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SUMMARY

Glioblastoma multiforme (GBM) is the most aggressive primary brain tumor, and EGFRvIII mutation has been 

associated with treatment resistance and poor prognosis, highlighting the need for more effective therapeu

tic strategies. We conducted a random-effects Bayesian network meta-analysis to compare the efficacy and 

safety of treatments for EGFRvIII-positive recurrent GBM (rGBM), evaluating overall survival (OS), progres

sion-free survival (PFS), and objective response rate (ORR). Seven clinical trials were included (n = 716). Rin

dopepimut (Rind) + Bevacizumab (Beva) emerged as the most promising regimen, supported by its OS 

advantage in randomized trials, consistently favorable OS and PFS trends, top rankings in all three endpoints, 

and recommendation by clinical guidelines. Safety analysis showed that Rind + Beva had the lowest inci

dence of all-grade and grade ≥3 AEs. In conclusion, Rind + Beva represent the leading candidate for 

EGFRvIII-positive rGBM treatment, with the combination of molecular-targeted vaccines and anti-VEGF an

tibodies offering a promising strategy.

INTRODUCTION

Glioblastoma multiforme (GBM) is the most aggressive and high

ly heterogeneous primary brain malignancy, characterized by a 

poor prognosis. According to the Central Brain Tumor Registry 

of the United States (CBTRUS), the average annual incidence 

rate of malignant brain tumors in the United States between 

2017 and 2021 was 6.89 per 100,000 individuals, with GBM ac

counting for 51.5% of all malignant brain tumors.1 Due to its high 

molecular and histological heterogeneity, developing effective 

therapies for GBM remains a major challenge. Common genetic 

mutations found in GBM include IDH1/IDH2 mutations, ATRX 

mutations, TERT promoter mutations, NF1 inactivation, and 

EGFR amplification or deletion.2 These genetic aberrations 

greatly influence tumor characteristics and the efficacy of anti- 

GBM therapies.

Among the various genetic mutations in GBM, EGFR variant III 

(EGFRvIII) is the most common EGFR mutation, occurring in 

25%–30% of GBM patients. EGFRvIII features an in-frame dele

tion of exons 2–7, resulting in the loss of its ligand-binding 

domain, but the receptor still retains constitutive kinase activity.3

Although the kinase activity of EGFRvIII is weaker than that of the 

full-length EGFR, it is still sufficient to drive tumorigenesis.4

Studies have demonstrated that EGFRvIII plays a crucial role in 

GBM progression by promoting tumor initiation, enhancing inva

siveness, increasing proliferation, and inhibiting apoptosis. 

EGFRvIII-positive cells secrete leukemia inhibitory factor (LIF) 

and IL-6, leading to gp130 activation and subsequent tumor 

growth promotion.5 Additionally, some researchers suggest 

that EGFRvIII is predominantly expressed in brain cancer 

stem-like cells (bCSCs), which exhibit strong self-renewal ca

pacity and enhanced resistance to anti-tumor therapies.6

Current treatment options for EGFRvIII-positive GBM mainly 

include EGFR small molecule inhibitors (tyrosine kinase inhibitors, 

TKIs), anti-EGFR antibodies, anti-EGFRvIII vaccines, and chimeric 

antigen receptor (CAR) T-cell therapies. EGFR-TKIs are designed 

to target GBM by binding to the tyrosine kinase domains of 

EGFR and other ERBB family members.7 Clinical studies have 

shown that, compared with patients with EGFRvIII-negative tu

mors, those with EGFRvIII-positive tumors treated with the sec

ond-generation ErbB inhibitor afatinib have a longer median PFS 

(3.35 months vs. 0.99 months).8 Conventional anti-EGFR anti

bodies target the L2 domain to block ligand binding and inhibit 

EGFR dimerization. However, due to the deletion mutation in the 

ligand-binding domain of EGFRvIII, these antibodies fail to exert 

their inhibitory effects.7,9 An anti-EGFR antibody, mAb 806 (ABT- 

806), can selectively target mutant EGFRvIII and has shown 

superior antitumor activity in EGFRvIII-expressing tumors 

compared to cetuximab.10 Moreover, this antibody can be conju

gated with toxins or radioisotopes to enhance tumor cell killing. 
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Depatuxizumab mafodotin (Depatux-M/DM), an antibody-drug 

conjugate (ADC) composed of ABT-806 and the toxin 

monomethylauristatin-F, has demonstrated potential efficacy in 

rGBM with EGFRvIII mutations when combined with TMZ. 

Notably, Depatux-M appears to cf. a more pronounced OS advan

tage in newly diagnosed GBM (ndGBM) patients compared to 

those with rGBM.11,12 Another ADC, AMG 595, exhibited favorable 

pharmacokinetics in a phase 1 trial and may benefit certain 

EGFRvIII-positive GBM patients with limited treatment options.13

Anti-EGFRvIII targeted vaccines can activate the host immune sys

tem and elicit a durable immune response. Rindopepimut (Rind), 

also known as CDX-110, is a vaccine directed against EGFRvIII, 

composed of an EGFRvIII-specific peptide conjugated to keyhole 

limpet hemocyanin. Clinical studies have indicated that although 

CDX-110 + TMZ does not improve the median OS in ndGBM pa

tients, CDX-110 + Bevacizumab (Beva) significantly enhances 

OS in patients with rGBM.14,15 CAR T cell therapy utilizes engi

neered receptors that consist of a single-chain variable fragment 

(scFv) derived from a monoclonal antibody fused with transmem

brane and intracellular activation domains, thereby enabling im

mune cells to selectively recognize and lyse tumor cells. Recent 

studies have shown that the combination of CAR T cells and 

PD-1 inhibitors in EGFRvIII-positive GBM is both safe and biolog

ically active, and its clinical efficacy remains limited.16

In this study, we have undertaken a comprehensive system

atic review and Bayesian network meta-analysis (NMA) to eval

uate the efficacy and safety of various treatment strategies for 

EGFRvIII-positive GBM. By integrating data from multiple 

studies, we aim to provide a comparative assessment of OS, 

PFS, and objective response rate (ORR) among different thera

peutic approaches. Additionally, we analyzed the incidence of 

adverse events (AEs) to offer insights into the risk-benefit profile 

of each treatment. Our findings will assist clinical decision-mak

ing and contribute to optimizing therapeutic strategies for pa

tients with EGFRvIII-positive GBM.

RESULTS

Systematic review and characteristics of the included 

studies

A comprehensive literature search identified a total of 144 re

cords from electronic databases, supplemented by 4 additional 

online records from conference proceedings. Following the 

removal of duplicates and an initial screening of abstracts for 

relevance, 24 studies were deemed eligible for full-text review. 

Among these, 9 studies focused on patients with newly 

diagnosed glioblastoma, and 15 studies targeted patients 

with recurrent glioblastoma. Due to insufficient data on 

EGFRvIII mutation in ndGBM patients,11,15,17–22 finally 7 

studies8,12–14,23–25 focusing on rGBM patients met the eligibility 

criteria for inclusion in this analysis (Figure 1). The included 

studies collectively enrolled 716 patients, all of whom were his

tologically confirmed to be diagnosed with glioblastoma and 

generally met the 2021 WHO Classification of Tumors of the 

CNS. All of patients were assigned to one of the following 10 

treatment regimens: Std. treatment, DM, DM + TMZ, AFA, 

AFA + TMZ, Beva, Rind + Beva, AMG 595, tesevatinib, and da

comitinib. Detailed characteristics of all included studies were 

provided in Tables 1, S5, and S6, while the network evidence di

agrams were illustrated in Figures 2A and 3A.

