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Abstract. – OBJECTIVE: The phenomenon is 
that few randomized control trials (RCTs) direct-
ly compared the effects of bevacizumab with 
other types of standard treatments for recurrent 
glioblastoma (GBM). We conducted a systemat-
ic review and meta-analysis to assess the effi-
cacy of bevacizumab in recurrent GBM patients.

MATERIALS AND METHODS: We searched 
electronic databases (Medline, Embase, and 
Web of Science) contrasting the bevacizumab 
with standard treatments up to May 2021. For 
the continuous outcomes of median progres-
sion-free survival (PFS) and median overall sur-
vival (OS), we summarized the mean difference 
(MD) as the effective index. We used relative 
risk (RR) to estimate the data with a random-ef-
fects model to get the outcomes of objective re-
sponse rate (ORR), 12-month OS, 6-month PFS, 
and any mentioned adverse events.

RESULTS: A total of 807 patients in 5 RCTs in-
cluded into our systematic review and meta-anal-
ysis. The results showed bevacizumab could pro-
vide benefits of the ORR (RR, 2.67; 95% CI: 1.14-
6.26, p = 0.02), median PFS (MD, 1.12 months; 
95% CI: 0.35-1.90 months, p = 0.005), but not the 
median OS (MD, -0.19 months; 95% CI: -1.37-0.99 
months, p = 0.75). Whereas the rates of the sec-
ondary outcomes of interest were similar be-
tween the bevacizumab group and control group, 
including 6 month-PFS (RR, 1.23; 95% CI, 0.82-
1.84, p = 0.32) and 12 month-OS (RR, 0.93; 95% 
CI, 0.79-1.09, p = 0.36). As for adverse events, pa-
tients with bevacizumab showed higher rates of 
grade 3/4 and any grade hypertension compared 
with those with standard treatments (RR, 3.71; 
95% CI: 1.17-11.76, p = 0.03; RR, 2.68; 95% CI: 
1.26-5.76, p = 0.01, respectively).

CONCLUSIONS: This study provides clear 
proof of the beneficial effects of bevacizumab 
treatment in recurrent GBM patients. The on-
ly observed adverse event was grade 3/4 or any 
grade hypertension.
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Introduction

Glioblastoma (GBM) is the most common ma-
lignant primary brain tumor with a poor overall 
prognosis1,2. The recurrent standard approach in 
multimodality therapy for GBM involves max-
imal safe surgical resection and radiotherapy 
followed by chemotherapy, which usually refers 
to 6 cycles of maintenance temozolomide3. For 
the patients with recurrent GBM, survival rates 
for 2-years range from 26%-33%, and for 5-years 
survival rates are less than 10% under current 
treatment4-6. Therefore, it is necessary to explore 
novel approaches to improve the outcomes of 
GBM patients.

Angiogenesis is one of the important mecha-
nisms in the pathogenesis of GBM, accompanied 
by high expression of vascular endothelial growth 
factor (VEGF). Some novel approaches targeting 
anti-angiogenesis can be a promising aspect of 
treatment in recurrent GBM patients7,8. Bevaci-
zumab, a VEGF antibody, has been included for 
analysis in multiple trials and is commonly used 
in patients with kidney, breast, ovarian, and col-
orectal cancers9-11. Bevacizumab was approved 
for patients with recurrent GBM by the Food and 
Drug Administration (FDA) due to encouraging 
radiological response rates and obvious augment 
in progression-free survival (PFS) in 200912,13. 
Although the observed beneficial survival result 
in PFS, bevacizumab has no beneficial effect on 
overall survival (OS) outcome in some phase III 
randomized controlled trials (RCTs)14,15. Some 
previous trials16-18 that compared bevacizumab 
with bevacizumab plus irinotecan or bevaci-
zumab plus lomustine showed that bevacizumab 
might be the prime source of anti-glioblastoma 
effect on recurrent GBM. By contrast with ma-
ny other anti-VEGF drugs that have been put 
into large RCTs, such as nivolumab (anti-VEGF 
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neutralizing antibody), cediranib  (VEGF inhib-
itor), aflibercept (soluble VEGFR), regorafenib 
(VEGF-TKI), bevacizumab showed controversial 
results regarding the aspects of PFS and OS.

Hence, there is an emergent need to conduct 
a systematic review and meta-analysis to ex-
plore the outcomes with bevacizumab vs. some 
specific cytotoxic treatment for patients with re-
current GBM, including lomustine, fotemustine, 
nivolumab or temozolomide, etc.

Materials and Methods

Search Strategy
We conducted the systematic review and me-

ta-analysis based on the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses 
(PRISMA) statements19. PubMed, Embase, and 
Web of Science databases were broadly searched 
for available literature up to May 2021 with En-
glish languages. We used the following search 
terms: “high-grade glioma,” “glioblastoma,” 
“GBM,” “standard cytotoxic treatment”, “recur-
rent,” and “bevacizumab.” Two investigators in-
dependently completed the search and identifica-
tion for relevant data.

