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Abstract
Background. Glioblastoma (GB) is the most common malignant brain tumor with a dismal prognosis despite 
standard of care (SOC). Here we used a network meta-analysis on treatments from randomized control trials (RCTs) 
to assess the effect on overall survival (OS) and progression-free survival (PFS) beyond the SOC.
Methods. We included RCTs that investigated the addition of a new treatment to the SOC in patients with newly 
diagnosed GB. Our primary outcome was OS, with secondary outcomes including PFS and adverse reactions. 
Hazard ratio (HR) and its 95% confidence interval (CI) regarding OS and PFS were extracted from each paper. 
We utilized a frequentist network meta-analysis. We planned a subgroup analysis based on O6-methylguanine-
DNA methyl-transferase (MGMT) status. We followed the Preferred Reporting Items for Systematic Reviews and 
Meta-analyses.
Results. Twenty-one studies were included representing a total of 7403 patients with GB. There was significant 
heterogeneity among studies impacting important factors such as timing of randomization and sample size. A con-
fidence analysis on the network meta-analysis results revealed a score of low or very low for all treatment com-
parisons, across subgroups. Allowing for the heterogeneity within the study population, alkylating nitrosoureas 
(Lomustine and ACNU) and tumor-treating field improved both OS (HR = 0.53, 95% CI 0.33–0.84 and HR = 0.63 95% 
CI 0.42–0.94, respectively) and PFS (HR = 0.88, 95% CI 0.77–1.00 and HR = 0.63 95% CI 0.52–0.76, respectively).
Conclusions. Our analysis highlights the numerous studies performed on newly diagnosed GB, with no proven 
consensus treatment that is superior to the current SOC. Intertrial heterogeneity raises the need for better stand-
ardization in neuro-oncology studies.

Key Points

• Our analysis highlights the numerous studies performed on newly diagnosed 
glioblastoma, with no proven consensus treatment that is superior to the current 
standard of care.

• Intertrial heterogeneity precludes drawing strong conclusions, and confidence analysis 
was low.

Glioblastoma (GB) is the most common primary adult brain 
tumor and is also one of the most aggressive diseases that 

afflict humans.1 The current standard of care (SOC) commonly re-
ferred to as the “Stupp Protocol” includes maximal safe surgical 
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cytoreduction followed by daily temozolomide (TMZ) and 
concurrent radiotherapy (60 Gy in 30 fractions), with sub-
sequent adjuvant TMZ for 6  months.2 This approach was 
first introduced in 2005 and prolonged median survival by 
2.5 months with a 2-year survival rate of 27% compared to 
10% with radiation alone after maximal safe resection. Despite 
maximal therapies, the median overall survival (OS) of GB 
patients is 15 months, with 5-year survival rates of less than 
5%.2 A subset of patients with favorable molecular profiles, in-
cluding O6-methylguanine-DNA methyl-transferase (MGMT) 
methylation and isocitrate dehydrogenase (IDH)1/2 muta-
tions, benefit more from this protocol. Patients with these 
molecular changes can have their median OS extended up to 
about 30 months on average.3 In the post-Stupp protocol era, 
there is a lack of consensus on new proven clinical treatments 
despite an abundance of preclinical and clinical research.

Despite the abundance of research on this area, there 
has yet to be a consensus, evidence-based treatment that 
has been effective in clinical settings beyond Stupp pro-
tocol.4 As such, patients with GB continue to portend bleak 
prognoses. Challenges in deriving novel treatments stem 
both from biological heterogeneities intrinsic to the dis-
ease and wide-ranging clinical differences in terms of pa-
tient status, treatment standards, and reporting standards.

To help illustrate the current landscape of GB treatment, 
we performed a systematic review and network meta-
analysis comparing the efficacy of differential treatment re-
gimens in phase 2 or 3 randomized control trials (RCTs) for 
newly diagnosed GB (primary or secondary), where the con-
trol arm included the use of the Stupp protocol. Traditional 
meta-analysis allows comparison between only 2 treatment 
arms. On the contrary, network meta-analysis allows for the 
comparison of more than 2 different treatment arms for a 
given pathology. Given the abundance of different trials on 
GB with different arms, the application of a network meta-
analysis to our research question was ideal, with the aim of 
viewing an overall picture of advancements in the field, and 
compares the currently available treatment arms.5,6

