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Abstract
Objective  To evaluate the benefit of bevacizumab under the comprehensive treatment strategy and its advantages 
over other drugs, so as to provide reference for the formulation of clinical plans.

Methods  As of October 1, 2022, the randomized controlled clinical trials of bevacizumab in combination with 
metastatic colorectal cancer published in PubMed, Cochrane Library and Medline databases were searched. The odds 
ratio (OR) and its 95% confidence interval (CI) were used to evaluate the short-term disease control effect and long-
term survival of the treatment strategy.

Results  21 RCTs (6665 patients; 3356 patients in the experimental group and 3309 patients in the control group; 
average age, 55–75 years) were treated with bevacizumab as the experimental group for metastatic colorectal cancer. 
BEV has stronger anti-tumor activity than the single treatment scheme (OR = 1.30, 95% CI: 1.11–1.52). And Benefits of 
the BEV group were 0.73 (0.55, 0.96), 1.26 (0.71, 2.24), 1.63 (0.92, 2.87) and 0.07 (0.02, 0.25) compared with CET, VAN, 
CED and PAN respectively. The disease control of BEV combined therapy was better (OR = 1.36, 95% CI: 1.04–1.78). The 
same as compared with cediranib (OR = 1.94, 95% CI: 1.06–3.55). However, the long-term prognosis of BEV, including 
the overall survival (HRs = 0.98, 95% CI: 0.84–1.15) and progression-free survival (HRs = 1.05,95% CI: 0.97–1.13) were not 
prolonged. The survival benefits of cetuximab and panitumumab were not reflected.

Conclusion  The addition of BEV can enhance the anti-tumor ability and disease control, while cetuximab and 
panitumumab may have stronger ability. However, it did not effectively improve the survival of patients. A more 
reasonable and effective treatment plan needs more clinical experimental support.
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Introduction
Colorectal cancer is one of the most common malig-
nant tumors of digestive tract in the world [1]. More 
than 1.8  million cases of colorectal cancer were diag-
nosed in 2018, making it the third most common cancer 
in the world, accounting for 10% of all cancer diagnoses 
[2]. Nearly 25% of colon cancer is diagnosed as stage II 
in western countries [3]. Over the past 20 years, great 
progress has been made in the treatment of colorectal 
cancer. The median survival of patients with metastatic 
colorectal cancer (mCRC) receiving multimodal ther-
apy can reach 30 or more months, but the prognosis of 
patients with metastatic colorectal cancer still need to be 
improved [4, 5].

For a long time, the choice of first-line treatment plan 
was a key step in the treatment route of every patient with 
mCRC. In the past few years, the combination of dual 
chemotherapy drugs (fluoropyrimidine plus irinotecan or 
oxaliplatin) and targeted drugs were the first choice for 
most patients [6]. In a multi-center international study, it 
was evaluated that the 5-year and 10-year overall survival 
rates (OSR) of patients with high-risk phase II CC were 
88% and 75%, respectively, when oxaliplatin was added on 
the basis of fluorouracil and under the adjuvant folic acid, 
fluorouracil and oxaliplatin (FOLFOX) chemotherapy 
[7, 8]. Several promising therapeutic methods including 
chemotherapy and molecular agents targeting epidermal 
growth factor receptor (EGFR) and vascular endothelial 
growth factor (VEGF) have been reported [9–12]. These 
reports suggested that targeted drug combination che-
motherapy can improve the rate and efficiency of hepa-
tectomy, thereby improving the progression-free survival 
(PFS) and overall survival (OS) of patients.

Bevacizumab, an anti human vascular endothelial 
growth factor, was subsequently approved to be com-
bined with fluorouracil in the treatment of patients with 
metastatic colorectal cancer [13, 14]. Bevacizumab could 
increase the activity of multi-drug therapy and fluoropy-
rimidine monotherapy in the case of metastasis. Advan-
tage of bevacizumab combined with chemotherapy in 
metastatic colorectal cancer patients may be due to the 
increased sensitivity of tumor cells to chemotherapy, or 
the better distribution of chemotherapy drugs in tumors 
[14–16]. But its front-line cooperation with FOLFOX 
and other drugs has been questioned [17]. The compari-
son between BEV to placebo and BEV to CET and PAN 
may indeed confused. Therefore, we aim to conduct a 
meta-analysis of randomized controlled trials (RCTs) of 
bevacizumab combined with multiple protocols for the 
treatment of metastatic colorectal cancer, and compare 
the efficacy of bevacizumab compared with placebo or 
other drugs for the treatment of metastatic colorectal 
cancer, so as to provide more optional basis for the clini-
cal treatment of metastatic colorectal cancer.