Study Selection
In our meta-analysis, clinical trials should meet 

the mentioned eligibility criteria: (1) Adult patients 
with recurrent glioblastoma (≥18 years old) based 
on proved histology; (2) Comparison between in-
tervention (bevacizumab) group and control group 
were two forms: bevacizumab versus some spe-
cific cytotoxic treatments, including lomustine, 
fotemustine, nivolumab, or temozolomide, and the 
other form is bevacizumab plus some specific cy-
totoxic treatments versus a certain cytotoxic treat-
ment; (3) The trials could provide the outcomes of 
interest, including objective response rate (ORR), 
OS, PFS, and/or some certain adverse events; 
(4) RCTs were included. Trials targeting patients 
who are GBM patients with newly diagnosed or 
trials that were unable to provide relevant essential 
information, involving some outcomes of interest 
and patient baseline demographics were excluded. 
Non-RCTs including case reports, cohort studies, 
case-control studies and meta-analysis were also 
not included in our analysis.

Data Extraction and Quality Assessment
The titles and abstracts of associated studies 

were scanned briefly, and the full text of relevant 

studies was retrieved by two investigators. Any 
discrepancies between the two investigators 
were resolved by a third senior reviewer. The 
extracted information was as follows: patient 
baseline demographics and some final indexes 
of interest, such as isocitrate dehydrogenase 
(IDH) status; 06-methylguanine-DNA- methyl-
transferase (MGMT) status. Cochrane Collabo-
ration’s tool was used to assess the risk of bias 
of the included trials. In addition, representative 
study patients and adequate assessment of the 
outcomes were conducted in our systematic re-
view and meta-analysis. We defined the primary 
outcomes as ORR, median PFS, and median OS, 
while the corresponding secondary outcomes 
were classified and designated as 12-month OS 
and 6-month PFS. Adverse events list involved 
grade 3/4 and any grade treatment-related ad-
verse events (TRAE), any grade serious TRAE, 
grade 3/4 and any grade of hypertension, grade 
3/4 and any grade of leukopenia, any grade of 
proteinuria, grade 3/4, and any grade of throm-
bocytopenia, grade 3/4 and any grade of fatigue, 
grade 3/4 and any grade of thromboembolic 
(pulmonary embolism), and grade 3/4 and any 
grade of nausea and vomiting.

Data Synthesis and Statistical Analyses
The Review Manager Version 5.3 software was 

used to analyze the statistical data with a ran-
dom-effects model. For the continuous outcomes 
of median PFS and median OS, we summarize 
mean difference (MD) as the effective index. For 
the results of ORR, 12-month OS, 6-month PFS, 
and any mentioned adverse events, we use rela-
tive risk (RR) to estimate the data. I² statistic was 
calculated to measure the heterogeneity of the 
relevant studies, and with the value of 0%, less 
than 50%, 50%-75%, and more than 75% indi-
cating no, low, moderate, and high heterogeneity, 
respectively. The significance level was defined 
at p ≤ 0.05. 

Results

From eligibility screening on the title and 
abstract of the electronic databases, we identi-
fied 1397 articles in total and 29 articles went 
through the full-text review stage. Finally, five 
eligible articles were included in our systematic 
review and meta-analysis (Figure 1). Among 
four phase II and one phase III RCTs of the final 
five trials, we analyzed the involved patients 
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with a total of 834 patients20-24. The baseline 
characteristic of the available trials was shown 
in Table I.

Risk of Bias Assessment
The risk of bias was moderate to high but was 

acceptable mainly due to the existing form of 
selection bias and limited included trials, which 
was depicted in Figure 2A and Figure 2B.

Outcomes

Analysis of Primary Outcomes
The ORR outcomes showed that there were 

strong positive effects for the recurrent patients 
treated with bevacizumab (361 participants) com-
pared with control (329 participants) (RR, 2.67; 
95% CI: 1.14-6.26, p = 0.02) (Figure 3A). Consid-
ering the high heterogeneity of the ORR outcomes 
(I² = 82%), we conducted the sensitivity analysis 
to search for the source of high heterogeneity. The 
results showed that the trial of van den 2018 had 
a significant influence on heterogeneity22. After 
the trial was removed, the heterogeneity analysis 
showed that there was no heterogeneity in the 
remaining trials (I² = 0) and the odd remained sta-
tistically significant in Figure 3B (p < 0.001).

The results of median PFS suggested that the 
treatment with bevacizumab could prolong medi-
an PFS, with the number of treatments and con-
trol reached 433 and 401, respectively (MD, 1.12 
months; 95% CI: 0.35-1.90 months, p = 0.005) 
(Figure 4A). Due to the moderate heterogeneity 
(I² = 67%), a sensitivity analysis was performed 
and the result revealed that a remarkable cut 
down on heterogeneity when the trial of Reardon 
et al24 was deleted (Figure 4B).