Methods

We conducted our systematic review and network meta-
analysis based on a predefined protocol in accordance 

with the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses Extension statement for reporting on 
network meta-analyses.7 Databases including MEDLINE 
(PubMed and Ovid), Embase, and Web of Science were 
searched until July 1, 2019. We used, in relevant combin-
ations, keywords and MeSH (Medical Subject Heading) 
terms pertaining to the patient population disease (high-
grade glioma, GB) and clinical trial. Abstracts were 
screened for potential inclusion criteria by both primary 
authors, and subsequently, the full text of the articles of in-
terest was reviewed. We extracted the following variables 
from each included paper: age, sex, IDH status, MGMT 
status, definition of MGMT methylation, definition of pro-
gression, median OS, median progression-free survival 
(PFS), hazard ratios (HRs) and its 95% confidence inter-
vals (CIs), extent of resection, and frequency of adverse 
events (AEs).

Our inclusion criteria included RCTs of phase 2 or 3 
studies with 20 or more patients in each treatment arm, pa-
tients with GB (astrocytoma grade IV) without prior treat-
ments who have undergone maximal safe resection prior 
to adjuvant therapy. The control group in included studies 
must have received at minimum the SOC, that is, maximal 
safe resection with Stupp protocol. Articles were excluded 
if results on GB patients could not be separated from 
non-GB patients included in trials and if data on primary 
and secondary outcomes were not available.

Quality assessment of the included studies was done 
using Cochrane’s Risk of Bias Tool for randomized trials.8 
This previously validated tool is designed to assess the 
quality and risk of bias for RCTs.

Our primary outcome was OS, with secondary outcome 
including PFS and adverse reactions. We only included 
studies that reported HR of comparison between arms of 
the trial for OS and PFS. If we were not able to extract the 
HR for PFS or OS from the published study or obtain that 
from the corresponding author, the study was excluded.

Statistical Analysis

In this study, we took the approach that synthesizes met-
rics of both direct and indirect comparisons to refine and 
generate estimates of all possible pair-wise comparisons 
within a network.9–11 For comparative efficacy analysis, we 

Importance of the Study

Glioblastoma remains a challenging clinical en-
tity to treat. Few advances have been made since 
the advent of the current standard of care—this 
is despite a myriad of clinical trials performed. 
Direct head-to-head comparisons of these ther-
apies would be difficult and resource-intensive. 
We employed a network meta-analysis to per-
form direct and indirect comparisons of ther-
apies and their effect on treatment outcomes. 
Our analysis highlights the numerous studies 

performed on newly diagnosed glioblastoma, 
with no proven consensus treatment that is supe-
rior to the current treatment paradigm. Intertrial 
heterogeneity precludes drawing strong con-
clusions, and confidence analysis of the meta-
analysis was low. Our study presents a novel 
method for analyzing clinical trials, identifies the 
need for greater standardization across studies, 
and highlights some areas which may be worth-
while to pursue in future research studies.
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utilized a frequentist network meta-analysis, an extension 
of the classic pair-wise meta-analysis, to compare multiple 
different treatments across trials on a common comparator 
in a single unified analysis. Estimates of treatment effect 
(HR) via direct comparisons were made between treatment 
groups within a single trial and an indirect comparison of 
treatment effect between different trials with a common 
comparator (eg, Stupp protocol) was estimated from the 
direct treatment effects. Multiple indirect comparisons 
were then made for each treatment modality. When both 
direct and indirect evidence of comparison between treat-
ment modalities was available, the treatment effect was 
synthesized together to yield a network treatment effect. 
A  single combined ranking of treatments was then pro-
duced based on Rücker and Schwarzer method.12

We assessed heterogeneity using Cochran’s Q statistics. 
A P value of .1 was considered significant heterogeneity. 
In case of heterogeneity within a pooled data set between 
studies, a random effect model was used. A  fix effect 
model was used when pooled data were homogenous. We 
planned a subgroup analysis based on the MGMT status in 
advance. A 2-way P value of less than .05 was considered 
statistically significant. R software version R 3.6.3 was used 
for all analyses.

To assess the confidence in the results of the network 
meta-analysis, we utilized a previously described method, 
the Confidence in Network Meta-Analysis (CINeMA) frame-
work and software.13,14 This framework incorporates 6 do-
mains to determine the level of confidence in the network 
meta-analysis results: (1) within‐study bias, (2) reporting 
bias, (3) indirectness, (4) imprecision, (5) heterogeneity, 
and (6) incoherence.

