of 15 months.4 
Despite the international efforts spent during 
the last decade, GBM treatment remains one 
of the most challenging and urgent tasks in 
clinical oncology.5 The current therapeutic 
options for GBM include surgical resection, 
radiotherapy, and chemotherapy.6 However, 
there are serious limitations to most treatments 
owing to the disease’s anatomical location as 
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well as its complex biology and heterogeneity.5,7 
Furthermore, many chemotherapeutic agents are 
unable to penetrate the blood-brain barrier in order 
to exert their effects.5 Additionally, GBM tumor 
cells have been found resistant to radiotherapy.8

 Multiple clinical trials have been conducted 
to assess the efficacy and safety of different 
treatment plans for GBM, and their findings help 
define the current standard of care for patients 
with newly diagnosed disease.6 Such a treatment 
consists of surgical resection, followed by adjuvant 
radiotherapy at 5000–6000 cGy and temozolomide 
(TMZ) for at least six months.9 Previous 
systematic review suggests that radiotherapy/
TMZ might provide better survival outcomes 
than radiotherapy alone in newly diagnosed 
GBM patients. However, such outcomes remain 
poor despite aggressive treatment with both 
radiotherapy and TMZ. Therefore, in order to 
further improve GBM treatment, novel therapeutic 
regimens, including the addition of other agents 
(e.g., bevacizumab, cilengitide, or irinotecan) to 
the standard radiotherapy and TMZ, and hypo-
fractionated or three-dimensional conformal 
radiotherapy with concurrent and adjuvant 
TMZ, need to be explored. Several randomized 
controlled trials (RCTs) are currently available 
to compare between radiotherapy-TMZ and other 
therapeutic regimens in GBM. The results of these 
studies would certainly help determine whether 
radiotherapy-TMZ should remain as the standard 
of care for GBM. 
 In the present study, we aimed to conduct a 
network meta-analysis to compare the efficacy 
and safety of different radiotherapy-TMZ based 
therapeutic regimens for GBM and to rank those 
treatment plans.

METHODS

Search strategy

The reporting of this network meta-analysis 
adheres to the Preferred Reporting Items 
for Systematic Review and Meta-Analysis 
(PRISMA) statement.10 A comprehensive 
literature search was conducted on PubMed, 
EMBASE.com, Web of Science (via ISI Web of 
Knowledge), and the Cochrane Central Register 
of Controlled Trials (CENTRAL) from inception 
to September 23, 2014, using the following 
terms: glioma, glioblastoma, radiotherapy, 
brachytherapy, radiation therapy, radiosurgery, 
hypofraction, irradiation therapy, and random*. 
The references of included articles and reviews 

were tracked to identify other relevant studies. 
The complete detail of the search strategy for 
PubMed was as followed: (((((((“Glioma”[Mesh]) 
OR “Glioblastoma”[Mesh])) OR ((Glioma 
OR glioblastoma[Title/Abstract])))) AND 
((((Radiotherapy OR brachytherapy OR 
“radiation therapy” OR radiosurgery OR 
“irradiation therapy”[Title/Abstract]))) OR 
((“Radiotherapy”[Mesh] OR “radiotherapy” 
[ S u b h e a d i n g ]  O R  “ R a d i o t h e r a p y, 
Adjuvant”[Mesh]))))) AND (((Random* OR 
randomized controlled trial* OR randomized 
trial* OR Randomized Controlled Trial[ptyp] OR 
“Randomized Controlled Trials as Topic”[Mesh]) 
NOT (“Clinical Trial, Phase I” [Publication Type] 
OR “Clinical Trial, Phase II” [Publication Type] 
OR “Clinical Trials, Phase I as Topic”[Mesh] 
OR “Clinical Trials, Phase II as Topic”[Mesh]))). 
The latest version of duplicated publications was 
included in the study.

Inclusion criteria

All RCTs met the following eligibility criteria 
were included: (1). The trials enrolled newly 
diagnosed GBM patients who had undergone 
surgery (complete or partial resection, or biopsy 
only) but had not received prior radiotherapy 
or chemotherapy; (2). The treatment arms 
consisted of radiotherapy, followed by adjuvant or 
subsequent TMZ; and (3). The primary outcomes 
included progression-free survival (PFS) and 
overall survival (OS), whereas the secondary 
outcomes mainly included adverse events (AEs). 
We only included RCTs in our analysis, with 
non-randomized, phase I, and phase II clinical 
trials being excluded. 