When we mentioned the outcome of the me-
dian OS with patients treated with bevacizumab 
(n = 433) compared with control (n = 401), the 
results showed that the bevacizumab group did 
not prolong median OS from the data of five trials 
(MD, -0.19 months; 95% CI: -1.37-0.99 months, p 
= 0.75) (Figure 5).

Analysis of Secondary Outcomes
For the outcomes of 6 month-PFS and 12 

month-OS, the results indicated that there were 
no positive effects for 6 month-PFS (RR, 1.23; 
95% CI, 0.82-1.84, p = 0.32) and 12 month-OS 
(RR, 0.93; 95% CI, 0.79-1.09, p = 0.36) in recur-
rent GBM patients treated with bevacizumab and 
control (Figures 6 and 7).

Adverse Events
Table II listed adverse events in our meta-anal-

ysis. The only observed significant results of 
adverse events of the mentioned adverse events 
were grade 3/4 and any grade hypertension be-
tween the bevacizumab group (n = 413) and the 
control group (n = 394) (RR, 3.71; 95% CI: 1.17-
11.76, p = 0.03; RR, 2.68; 95% CI: 1.26-5.76, p 
= 0.01, respectively) (Figure 8A and 8B). There 
was no difference in the risks of remained ad-
verse events, including grade 3/4 and any grade 
treatment-related adverse events (TRAE), any 
grade serious TRAE, grade 3/4 and any grade of 
leukopenia, any grade of proteinuria, grade 3/4 
and any grade of thrombocytopenia, grade 3/4 
and any grade of fatigue, grade 3/4, and any grade 
of thromboembolic (pulmonary embolism), and 
grade 3/4 and any grade of nausea and vomiting, 
between two groups (Table II).

Discussion

GBM is the most common primary malig-
nant brain tumor with poor prognosis in adults 
despite the secure treatment of surgical options 
and chemoradiotherapy. In this study, we directly 
evaluate the effects of bevacizumab in recurrent 
GBM patients with the high quality of RCTs for 
the first time. Our meta-analysis indicated that 
the bevacizumab group improved the results of 
ORR and median PFS, but had no beneficial ef-
fect on the result of median OS in the recurrent 
GBM patients. The sensitivity analyses were do-
ne due to the moderate to high heterogeneities of 
ORR and PFS, and the odds still reached statisti-
cal significance. As for adverse events, we found 
the most commonly observed adverse event was 
hypertension. The results of this study suggested 
that bevacizumab is effective in patients with 
recurrent GBM but they need to be cautious with 
the occurrence of hypertension.

VEGF is highly expressed in GBM, and hence 
novel drugs of the anti-VEGF pathway have 
turned into a new therapeutic target8. Beva-
cizumab, a humanized monoclonal antibody 
against the VEGF-A ligand, can bind to its circu-
lating target and then alter the kinetics of ligand 
binding to endothelial cells and down-regulate 
angiogenesis of cancer25. In the current study, 
compared with control, rate of increase in the 
objective response was 2.67-folds in bevacizum-
ab group. Patients with bevacizumab treatment 
had a longer PFS with a MD of 1.12 months than 
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Table I. Characteristics of studies in meta-analysis.

								        Surgery		  Days	 IDH	 MGMT
						      WHO	 ECOG	 at the		  since last	 status, n	 status, n
			   Patients,	 Age		  performance	 PS, n	 time of 	 Corticosteroid	 radiotheraphy/	 (% of 	 (% of 
	 Studies	 Intervention	 n	 (years)	 Female	 status	 (%)	 recurrence	 use	 MRI	 tested) 	 tested)

Taal et al20	 Bevacizumab	 50	 58	 18	 0: 13 (26%)	 /	 5 (10%)	 27 (54%)	 254+ (101-2087)	 Unmutated 38/39	 Unmethylated 24/42
2014	 10 mg/kg		  (37-77)	 (64%)	 1: 32 (64%)					     (97%), Mutated 1/39	 (57%), methylated
					     2: 5 (10%)		   			   (3%), not done/	 8/42 (43%), not done/
										          unknown 11 	 unknown 8 
	 Lomustine 	 46	 56	 20	 0: 15 (33%)	 /	 6 (13%)	 22 (48%)	 298 (106-1092)	 Unmutated 39/42	 Unmethylated 20/43
	 110 mg/m²		  (28-73)	 (43%)	 1: 25 (54%)					     (93%), Mutated 3/42	 (47%), methylated
					     2: 6 (13%)					     (7%), not done/	 23/43 (53%), not done/
										          unknown 4	 unknown 3

Brandes	 Bevacizumab 	 59	 59	 20	 /	 0: 29 (49%)	 13 (22%)	 42 (71%)	 331 (163-2271)	 /	 /
et al23 2019 	 10 mg/kg 		  (37-74)	 (34%)		  1: 19 (32%)					   
						      2: 11 (19%)					   
	 Fotemustine 	 32	 56	 9	 /	 0: 13 (41%)	 8 (25%)	 20 (62%)	 462 (162-1383)	 /	 /
	 75 mg/m²		  (28-78)	 (28%)		  1: 16 (50%)					   
						      2: 3 (9%)	  		   