Materials and methods
Search Strategy
We follow the Preferred Report Item for Systematic 
Reviews and Meta-analyses statement to perform the 
meta-analysis. As of October 1, 2022, we have conducted 
a systematic search on medical databases (PubMed, 
Medline and Cochrane Library). Language was restricted 
English only. The following search keywords were used: 
“Colorectal Neoplasm”, “Colorectal Tumors”, “Colorectal 
Cancers”, “Rectal Neoplasms” and “Bevacizumab”, “Anti-
neoplastic Chemotherapy Protocol”, “Antineoplastic Drug 
Combinations”, “Combined Antineoplastic Agent”. We 
also searched the bibliography of confirmed reports for 
more references. Two researchers jointly completed this 
search process.

Inclusion and exclusion criteria
The inclusion criteria were as follows:

(a)	Randomized controlled trials;
(b)	Adult patients with mCRC confirmed histologically 

or cytologically (age > = 18 years);
(c)	The experimental group was assigned a combination 

of bevacizumab therapy, control group was allocated 
placebo or other;

(d)	Basic characteristics for patients were described, and 
the primary outcome were ORR, CRR, DCR, OS, 
PFS, etc.

The exclusion criteria were as follows:

(a)	Patients who had received adjuvant therapy in the 
first month of grouping were excluded;

(b)	History of stroke, transient ischemic attacks, 
myocardial infarction/unstable angina, significant 
peripheral vascular disease, bleeding diathesis, 
uncontrolled hypertension, grade > 1 neuropathy, and 
allergy to platinum compounds;

(c)	Animal experiments, reviews, abstracts, reviews, 
reports;

(d)	Specific patient population (elderly or patients 
with liver metastasis only) or treatment methods 
(induction therapy with anti EGFR (epidermal 
growth factor receptor) antibody).

Data extraction and Quality Assessment
Screening and data extraction were conducted in dupli-
cate by two investigators (Hu and Liu) independently. 
Any differences were resolved through discussion or con-
sultation with other researchers. The data was wxtracted 
including name of the first author, year of publication, 
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sample size, average age of patients, disease stage, inter-
vention and control strategies, follow-up and main 
results such as objective response rate (ORR), disease 
control rate (DCR), overall survival (OS) and median 
progression-free survival (PFS). For those studies that did 
not give a specific effect value, it was calculated based on 
the effect and number of people given the treatment. In 
order to get enough information, we downloaded the full 
text. If in doubt, please ask the original author for help. 
Jadad scale, which assessing data related to randomiza-
tion, blinding, and study withdrawal, was used to evalu-
ate the methodological quality of selected randomized 
clinical trials [18]. The evaluation content of the scale 
are generation of random sequence, randomized hiding, 
blind methods and withdrawal and loss of interview. Full 
score of a randomized controlled trial was 7. Randomized 
controlled trials with scores > = 4 were considered to be of 
good quality and can be included in the meta-analysis.

Statistical analysis
Based on the recommendations of the Cochrane col-
laboration, quantitative synthesis of the indicators were 
included in the study. The data was pooled by con-
ducting meta-analysis. If data were allowed, Stata 16.0 
software(Stata Corporation, College Station, TX) would 
be used. We summarized the main results of the experi-
mental group and the control group to obtain the efficacy 
of bevacizumab in multiple comprehensive therapies. 
Random-effects model was used for meta-analysis con-
sidering potential sources of clinical heterogeneity. When 
I2 ˃ 50%, subgroup analysis based on baseline, interven-
tion and/or sensitivity analysis eliminate studies one by 
one would be conducted to explore the source of het-
erogeneity [19, 20]. Small sample effect and publication 
bias were detected by funnel plots and statistical tests, 
respectively.