Data extraction and assessment of risk of bias

Two independent reviewers examined the title, 
abstract, and full-text of all studies according to 
the inclusion and exclusion criteria to extract data. 
A third reviewer’s opinion was used to resolve 
discrepancy. Data of interest were extracted 
using a standard form that included information 
on authors, journal, year of publication, study 
arms, sample, median age, median OS, median 
PFS, dosage of radiotherapy, and outcomes. The 
methodological quality was evaluated according to 
the Cochrane Handbook version 5.1.011, including 
the method of random sequence generation, 
allocation concealment, blinding, incomplete 
outcome data, selective reporting, and other biases.
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Data analysis

Direct comparison was performed using STATA 
12.0 software, and pooled hazard ratio (HR) 
was determined from the HR values reported for 
PFS and OS. Relative risk (RR) was determined 
for AEs as they were dichotomous variables. 
Statistical heterogeneity between trials was 
assessed by χ2 statistic, whereas I2 statistic was 
used to assess the extent of inconsistency. When 
there was no statistical heterogeneity, indicated 
by a P value of >0.05 and I2 of <50%, the 
Mantel-Haenszel fixed effects model was used 
for meta-analysis, otherwise the Mantel-Haenszel 
random effects model was used. Moreover, a 
Bayesian network meta-analysis was performed 
using WinBUGS 1.4 software for the indirect 
comparison of all available therapeutic regimens. 
A ranking probability curve was generated for each 
regimen to estimate its probability of achieving 
the best rank among all. The pooled estimates 
and probability of the potential best regimen were 
obtained using the Markov Chains Monte Carlo 
method. The random effect model for multi-arm 
trials developed by Ade and colleagues (the Multi-
Parameter Evidence Synthesis Research Group 
at the University of Bristol, UK; downloaded 

20 March 2015 from http://www.bristol.ac.uk/
social-community-medicine/projects/mpes/mtc/) 
was used. We generated 50,000 simulations for 
the initial values, and subsequently discarded the 
first 10,000 simulations as the burn-in period. 
The inconsistency between direct and indirect 
comparisons was not evaluated because no close 
loop existed. All pairwise meta-analysis results 
were reported with 95% confidence intervals (CI), 
whereas those of the network meta-analyses were 
with 95% credibility interval (CrI), as well as the 
probability of ranking by regimens. Statistical 
significance was defined as P value ≤0.05.

RESULTS

Characteristics of the included studies

Our literature search identified 2,043 records. Of 
these, 2,026 were excluded due to the following 
reasons: duplicated publications (n = 662), not 
RCTs (n = 1014), not GBM (n = 210), animal 
studies (n = 20), not radiotherapy + TMZ (n 
= 139), reviews (n = 70), or abstracts/letters/
comments (n = 37). Thus, a total of 17 RCTs12-28

involving 4,148 patients were included (Figure 1).
The characteristics of these included studies 

Figure 1. The search results and selection details
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are summarized in Table 1. Seven therapeutic 
regimens were analyzed, including radiotherapy 
alone (RT), radiotherapy + TMZ (RT + TMZ), 
bevacizumab + radio therapy + TMZ 
(Bev + RT + TMZ), cilengitide + radiotherapy 
+ TMZ (RT + TMZ + Cil), bevacizumab + 
radiotherapy + irinotecan (RT + Bev + Iri), 
teniposide + semustine + radiotherapy 
(CCNU + VM + RT), and nimustine + cisplatin 
+ radiotherapy + TMZ (ACNU + CDDP + RT 
+ TMZ). The total radiotherapy dose in all 
the included studies except for the one by 
Shen et al. was 60 Gy given in 30 fractions.16 

The following outcomes were analyzed PFS, 
OS, granulocytopenia, thrombocytopenia, 
and nausea as they were reported by most 
studies. The results of methodological quality 
assessment are presented in Figure 2. Of the 
included RCTs, 64.71% reported their methods 
of sequence generation, and 47.06% described 
the details of allocation concealment. Only 4 
RCTs were designed as double-blinded studies.

Results of pairwise meta-analysis

Two studies12,27 compared the PFS and OS of GBM 
patients receiving Bev + RT + TMZ and those 
treated with RT + TMZ. The Bev + RT + TMZ 
regimen significantly prolonged PFS (HR = 0.71, 
95% CI: 0.59–0.86; P < 0.001) as compared to 
RT + TMZ in these patients (Figure 3). However, 
no statistically significant differences were 
observed for OS (HR = 0.99, 95% CI: 0.78–1.27; P 
= 0.961) (Figure 4). Moreover, Bev + RT + TMZ 
did not reduce the incidences of granulocytopenia 
(RR = 1.98, 95% CI: 0.98–4.01; P = 0.058), 
thrombocytopenia (RR = 1.33, 95% CI: 0.80–2.23; 
P = 0.272), and nausea (RR = 1.98, 95% CI: 
0.18–21.72; P = 0.576).
 Furthermore, 2 other studies17,18 compared 