Publication bias and evidence grade

The risk of bias (RoB) for the included studies was systematically 

assessed, with results displayed in the Figure S1. To evaluate 

potential publication bias, Egger’s regression test was conduct

ed, yielding a p value of 0.59 (Figure S2), which suggests no sig

nificant evidence of publication bias among the included studies. 

Based on the GRADE assessment tool, NMA evidence on OS 

and PFS for EGFRvIII-positive rGBM patients was moderate, 

and that on ORR for rGBM was low (Table S4).

NMA at OS for EGFRvIII mutation recurrent GBM 

patients

A total of 7 studies involving 5 distinct treatment regimens were 

analyzed, with each node in the network representing a unique 

treatment. The network included 5 direct comparisons. For 

patients with EGFRvIII-positive rGBM, Rind + Beva ranked as 

the most effective treatment based on SUCRA probabilities 

(SUCRA = 0.746), followed by DM + TMZ, (SUCRA = 0.718), DM 

(SUCRA = 0.450), Std. treatment, (SUCRA = 0.384), and Beva 

(SUCRA = 0.201) (Figures 2B and 2F). Notably, Rind + Beva 

demonstrated superior performance across multiple ranking mea

sures, including the highest average rank, the greatest probability 

of being the best treatment, and the highest SUCRA score 

(Figures 2C and 2D). However, no statistically significant differ

ences in OS were observed among the 5 regimens (Figure 2E). 

Rind + Beva’s apparent advantage should be interpreted with 

caution in the absence of definitive statistical significance. A full 

summary of all pairwise comparisons is provided in Figure S9. 

The random-effects consistency model demonstrated excellent 

goodness-of-fit, with a deviance information criterion (DIC) of 

7.977. Due to the limited number of direct and indirect compari

sons, detailed heterogeneity between OS analyses could not be 

calculated.26 In the global inconsistency assessment for OS out

comes, the DIC difference between the consistency and inconsis

tency models was only 0.0025 (Table S3). This negligible difference 

indicates that both models fit the data almost identically, thereby 

providing strong evidence that there is no inconsistency between 

the direct and indirect evidence within the network. These findings 

suggest that while Rind + Beva ranks highest, the lack of statisti

cally significant differences across regimens highlight the need 

for further research to validate these results.

NMA at PFS for EGFRvIII mutation recurrent GBM 

patients

For patients with EGFRvIII-positive rGBM, seven treatment regi

mens were evaluated based on their PFS. Rind + Beva ranked 

as the most effective treatment, achieving the highest SUCRA 

score (SUCRA = 0.784), followed by DM + TMZ (SUCRA = 

0.591), Beva (SUCRA = 0.526), AFA + TMZ (SUCRA = 0.523), 

Std. treatment, (SUCRA = 0.431), AFA (SUCRA = 0.375), and DM 

(SUCRA = 0.270) (Figures 3B and 3F). Rind + Beva demonstrated 

superior performance across multiple measures, including the 

highest average rank, the greatest probability of being the best 

treatment, and the top SUCRA score (Figures 3C and 3D). Howev

er, no statistically significant differences in PFS were observed 
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among the seven regimens (Figure 3E). Comprehensive results for 

all pairwise comparisons were detailed in Figure S10. The random- 

effects consistency model exhibited good fit, as indicated by a DIC 

of 11.957. Due to the limited number of direct and indirect compar

isons available, detailed heterogeneity for PFS analyses could not 

be assessed.26 For PFS outcomes, the global inconsistency test 

revealed a DIC difference of only 0.0135 between the consistency 

and inconsistency models (Table S3). This minimal discrepancy 

demonstrates that both models fit the data nearly identically, 

thereby providing strong evidence that there is no inconsistency 

between the direct and indirect evidence within the network. These 

findings suggest that while Rind + Beva consistently ranks highest 

in efficacy, the absence of significant differences across treat

ments underscores the need for further investigation.

NMA at ORR for EGFRvIII mutation recurrent GBM 

patients

For patients with EGFRvIII-positive rGBM, four treatment 

regimens were evaluated based on their ORR. Among the four 

therapies, Rind + Beva demonstrated the highest posterior den

sity, indicating superior performance in ORR, with a median 

‘posterior estimate of 30.67% (95% CIs: 20.83%–41.49%). 

Conversely, tesevatinib exhibited a relatively lower median pos

terior estimate of 15.35% (95% CIs: 2.08%–38.41%). AMG 595 

and dacomitinib showed intermediate results, with median 

ORRs of 8.85% (95% CIs: 1.91%–20.28%) for AMG 595 and 

9.50% (95% CIs: 1.22%–24.79%) for dacomitinib (Figures 4A 

and 4B). Meanwhile, Rind + Beva had the highest probability of 

being ranked first (96.06%), followed by tesevatinib (3.50%), da

comitinib (0.34%), and AMG 595 (0.10%). Conversely, tesevati

nib had the highest probability of being ranked fourth (67.2%), 

suggesting its relatively lower efficacy in ORR (Figures 4C and 

4E). Moreover, Rind + Beva was identified as the most effica

cious treatment option, as reflected by its outstanding SUCRA 

score (SUCRA = 0.987), with tesevatinib (SUCRA = 0.415), 

AMG 595 (SUCRA = 0.346) and dacomitinib (SUCRA = 0.252) 

following (Figure 4D). The random-effects Bayesian model ex

hibited excellent fit, with a DIC value of 15.04.

Sensitivity assessment for OS and PFS

Due to the scarcity of bevacizumab-specific data in EGFRvIII- 

positive rGBM, a sensitivity analysis of the bevacizumab node 

was deemed necessary to assess the robustness of our NMA 

findings. Initially, we conducted a structural sensitivity analysis 

by merging the bevacizumab node with the standard treatment 

node. This modification enabled us to thoroughly examine the 

impact of alternative node definitions on the treatment rankings. 

Notably, even after the merger, the Rind + Beva treatment group 

Figure 1. Literature search and selection 

The study process followed the PRISMA guidelines. GBM, glioblastoma multiforme; EGFRvIII, EGFR variant III; PRISMA, preferred reporting items for systematic 

reviews and meta-analysis.
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Table 1. Characteristics of included studies relating to EGFRvIII mutation positive glioblastoma

Study Trial design

NO. of 

arms 

included 

in NMA

Patients 

number/ 

EGFRvIII 

mutation 

GBM Total men (%)

Median age 

(yr, range)

Time since 

diagnosis 

of recurrence/ 

progression

Intervention and 

comparison

ORR of 

EGFRvIII 

mutation 

GBM

HR for OS 

of EGFRvIII 

mutation 

GBM

HR for PFS of 

EGFRvIII 

mutation GBM Outcomes

Clinicaltrails. 

gov, 2021

Phase II 

NCT 

02844439

1 40/11 8 (72.7%) 58.0 (37.0, 69.0) 0.80 (0.20, 2.70) 

months

Tesevatinib 9.1% NA NA ③④

Van den Bent, 

2020

Phase II 

NCT 

02343406

3 260/122 167 (64.2%) TMZ or LOM 

58.8 (34.9, 82.3) 

DM Mono 

58.3 (36.3, 79.3) 

DM + TMZ 

59.2 (40.1, 75.4)