Results
Search results
According to the pre-screening strategy, 21 randomized 
clinical trial were included in this study by two research-
ers [14, 21–40]. Figure  1 showed the whole process of 
selecting documents. The main characteristics of each 
study were summarized in Table 1. There were 6665 par-
ticipants, including 3356 in the experimental group and 
3309 in the control group. Their overall average age was 
between 55 and 75 years. We also checked the gender 
ratio, Tumor site (colon/rectum), BRAS mutation sta-
tus (mutant/wild type) and ECOG (Eastern Cooperative 
Oncology Group) status (An important index for evalu-
ating the general health status of tumor patients) of the 
selected personnel, and identified the comparability. 
FOLFIRI scheme and FOLFOX scheme were the most 
commonly used schemes, in addition to CAP and CT 

therapy. The experimental group only added appropriate 
dose of bevacizumab on the basis of the control group. 
In addition, cetuximab (CET), vanucizumab (VAN), 
cediranib (CED), panitumumab (PAN) were also used 
as the control group for comparison with bevacizumab 
(Table  2). Supplement Table  1 showed all results of our 
evaluation on the methodological quality of the random-
ized clinical trials. Randomization concealment, loss of 
interview and withdrawal were their main defects. How-
ever, Jadad rated them all at or above 4. Therefore, they 
entered the meta comprehensive analysis.

Objective remission rate (ORR)
18 randomized clinical trials described objective remis-
sion rates for metastatic colorectal cancer in the experi-
mental and control groups. Heterogeneity analysis 
showed that I2 = 66.1%, P < 0.05. Random effect model 
was used for meta-analysis. OR = 1.04, 95% CI: 0.83–1.30, 
P = 0.747 (Fig.  2). This showed that the experimental 
group only adding bevacizumab did not have complete 
advantages, which enhanced the anti-tumor activity of 
the comprehensive treatment scheme. Subsequently, we 
used a fixed-effect model to pool estimates of those pla-
cebo-controlled studies except when significant hetero-
geneity was found according to a random-effects model. 
The results of fixed effects showed that OR = 1.29, 95% CI: 
1.10–1.50, P = 0.001 (Fig. 3). Advantage was found in the 
experimental group. It was worth noting that the study of 
Dotan was confirmed that the experimental group was a 
double antibody group (BEV + CET) with poor therapeu-
tic effect. After removing this study, OR = 1.30, 95% CI: 
1.11–1.52, P = 0.001. This showed that bevacizumab can 
indeed enhance the anti-tumor activity of drug therapy.

We also conducted a meta-analysis of studies that were 
controlled by other drugs. The results of random effects 
showed that OR = 0.77, 95% CI: 0.52–1.14, P = 0.186 
(Fig.  4). No advantage of the experimental group was 
found. Benefits of the BEV group were 0.73 (0.55, 0.96), 
1.26 (0.71, 2.24), 1.63 (0.92, 2.87) and 0.07 (0.02, 0.25) 
compared with CET, VAN, CED and PAN respectively. It 
meant that the addition of CET and PAN is more effec-
tive than that of BEV alone. No advantages were found 
in VAN and CED compared to BEV. We also used fixed 
effect model and random effect model for mutual verifi-
cation to ensure the stability and accuracy of the above 
analysis results. Egger’s test showed that there was no 
publication bias (P > 0.05).

Disease control rate (DCR)
Data on disease control rates from eight studies were 
extracted for meta-analysis. The fixed effect model was 
used for fitting (I2 = 0%, p = 0.712). OR = 1.36, 95% CI: 
1.04–1.78, P = 0.024 (Fig.  5). The experimental group 
added bevacizumab performed better than the control 
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group in disease control. Benefits of BEV were 1.13 (0.77, 
1.66), 1.71 (0.97, 3.00), 1.94 (1.06, 3.55) and 0.92 (0.36, 
2.31) compared with Placebo, CET, CED and PAN. This 
meant that The addition of BEV is better than the addi-
tion of CED. However, the impact of PAN, CET and BEV 
on the anti-tumor ability was not different compared to 
the addition of BEV. The use of random effects models 
mutually confirms the above conclusions. No publication 
bias and small sample bias were found through statistical 
tests.

