Name of journal: World Journal of Gastroenterology

ESPS Manuscript NO: 13294

Columns: META-ANALYSIS
Value of bevacizumab in the treatment of colorectal cancer: A meta-analysis

Qu CY et al. Bevacizumab in colorectal cancer
Chun-Ying Qu, Ying Zheng, Min Zhou, Yi Zhang, Feng Shen, Jia Cao, Lei-Ming Xu

Chun-Ying Qu, Ying Zheng, Min Zhou, Yi Zhang, Feng Shen, Jia Cao, Lei-Ming Xu, Department of Digestive Diseases, Xinhua Hospital Affiliated to Shanghai Jiao Tong University School of Medicine, Shanghai 200092, China

Chun-Ying Qu, Ying Zheng, Min Zhou, Yi Zhang, Feng Shen, Jia Cao, Lei-Ming Xu, Shanghai Key Laboratory of Pediatric Gastroenterology and Nutrition, Shanghai Institute of Pediatric Research, Shanghai 200092, China
Author contributions: Xu LM and Qu CY contributed to conception and design; Zhou M, Zhang Y, Shen F and Cao J were responsible for acquisition of data and analysis of data; Qu CY and Zheng Y drafted the article and revised it; Xu LM gave the final approval of the version to be published.
Correspondence to: Lei-Ming Xu, Chief Physician, Department of Digestive Diseases, Xinhua Hospital Affiliated to Shanghai Jiao Tong University School of Medicine, 1665 Kongjiang Road, Yangpu District, Shanghai 200092, China. leiming.xu@aliyun.com
Telephone: +86-21-25077120


Fax: +86-21-25077120

Received: August 15, 2014    


Revised: September 30, 2014
Accepted: October 21, 2014

Published online: 
Abstract

AIM: To assess the efficacy and safety of bevacizumab in the treatment of colorectal cancer.

METHODS: All randomized controlled trials of bevacizumab for the treatment of colorectal cancer from January 2003 to June 2013 were collected by searching the Cochrane Library, PubMed, Chinese National Knowledge Infrastructure and Wanfang databases. The primary endpoint was overall survival (OS), and the secondary endpoints were progression-free survival, overall response rate and adverse events. Two reviewers extracted data independently. Statistical analyses were performed with Stata 12.0. The degree of bias was assessed using funnel plots for the effect size of OS at the primary endpoint.
RESULTS: Following the inclusion criteria and exclusion criteria, ten studies comprising 6977 cases were finally included, of which nine were considered to be of high quality (4–7 points) and one of low quality (1-3 points). Our meta-analysis revealed the efficacy of bevacizumab in patients with colorectal cancer in terms of overall survival (HR = 0.848, 95%CI: 0.747-0.963), progression-free survival (HR = 0.617, 95%CI: 0.530-0.719), and overall response rate (OR = 1.627, 95%CI: 1.199-2.207). Regarding safety, higher rates of grade ≥ 3 hypertension, proteinuria, bleeding, thrombosis, gastrointestinal perforation were observed in the bevacizumab treatment group (P < 0.05); however, the incidence of serious toxicity was very low. And there was no publication bias in the 10 reports included in this meta-analysis.
CONCLUSION: The clinical application of bevacizumab is effective with good safety.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Bevacizumab combined with chemotherapy can provide significant survival advantage in patients with colorectal cancer. Despite the increased risk of hypertension, proteinuria, bleeding, thrombosis, gastrointestinal perforation and other adverse events, bevacizumab combined with chemotherapy deserves further promotion in future clinical work due to its low incidence of serious adverse events, excellent overall tolerance and good safety.
Qu CY, Zheng Y, Zhou M, Zhang Y, Shen F, Cao J, Xu LM. Value of bevacizumab in the treatment of colorectal cancer: A meta-analysis. World J Gastroenterol 2014; In press
INTRODUCTION
Bevacizumab (BV) is a monoclonal antibody specific for recombinant humanized vascular endothelial growth factor (VEGF). It binds to VEGF and prevents its interaction with VEGF receptors (VEGFR-1 and VEGFR-2), mediating inhibition of growth in a variety of tumors. In previous large-scale clinical studies, the survival benefit of bevacizumab therapy for colorectal cancer has proved controversial, and increased risk of hypertension, proteinuria, thrombosis, bleeding, and gastrointestinal perforation has been found[1–4]. Therefore, we conducted this meta-analysis of data collected on bevacizumab in the treatment of colorectal cancer to assess its efficacy and safety.