TMZ or LOM 

6.23 ± 4.56 weeks 

DM Mono 

5.81 ± 3.31 weeks 

DM + TMZ 

6.03 ± 4.30 weeks

TMZ or LOM 

DM Mono 

DM + TMZ

NA DM + TMZ 

0.70 (0.43, 1.13) 

DM Mono 

0.93 (0.57, 1.52)

DM + TMZ 

0.87 (0.54, 1.40) 

DM Mono 

1.22 (0.73, 2.04)

①②④ 
⑤⑥⑦

Reardon, 

2020

Phase II 

NCT 

01498328

2 73/73 41 (56.2%) Rind+Beva 

59.0 (44.0, 79.0) 

Beva Mono 

55.0 (30.0, 75.0)

Beva Mono 

11.60 (4.70, 38.30) 

months 

Rind+Beva 

10.80 (3.70, 55.20) 

months

Beva Mono 

Rind+Beva

30% 0.53 (0.32, 0.88) 0.72 (0.43, 1.21) ①②③④

Rosenthal, 

2019

Phase I 

NCT 

01475006

1 32/32 24 (75.0%) 57.0 (39.0, 73.0) 12.20 (4.90–34.30) 

months

AMG 595 6% NA NA ③④

Sepúlveda- 

Sánchez, 

2017

Phase II 

NCT 

01520870

1 49/19 32 (65.3%) 59.0 (39.0, 81.0) NA Dacomitinib 5.3% NA NA ①②③④ 
⑤⑥⑦

Reardon, 

2015

Phase II 

NCT 

00727506

3 119/51 73 (61.3%) TMZ 

56.9 ± 10.62 

AFA Mono 

56.6 ± 9.44 

AFA + TMZ 

55.4 ± 11.02

TMZ 

9.20 (3.60, 70.60) 

months 

Afatinib Mono 

11.70 (4.00, 57.80) 

months 

Afatinib+TMZ 

11.00 (4.60, 122.80) 

months

TMZ 

AFA Mono 

AFA +TMZ

NA NA AFA mono 

1.19 (0.30, 4.79) 

AFA + TMZ 

0.90 (0.24, 3.40)

②④⑤⑥⑦

Taal, 2014; 

Cochrane 

Library, 2021a

Phase II 

NTR 

1929

2 153/NA 91 (59.5%) LOM 

56.0 (28.0, 73.0) 

Beva Mono 

58.0 (37.0, 77.0)

NA LOM 

Beva Mono

NA 1.22 (0.84, 1.76)a 0.90 (0.58, 1.38)a ⑤⑥⑦

Outcomes: ①, OS for EGFRvIII mutation GBM; ②, PFS for EGFRvIII mutation GBM; ③, ORR for EGFRvIII mutation GBM; ④, AEs for EGFRvIII mutation GBM; ⑤, OS for total patients; ⑥, PFS for 

total patients; ⑦, AEs for total patients. 

TMZ, temozolomide; LOM, lomustine; Beva, bevacizumab; Rind, rindopepimut; DM, Depatux-M; Afatinib, AFA; Mono, Monotherapy; HR, hazard ratio; OS, overall survival; PFS, progression free 

survival; GBM, glioblastoma; NA, not available.
aHR on Beva mono result was calculated by pooling other results together.
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Figure 2. Results of OS for EGFRvIII mutation recurrent glioblastoma 

(A) Network plot for 5 available treatments. 

(B) Stacked chart displaying the ranking of five treatments. It illustrates the distribution of rankings (from 1st to 5th) across five different treatment options. 

(C) Heatmap of mean rank, PrBest, and SUCRA values for five treatments. Lower mean rank values denote better performance, whereas higher PrBest and 

SUCRA values imply a greater likelihood of being the most effective treatment. 

(D) Cumulative ranking probability curves for five treatments. Higher curves indicate a greater probability of achieving superior ranks, reflecting higher treatment 

efficacy. 

(E) Forest plot of the other top 4 treatments compared to Std. treatment. Data are represented as mean ± SEM. 

(F) Radar diagram for SUCRA results of 5 treatments. 

(G) Comparisons between each treatment (Hazard ratios and 95% CIs for overall survival). Each treatment comparison is represented by a yellow cell displaying 

the HR and its 95% CI that compares the column treatment to the orange row treatment. Data are represented as mean ± SEM. ST/Std. treatment, standard 

treatment; Beva, bevacizumab; DM, Depatux-M; TMZ, temozolomide; Rind, rindopepimut; OS, overall survival; HR, hazard ratio; CI, confidence interval; SUCRA, 

surface under the cumulative ranking curve; PrBest, probability of being the best.
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Figure 3. Results of PFS for EGFRvIII mutation recurrent glioblastoma 

(A) Network plot for 7 available treatments. 

(B) Stacked chart displaying the ranking of seven treatments. It illustrates the distribution of rankings (from 1st to 7th) across seven different treatment options. 

(C) Heatmap of mean rank, PrBest, and SUCRA values for seven treatments. Lower mean rank values denote better performance, whereas higher PrBest and 

SUCRA values imply a greater likelihood of being the most effective treatment. 

(D) Cumulative ranking probability curves for seven treatments. Higher curves indicate a greater probability of achieving superior ranks, reflecting higher 

treatment efficacy. 

(E) Forest plot of the other top 6 treatments compared to Std. treatment. Data are represented as mean ± SEM. 

(F) Radar diagram for SUCRA results of 7 treatments. 

(legend continued on next page) 
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retained its top rank (Figure S11), thereby attesting to the robust

ness of the treatment hierarchy with respect to network structure 

alterations. Subsequently, a parameter sensitivity analysis was 

performed by varying the OS and PFS estimates for the bevaci

zumab node by ±10%. The resulting shifts in treatment rankings 

were minimal, with the Rind + Beva group consistently emerging 

as the highest-ranked intervention (Figure S12). This outcome 

further confirms the stability and reliability of our primary find

ings. In summary, the convergence of evidence from both the 

structural and parameter sensitivity analyses unequivocally sup

ports our principal conclusion: in the treatment of EGFRvIII-pos

itive rGBM, the Rind + Beva regimen demonstrates a significant 

therapeutic advantage, with its superior ranking remaining 

robust across a range of model specifications.

Assessment of heterogeneity among included studies

The potential sources of heterogeneity in our study include: (1) 

variability in dosing and treatment schedules of standard thera

pies across trials; (2) differences in patient enrollment numbers; 

(3) divergent tumor molecular profiles among rGBM cohorts; 

and (4) heterogeneity in EGFRvIII detection methods. Firstly, as 

summarized in Table S8, the two bevacizumab trials employed 

identical dosing regimens—10 mg/kg administered intravenously 

every two weeks.14,24 Among the three standard-therapy studies, 

lomustine dosing was also uniform at 110 mg/m2 given orally 

every six weeks. In contrast, temozolomide regimens varied: 

Van den Bent et al. administered 150–200 mg/m2 on days 1–5 

of a 28-day cycle, whereas Reardon et al. used 75 mg/m2 on 

days 1–21 of a 28-day cycle.8,12,24 Different dosing schedules 

may influence both efficacy and toxicity outcomes, potentially 

introducing confounding effects when comparing treatment 

arms that include TMZ. This heterogeneity may reduce the 

comparability of these studies and bias the pooled estimates 

for standard treatment arms. Moreover, as shown in Table S1, 

only the Van den Bent et al. study enrolled over 100 EGFRvIII-pos

itive patients.12 The other trials included much smaller co

horts,8,13,14,23–25 and Reardon et al. (2020) specifically acknowl

edged their limited sample size as a key study constraint.14

Small studies tend to have wider confidence intervals and greater 

statistical uncertainty, which could increase variability in effect es

timates and reduce the overall precision of the NMA. Additionally, 

in Table S5 we observed that three studies enrolled EGFRvIII-pos

itive patients with concurrent EGFR amplification,12,23,25 while 

one study included patients exhibiting a combined gain of 

Figure 4. Results of ORR for EGFRvIII mutation recurrent glioblastoma 

(A) Boxplots illustrating the posterior distributions of ORR effect sizes across four different treatment groups. 