Overall survival(OS)
11 studies described differences in overall survival 
between experimental and control groups. Heterogene-
ity analysis showed that I2 = 58.5%, P = 0.010. Therefore, 
the random effect model was used to fit the final results. 
HRs = 0.98, 95% CI: 0.84–1.15, P = 0.822, Fig. 6. This indi-
cated that the total survival period has not been pro-
longed by the addition of BEV. HRs of placebo, CET and 
PAN as controls were 1.13 (0.91, 1.42), 0.84 (0.75, 0.94) 

and 0.86 (0.56, 1.32), respectively. This meant that CET 
had a longer overall survival than BEV alone, and BEV 
was not better than placebo and PAN. No publication 
bias and small sample bias were found through statistical 
tests.

Progression-free survival (PFS)
10 studies described differences in progression-free sur-
vival between experimental and control groups. Het-
erogeneity analysis showed that I2 = 27.0%, P = 0.187. 
Therefore, the fixed effect model was used to fit the final 
results. HRs = 1.05, 95% CI: 0.97–1.13, P = 0.238, Fig.  7. 
This indicated that the addition of BEV did not prolong 
the progression-free survival. HRs of placebo, CET, CED 
and PAN as controls were 1.20 (1.06, 1.37), 0.93 (0.83, 
1.04), 1.22 (0.91, 1.64) and 0.88 (0.60, 1.29), respectively. 
This meant that the addition of BEV will prolong the pro-
gression-free survival. There was no difference between 
CED and PAN compared with CET.

Fig. 1  Screening flow chart of included studies
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Sensitivity analysis
Some of the included research methodologies had low 
quality evaluation. It was restricted that studies with a 
study quality ≥ 5 can be included in the meta-analysis as 

sensitivity analysis. Hazard ratio for objective remission 
rate and disease control rate were OR = 1.00 (95% CI: 
0.80–1.24) and OR = 1.55 (95% CI: 1.13–2.12) respec-
tively. Which was consistent with the initial research 
results. The addition of BEV made disease control prof-
itable. We also analyzed the hazard ratio for overall sur-
vival and progression-free survival, OR = 0.89 (95% CI: 
0.80–0.99) and OR = 1.02 (95% CI: 0.94–1.11) respec-
tively. This even meant that the addition of BEV cannot 
improve the overall survival period. There was no dif-
ference between fixed effect and random effect mod-
els. These results are recorded in the supplementary 
materials.

Discussion
Chemotherapy has become the first choice of treatment 
when colorectal cancer can not be eradicated or dis-
tant metastasis occurs [41]. However, it is said that only 
30% of patients receiving chemotherapy can achieve the 
desired effect, and most patients often have poor progno-
sis [42]. Therefore, it is inevitable for clinicians to choose 
more beneficial treatment strategies. BEV is the first 
monoclonal antibody used to treat metastatic colorectal 

Table 2  Effect and prognosis of colorectal cancer patients 
compared to BEV addition
Outcomes Control Number of 

study
Effect and 
95%CI

I2 P

ORR Placebo 4 0.73(0.55,0.96) 42.7% 0.155

VAN 1 1.26(0.71,2.24) - -

CED 2 1.63(0.92,2.87) 0% 0.922

PAN 1 0.07(0.02,0.25) - -

DCR Placebo 4 1.13(0.77,1.66) 0% 0.941

CET 2 1.71(0.97,3.00) 0% 0.320

CED 2 1.94(1.06,3.55) 0% 0.374

PAN 1 0.92(0.36,2.31) - -

OS Placebo 6 1.13(0.91,1.42) 56.2% 0.044

CET 3 0.84(0.75,0.94) 0% 0.511

PAN 1 0.86(0.56,1.32) - -

PFS Placebo 5 1.20(1.06,1.37) 0% 0.690

CET 3 0.93(0.83,1.04) 0% 0.752

CED 2 1.22(0.91,1.64) 0% 0.764

PAN 1 0.88(0.60,1.29) - -

Fig. 2  ORR to the combination of bevacizumab for Metastatic colorectal cancer
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cancer, which can specifically bind VEGF to inhibit the 
production of vascular endothelial growth [43, 44]. Pre-
vious studies have shown that FOLFOX + BEV treatment 
strategy is superior to a single FOLFOX strategy [45]. 
However, the benefit of bevacizumab in a broader com-
prehensive treatment scheme was not clear.