the PFS of GBM patients receiving RT + TMZ 
and those treated with RT alone, whereas 7 
studies16-18,20,22,23,26 analyzed OS. Their results 
indicated that compared with RT alone, RT + TMZ 
significant improved OS (HR = 0.71, 95% CI: 
0.58–0.88; P = 0.001) (Figure 4). No statistically 
significant differences were observed for PFS (HR 
= 0.74, 95% CI: 0.40–1.35; P = 0.326) (Figure 
3). However, RT + TMZ was inferior to RT 
alone in reducing AEs, such as granulocytopenia 
(RR = 1.29, 95% CI: 0.70–2.38; P = 0.408), 
thrombocytopenia (RR = 3.65, 95% CI: 1.03–
12.96; P = 0.045), and nausea (RR = 2.11, 95% 
CI: 1.12–3.97; P = 0.576).
 Only one study13 compared the efficacy 
of Bev + RT + TMZ and RT + Bev + Iri. 
No statistically significant differences were 
observed for overall response rate (RR = 1.56, 
95% CI: 0.96–2.54; P = 0.07), granulocytopenia 
(RR = 2.91, 95% CI: 0.32–26.46; P = 0.344), 
thrombocytopenia (RR = 14.55, 95% CI: 0.87–
244.30; P = 0.063), or nausea (RR = 0.89, 95% 
CI: 0.49–1.65; P = 0.719). 
 In addition, no statistically significant 
differences in any outcomes were observed 
for other comparison groups. Such results are 
presented in Figure 3 and Figure 4.

Results of network meta-analysis

The results of our network meta-analysis indicated 
that RT + TMZ resulted in longer OS than RT 
alone. ACNU + CDDP + RT + TMZ led to a lower 
incidence of granulocytopenia than RT + TMZ and 
RT alone, whereas RT + Bev + Iri was associated 
with a lower frequency of thrombocytopenia than 
Bev + RT + TMZ. There were no statistically 
significant differences in other outcomes for all 
other comparison groups. The results of network 
meta-analysis are summarized in Tables 2–4.

Figure 2. The results of risk of bias assessment
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Figure 3. The results of pairwise meta-analysis for progression-free survival (PFS)

Figure 4. The results of pairwise meta-analysis for overall survival (OS)
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Table 4 The results of network meta-analysis regarding nausea [OR (95%CrI)

 Nausea RT RT+TMZ Bev+RT+TMZ RT+Bev+Iri CCNU+VM+RT

 RT - - - - -
 RT+TMZ 0.42(0.09-1.31) - - - -
 Bev+RT+TMZ 0.99(0.01-6.29) 2.88(0.04-17.71) - - 
 RT+Bev+Iri 2.03(0.01-13.71) 6.18(0.02-41.11) 3.59(0.06-22.17) - -
 CCNU+VM+RT 0.55(0.01-3.52) 1.44(0.03-8.81) 5.71(0.01-36.57) 9.41(0.00-51.96) -
 RT+TMZ+Cil 1.35(0.02-8.31) 3.60(0.08-20.54) 13.19(0.02-87.13) 21.99(0.01-131.30) 20.94(0.05-135.20)

RT, radiotherapy; TMZ, temozolomide; Bev, bevacizumab; Iri, irinotecan; ACNU, nimustine; CDDP, cisplatin ; VM, 
teniposide; CCNU, semustine; Cil, Cilengitide

Table 5: Rank probability 

 Comparisons PFS OS Nausea Granulocytopenia Thrombocytopenia

 RT 0.01 0.00 0.45 0.29 0.06

 RT+TMZ 0.03 0.04 0.01 0.12 0.01

 Bev+RT+TMZ 0.38 0.13 0.10 0.02 0.00

 ACNU+CDDP+RT+TMZ 0.37 0.64 - 0.00 0.01

 CCNU+VM+RT - 0.03 0.07 - -

 RT+TMZ+Cil 0.21 0.16 0.19 - 0.04

 RT+Bev+Iri - - 0.19 0.57 0.89

RT, radiotherapy; TMZ, temozolomide; Bev, bevacizumab; Iri, irinotecan; ACNU, nimustine; CDDP, cisplatin ; VM, 
teniposide; CCNU, semustine; Cil, Cilengitide

Rank probability

The rank probability plot (Table 5) indicated that 
Bev + RT + TMZ and ACNU + CDDP + RT + TMZ 
were associated with the longest PFS and OS in 
GBM patients, but they also resulted in the highest 
incidence of AEs. RT + Bev + Iri had the highest 
probability of being the best treatment plan for 
reducing AEs.