(B) Posterior distribution of the overall ORR effect size. 

(C) Stacked chart displaying the ranking of four treatments. It illustrates the distribution of rankings (from 1st to 4th) across four different treatment options. 

(D) Radar diagram for SUCRA results of 4 treatments. 

(E) Bayesian ranking profiles for four different drugs. Higher surface under the cumulative ranking curve implies a greater likelihood of being the most effective 

treatment. Rind, rindopepimut; Beva, bevacizumab; ORR, objective response rate.

(G) Comparisons between each treatment (Hazard ratios and 95% CIs for overall survival). Each treatment comparison is represented by a yellow cell displaying 

the HR and its 95% CI that compares the column treatment to the orange row treatment. Data are represented as mean ± SEM. ST/Std. treatment, standard 

treatment; Beva, bevacizumab; AFA, afatinib; DM, Depatux-M; TMZ, temozolomide; Rind, rindopepimut; PFS, progression-free survival. HR, hazard ratio; CI, 

confidence interval; SUCRA, surface under the cumulative ranking curve; PrBest, probability of being the best.
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chromosome 7 and loss of chromosome 10 alongside EGFRvIII.8

These co-occurring genetic alterations may influence both 

treatment responsiveness and prognosis, acting as unmeasured 

confounders and potentially modifying the effect of targeted 

therapies. Finally, according to Table S8, EGFRvIII detection 

methods varied: one study8 used immunohistochemistry (IHC), 

three12,14,23 employed qPCR, and two13,25 utilized both tech

niques. Differences in detection methods may lead to variability 

in patient classification. For example, IHC may detect protein- 

level expression, while qPCR assesses transcript levels. Inconsis

tencies in EGFRvIII identification may introduce misclassification 

bias and dilute treatment effects specific to this molecular 

subtype.

Based on the previous analysis, we noted that the study by 

Reardon et al. (2015) differed from the others in several as

pects, including sample size, TMZ regimen, molecular charac

teristics, and EGFRvIII detection methods.8 To assess its 

impact on the overall conclusions, we conducted a sensitivity 

analysis based on heterogeneity by excluding this study and re

constructing the network model. The results showed that the 

main effect estimates remained largely consistent with the orig

inal analysis, suggesting a certain degree of robustness 

(Figure S13). However, the findings should still be interpreted 

with caution.

Analysis of adverse events

Since the seven included studies provided only subgroup re

sults for EGFRvIII-positive rGBM patients and lacked specific 

data on adverse drug reactions in this subgroup, we analyzed 

the overall safety profiles of the treatments in the broader 

GBM population. This approach enabled a more comprehen

sive understanding of the potential adverse effects associated 

with therapies targeting EGFRvIII-positive patients. By evalu

ating the AE data from the overall GBM cohort, we aimed to 

provide insights into the safety considerations that may influ

ence treatment decisions for this specific molecularly defined 

subgroup.

Among all-grade AEs, gastrointestinal disorders were the 

most prevalent, occurring with all treatments. Specifically, 135 

out of 625 patients (21.6%) experienced diarrhea, while 138 

out of 657 patients (21.0%) reported nausea or vomiting. Throm

bocytopenia was the most frequent AE overall, affecting 243 out 

of 369 patients (65.9%). Fatigue was the most common symp

tom among general disorders, occurring in 165 out of 528 

patients (31.3%). For metabolism and nutrition disorders, ALT in

crease was the most frequent biochemical abnormality, noted in 

87 out of 366 patients (23.8%). Hypertension was the leading 

vascular disorder, affecting 57 out of 324 patients (17.6%). In 

the nervous system disorders category, headache was the 

most frequently reported symptom, affecting 20 out of 203 pa

tients (9.9%). Rash was the most common symptom in skin 

and subcutaneous tissue disorders, occurring in 38 out of 415 

patients (9.2%). Additionally, infections and infestations affected 

81 out of 421 patients (19.2%), while eye disorders were re

ported in 138 out of 374 patients (36.9%). Respiratory, thoracic, 

and mediastinal disorders were noted in 52 out of 461 patients 

(11.3%), and injury, poisoning, and procedural complications 

occurred in 10 out of 162 patients (6.2%) (Figure 5A). For grade 

≥3 AEs, fatigue was the most frequent event, occurring in 31 out 

of 533 patients (5.8%). Eye disorders had the highest propor

tional occurrence among grade ≥3 AEs, affecting 49 out of 

172 patients (28.5%). Diarrhea was the most prevalent symptom 

within gastrointestinal disorders, reported in 9 out of 129 patients 

(7.0%). Hyperglycemia was the most frequent biochemical 

abnormality in metabolism and nutrition disorders, occurring in 

3 out of 87 patients (3.5%). Hypertension was the most 

common vascular disorder, affecting 20 out of 284 patients 

(7.0%). Lymphocytopenia was the most frequent hematological 

disorder, noted in 55 out of 334 patients (16.5%). Convulsion 

was the leading symptom among nervous system disorders, 

affecting 4 out of 35 patients (11.42%). Rash was the most 

common symptom in skin and subcutaneous tissue disorders, 

occurring in 11 out of 49 patients (22.45%). Additionally, infec

tions and infestations affected 18 out of 421 patients (4.3%), 

while respiratory, thoracic, and mediastinal disorders were re

ported in 14 out of 337 patients (4.2%). Injury, poisoning, and 

procedural complications occurred in 2 out of 162 patients 

(1.6%) (Figure 5B).

In the analysis of individual treatments, notable AEs were 

observed across different regimens. A high proportion of pa

tients receiving DM monotherapy (71.4%) and DM + TMZ 

(83.0%) experienced eye disorders while lymphocytopenia and 

thrombocytopenia were reported in 69.3% of patients receiving 

DM + TMZ combination therapy. Among patients treated with 

TMZ and Afatinib, 82.1% of patients experienced diarrhea, while 

60.0% reported nausea/vomiting. Thrombocytopenia was 

frequently observed in 71.6% of patients treated with TMZ/ 

LOM, 56.0% with bevacizumab, and 50.0% with AMG 595. In 

contrast, Rind + Beva exhibited a relatively better safety profile, 

with only 42.9% of patients experiencing nausea/vomiting, and 

no other major AEs reported. Skin-related adverse effects such 

as rash were more prominent in afatinib (56.4%) and dacomitinib 

(81.6%). For grade ≥3 AEs, lymphocytopenia was reported in 

27.0% of patients receiving DM + TMZ and in 46.9% of those 

treated with AMG 595. Similarly, grade ≥3 eye disorders were 

observed in 23.8% of patients treated with DM monotherapy 

and 27.8% of those receiving DM + TMZ combination therapy. 

Additionally, 22.5% of patients treated with dacomitinib reported 

grade ≥3 rash. These findings suggest that Rind + Beva may 

offer a more tolerable safety profile compared to other regi

ments, with a lower incidence of common AEs such as 

nausea/vomiting and no significant occurrences of severe toxic

ities. This makes Rind + Beva a more attractive treatment option 

for EGFRvIII-positive rGBM patients.