Reardon	 Bevacizumab	 185	 55	 66	 /	 /	 /	 79 (42.7%)		  /	 Unmethylated 67/185
et al24 2020 	 10 mg/kg 		  (22-76)	 (36%)							       (36.2%), methylated 	
											           42/185 (22.7%), not 	
											           done unknown 76
	 Nivolumab 	 184	 55.5	 68 	 /	 /	 /	 73 (39.7%)	 /	 /	 Unmethylated 59/184
	 3 mg/kg	  	 (22-77)	 (37%)							       (32.1%), methylated
											           43/184 (23.4%), not 
											           done/unknown 82

Continued
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Table I (Continued). Characteristics of studies in meta-analysis.

								        Surgery		  Days	 IDH	 MGMT
						      WHO	 ECOG	 at the		  since last	 status, n	 status, n
			   Patients,	 Age		  performance	 PS, n	 time of 	 Corticosteroid	 radiotheraphy/	 (% of 	 (% of 
	 Studies	 Intervention	 n	 (years)	 Female	 status	 (%)	 recurrence	 use	 MRI	 tested) 	 tested)

Brandes	 Lomustine 	 61	 56	 17	 /	 0: 26 (43%)	 5 (8%)	 20 (33%)	 /	 /	 Unmethylated 26/61
et al23 2019 	 90 mg/m²		  (30-74)	 (28%)		  1: 23 (38%)					     (43%), methylated
	 (CCNU) +					     2: 12 (20%)					     11/61 (18%)
	 Bevacizumab 										        
	 10 mg/kg 	  	  								      

	 Lomustine 	 62	 58.5	 17	 /	 0: 24 (39%)	 3 (5%)	 19 (31%)	 /	 /	 Unmethylated 25/62
	 90 mg/m² 		  (36-74)	 (27%)		  1: 27 (44%)					     (40%), methylated 
	 (CCNU) +					     2: 11 (18%)					     12/62 (19%)
	 placebo										           

van den Bent	 Bevacizumab 	 78	 44.6	 21	 0: 31 (40%)	 /	 24 (31%)	 22 (28%)	 /	 Unmutated 16/78 	 Unmethylated 22/78
et al22 2018 	 10 mg/kg +		  (33.9-53.8) 	 (27%)	 1: 38 (49%)					     (21%), Mutated 48/78	 (28%), methylated
	 Temozolomide				    2: 9 (12%)					     (62%), not done/	 40/78 (51%), not
	 200 mg/m²		   							       unknown 14	 done /unknown 16
	 Temozolomide	 77	 43.1	 32	 0: 34 (44%)	 /	 22 (29%)	 27 (35%)	 /	 Unmutated 14/77	 Unmethylated 12/77
	 200 mg/m²		  (34.5-49.0)	  (42%)	 1: 35 (45%)					     (18%), Mutated 53/77	 16%), methylated
					     2: 8 (10%)					     (69%), not done/	 (51/77 (66%), not done/
										          unknown 10	 unknown 14

Abbreviations: ECOG PS, Eastern Cooperative Oncology Group performance status; IDH, isocitrate dehydrogenase; MGMT, 06-methylguanine-DNA-methyltransferase.
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did those treated with control. When mentioned 
the positive results of ORR and median PFS, an 
underlying mechanism may be due to the poten-
tial impact of single nucleotide polymorphisms 

(SNPs). The previous results showed that the 
level of SNPs in the VEGF and VEGFR2 pro-
moter regions were closely related to an up-reg-
ulated SPF26,27. Another possible enhancement 

Figure 2. Risk of bias graph (A) and summary (B).

Figure 1. Flowchart of the 
study selection.



T. Zhang, Q. Xin, J.-M. Kang

6486

effect in PFS may be due to the normalization 
of abnormal tumor vessels and thus increase 
tumor blood perfusion and improve outcomes by 
controlling vasogenic brain edema28. Of note, a 
previous study29 showed that the early change of 
collagen II was inversely related to the outcome 
of PFS in newly diagnosed GBM patients. Alto-

gether, the ameliorative cerebral blood flow, im-
proved tumor control, and relieving of vasogenic 
brain edema are vital factors to influence the 
activity of anti-VEGF drugs and further affect 
the survival outcomes. 

Furthermore, the OS outcome applied to first 
or second-line therapy in our systematic review 

Figure 3. Forest plot of ORR in glioblastoma between bevacizumab and control groups. A, All of the studies were included. 
B, The study of van den 2018 was removed. ORR, objective response rate; Bev, bevacizumab.

Figure 4. Forest plot of median PFS in glioblastoma between bevacizumab and control groups. A, All of the studies were 
included. B, The study of Reardon DA 2020 was removed. PFS, progression-free survival; Bev, bevacizumab
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Figure 6. Forest plot of 6-month PFS in glioblastoma between bevacizumab and control groups. PFS, progression-free 
survival; Bev, bevacizumab.