Results

Our literature search included 1622 initial results. After re-
moval of duplicates and abstract screening, 69 papers un-
derwent full-text review. Twenty-one studies were included 
representing a total of 7403 patients with GB. A study flow 
diagram is shown in Figure 1, and study characteristics 
are summarized in Table 1.15–36 There were 3747 patients in 
the treatment arms and 2981 patients in the control arm. 
Thirty-five percent of patients in the treatment arms and 
38.7% of patients in the control arm had MGMT promoter 
methylated. IDH mutation was detected in 7.25% of pa-
tients in treatment arms and 5.7% of patients in the control 
arm, respectively.

The search resulted in 27 different treatment arms, 
with very little overlap between studies. Two studies fo-
cused on dendritic cell vaccines.22,30 Cilengitide treatment 
was present across multiple studies.17,33 Bevacizumab 
was studied in multiple trials, but varied in its use with 
irinotecan,16 as concomitant adjuvant treatment,36 or adju-
vant treatment alone.34 The Lomustine–TMZ study included 
only MGMT methylated patients,15 and Bevacizumab/
Irininotecan,16 Temsirolimos, and paclitaxel poliglumex26 
trials included only unmethylated patients. For the 2 
studies on Cilengitide, one included only MGMT methyl-
ated,17 and the other included only MGMT unmethylated 

patients.33 The mechanisms of all medications are listed in 
Table 1. Non-combined data are shown in Supplementary 
Figure 1.

As expected, there was significant intertrial variability on 
reported patient demographic and molecular results, and 
trials also differed widely between the timing of randomi-
zation and enrollment of patients either before or after the 
completion of SOC (Table 1).

Quality of Evidence

The overall risk of bias based on the Cochrane Collaboration 
tool was medium for 3 of the studies22,31,32 and low risk in 
the remainder. Detailed quality assessment results are 
available in Supplementary Figure 2.

Survival Outcomes

All 21 studies were included in an analysis of OS. A random 
effect model was used. Two cilengitide papers, one on 
MGMT methylated and one on MGMT unmethylated pa-
tients, were combined.17,33 Everolimus and Temsirolimus 
were grouped together (mTOR inhibitors). Rindopepimut 
and Nimotuzumab were grouped together (anti-EGFR). 
Various Bevacizumab treatments were also combined to-
gether (Bevacizumab). Lomustine and ACNU were com-
bined into alkylating nitrosourea. A random effect model 
was used (network graph, Figure 2A). The forest plot for 
studies included in the OS is shown in Figure 3A and 
Supplementary Figure 5A.

Alkylating nitrosourea (HR = 0.53, 95% CI 0.33–0.84), and 
tumor-treating fields (TTFs; HR = 0.63, 95% CI 0.42–0.94), 
showed statistically significant improvement in OS when 
compared to SOC. CIK immunotherapy, cytotoxic lym-
phocyte (HR  =  0.69, 95% CI 0.44–1.10), and cilengitide 
(HR = 0.79, 95% CI 0.58–1.06) showed a trend toward sig-
nificant alkylating agents (P = .91) followed by TTF (P = .84) 
and CIK immunotherapy (P = .78) ranked the first 3 treat-
ments that improved OS (Figure 4A).

The CINeMA analysis is shown in Supplementary Figure 
3. The confidence rating for all direct and indirect compari-
sons was very low.

Progression-Free Survival

Twenty studies were included in the analysis of PFS. 
A random effect model was used (network graph, Figure 
2B). There were 3279 patients in the treatment arms and 
2628 patients in the control arm. The rate of MGMT pro-
moter methylation was 25.9% in treatment arms and 29.9% 
in control arms.

The definition of PFS used in each trial is summarized 
in Table 1. Grouping of studies together was done similar 
to OS analysis. The forest plot for studies included in PFS 
is shown in Figure 3B. Bevacizumab (HR  =  0.68, 95% CI 
0.62–0.76), TTF (HR = 0.63, 95% CI 0.52–0.76), and CIK im-
munotherapy (HR = 0.74, 95% CI 0.56–0.98) showed statisti-
cally significant PFS outcomes when compared with Stupp 
protocol. Alkylating agents showed a trend (HR  =  0.88, 
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95% CI 0.77–1.00). ICT-107 (dendritic cell vaccine) showed a 
nonsignificant trend toward improving PFS (HR = 0.57, 95% 
CI 0.29–1.14). The first 3 ranked treatments in order were 
TTF (P = .91), ICT-107 (P = .89), and Bevacizumab (P = .86, 
Supplementary Figure 5B).