In this study, we found that the anti-tumor activity of 
BEV added to the comprehensive treatment strategy does 

not always occupy an absolute advantage (OR = 1.04, 95% 
CI: 0.83–1.30). As the first certified monoclonal anti-
body, bevacizumab has certain advantages. Bevacumab 
maintained its benefits under any treatment regimen 
(OR = 1.29, 95% CI: 1.10–1.50). It should be noted that 
the treatment strategy of double antibody is not recom-
mended (OR = 0.41, 95% CI: 0.08–2.19).Trial was forced 
to stop due to the continuous progress of tumor. In our 

Fig. 4  ORR to the bevacizumab combination compared with other drugs for Metastatic colorectal cancer

 

Fig. 3  ORR to the bevacizumab combination compared with placebo for Metastatic colorectal cancer
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Fig. 6  OSR to the bevacizumab combination compared with other drugs for Metastatic colorectal cancer

 

Fig. 5  DCR to the bevacizumab combination compared with other drugs for Metastatic colorectal cancer
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study, we found that compared with bevacizumab, cetux-
imab (OR = 0.73, 95% CI: 0.55–0.96) and panitumumab 
(OR = 0.07, 0.02–0.25) were more effective in anti-tumor 
treatment. In particular, cetuximab can enhance the 
efficacy of irinotecan and radiotherapy in experimental 
systems [46]. On the basis of this, paniximab has poten-
tial therapeutic value [47–49]. However, the dosage of 
bevacizumab is different even under different treatment 
strategies. This makes the use and benefit of antibody 
controversial. The same is true for the ability to control 
disease progression, and bevacizumab still has great ben-
efits (OR = 1.36, 1.04–1.78). Even in the face of cetuximab 
and paniximab, it is not inferior.

The marginal benefit of combination with oxaliplatin, 
which has no effect on PFS but no effect on OS, seems 
to be applicable to other trials involving VEGF inhibi-
tors. Our research evidence may reinforce the impression 
that oxaliplatin may not be an ideal partner for such tar-
get inhibitors, which is similar to the results of the recent 
two studies [50, 51]. Therefore, the available data are 
insufficient to draw a conclusion on whether the addition 
of bevacizumab (especially FOLFOX) to oxaliplatin based 
protocols is beneficial to patients who have not received 
chemotherapy [52].

First line treatment should also be considered as a 
potential source of bias. A trial of oxaliplatin based 

first-line therapy versus maintenance versus observation 
alone demonstrated: maintenance therapy had no signifi-
cant effect on prolonging OS. The irinotecan based com-
bination bevacizumab maintenance therapy prolonged 
OS. However the use of oxaliplatin has cumulative toxic-
ity, especially neurotoxicity. The use of irinotecan based 
chemotherapy may be more feasible than oxaliplatin 
based chemotherapy, and more clinical trials on mainte-
nance therapy are needed for further confirmation.

Although this study did not show higher fatal adverse 
events, a recent meta-analysis involving 16 clinical tri-
als of bevacizumab in solid tumors showed a significant 
increase in treatment-related mortality (2.5% vs. 1.7%; 
P = 0.01), particularly associated with taxanes and plati-
num agents (OR = 3.49; 95% CI: 1.82–6.66; incidence, 
3.3% vs. 1.0%) [53].

The present study also has certain shortcomings that 
warrant attention. First, we restricted the search engines 
and databases to Pubmed, MEDLINE, and the Cochrane 
Library, which may have limited the number of high-
quality rcts searched, thereby weakening the reliability 
of the results. Second, the included articles were not of 
high quality and lacked detailed description of allocation 
concealment and blinding, warranting further studies 
with rigorous design.Third, the included studies lacked 
data on indicators such as OS and PFS and could not be 

Fig. 7  PFSR to the bevacizumab combination compared with other drugs for Metastatic colorectal cancer
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included in the comprehensive analysis. Fourth, because 
the genotypes of Ras and BRAF patients closely related 
to targeted therapy were not examined in the included 
studies, the relationship between genotypes and chemo-
therapy could not be further analyzed, and the potential 
relationship between genotypes and chemotherapy needs 
to be further investigated in the future.

Supplementary Information
The online version contains supplementary material available at https://doi.
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