Figure 7. Forest plot of 12-month OS in glioblastoma between bevacizumab and control groups. OS, overall survival; Bev, 
bevacizumab.

Figure 5. .Forest plot of median OS in glioblastoma between bevacizumab and control groups. OS, overall survival; Bev, 
bevacizumab.
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and meta-analysis consisted  of the BELOB trial 
and the CheckMate 134 trial20,24. In the BELOB 
phase 2 trial, the bevacizumab arm presented a 
similar median OS value (median OS: 8 VS 8 
months, respectively) compared with the lomus-
tine arm20. Moreover, another published clinical 
trial of the CheckMate 143, an RCT describing 
the effect of nivolumab versus bevacizumab in 
patients with recurrent glioblastoma, indicated 

that median OS was comparable between two 
groups: nivolumab, 9.8 months; bevacizumab, 
10.0 months24. A retrospective study by Sathorn-
sumetee et al30 demonstrated that increased ex-
pression with VEGF was not associated with 
overall survival benefits. The phenomenon of 
lacking a satisfying effect on the median OS 
may be attributed to few biomarkers for the oc-
currence of OS. Subsequently published analysis 

Figure 8. Forest plot of hypertension in glioblastoma between bevacizumab and control groups. A, Grade 3/4. B, Any grade. 
Bev, bevacizumab.

Table II. Adverse events in the included RCTs.

		  Studies	 Bevacizumab	 Control group, 	 RR
	 Adverse events 	 reporting 	 group, n/n 	 n/n	 (95% CI)*	 p-value

Any grade TRAE#	 3	 178/287	 160/273	 1.01 (0.89, 1.14)	 0.89
Grade 3/4 TRAE	 4	 103/354	 83/362	 1.30 (0.66, 2.59)	 0.45
Any grade serious TRAE	 3	 42/287 	 28/273 	 1.68 (0.61, 4.63) 	 0.32
Any grade leukopenia	 3	 72/185	 59/155	 1.13 (0.12, 10.78)	 0.92
Grade 3/4 leukopenia	 3 	 6/185	 12/153	 0.46 (0.05, 3.99) 	 0.48
Any grade proteinuria	 3	 33/189	 20/180	 1.42 (0.62, 3.24) 	 0.41
Any grade thrombocytopenia	 4	 106/248	 86/212	 1.02 (0.41, 2.58)	 0.96
Grade 3/4 thrombocytopenia	 4	 17/248	 29/212	 0.33 (0.07, 1.72)	 0.19
Any grade fatigue	 3	 116/291	 122/303	 0.95 (0.64, 1.42)	 0.82
Grade 3/4 fatigue	 3	 9/291	 11/303	 0.73 (0.07, 7.40)	 0.79
Any grade thromboembolic	 3	 7/198	 3/166	 1.72 (0.53, 5.59)	 0.37
Grade 3/4 thromboembolic	 3	 4/198	 1/166	 2.04 (0.40, 10.45)	 0.39
Any grade nausea and vomiting	 3	 36/291	 36/303	 0.99 (0.66, 1.50)	 0.98

Abbreviations: TRAE, treatment-related adverse events; RR, relative risk; CI, confidence interval.
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indicated that potential tissue biomarkers, such 
as down-regulated carbonic anhydrase 9 (CA-
9)30, or down-regulated MMP-231, may be asso-
ciated with a longer OS outcome in the patients 
with recurrent GBM. Lots of work needs to be 
proceeded to investigate the impact of specific 
predictive biomarkers of interest, especially ap-
plied to large RCTs.

Considering the safety of the bevacizumab 
treatment can directly influence the quality of 
life, we assessed the outcomes of TRAE of 
grade3/4 and any grade in the recurrent GBM 
patients treated with bevacizumab compared 
with some specific cytotoxic treatments, includ-
ing lomustine, fotemustine, nivolumab, or temo-
zolomide. The result in our systematic review 
and meta-analysis showed that the most common 
adverse event associated TRAE is increased risk 
of hypertension. The risks of remained men-
tioned adverse events, such as leukopenia, pro-
teinuria and thrombocytopenia were similar be-
tween two groups. It has been demonstrated the 
SNPs on VEGF promoters may relate to safety 
indicators26. Therefore, clinical and laboratory 
monitoring is essential to avoid adverse events 
of bevacizumab.

There are some limitations shown in our 
meta-analysis. With included 5 RCTs, we drew 
the result that seems to lack efficient evidence 
owing to excluded single-arm trials, non-RCTs 
that may provide meaningful survival out-
comes. So, the selection bias may lead to 
underestimated or overstated outcomes of our 
interest. In addition, some trials of IDH classi-
fication were not provided, which may restrict 
our accurate interpretation of the outcomes. 
Therefore, we expect more and larger RCTs to 
confirm the effects of bevacizumab in recur-
rent GBM patients. 