MATERIALS AND METHODS
Inclusion and exclusion criteria

Inclusion criteria: (1) histologically confirmed by pathology; (2) 0–2 points according to Eastern Cooperative Oncology Group (ECOG) score standard; (3) expected survival of more than three months; (4) older than 18 years of age; and (5) qualified hematology, liver and kidney function.

Exclusion criteria: (1) non-randomized controlled trials; and (2) failure to comply with any of the above inclusion criteria.

Intervention measures
Bevacizumab+ chemotherapy vs placebo (or blank control) + chemotherapy.
Retrieval strategy

Searches were performed for data recorded between January 2003 and June 2013 in the Cochrane Library, PubMed, Chinese National Knowledge Infrastructure and Wanfang databases. Additional references for the included literature were retrieved subsequently.

Keywords for retrieval were BV, colorectal cancer, randomized controlled trials and meta-analysis.

Quality evaluation of included literature

The quality of the included literature was appraised and graded according to a modified Jadad scale[5] as follows: 1-3 points, low quality; 4-7 points, high quality.

Data extraction and analysis
Hazard ratios (HR) and odds ratios (OR) were selected for the combined statistics of time event data and combined statistics of the selected data, respectively. The heterogeneity analysis was performed before combining data (heterogeneity was quantitatively analyzed using I2): heterogeneity was considered mild when I2 < 25%; heterogeneity was considered moderate when 25% ≤ I2 < 50%; heterogeneity was considered great when 50% ≤ I2 < 75%; heterogeneity was considered high when 75% ≤ I2 < 100%. The combined analysis using Stata12.0 software was performed for the data with low to moderate heterogeneity; descriptive analysis was performed for the data with high heterogeneity.

The degree of bias was assessed using funnel plots for the effect size of overall survival (OS) at the primary endpoint.
RESULTS
Retrieval results

A total of 789 publications were found in the retrieval. After reading the titles and abstracts, 681 reports of non-randomized controlled studies or those that were unrelated to our purpose were excluded. By reading the full texts of the remaining publications, eventually 10 randomized control studies[6-15] were included in accordance with the inclusion and exclusion criteria. Of these, nine reports were considered to be of high quality (4–7 points)[6,7,9-15] and one of low quality (1–3 points)[8]. The 10 studies comprised 6977 cases in total, of which 3535 cases were from treatment groups and 3442 cases were from control groups. The characteristics of the included data are shown in Table 1 and the flow chart in Supplemental Figure 1.
Main Efficacy

Effect of bevacizumab on overall survival: OS data was provided in 10 studies[6-15], of which four suggested that bevacizumab prolonged OS[8,12,13,15], five suggested that bevacizumab had no effect on OS[6,7,9-11], and one study suggested that bevacizumab treatment was associated with shortened OS[14]. The combined analysis of the 10 studies suggested moderate heterogeneity (I2 = 71.5%), and a combined HR of 0.848 (95%CI: 0.747–0 .963, P = 0.011) was obtained using a random-effects model (Figure 2).
Effect of bevacizumab on progression-free survival: Progression-free survival (PFS) data was provided in nine studies[7-15], of which eight studies suggested that bevacizumab prolonged PFS[7-13,15], and one suggested that bevacizumab treatment shortened PFS[14]. Combined analysis showed high heterogeneity of nine studies (I2 = 85.2%); thus only one study using adjuvant postoperative chemotherapy[14] resulting in potential heterogeneity was eliminated. The combined analysis of the remaining eight studies[7-13,15] revealed that heterogeneity fell to moderate levels (I2 = 70.5%), and a combined HR of 0.617 (95%CI: 0.530–0 .719, P < 0.001) was obtained using a random-effects model (Figure 3).
Effect of bevacizumab on overall response rate: Overall response rate (ORR) data was provided by nine studies[6-13,15]. Among these, the response rates in the bevacizumab treatment and control groups were 33.5% and 28.3%, respectively. Combined analysis showed moderate heterogeneity for nine studies (I2 = 73%), and a combined OR of 1.627 (95%CI: 1.199–2.207, P = 0.002) was obtained using a random-effects model (Figure 4).
Side Effects