The CINeMA analysis is shown in Supplementary 
Figure 4. The confidence rating for all direct and indi-
rect comparisons was very low, except for one treatment 
rated as low.

OS in MGMT Methylated Patients

We performed a subgroup analysis of our primary and sec-
ondary outcomes on patients with known MGMT promoter 
methylation. Twelve studies were included in the analysis 
of OS with MGMT promoter methylation status accounting 
for 1300 patients in the treatment arms and 1145 patients 
in the control arms. Treatment arms included TTF, ACNU, 

Lomustine, ICT-107, Nimotuzumab, concomitant/adju-
vant Bevacizumab, rindopepimut, cilengitide, dose-dense 
TMZ, intracerebral CpG-ODN, and everolimus (for non-
combined analysis see Supplementary Figure 6A).

The method of assessing MGMT promoter methylation 
in these studies included real-time PCR using the ratio of 
MGMT to the β actin reference gene (ACTB) greater than 2 
in 5 studies,15,17,18,34,35 the methylated MGMT/COL2A1 ratio 
greater than 0 in one study,20 nested PCR in one study,37 
pyrosequencing in one study,19 and not specified in 4 
trials.22,23,27,36

For this analysis, ACNU and Lomustine were grouped 
together (alkylating nitrosourea).15,23 Two Bevacizumab 
studies were grouped together (Bevacizumab).34,36 
Nimotuzumab and Rindopepimut were combined (anti-
EGFR); this is shown in Supplementary Figure 6B. A random 
effect model was used to pool the data. TTF (HR = 0.5, 95% 
CI 0.37–0.68) and alkylating nitrosourea (HR = 0.57, 95% CI 
0.38–0.87) significantly improved OS when added to SOC 
(Figure 5A). In patients with MGMT promoter methylation, 
TTF (P = .94) and alkylating nitrosoureas (P = .87) ranked 
first and second in improving OS. This is shown in Figure 
4A.

The CINeMA analysis is shown in Supplementary Figure 
7. The confidence rating for all direct and indirect compari-
sons was very low.

PFS in MGMT Methylated Patients

Nine studies were included in the analysis of PFS with 
MGMT promoter methylation status accounting for 848 
patients in the treatment arms and 785 patients in the 
control arms. Response Assessment in Neuro-Oncology 
(RANO) criteria were used to define PFS in 3 studies,15,22,37 
Macdonald criteria were used to define PFS in 5 
studies,17,34,35,38 and PFS definition did not use either RANO 
or Macdonald criteria in one study.23

The method of assessing MGMT promoter meth-
ylation in these studies included real-time PCR using 
the ratio of MGMT to the β actin reference gene (ACTB) 
greater than 2 in 5 studies,15,17,18,34,35 nested PCR in one 
study,37 pyrosequencing in one study,19 and not specified 
in 3 trials.22,23,27,36 Methylation definition is summarized in 
Supplementary Table 1.

Treatments included in the analysis of this subgroup 
were ICT-107, ACNU, concomitant/adjuvant bevacizumab, 
dose-dense TMZ, TTF, Lomustine, standard cilengitide, 
and rindopepimut (for non-combined analysis see 
Supplementary Figure 8A). For this analysis, ACNU and 
Lomustine were grouped together (alkylating nitrosourea). 
Two Bevacizumab studies were grouped together 
(Bevacizumab). A fixed effect model was used to pool the 
data (Supplementary Figure 8B).

ICT-107 significantly improved PFS (HR  =  0.26, 95% CI 
0.10–0.65) when compared with Stupp protocol. ACNU 
also showed a trend toward improving PFS (HR  =  0.72, 
95% 0.51–1.02). This is shown in Figure 5C. In patients with 
MGMT promoter methylation, ICT-107 (P = .99) ranked first 
followed by alkylating nitrosoureas (combined analysis of 
ACNU and Lomustine, P = .72, Supplementary Figure 4B) 
in improving PFS.
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Lomustine, ICT-107, Nimotuzumab, concomitant/adju-
vant Bevacizumab, rindopepimut, cilengitide, dose-dense 
TMZ, intracerebral CpG-ODN, and everolimus (for non-
combined analysis see Supplementary Figure 6A).