Conclusions

The most valuable matter that we can acknowl-
edge is that bevacizumab can effectively increase 
the rate of objective response and longer median 
progression-free survival in patients with recur-
rent GBM, but it didn’t provide a beneficial effect 
on overall survival. Furthermore, hypertension 
is the most common adverse event after bevaci-
zumab treatment. Altogether, many explorations 
needed to be conducted to verify the effects of 
bevacizumab of interest in recurrent GBM pa-
tients.

Conflict of Interest
The Authors declare that they have no conflict of interests.

Acknowledgements
We thank all authors whose publications could be included 
in our meta-analysis.

Ethical Statement 
Ethics statement was not required since the research is a 
systemic review and meta-analysis of previously published 
studies.

Funding
This manuscript did not receive any funding.

Data Availability Statement
All data generated or analyzed during this study are includ-
ed in this article..

Authors’ Contribution
Jianmin Kang designed the study. Tai Zhang and Qing Xin 
searched and collected the data. Tai Zhang and Qing Xin 
analyzed the results. Tai Zhang drafted the manuscript..

References

  1)	 Ostrom QT, Gittleman H, Truitt G, Boscia A, Kruc-
hko C, Barnholtz-Sloan JS. CBTRUS Statistical 
Report: Primary Brain and Other Central Nervous 
System Tumors Diagnosed in the United States in 
2011-2015. Neuro Oncol 2018; 20: iv1-iv86.

  2)	 Tan AC, Ashley DM, López GY, Malinzak M, 
Friedman HS, Khasraw M. Management of glio-
blastoma: State of the art and future directions. 
CA Cancer J Clin 2020; 70: 299-312. 

  3)	 Stupp R, Mason WP, van den Bent MJ, Weller 
M, Fisher B, Taphoorn MJ, Belanger K, Brandes 
AA, Marosi C, Bogdahn U, Curschmann J, Janzer 
RC, Ludwin SK, Gorlia T, Allgeier A, Lacombe D, 
Cairncross JG, Eisenhauer E, Mirimanoff RO, Eu-
ropean Organisation for Research and Treatment 
of Cancer Brain Tumor and Radiotherapy Groups. 
National Cancer Institute of Canada Clinical Trials 
Group. Radiotherapy plus concomitant and ad-
juvant temozolomide for glioblastoma. N Engl J 
Med 2005; 352: 987-996.

  4)	 Stupp R, Hegi ME, Mason WP, van den Bent MJ, 
Taphoorn MJ, Janzer RC, Ludwin SK, Allgeier A, 
Fisher B, Belanger K, Hau P, Brandes AA, Gijten-
beek J, Marosi C, Vecht CJ, Mokhtari K, Wessel-
ing P, Villa S, Eisenhauer E, Gorlia T, Weller M, 
Lacombe D, Cairncross JG, Mirimanoff RO, Eu-



T. Zhang, Q. Xin, J.-M. Kang

6490

ropean Organisation for Research and Treatment 
of Cancer Brain Tumour and Radiation Oncology 
Groups, National Cancer Institute of Canada Clin-
ical Trials Group. Effects of radiotherapy with con-
comitant and adjuvant temozolomide versus ra-
diotherapy alone on survival in glioblastoma in a 
randomised phase III study: 5-year analysis of the 
EORTC-NCIC trial. Lancet Oncol 2009; 10: 459-
466. 

  5)	 Dolecek TA, Propp JM, Stroup NE, Kruchko C. 
CBTRUS statistical report: primary brain and cen-
tral nervous system tumors diagnosed in the Unit-
ed States in 2005-2009. Neuro Oncol 2012; 14: 
v1-49. 

  6)	 Gilbert MR, Wang M, Aldape KD, Stupp R, Hegi 
ME, Jaeckle KA, Armstrong TS, Wefel JS, Won 
M, Blumenthal DT, Mahajan A, Schultz CJ, Err-
idge S, Baumert B, Hopkins KI, Tzuk-Shina T, 
Brown PD, Chakravarti A, Curran WJ Jr, Mehta 
MP. Dose-dense temozolomide for newly diag-
nosed glioblastoma: a randomized phase III clini-
cal trial. J Clin Oncol 2013; 31: 4085-4091. 

  7)	 Lu-Emerson C, Duda DG, Emblem KE, Tay-
lor JW, Gerstner ER, Loeffler JS, Batchelor TT, 
Jain RK. Lessons from anti-vascular endothe-
lial growth factor and anti-vascular endothelial 
growth factor receptor trials in patients with glio-
blastoma. J Clin Oncol 2015; 33: 1197-1213. 

  8)	 Le Rhun E, Preusser M, Roth P, Reardon DA, van 
den Bent M, Wen P, Reifenberger G, Weller M. 
Molecular targeted therapy of glioblastoma. Can-
cer Treat Rev 2019; 80: 101896. 