Effect of bevacizumab on hypertension (≥ grade 3): Data for the incidence of hypertension was provided in nine studies[7-15]. The incidence of hypertension in the treatment and controls groups was 7.53%, and 1.32%, respectively. The heterogeneity of the combined results was moderate (I2 = 40.9%), and a combined OR of 4.982 (95%CI: 3.069–8 .087, P < 0.001) was obtained using a random-effects model (Figure 5).
Effect of bevacizumab on proteinuria (≥ grade 3): Data for the incidence of proteinuria was provided in seven studies[7,8,10-14]. The incidence of proteinuria in the treatment and control groups was 0.89% and 0.18%, respectively. The combined results presented little heterogeneity (I2 = 0.0%), and a combined OR of 3.856 (95%CI: 1.681–8 .848, P = 0.001) was obtained using a fixed effects model (Figure 6).
Effect of bevacizumab on bleeding (≥ grade 3): Data for the incidence of bleeding was provided in nine studies[7-15]. The incidence of bleeding in the treatment and control groups was 1.77% and 1.04%, respectively. The combined results presented low heterogeneity (I2 = 15.3%), and a combined OR of 1.933 (95%CI: 1.279–2 .922, P = 0.002) was obtained using a fixed effects model (Figure 7).
Effect of bevacizumab on thrombosis (≥ grade 3): Data for the incidence of thrombosis was provided in seven studies[7-9,11,13-15]. The incidence of thrombosis in the treatment and control groups was 5.20% and 5.83%, respectively. The meta-analysis results indicated that the heterogeneity of the combined results was high (I2 = 88.3%). The sensitivity analysis was performed using the exclusion method. After eliminating the study reported by Gramont et al[14], the heterogeneity fell to I2 = 0.0%. The high heterogeneity of these data was due to this study being conducted in postoperative patients; therefore, it was impossible to exclude the effects of the use of anticoagulants or hemostasis in the perioperative period on incidence of thrombus. By using a fixed effects model for the remaining six studies, the combined OR was 1.685 (95%CI: 1.262-2 .249, P < 0.001) (Figure 8).
Effect of bevacizumab on gastrointestinal perforation: Data for the incidence of gastrointestinal perforation was provided in eight studies provided[6,7,10–15]. The incidence of gastrointestinal perforation in the treatment and control groups was 1.02% and 0.20%, respectively. The combined results presented little heterogeneity (I2 = 0.0%), and a combined OR of 3.958 (95%CI: 1.866-8 .397, P < 0.001) was obtained using a fixed effects model (Figure 9).
Publication bias: Publication bias was assessed in terms of HR for the OS at the primary endpoint. As seen from the funnel chart shown in Figure 10, all studies were evenly distributed on both sides, thus, presenting basic symmetry. This indicated that there was no publication bias in the 10 reports included in this meta-analysis (Begg’s test, P > 0.05).
DISCUSSION
Colorectal cancer is a common malignant neoplasm of the digestive system, with approximately 1.2 million new cases reported globally each year[16], and ranking third in terms of global cancer incidence[17]. Approximately 25% of patients with colorectal cancer were found to have hepatic metastasis when initially diagnosed, and 25% of patients gradually developed liver or lung metastasis with disease progression[18]. Therefore, a safe and effective therapy for patients with colorectal cancer is urgently required. For patients in the early stages, surgery is still the most important method of treatment. However, for patients in advanced stage, most of whom are not suitable for surgery, the only remaining options are palliative therapies, such as chemotherapy, which is the most common choice, traditional Chinese medicine and biological target therapy. Common combined chemotherapy regimens include FOLFIRI[19], FOLFOX[20] and thymidylate synthase inhibitors (e.g., capecitabine)[21]. The efficiency of these regimens is only 30%-40%, even in frontline application; therefore, in order to improve the therapeutic effect for patients with colorectal cancer, molecularly targeted therapies have been developed[22], among which, combined chemotherapy has become an important choice1[]
.
Molecular targeted drugs exploit specific changes in tumor cells to achieve relative target specificity. This not only enhances the anti-cancer effect, but also reduces the damage to normal cells. Anti-angiogenic drugs have become a key to targeted therapy[23,24]. Bevacizumab is a monoclonal antibody specific for recombinant humanized vascular endothelial growth factor (VEGF), which can block signal transduction via the VEGF receptor by binding to VEGF-A. This study assessed the efficacy and safety of bevacizumab in the treatment of colorectal cancer through meta-analysis of 10 randomized controlled trials including 6977 cases. Following grading using a modified Jadad scale, nine reports were deemed to be of high quality ones (4-7 points), and one of low quality (1–3 points). Funnel plots of the data revealed no significant publication bias.