The method of assessing MGMT promoter methylation 
in these studies included real-time PCR using the ratio of 
MGMT to the β actin reference gene (ACTB) greater than 2 
in 5 studies,15,17,18,34,35 the methylated MGMT/COL2A1 ratio 
greater than 0 in one study,20 nested PCR in one study,37 
pyrosequencing in one study,19 and not specified in 4 
trials.22,23,27,36

For this analysis, ACNU and Lomustine were grouped 
together (alkylating nitrosourea).15,23 Two Bevacizumab 
studies were grouped together (Bevacizumab).34,36 
Nimotuzumab and Rindopepimut were combined (anti-
EGFR); this is shown in Supplementary Figure 6B. A random 
effect model was used to pool the data. TTF (HR = 0.5, 95% 
CI 0.37–0.68) and alkylating nitrosourea (HR = 0.57, 95% CI 
0.38–0.87) significantly improved OS when added to SOC 
(Figure 5A). In patients with MGMT promoter methylation, 
TTF (P = .94) and alkylating nitrosoureas (P = .87) ranked 
first and second in improving OS. This is shown in Figure 
4A.

The CINeMA analysis is shown in Supplementary Figure 
7. The confidence rating for all direct and indirect compari-
sons was very low.

PFS in MGMT Methylated Patients

Nine studies were included in the analysis of PFS with 
MGMT promoter methylation status accounting for 848 
patients in the treatment arms and 785 patients in the 
control arms. Response Assessment in Neuro-Oncology 
(RANO) criteria were used to define PFS in 3 studies,15,22,37 
Macdonald criteria were used to define PFS in 5 
studies,17,34,35,38 and PFS definition did not use either RANO 
or Macdonald criteria in one study.23

The method of assessing MGMT promoter meth-
ylation in these studies included real-time PCR using 
the ratio of MGMT to the β actin reference gene (ACTB) 
greater than 2 in 5 studies,15,17,18,34,35 nested PCR in one 
study,37 pyrosequencing in one study,19 and not specified 
in 3 trials.22,23,27,36 Methylation definition is summarized in 
Supplementary Table 1.

Treatments included in the analysis of this subgroup 
were ICT-107, ACNU, concomitant/adjuvant bevacizumab, 
dose-dense TMZ, TTF, Lomustine, standard cilengitide, 
and rindopepimut (for non-combined analysis see 
Supplementary Figure 8A). For this analysis, ACNU and 
Lomustine were grouped together (alkylating nitrosourea). 
Two Bevacizumab studies were grouped together 
(Bevacizumab). A fixed effect model was used to pool the 
data (Supplementary Figure 8B).

ICT-107 significantly improved PFS (HR  =  0.26, 95% CI 
0.10–0.65) when compared with Stupp protocol. ACNU 
also showed a trend toward improving PFS (HR  =  0.72, 
95% 0.51–1.02). This is shown in Figure 5C. In patients with 
MGMT promoter methylation, ICT-107 (P = .99) ranked first 
followed by alkylating nitrosoureas (combined analysis of 
ACNU and Lomustine, P = .72, Supplementary Figure 4B) 
in improving PFS.
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The CINeMA analysis is shown in Supplementary Figure 
9. The confidence rating for all direct and indirect compari-
sons was very low.

OS in MGMT Unmethylated Patients

Thirteen studies were included in a subgroup analysis 
of OS in MGMT unmethylated patients, accounting for 
2436 patients in the treatment arms and 1819 patients in 
the control arms. Treatments included in this analysis 
were TTF, standard cilengitide, ICT-107, nimotuzumab, in-
tensive cilengitide, concomitant/adjuvant bevacizumab, 
bevacizumab/irinotecan, dose-dense TMZ, rindopepimut, 
temsirolimus, intracerebral CpG-ODN, and everolimus 
(for non-combined analysis see Supplementary Figure 
10A).16,18–20,22,27,31,33,34,36,37

Temsirolimus and Everolimus were grouped together 
(MTOR inhibitor),27,31 3 Bevacizumab studies were grouped 
together (Bevacizumab),16,34,36 2 Cilengitide HRs from the 
same study were combined into one HR.33 Rindopepimut 
and nimotuzumab were grouped together (anti-EGFR). This 
is shown in Supplementary Figure 10B. A  random effect 
model was used to pool the data.