  9)	 Reinmuth N, Heigener D, Reck M. Novel angio-
genesis inhibitors in nonsmall cell lung cancer. 
Curr Opin Oncol 2015; 27: 79-86. 

10)	 Komiyama S, Kugimiya T, Takeya C, Takahashi R, 
Kubushiro K. Platinum-resistant recurrent ovarian 
cancer with long survival on bevacizumab and 
gemcitabine. J Obstet Gynaecol Res 2018; 44: 
1330-1334.

11)	 Lu KV, Chang JP, Parachoniak CA, Pandika MM, 
Aghi MK, Meyronet D, Isachenko N, Fouse SD, 
Phillips JJ, Cheresh DA, Park M, Bergers G. 
VEGF inhibits tumor cell invasion and mesenchy-
mal transition through a MET/VEGFR2 complex. 
Cancer Cell 2012; 22: 21-35. 

12)	 Cohen MH, Shen YL, Keegan P, Pazdur R. FDA 
drug approval summary: bevacizumab (Avas-
tin) as treatment of recurrent glioblastoma multi-
forme. Oncologist 2009; 14: 1131-1138. 

13)	 Zhang G, Huang S, Wang Z. A meta-analysis of 
bevacizumab alone and in combination with irino-
tecan in the treatment of patients with recurrent 
glioblastoma multiforme. J Clin Neurosci 2012; 
19: 1636-1640. 

14)	 Gilbert MR, Sulman EP, Mehta MP. Bevacizumab 
for newly diagnosed glioblastoma. N Engl J Med 
2014; 370: 2048-2049. 

15)	 Wick W, Gorlia T, Bendszus M, Taphoorn M, 
Sahm F, Harting I, Brandes AA, Taal W, Domo-
nt J, Idbaih A, Campone M, Clement PM, Stupp 

R, Fabbro M, Le Rhun E, Dubois F, Weller M, von 
Deimling A, Golfinopoulos V, Bromberg JC, Plat-
ten M, Klein M, van den Bent MJ. Lomustine and 
Bevacizumab in Progressive Glioblastoma. N En-
gl J Med 2017; 377: 1954-1963. 

16)	 Friedman HS, Prados MD, Wen PY, Mikkelsen 
T, Schiff D, Abrey LE, Yung WK, Paleologos N, 
Nicholas MK, Jensen R, Vredenburgh J, Huang J, 
Zheng M, Cloughesy T. Bevacizumab alone and 
in combination with irinotecan in recurrent glio-
blastoma. J Clin Oncol 2009; 27: 4733-4740. 

17)	 Wick W, Gorlia T, Bendszus M, Taphoorn M, 
Sahm F, Harting I, Brandes AA, Taal W, Domo-
nt J, Idbaih A, Campone M, Clement PM, Stupp 
R, Fabbro M, Le Rhun E, Dubois F, Weller M, von 
Deimling A, Golfinopoulos V, Bromberg JC, Plat-
ten M, Klein M, van den Bent MJ. Lomustine and 
Bevacizumab in Progressive Glioblastoma. N En-
gl J Med 2017; 377: 1954-1963. 

18)	 Heiland DH, Masalha W, Franco P, Machein MR, 
Weyerbrock A. Progression-free and overall sur-
vival in patients with recurrent Glioblastoma mul-
tiforme treated with last-line bevacizumab versus 
bevacizumab/lomustine. J Neurooncol 2016; 126: 
567-575. 

19)	 Moher D, Liberati A, Tetzlaff J, Altman DG, PRIS-
MA Group. Preferred reporting items for system-
atic reviews and meta-analyses: the PRISMA 
statement. PLoS Med 2009; 6: e1000097. 

20)	 Taal W, Oosterkamp HM, Walenkamp AM, Dub-
bink HJ, Beerepoot LV, Hanse MC, Buter J, 
Honkoop AH, Boerman D, de Vos FY, Dinjens 
WN, Enting RH, Taphoorn MJ, van den Berk-
mortel FW, Jansen RL, Brandsma D, Bromberg 
JE, van Heuvel I, Vernhout RM, van der Holt B, 
van den Bent MJ. Single-agent bevacizumab or 
lomustine versus a combination of bevacizum-
ab plus lomustine in patients with recurrent glio-
blastoma (BELOB trial): a randomised controlled 
phase 2 trial. Lancet Oncol 2014; 15: 943-953. 

21)	 Brandes AA, Finocchiaro G, Zagonel V, Reni M, 
Caserta C, Fabi A, Clavarezza M, Maiello E, Eoli 
M, Lombardi G, Monteforte M, Proietti E, Agati R, 
Eusebi V, Franceschi E. AVAREG: a phase II, ran-
domized, noncomparative study of fotemustine or 
bevacizumab for patients with recurrent glioblas-
toma. Neuro Oncol 2016; 18: 1304-1312.