Figure 5. Frequency of toxicity distribution associated with the incidence of each adverse event in a population based on multiple treatment 

regimens included for all recurrent GBM patients 

(A) The frequency distribution of all grade adverse events based on treatment regimens. 

(B) The frequency distribution of ≥3 grade adverse events based on treatment regimens. Cells in red, frequency ≥50%; in yellow, 20%–50%; in light green, 5%– 

20%; in dark green, <5%. NA, not available; Std. treatment, standard treatment; Beva, bevacizumab; DM, Depatux-M; TMZ, temozolomide; Rind, rindopepimut.
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DISCUSSION

This study offered a promising avenue for the treatment of rGBM 

in patients with EGFRvIII mutations (Figure 6). In our Bayesian 

NMA, we found that Rind + Beva ranked first in terms of OS 

improvement, followed by the regimens of DM + TMZ, DM, 

Std. treatment, and Beva. For PFS benefit, Rind + Beva also ap

pears to be the most effective option, with DM + TMZ, Beva, 

AFA + TMZ, Std. treatment, AFA, and DM showing lower effi

cacy. Regarding safety, our analysis of grade ≥3 AEs revealed 

that rGBM patients commonly experienced lymphopenia, 

thrombocytopenia, eye disorders, neurological complications, 

and rash. Specifically, the DM + TMZ and DM regimens were 

associated with an increased incidence of eye and neurological 

AEs, while DM + TMZ was linked to a higher rate of lymphopenia. 

Additionally, AMG 595 correlated with elevated thrombocyto

penia, and dacomitinib was related to a greater incidence of 

rash. Notably, Rind + Beva consistently exhibited the lowest inci

dence of both all grades and grade ≥3 AEs across all treatment 

approaches. To identify the optimal treatment strategy for 

EGFRvIII-positive rGBM and reinforce the evidence base for 

rGBM management, we systematically integrated data from 24 

studies—9 focusing on ndGBM patients and 15 on rGBM cases. 

After applying stringent inclusion criteria, data from 7 studies 

specifically addressing EGFRvIII-positive rGBM were incorpo

rated into our NMA. Notably, our NMA findings are consistent 

with previous clinical trials, such as a double-blind randomized 

phase 2 trial of rindopepimut with bevacizumab for patients 

with relapsed EGFRvIII-expressing GBM (ReACT) and a phase 

2, multicenter, prospective trial assessing the immunogenicity 

of an EGFRvIII-targeted peptide vaccine (ACTIVATE),14,20 which 

have demonstrated the efficacy of Rind + Beva in improving OS 

for EGFRvIII-positive rGBM patients.

Rather than the single target treatment approaches, combina

tion therapy remains the most promising strategy for treating 

EGFRvIII mutation rGBM, particularly the approaches that focus 

on reshaping the immunosuppressive GBM microenvironment. 

Treatments targeting EGFRvIII alone, including Rind, have 

shown limited efficacy due to the inability to eliminate GBM cells 

with low or absent EGFRvIII expression. Preclinical studies indi

cate that Rind can induce robust antibody responses in various 

animal models.27 In mice, the monoclonal antibody Y10, which 

exhibits EGFRvIII specificity, has been shown to inhibit DNA 

synthesis, impair cellular proliferation, and mediate antibody- 

dependent cellular cytotoxicity.28 Moreover, studies have 

demonstrated that the EGFRvIII expression in GBM cells was 

dynamically regulated. Tumor cells can reversibly upregulate or 

suppress EGFRvIII expression, leading to target oncogene 

expression shifts that allow tumor cells to evade targeted 

therapy.29 EGFRvIII-positive GBM tumors exhibit substantial 

molecular heterogeneity that can critically influence therapeutic 

response. In EGFR-amplified tumors, approximately 50%–60% 

Figure 6. Summarized findings of current Bayesian analysis 

Rindopepimut is an EGFRvIII-specific vaccine designed to elicit a targeted immune response against tumor cells harboring the mutation. Bevacizumab, a 

monoclonal antibody that inhibits angiogenesis, disrupts tumor vascularization. Combined, these agents may synergistically enhance antitumor efficacy and 

have lowest AEs in EGFRvIII-positive rGBM. Std. treatment, standard treatment; Beva, bevacizumab; AFA, afatinib; DM, Depatux-M; TMZ, temozolomide; Rind, 

rindopepimut; LOM, lomustine; rGBM, recurrent glioblastoma; VEGF, vascular endothelial growth factor; TCR, T cell receptor.
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also express the EGFRvIII variant.30 Notably, Lv et al. demon

strated that among patients with EGFR amplification, those lack

ing EGFRvIII expression experienced significantly longer PFS 

and OS following cetuximab therapy.31 Likewise, Mellinghoff 

et al. reported that co-expression of EGFRvIII and PTEN 

conferred heightened sensitivity to EGFR tyrosine kinase inhibi

tors (e.g., gefitinib or erlotinib), whereas PTEN loss was associ

ated with secondary resistance.32 Mechanistic work by Akhavan 

et al. revealed that EGFRvIII signaling actively suppresses 

PDGFRβ transcription via mTORC1- and ERK- dependent path

ways, and compensatory de-repression of PDGFRβ then pro

motes acquired resistance to EGFR TKIs.33 Additionally, Yeo 

et al. found that EGFRvIII-driven oncogenesis requires synergis

tic PDGFRA signaling, such that co-expression of EGFRvIII and 

PDGFRA can underlie resistance to single-agent inhibitors and 

imply that dual targeting of both receptors may yield superior ef

ficacy.34 These factors cause inherent limitations on EGFRvIII 

single targeted therapy, highlighting the necessity of combina

tion strategies for EGFRvIII mutation GBM. Targeting VEGF is a 

promising option for combination therapy with EGFRvIII targeted 

treatment, as VEGF inhibition not only suppresses intratumoral 

angiogenesis but also reverses the immunosuppressive tumor 

microenvironment.35 Bevacizumab, the first available human

ized monoclonal antibody targeting VEGF, was approved by 

FDA in 2014. It binds to all circulating VEGF-A isoforms, effec

tively blocking activation of VEGF signaling pathways. Early 

in vivo experiments have demonstrated that bevacizumab could 

induce regression of new blood vessel formation in glioma, sup

press tumor growth, and prolong survival of glioma bearing 

mice.36 Additionally, numerous studies have shown that bevaci

zumab can reshape the immunosuppressive microenvironment 

by promoting dendritic cells (DCs) differentiation and improving 

the infiltration of CD8+ T cells.37,38 The ability of Beva to promote 

immune cell infiltration and enhance immune function makes it a 

promising candidate for combination therapies with immune- 

modulating agents, such as PD-1/PD-L1 or CTLA-4 inhibitors. 

Therefore, for patients with EGFRvIII mutation, Rind + Beva 

may be the most effective treatment approach. Rind specifically 

targets and suppresses EGFRvIII expression for inhibiting its 

oncogenic effects, while Beva modulates the immunosuppres

sive tumor microenvironment for enhancing immune system 

activation against GBM cells.