In patients with nonmethylated MGMT promoter status, 
TTF (HR  =  0.66, 95% CI 0.51–0.85) and standard dose 
cilengitide (HR  =  0.77, 95% CI 0.60–0.98) significantly im-
proved survival (Figure 5B). In patients without MGMT 
promoter methylation, TTF (P  =  .91) ranked first fol-
lowed by standard dose cilengitide (P = .79, Figure 4C) in 
improving OS.

The CINeMA analysis is shown in Supplementary Figure 
11. The confidence rating for all direct and indirect compari-
sons was very low.

PFS in MGMT Unmethylated Patients

Seven studies were included in the PFS analysis ac-
counting for 1219 patients in the treatment arms and 
1026 patients in the control arms. The RANO criteria 
were used to define PFS in one study,22 while the re-
maining studies used Macdonald criteria to define 
PFS.16,31,33–36 Treatments included in this analysis of PFS 
included concomitant/adjuvant bevacizumab, ICT-107, 
cilengitide, dose-dense TMZ, and temsirolimus (for non-
combined analysis see Supplementary Figure 12A and 
B).22,31,33,35,36

Three Bevacizumab studies were analyzed together 
(Bevacizumab),16,34,36 2 Cilengitide HRs from the same 
study were combined into one HR.33 There was no data on 
TTF for this subgroup. A random effect model was used to 
pool the data.

In patients without MGMT promoter methylation, 
bevacizumab significantly improved PFS when com-
pared to control (HR = 0.58, 95% CI 0.50–0.68, Figure 5D). 
In patients with unmethylated MGMT promoter status, 
bevacizumab had the highest probability of improving PFS 
(P = .94, Figure 4D).

The CINeMA analysis is shown in Supplementary Figure 
13. The confidence rating for all direct and indirect com-
parisons was rated as very low.
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Safety Analysis

Meaningful, pooled analysis of AEs was not possible as a 
result of the heterogeneity within the reported variables. 
We tabulated the average frequency of AE’s different 
grades for each treatment arm. In general, AEs happened 
more frequently for every AE grade in the treatment arm 
as compared to the control arm (Supplementary Table 2).

Discussion

In the post-Stupp protocol era, there is a lack of consensus 
on new proven clinical treatments despite an abundance of 
preclinical and clinical research. Heterogeneity of the dis-
ease and a range of different methodologies in assessing 
the response rate to treatment add to the complexity of 
deriving consensus regarding a unified treatment par-
adigm. We focused our analysis on RCTs to perform a 

network meta-analysis to determine the efficacy of treat-
ments in patients with newly diagnosed GB in relation to 
each other.

Our analysis depicts the wide range of treatment mo-
dalities that have been studied in the treatment of GB and 
highlights the lack of a proven, consensus treatment that 
is superior to the current SOC. It is important to view the 
results of our analysis bearing in mind its methodological 
intentions and limitations. The treatments identified via a 
network meta-analysis may not be the objective best treat-
ment, but rather are determined to be the best treatment 
based on the included studies. In an attempt to quantify the 
confidence of the network meta-analysis results, we used 
a previously described methodology.13,14 Comparisons for 
all primary and secondary endpoints, and across all sub-
groups, received a score of very low or low. This highlights 
the exploratory nature of our study.

This low confidence score helps to highlight an impor-
tant point from our study which is the heterogeneity that 
exists across neuro-oncology trials in vital factors, such as 

  
CIK Immunotherapy (Cytotoxic Iymphocyte)A

B

Dose-dense TMZ

Hypofractionated RT

ICT-107 (Dendritic cell vaccine)

Interferon β (MGMT down regulator)

Interferon β (MGMT down regulator)

CpG-ODN (TLR9 immunomodulation)

Isotretinoin (Differentiation inhibitor)

Isotretinoin + celecoxib

mTor inhibitor

PPX (Radiosensitizer)

Standard cilengitide (Integrin inhibitor)
Stupp

Thalidomide (Anti-angiogenesis)