22)	 van den Bent MJ, Klein M, Smits M, Reijneveld 
JC, French PJ, Clement P, de Vos FYF, Wick A, 
Mulholland PJ, Taphoorn MJB, Lewis J, Weller M, 
Chinot OL, Kros JM, de Heer I, Verschuere T, Co-
ens C, Golfinopoulos V, Gorlia T, Idbaih A. Bev-
acizumab and temozolomide in patients with first 
recurrence of WHO grade II and III glioma, with-
out 1p/19q co-deletion (TAVAREC): a randomised 
controlled phase 2 EORTC trial. Lancet Oncol. 
2018 Sep;19(9):1170-1179. 

23)	 Brandes AA, Gil-Gil M, Saran F, Carpentier AF, 
Nowak AK, Mason W, Zagonel V, Dubois F, Fin-
occhiaro G, Fountzilas G, Cernea DM, Chinot O, 
Anghel R, Ghiringhelli F, Beauchesne P, Lombar-
di G, Franceschi E, Makrutzki M, Mpofu C, Urban 



Bevacizumab for recurrent glioblastoma: a systematic review and meta-analysis

6491

HJ, Pichler J. A Randomized Phase II Trial (TA-
MIGA) Evaluating the Efficacy and Safety of Con-
tinuous Bevacizumab Through Multiple Lines of 
Treatment for Recurrent Glioblastoma. Oncolo-
gist 2019; 24: 521-528.

24)	 Reardon DA, Brandes AA, Omuro A, Mulholland 
P, Lim M, Wick A, Baehring J, Ahluwalia MS, Roth 
P, Bähr O, Phuphanich S, Sepulveda JM, De Sou-
za P, Sahebjam S, Carleton M, Tatsuoka K, Taitt 
C, Zwirtes R, Sampson J, Weller M. Effect of 
Nivolumab vs Bevacizumab in Patients With Re-
current Glioblastoma: The CheckMate 143 Phase 
3 Randomized Clinical Trial. JAMA Oncol 2020; 6: 
1003-1010. 

25)	 Ferrara N, Hillan KJ, Novotny W. Bevacizumab 
(Avastin), a humanized anti-VEGF monoclonal 
antibody for cancer therapy. Biochem Biophys 
Res Commun 2005; 333: 328-335. 

26)	 Galanis E, Anderson SK, Lafky JM, Uhm JH, Gi-
annini C, Kumar SK, Kimlinger TK, Northfelt DW, 
Flynn PJ, Jaeckle KA, Kaufmann TJ, Buckner JC. 
Phase II study of bevacizumab in combination 
with sorafenib in recurrent glioblastoma (N0776): 
a north central cancer treatment group trial. Clin 
Cancer Res 2013; 19: 4816-4823. 

27)	 Batchelor TT, Sorensen AG, di Tomaso E, Zhang 
WT, Duda DG, Cohen KS, Kozak KR, Cahill DP, 
Chen PJ, Zhu M, Ancukiewicz M, Mrugala MM, 
Plotkin S, Drappatz J, Louis DN, Ivy P, Scad-
den DT, Benner T, Loeffler JS, Wen PY, Jain RK. 
AZD2171, a pan-VEGF receptor tyrosine kinase 

inhibitor, normalizes tumor vasculature and allevi-
ates edema in glioblastoma patients. Cancer Cell 
2007; 11: 83-95. 

28)	 Field KM, Jordan JT, Wen PY, Rosenthal MA, 
Reardon DA. Bevacizumab and glioblastoma: sci-
entific review, newly reported updates, and ongo-
ing controversies. Cancer 2015; 121: 997-1007. 

29)	 Gerstner ER, Eichler AF, Plotkin SR, Drappatz 
J, Doyle CL, Xu L, Duda DG, Wen PY, Jain RK, 
Batchelor TT. Phase I trial with biomarker stud-
ies of vatalanib (PTK787) in patients with newly 
diagnosed glioblastoma treated with enzyme in-
ducing anti-epileptic drugs and standard radia-
tion and temozolomide. J Neurooncol 2011; 103: 
325-332. 

30)	 Sathornsumetee S, Cao Y, Marcello JE, Herndon 
JE 2nd, McLendon RE, Desjardins A, Friedman 
HS, Dewhirst MW, Vredenburgh JJ, Rich JN. Tu-
mor angiogenic and hypoxic profiles predict ra-
diographic response and survival in malignant as-
trocytoma patients treated with bevacizumab and 
irinotecan. J Clin Oncol 2008; 26: 271-278. 

31)	 Batchelor TT, Duda DG, di Tomaso E, An-
cukiewicz M, Plotkin SR, Gerstner E, Eichler AF, 
Drappatz J, Hochberg FH, Benner T, Louis DN, 
Cohen KS, Chea H, Exarhopoulos A, Loeffler JS, 
Moses MA, Ivy P, Sorensen AG, Wen PY, Jain 
RK. Phase II study of cediranib, an oral pan-vas-
cular endothelial growth factor receptor tyrosine 
kinase inhibitor, in patients with recurrent glio-
blastoma. J Clin Oncol 2010; 28: 2817-2823.