The clinical trials have further confirmed the efficacy of Rind + 

Beva, supporting its potential as a first-line therapeutic option for 

rGBM patients with EGFRvIII mutation. The ReACT trial,14

despite its limited sample size, validated the efficacy of this com

bination by showing a significant OS benefit compared to beva

cizumab monotherapy (HR: 0.53, 95% CI: 0.32–0.88). Addition

ally, a phase 1 trial of EGFRvIII-targeted vaccine in patients 

with GBM (VICTORI),39 the first DC-mediated clinical study using 

rindopepimut in GBM treatment, reported minimal toxicity with 

no autoimmune symptoms. Furthermore, the ACTIVATE trial20

revealed that patients who exhibited a cellular immune response 

to rindopepimut achieved a marked OS extension (44.7 months 

vs. 22.8 months). However, follow-up studies indicated that the 

most recurrent GBM tumors eventually lost EGFRvIII expression. 

Moreover, the phase 3 study of rindopepimut/GM-CSF in pa

tients with newly diagnosed EGFRvIII-expressing GBM (ACT 

IV)15 demonstrated that Rind + Std. treatment failed to provide 

a survival advantage in newly diagnosed EGFRvIII-positive 

GBM (20.1 months vs. 20.0 months), suggesting the necessity 

of combination targeted therapies incorporating Rind to fully 

harness the potential of immunotherapy in GBM. Bevacizumab 

has been shown in two multicenter randomized controlled trials 

to moderately improve PFS, though not OS, in GBM pa

tients.40,41 In other malignancies, such as colorectal and non- 

small cell lung cancer, bevacizumab-containing regimens have 

exhibited greater efficacy when used in combination therapy.42

Clinical options for treating recurrent glioblastoma remain 

limited in efficacy at present. By integrating recommendations 

from the National Comprehensive Cancer Network (NCCN),43

the European Association of Neuro-Oncology (EANO),44 the Chi

nese Glioma Cooperative Group (CGCG),45 and The Korean So

ciety for Neuro-Oncology (KSNO) guidelines46 (Table S7), we 

observed that systemic therapies are most commonly employed 

in recurrent GBM. Compared to other modalities, systemic treat

ments place fewer demands on patients—requiring only a 

reasonably good performance status. Experts recommend 

conducting molecular profiling of tumors to develop targeted 

systemic therapies on top of standard regimens, thereby offering 

renewed hope for patients with recurrent glioblastoma.43 This 

study provides level-based evidence for targeted treatment stra

tegies in recurrent GBM. Specifically, the dual-target approach 

of rindopepimut + bevacizumab shows promise for EGFRvIII- 

positive rGBM, although conclusions are constrained by the 

small sample sizes of the original RCTs and imbalances in prog

nostic factors between treatment arms. Large-scale, multi

center, double-blind RCTs will be necessary to validate these 

findings. However, salvage medical therapy is not the only 

option. Reoperation, reirradiation, stereotactic radiosurgery 

(SRS), tumor-treating fields (TTFs), experimental therapies, and 

combination regimens are frequently considered. Evidence sug

gests that responses may vary across molecular subgroups. The 

EGFRvIII-positive tumors may exhibit unique response patterns 

to SRS47 or reoperation.48

Currently, research directly comparing pharmacologic treat

ments for EGFRvIII-positive GBM remains limited. Notably, 

only two studies49,50 have investigated the prognostic impact 

of the EGFRvIII mutation, both reporting negative results. Conse

quently, there is insufficient evidence from evidence-based 

medicine to definitively guide the treatment strategies for GBM 

patients with this mutation. Our study underscores the potential 

of Rind + Beva, addressing a crucial gap in comparative efficacy 

research. Moreover, our comprehensive analysis offers clear, 

statistically robust rankings and quantitative data, providing 

valuable guidance for clinical decision-making. To our knowl

edge, this NMA is the most comprehensive and compelling 

comparison of the efficacy and safety of treatments for 

EGFRvIII-positive GBM patients to date. To ensure the strength 

of our evidence, we included only RCTs for primary outcomes 

OS and PFS, and the NMA approach helped to overcome the 

limitations of direct head-to-head comparisons.

Our Bayesian NMA found that the 95% CIs for all pairwise 

comparisons crossed the line of no effect (1.0), indicating that 

we cannot definitively conclude that Rind + Beva confers the 

best efficacy in EGFRvIII-positive rGBM. Nevertheless, this 
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combination remains the most promising candidate for several 

reasons: (1) it is the only regimen in current EGFRvIII-positive 

rGBM trials to demonstrate an OS benefit, despite limitations 

such as small sample sizes and imbalanced prognostic factors 

between treatment arms.14 (2) In our forest plot comparisons, 

all four alternative regimens trended toward inferior OS and 

PFS effect estimates compared with Rind + Beva (Figures S9E 

and S10G). (3) Rind + Beva achieved the highest average rank, 

the greatest probability of being the top treatment, and the high

est SUCRA score for OS, PFS, and ORR. Although ranking alone 

does not constitute definitive evidence of efficacy, it highlights 

Rind + Beva’s potential as an optimal therapeutic option. (4) 

NCCN guidelines recommend molecular profiling in rGBM to 

guide targeted systemic therapies, aiming to optimize for 

rGBM patients. Rindopepimut is the only cancer vaccine target

ing EGFRvIII among current clinical trials, and bevacizumab, an 

anti-VEGF antibody, is included in NCCN and KSNO guidelines 

for systemic treatment of rGBM (Table S7).43,46 Moreover, 

combining targeted agents shows greater promise than single- 

agent approaches by enhancing efficacy and overcoming resis

tance.51 Thus, the dual-target strategy of Rind + Beva is worthy 

of further validation in large, multicenter, double-blind RCTs.

The potential mechanisms underlying the synergy between 

rindopepimut and bevacizumab in combating EGFRvIII-positive 

tumors are 3-fold: (1) enhanced immune response: rindopepimut 

elicits EGFRvIII-specific T cell immunity capable of recognizing 

and killing EGFRvIII-expressing tumor cells. Concurrently, beva

cizumab’s VEGF blockade alleviates immunosuppression within 

the tumor microenvironment, permitting more robust T cell func

tion52; (2) improved tumor penetration: By normalizing abnormal 

tumor vasculature and reducing interstitial pressure, bevacizu

mab decreases vascular permeability barriers, thereby facili

tating rindopepimut’s access to tumor sites and amplifying its 

immune-priming effects53; (3) dual-pronged tumor suppression: 

While rindopepimut targets a tumor-specific antigen, bevacizu

mab inhibits neovascularization. Together, they attack the tumor 

on two complementary fronts—direct immune-mediated cyto

toxicity and disruption of tumor blood supply (Figure 7). In the 

future, the combined use of molecular-targeted vaccines and 

anti-VEGF monoclonal antibodies holds significant promise for 

precision treatment, potentially playing a pivotal role in further 

improving patient outcomes. We recommend that clinicians 

closely monitor future validation studies of this combination ther

apy and continuously assess the balance between efficacy and 

the risks of AEs, with the aim of optimizing the best individualized 

treatment outcomes.

In conclusion, our Bayesian NMA provides robust evidence 

that Rind + Beva offers promising clinical advantages for pa

tients with EGFRvIII-positive rGBM. Specifically, Rind + Beva is 

associated with superior improvements in OS, PFS and ORR 

compared to alternative therapeutic regimens. Although DM + 

TMZ also demonstrates efficacy in extending OS and PFS, its 

safety profile is notably compromised by severe ocular and he

matologic AEs. In contrast, Rind + Beva present a more favor

able safety profile, with only moderate gastrointestinal discom

fort and headache reported. Based on the head-to-head 

comparisons in the original clinical studies demonstrating an 

OS advantage for Rind + Beva, this study provides further evi

dence-based comparisons between Rind + Beva and other 

treatments for EGFRvIII-positive rGBM. It identifies the most 

likely optimal treatment strategy for these patients and offers 

valuable baseline evidence for a more comprehensive approach 

to GBM management. Nonetheless, prior to its widespread clin

ical adoption, additional validation through large-scale, multi

center trials is essential to confirm these preliminary findings 

and to comprehensively assess both the efficacy and safety of 

Rind + Beva.