Thalidomide + celecoxib

Thalidomide + celecoxib +isotretinoin

Thalidomide + isotretinoin

TTF (Anti-mitotic)

Alkylating nitrosurea

Anti-EGFR

Bevacizumab (Anti-VEGF)

CIK Immunotherapy (Cytotoxic Iymphocyte)
Celecoxib (COX-2 inhibitor)

Intracerebral CpG-ODN (TLR9 immunomodulation)

Isotretinoin (Differentiation inhibitor)

Isotretinoin + celecoxib

mTOR inhibitor

PPX (Radiosensitizer)
Standard cilengitide (Integrin inhibitor)

Hypofractionated Accelerated RT

ICT-107 (Dendritic cell vaccine)

Stupp
Thalidomide (Anti-angiogenesis)

Thalidomide + celecoxib

Thalidomide + celecoxib + isotretinoin

Thalidomide + isotretinoin

TTF (anti-mitotic)

Alkylating agent

Anti-EGFR

Audencel immunotherapy (Dendritic cell vaccine)

Bevacizumab (Anti-VEGF)
Celecoxib (COX-2 inhibitor)

Figure 2. Combined network graph for (A) OS and (B) PFS.
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the timing of randomization either before or after patients 
receive SOC. Randomization after receiving SOC provides 
a survival net for study patients, but also introduces sur-
vival bias, as patients with the more significant disease 
may not survive long enough to reach randomization. 
This prevents generalizability across different patient and 
study populations, especially in analytic synthesis such as 
a meta-analysis. For example, in our analysis, the addition 
of TTF38 to the SOC ranked high in improving OS in all sub-
groups and improved overall PFS but this outcome may 
be influenced by the fact that randomization in this trial 
occurred after delivery of SOC. Furthermore, an additional 

perspective is that data from the TTF trials did not include 
information on PFS in patients without MGMT promoter 
methylation. As many treatment options continue to 
emerge for newly diagnosed GB, the need for consensus 
and homogeneity is clear. Standardizing clinical trials, 
such as baseline genetic evaluation of the tumor, time and 
type of randomization, and definition of outcome, will help 
to better determine treatment value and impact.

Alkylating agents (ACNU and Lomustine) improved OS for 
all newly diagnosed GB patients and on those with MGMT 
methylation. This statistical result is likely driven by the small 
sample size in the ACNU trial. Additional trials studying ACNU 

  

Treatment

Alkylating agent 0.53 (0.33; 0.84)
0.63 (0.42; 0.94)
0.66 (0.28; 1.58)
0.69 (0.44; 1.10)
0.69 (0.17; 2.89)
0.79 (0.58; 1.06)
0.87 (0.47; 1.59)
0.95 (0.68; 1.33)
0.99 (0.68; 1.45)
1.00
1.00 (0.57; 1.75)
1.00 (0.79; 1.27)
1.03 (0.72; 1.47)
1.10 (0.51 ; 2.39)
1.10 (0.47; 2.59)
1.20 (0.51 ; 2.81)
1.20 (0.67; 2.14)
1.30 (0.52; 3.22)
1.40 (0.59; 3.34)
1.40 (0.96; 2.05)
1.70 (0.72; 3.99]
2.20 (0.97; 4.98)

0.57 (0.29; 1.14)
0.63 (0.52; 0.76)
0.68 (0.62; 0.76)
0.74 (0.56; 0.98)
0.80 (0.35; 1.84)
0.88 (0.77; 1.00)
0.97 (0.84; 1.13)
0.99 (0.81 ; 1.21)
1.00 (0.48; 2.10)
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1.10 (0.58; 2.08)
1.10 (0.55; 2.20)
1.13 (0.81 ; 1.57)
1.20 (0.80; 1.80)
1.20 (0.58; 2.50)
1.40 (0.63; 3.10)
1.52 (1 .48; 1.56)
1.60 (0.78; 3.30)
1.70 (0.78; 3.70)
2.00 (1 .00; 4.00)

TTF (anti-mitotic)
Hypofractionated RT
CIK Immunotherapy (Cytotoxic Iymphocyte)
PPX (Radioxensitizer)
Standard cilengitide (Integrin inhibitor)
ICT-107 (Dendritic cell vaccine)
Anti-EGFR
Audencel immunotherapy (Dendritic cell vaccine)
Stupp
Interferon β (MGMT down regulator)
Bevacizumab (Anti-VEGF)
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Figure 3. Forest plots for included studies in (A) OS and (B) PFS.
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and other alkylating agents are needed to better understand 
the effect these drugs can have either on their own or in com-
bination with SOC. Of note, combined with TMZ these drugs 
showed a favorable AE profile when compared with control.