DISCUSSION

Summary of findings

The first systematic review comparing RT + TMZ 
and RT alone for the treatment of newly diagnosed 
GBM was published in 2014. However, a meta-
analysis was not performed owing to a lack 
of homogeneity in their study. Their results 
demonstrated that GBM patients treated with 
RT + TMZ had consistently better survival 
outcomes than those receiving RT alone.6 Our 
network meta-analysis compared the safety 
and efficacy of different RT + TMZ-based 
therapeutic regimens for newly diagnosed 
GBM. The results of our pairwise and network 
meta-analyses consistently indicated RT + TMZ 
was associated with longer OS than RT alone. 

However, although the pairwise meta-analysis 
results suggested that Bev + RT + TMZ resulted 
in statistically longer PFS than RT + TMZ, 
the network meta-analysis did not detect any 
statistically significant differences among 
different treatment plans. Moreover, although the 
pairwise meta-analysis indicated no statistically 
significant differences in AE incidence among 
therapeutic regimens, the network meta-analysis 
suggested that RT + Bev + Iri was associated 
with a lower incidence of thrombocytopenia than 
Bev + RT + TMZ. The ranking probability plot 
also suggested that the addition of bevacizumab or 
nimustine + cisplatin to RT + TMZ could potential 
prolong the PFS and OS of GBM patients. Of 
note, patients treated with radiotherapy followed 
by bevacizumab and irinotecan might experience 
less AEs. ACNU + CDDP + RT + TMZ led 
to a lower incidence of granulocytopenia 
than RT alone or RT + TMZ, however, 
ACNU + CDDP + RT + TMZ had the lowest 
probability of being the best treatment plan for 
reducing AEs. The reason was likely that only 
one study involving 82 patients was included for 
network meta-analysis.
 Although several studies in newly diagnosed 
GBM patients recommend the standard 
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multimodality treatment in combination with 
bevacizumab29, there is no meta-analysis to assess 
the efficacy of bevacizumab for the treatment of 
newly diagnosed GBM. A recent phase II trial 
showed that the combination of bevacizumab with 
radiotherapy and TMZ was safe and feasible in 
patients with newly diagnosed GBM.30 Zhang 
et al.31 conducted a meta-analysis to compare 
the bevacizumab and irinotecan combination to 
bevacizumab alone for the treatment of recurrent 
GBM, and showed no obvious improvement in 
overall survival. We only identified one RCT 
involving 63 patients comparing the efficacy and 
safety of Bev + RT + TMZ versus RT + Bev + Iri 
for treating newly diagnosed GBM. Our findings 
on PFS and OS were similar to those of Zhang 
et al. Furthermore, we found that RT + Bev + Iri 
significantly reduced the incidence of AEs. 
Wang et al.32 compared the clinical efficacy of 
TMZ versus ACNU-based chemotherapy in newly 
diagnosed GBM and showed that the treatment 
tolerance and survival benefit by TMZ therapy 
were superior to that of ACNU-based regimens. 
However, we found that the addition of ACNU-
based chemotherapy to RT + TMZ was associated 
with the highest probability of improved PFS 
and OS, although no significant differences were 
detected by pairwise or network meta-analysis.

Strengths and limitations

To our knowledge, this is the first meta-analysis 
and network meta-analysis comparing different 
RT + TMZ-based treatment plans for newly 
diagnosed GBM. The methodological quality of 
included studies was high, although only 4 of the 
included RCTs were designed as double-blinded. 
However, as the outcomes we focused on were 
objective, the impact of non-blinding design 
was minimized in our study. Nonetheless, the 
present study also had some limitations. First, 
the number of studies that assessed the efficacy 
of adding other agents to RT + TMZ for the 
treatment of newly diagnosed GBM was limited. 
Therefore, although we found that the addition 
of other agents to RT + TMZ offered better 
efficacy for the treatment of newly diagnosed 
GBM, more studies are needed to confirm our 
findings. Moreover, we did not compare between 
hypo-fractionated or three-dimensional conformal 
radiotherapy and conventional radiotherapy 
owing to a lack of original studies. Finally, 
although our ranking probability showed that 
ACNU + CDDP + RT + TMZ was associated with 
the longest PFS and OS, and that RT + Bev + Iri 

had the highest probability of being the best 
treatment plan for reducing AEs, such conclusions 
were based on 2 studies with relatively small 
sample size. Therefore, more studies assessing 
the efficacy of ACNU + CDDP + RT + TMZ 
and RT + Bev + Iri in newly diagnosed GBM 
are certainly needed.
 In conclusion, the addition of other targeted 
agents, particularly bevacizumab and nimustine, 
to the frequently used RT + TMZ could be 
slightly more effective for the treatment of newly 
diagnosed GBM patients; however, adverse events 
remained common. More studies on adding other 
targeted agents to RT + TMZ are needed to confirm 
our findings.
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