Limitations of the study

Firstly, due to the limited number of RCTs in EGFRvIII-positive 

rGBM, we utilized a Bayesian method that does not rely on 

large-sample approximations, which strengthens the robustness 

of our findings. Secondly, because of the scarcity of detailed 

data on bevacizumab in this specific patient population, we sup

plemented our analysis with aggregated data from Cochrane re

views on the broader rGBM population and applied relatively 

broad prior distributions in our Bayesian NMA. Similarly, due to 

the lack of comprehensive AE data for EGFRvIII-positive rGBM 

patients, our safety analysis was based on the overall GBM AE 

profile. This limitation weakens the argument about the safety 

profile of Rind + Beva in the target population. We propose 

that future trials of EGFRvIII-targeted therapies incorporate the 

following measures: (1) enroll and report AEs separately for 

EGFRvIII-positive versus EGFRvIII-negative cohorts; (2) include 

EGFRvIII status in case report forms so that safety analyses 

can be stratified at the patient level; (3) conduct post-hoc ana

lyses of pharmacokinetics and pharmacodynamics stratified 

by EGFRvIII expression to identify any unexpected safety sig

nals; (4) stratify AEs by EGFRvIII status across all arms (e.g., im

munotherapies, ADCs, VEGF inhibitors) to detect EGFRvIII-spe

cific safety signals. Moreover, because the majority of studies 

included in this analysis were published prior to 2021, it is 

possible that some patients whose tumors were histopathologi

cally diagnosed as glioblastoma actually harbored IDH muta

tions. Under the 2021 WHO classification, such tumors are 

now categorized as ‘‘Astrocytoma, IDH-mutant’’. Additionally, 

several studies may lack comprehensive molecular profiling of 

glioblastoma specimens, resulting in incomplete classification 

under the current guidelines. Finally, due to the lack of compre

hensive data for newly diagnosed EGFRvIII-positive GBM, our 

systematic discussion is focused on recurrent cases. Despite 

these limitations, emerging studies in newly diagnosed patients 

have shown promising efficacy. For example, a phase 3 trial by 

Lassman et al.11 demonstrated that DM significantly prolonged 

PFS (HR = 0.72, 95% CI: 0.56–0.93), and an IB trial by 

Compter et al.17 reported that chloroquine combined with radio

therapy and TMZ extended median survival (20 months vs. 

11.5 months).
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STAR★METHODS

KEY RESOURCES TABLE

EXPERIMENTAL MODEL AND STUDY PARTICIPANT DETAILS

Our study does not use experimental models typical in the life sciences. A total of 716 patients were enrolled across the included 

studies, all of whom were histologically confirmed to have glioblastoma and were generally consistent with the 2021 WHO Classifi

cation of Tumors of the Central Nervous System. All patients received one of the following ten treatment regimens: standard treat

ment, DM, DM + TMZ, AFA, AFA + TMZ, Beva, Rind + Beva, AMG 595, Tesevatinib, or Dacomitinib. Detailed characteristics of all 

included studies are presented in Tables 1, S5, and S6. Ethical approval is not required for this study because the original clinical 

trials had previously received authorization from the ethics and institutional review board.

METHOD DETAILS

Study registration and reporting standards

This study was conducted according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses extension state

ment for network meta-analyses (Table S1).54 The meta-analysis protocol was registered on PROSPERO website (https://www.crd. 

york.ac.uk/PROSPERO) under the following registration number: CRD42022303279.

Search strategy

The search strategy is given in Table S2. We reviewed PubMed, Web of Science, EMBASE, Cochrane Library and Clinical Trials.gov 

for related literature from inception to Oct. 31, 2024. The following keywords were used: ‘‘EGFR variant III’’, ‘‘EGFRvIII mutation’’, 

‘‘EGFR exon 2–7 deletion’’, ‘‘Glioblastoma’’, ‘‘Astrocytomas, Grade IV’’, ‘‘Randomized controlled trials’’ and ‘‘Clinical trials as topic’’. 

No restrictions were applied on the language. Reference lists of the retrieved studies were also manually searched.

Selection criteria

Searched articles were initially screened by two authors (Jm-Qiu and Fg-Zhu) by their titles and abstracts. The full texts of potentially 

included studies were reviewed by the same two authors, and any disagreements were resolved with a discussion in a panel involving 

other authors who are experts in oncology and evidence-based medicine (Y-Fu and Renxi-Wang).

Published and gray sources that met the following criteria were included: (1) Clinical trials enrolling patients with glioblastoma, as 

confirmed at least by histological analysis and classified according to the 2021 WHO Classification of Tumors of the Central Nervous 

System (CNS) as ‘‘Glioblastoma, IDH wildtype’’55; (2) Clinical trials recruiting patients with recurrent or progressive glioblastoma, as 

defined according to Macdonald/RANO criteria, with the minimum requirement of magnetic resonance imaging (MRI) demonstrating 

at least one bi-dimensionally measurable target lesion (tumor ≥10 mm in one diameter)56–58; (3) Clinical trials enrolling patients with 

REAGENT or RESOURCE Source IDENTIFIER

Deposited data

International prospective register 

of systematic reviews

https://www.crd.york.ac.uk/PROSPERO/ 

view/CRD42024623289

PROSPERO

PubMed https://pubmed.ncbi.nlm.nih.gov/ N/A

Web of Science https://www.webofscience.com/wos/ N/A

Embase https://www.embase.com/ N/A

Cochrane Library https://www.cochranelibrary.com/ N/A

ClinicalTrials.gov https://clinicaltrials.gov/ N/A

Software and algorithms

EndNote https://support.clarivate.com/Endnote/s/ 

article/Download-EndNote?language=zh_CN

Endnote 21

RevMan https://www.cochrane.org/learn/courses- 

and-resources/software

Version 5.4

R https://www.r-project.org/ Version 4.4.1

JAGS https://mcmc-jags.sourceforge.io/ Version 4.3.2

WinBUGS https://winbugs.software.informer.com/ Version 1.4.3
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EGFRvIII-positive rGBM, as confirmed through histological or cytological analysis; (4) Clinical trials assessing pharmacological ther

apies, including but not limited to targeted therapies, immunotherapies, chemotherapies, or combination therapies; (5) Clinical trials 

comparing the current standard of care without a focus on molecular targets with other treatment modalities for patients with recur

rent EGFRvIII-positive rGBM; (6) All phases of clinical trials reporting at least one of the following clinical outcomes; (7) OS referring to 

the length of time from the start of treatment until the death of the patient from any cause; (8) PFS referring to the length of time from 

start of treatment (or randomization) until disease progression or death, whichever occurs first; (9) ORR referring to the proportion of 

patients who experience a complete response (CR) or partial response (PR) to treatment, based on standardized criteria for assess

ing tumor response; (10) AEs, encompassing both any-grade occurrences and those of Grade ≥3 severity, were systematically 

defined and graded in accordance with the National Cancer Institute Common Terminology Criteria for Adverse Events (NCI CTCAE).