While the field recognizes the value of MGMT methyla-
tion, and MGMT methylation status often directs clinical de-
cision making, not all trials have uniform reporting of MGMT 
or have taken into consideration this factor for stratification. 
A number of the trials included a study population entirely of 
patients with either MGMT methylated15,17 or unmethylated 
status.16,26,31,33 When these studies are included into the en-
tire study GB cohort, the specific treatment effect may be 
under- or overestimated depending on the direction of its 
effect. For example, bevacizumab improved PFS in MGMT 
unmethylated patients, but had no effect on MGMT methyl-
ated patients. In the overall study population, bevacizumab 
appeared to improve PFS, likely due to the fact that approxi-
mately 75% of patients treated with bevacizumab had MGMT 
unmethylated status.

In addition to MGMT methylation status, analysis of GB 
data by The Cancer Genome Atlas Research Network shows 
that the most frequently altered genes include amplifica-
tion of EGFR, mutation of TP53, phosphatidylinositol-4,5-
bisphosphate 3-kinase A  (PIK3CA), PTEN, IDH1, RB1, and 
TERT promoter, and deletions of PTEN, CDKN2A/B, and 
MGMT.39 Notably, CDKN2 mutations have been shown to 
have important prognostic value in IDH-mutant gliomas.40 
Similar to how the treatment effect of TMZ is impacted by 
MGMT promoter methylation status, the effect of current 

treatments for GB, including those reviewed here in our 
analysis, may be impacted by genetic mutations and cel-
lular heterogeneity. Of note, there was insufficient data to 
perform subgroup analysis on IDH mutation.

Our analysis showed that certain agents prolong PFS 
without prolonging OS, raising the question whether these 
drugs are masking clinical progression; an example is 
Bevacizumab (anti-VEGF). VEGF inhibitors have been shown 
to cause a decrease in cerebral vascular permeability and a 
subsequent decrease in cerebral edema.41 Clinical progres-
sion may be masked if only T1-weighted sequences are used 
in the evaluation of progression, such as with the Macdonald 
criteria.42 This has now widely been replaced by the newer 
RANO criteria,43 with the most significant difference being 
that the RANO factors in T2-weighted changes (FLAIR) when 
assessing progression. It is conceivable that anti-VEGF 
agents may appear to have an effect on PFS depending on 
the criteria used to assess progression. In fact, in our anal-
ysis the studies with anti-VEGF treatments primarily used 
the Macdonald criteria—these outcomes may have been dif-
ferent using a different set of diagnostic criteria.

Direct comparison between 2 or more modalities is 
resource-intensive. Our analysis, by mainly using indirect 
comparisons between treatments, provides an overall es-
timate of quantitative effects and highlights the existing 
landscape in the treatment of GB. In this analysis, some 
treatments (eg, TTF or alkylating nitrosoureas) appeared 
to improve OS or PFS, either in specific subgroups or in 
the study population as a whole; however, as outlined 
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above, there are some methodological drawbacks that 
need to be addressed in future studies. Moreover, as the 
number of trials assessing those treatments with positive 
effects increases, the true impact of these additional treat-
ments to SOC on patients with GB will be elucidated. An 
important consideration when viewing this meta-analysis 

is to understand that while agents may have similar bio-
logical targets resulting in grouping together for network 
meta-analysis, they may have differing biochemical prop-
erties that may affect pharmacokinetics or pharmacody-
namics including access across the blood–brain barrier. 
This reinforces that our study is meant to provide a broad 
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overview of the current landscape in GB therapy, rather 
than focusing on individual treatment results.

Conclusions

We present the first study using a network meta-analysis 
to examine RCT data on the initial treatment of GB in the 
post-Stupp protocol era. Our analysis highlights the nu-
merous studies performed on newly diagnosed GB, with 
no proven consensus treatment that is superior to the cur-
rent SOC. Intertrial heterogeneity raises the need for better 
standardization in neuro-oncology studies.
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