The exclusion criteria were as follows: (1) Clinical trials that enrolled mixed populations without conducting stratified or subgroup 

analyses specifically for EGFRvIII-positive patients; (2) Clinical trials that did not report clinically relevant outcomes essential for eval

uating treatment efficacy or safety; (3) Publications classified as review articles, editorials, or case reports, as well as those not 

meeting the criteria for original research; (4) Studies centered on animal models or preclinical experimental data without clinical appli

cation in human subjects.

Data extraction and treatment arms

The useful information was extracted by two independent authors (R-Quan and Hy-Ye) following the prespecified protocol. The trial 

name, first author, publication sources, year of publication, trial phase, National Clinical Trials identification number, sample size, 

patients’ age and sex distribution, time since diagnosis of recurrence/progression, EGFRvIII mutation status, and ECOG (Eastern 

Cooperative Oncology Group) or WHO (World Health Organization) performance status score were extracted from each article. 

The clinical outcomes extracted included HRs with corresponding 95% CIs for OS and PFS and the incidence of ORR, any-grade 

AEs, and grade ≥3 AEs.

Currently, we identified a total of 10 types of interventions in rGBM patients: standard treatment (Std. treatment/ST) (Lomustine or 

TMZ), DM, DM + TMZ, Afatinib (AFA), AFA + TMZ, Beva, Rind + Beva, AMG 595, Tesevatinib, Dacomitinib.

Given the limited availability of data specific to bevacizumab in EGFRvIII positive rGBM, we incorporated aggregated data from 

studies reporting on the overall population of recurrent glioblastoma, as referenced in the Cochrane review by McBain C et al.59

These data were used as a replacement for EGFRvIII positive cohorts, acknowledging this as an approximation. Sensitivity analyses 

were planned to assess the robustness of this assumption.

Quality assessment

To assess the quality of the included studies, we utilized the modified Cochrane Collaboration’s Risk of Bias (RoB) tool.60 This tool 

evaluates seven domains: randomization sequence generation, allocation concealment, blinding of participants and personnel, 

blinding of outcome assessment, incomplete outcome data, selective reporting, and other potential biases. Each study was catego

rized as having a high, low, or unclear risk of bias based on these domains. Two coauthors (Jm-Qiu and Fg-Zhu) independently as

sessed all included RCTs using the RoB tool. In cases of disagreement, the studies were re-evaluated, and a consensus was reached 

through discussion. This systematic approach ensured the reliability and accuracy of the quality assessment.

Evidence grade evaluation

We employed the Grading of Recommendations Assessment, Development, and Evaluation (GRADE) framework to determine the 

quality of evidence for OS and PFS, classifying it as very low, low, moderate, or high. The GRADE system evaluates eight factors: 

risk of bias, imprecision, inconsistency, indirectness, publication bias, large effect size, dose–response relationship, and residual 

confounding that could diminish the effect size. According to this framework, the evidence was downgraded to ‘‘moderate’’ if one 

domain was rated as ‘‘serious’’. If two domains were rated as ‘‘serious’’, the evidence was further downgraded to ‘‘low’’, and if 

two or more domains were rated as ‘‘serious’’, it was downgraded to ‘‘very low’’.61,62 This systematic evaluation ensured a rigorous 

assessment of the reliability and applicability of the evidence.

QUANTIFICATION AND STATISTICAL ANALYSIS

We extracted detailed OS, PFS and ORR data for all GBM patients included in the trials, as well as for those with EGFRvIII-positive 

GBM. HRs and 95% CIs for OS were either directly obtained from the original studies or calculated using the algorithm recommended 

by Tierney et al.63 In addition, the HRs for OS reported in the TMZ or Lomustine arms of each study were aggregated to form the Std. 

treatment group for subsequent analysis. All grade and ≥3 grade AEs were reviewed and deposited in standardized tables.

Indirect comparisons of the effectiveness of various therapies for EGFRvIII-positive rGBM were performed within a Bayesian 

framework using Markov Chain Monte Carlo (MCMC) simulation methods. The primary analyses were conducted using WinBUGS 

software (version 1.4.3), part of the Bayesian Inference Using Gibbs Sampling (BUGS) project, which facilitates practical implemen

tation of MCMC methods for applied statisticians. To validate the results, the analysis was replicated in R software (version 4.4.1) 

using the package gemtc (version 1.0–2) and JAGS software (version 4.3.2) with identical parameter settings. A random-effects con

sistency model was adopted for each outcome measure. Four independent Markov chains were initialized, with 20,000 burn-ins 
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followed by 100,000 sample iterations per chain, using a step-size iteration of one. The posterior distributions for treatment effects 

were obtained, and model convergence was evaluated using trace plots (Figures S3–S5) and the Brooks-Gelman-Rubin diagnostic 

(Figures S6–S8).64 The fit of the random-effects model was assessed by the deviance information criteria (DIC).65,66 Furthermore, the 

DIC difference between consistency and inconsistency models was examined to ensure coherence of the network. A large difference 

in DIC (>5) between the two models suggests evidence of inconsistency in the network.67,68

A probability ranking analysis was performed and cumulative ranking plots were generated. We employed the surface under the 

cumulative ranking curve (SUCRA) index to determine the relative efficacy of each treatment modality and to identify the optimal 

treatment option. As far as we know, the SUCRA value encapsulates all possible ranking scenarios and reflects the uncertainty asso

ciated with the treatment effects. If the SUCRA value was close to 1, it was the best without uncertainty; if the value was close to 0, it 

was the worst without uncertainty.69 Thus, rankings could be determined according to the distinct SUCRA of each treatment. For the 

NMA process, statistical significance was established when the 95% CIs did not cover 1.

In the sensitivity analysis, we allowed the HRs for OS and PFS from the Cochrane review by McBain C et al.59 on bevacizumab 

treatment to vary by ±10%. Furthermore, we merged the bevacizumab treatment node with the standard treatment node to account 

for potential heterogeneity.69 The merging of the Bevacizumab and Standard treatment nodes during our sensitivity analysis was 

justified by multiple lines of evidence: (1) Taal et al. demonstrated no significant difference in OS between Bevacizumab monotherapy 

and Lomustine monotherapy, supporting clinical equivalence24; (2) Wick et al. found that adding Bevacizumab to Lomustine did not 

significantly improve OS versus Lomustine alone, further confirming equivalence with standard salvage chemotherapy70; (3) Brandes 

et al. observed no survival benefit or detriment from continued Bevacizumab across multiple lines of therapy in recurrent GBM 

patients71; (4) Cochrane review concluded there may be little or no difference in OS between Bevacizumab and Lomustine mono

therapies (HR 1.22, 95% CI 0.84–1.76), and similarly for PFS (HR 0.90, 95% CI 0.58–1.38)59; (5) Clinical guidelines NCCN and 

KSNO list Bevacizumab and Lomustine as equivalent systemic therapy options for rGBM without prioritizing one over the other, 

indicating that Bevacizumab is considered an acceptable alternative to standard salvage chemotherapy.43,46 Using a Bayesian 

random-effects model and applying MCMC methods, we fitted the posterior distributions and generated a ranking, which was 

then compared with the original results to further confirm the NMA findings.

To assess publication bias, we constructed funnel plots and performed Egger’s test.72 A p-value below 0.10 was interpreted as 

evidence of significant funnel plot asymmetry, suggestive of potential publication bias. All two-sided P-values <0.05 were considered 

statistically significant.
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