OS data was provided for all 10 randomized controlled trials, and PFS and ORR data was provided for nine trials. The combined results suggested that, in the overall patient population, bevacizumab significantly increased OS (HR = 0.848, 95%CI: 0.747–0.963), prolonged PFS (HR = 0.617, 95%CI: 0.530–0.719), and improved the ORR (OR = 1.627, 95%CI: 1.199-2 .207; all P < 0.05). These data indicated that bevacizumab treatment offers a significant survival advantage to patients with colorectal cancer.

Although studies have confirmed the survival benefit of bevacizumab, the toxic side-effects caused by bevacizumab should also be considered. According to previous reports, the most frequent adverse reactions to bevacizumab are hypertension and proteinuria, with gastrointestinal perforation being the most serious. Other side-effects include thrombosis and bleeding[1-4]. The results of our combined analysis of these adverse reactions data are consistent with previous studies. Although the incidence of gastrointestinal perforation caused by bevacizumab was increased by approximately 3-fold in the treatment group compared with that of the control group, the incidence in the eight studies included in this meta-analysis is relatively low (approximately 1%), suggesting that bevacizumab is safe and non-toxic. Compared to the control group, the treatment group has significantly higher incidences of hypertension, proteinuria, bleeding, and thrombosis (P < 0.05). Although the results showed that incidence of hypertension (≥ grade 3) in treatment group was approximately 5 times higher than that of the control group, published studies have shown that this side-effect can be controlled by oral antihypertensive[10].

Although incidence of other side-effects increased, most adverse reactions were grade 1/2, with few adverse reactions graded 3/4. Most clinical adverse reactions can be controlled, and no dose-limiting toxicity has been reported[25]. The incidence of adverse reactions can be limited by effective monitoring and prevention during the course of treatment.

The result of this meta-analysis suggests that bevacizumab combined with chemotherapy can provide significant survival advantage by prolonging OS and PFS in patients with colorectal cancer, thus improving the ORRs. Despite the increased risk of hypertension, proteinuria, bleeding, thrombosis, gastrointestinal perforation and other adverse events, bevacizumab combined with chemotherapy deserves further promotion in future clinical work due to its low incidence of serious adverse events, excellent overall tolerance and good safety.
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Table 1 Baseline characteristics of included studies

	Ref.
	Number of cases

(control group/treatment group)
	Bevacizumab treatment regimen


	Modified Jadad score

	Kabbinavar et al[9] 
	104 (36/68)
	5 mg/kg or 10 mg/kg every 14 d
	4

	Kabbinavar et al[10]
	209 (105/104)
	5 mg/kg every 14 d
	5

	Tebbutt et al[11]
	312 (156/156)
	7.5 mg/kg every 21 d
	4

	Stathopoulos  et al[6]
	224 (108/114)
	7.5 mg/kg every 21 d
	4

	Saltz et al[7]
	1400 (701/699)
	5 mg/kg every 14 d

or 7.5 mg/kg every 21 d
	6

	Hurwitz et al[12]
	813 (411/402)
	5 mg/kg every 21 d
	4

	Giantonio et al[8]
	577 (291/286)
	10 mg/kg every 14 d
	3

	Guan et al[13]
	214 (72/142)
	5 mg/kg every 14 d
	4

	Gramont et al[14]
	2306 (1151/1155)
	5 mg/kg every 14 d
	4

	Bennouna et al[15]
	820 (411/409)
	5 mg/kg every 14 d or 7.5 mg/kg every 14 d
	5


Figure 1 Forest plats of meta-analysis: Effect of bevacizumab on overall survival.
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Figure 2 Forest plats of meta-analysis: Effect of bevacizumab on progression-free survival.
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Figure 3 Forest plats of meta-analysis: Effect of bevacizumab on overall response rate.
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 Figure 4 Flow chart: The number of articles in each step.
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Figure 5 Forest plats of meta-analysis: effect of bevacizumab on grade ≥ 3 hypertension.
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Figure 6 Forest plats of meta-analysis: effect of bevacizumab on grade ≥3 proteinuria.
[image: image6.jpg]Study %

D OR (95% CI) Weight
Kabbinavar 2003 W 1445(083,25294) 262
i
Kabbinavar 2005 —-— 6.41(1.81,2276) 994
i
Tubutt 2010 - 6.16 (0.73,51.77) 444

Saltz 2008 - 3.25(1.46,7.22) 16.80
Hurwitz 2004 —-— 530 (255, 11.02) 18.13
Giantonio 2007 —.— 3.75(1.37,10.24) 13.28

Guan 222011 —_ - 6.76 (0.38, 121.80) 258
j

Gramont 2012 ; -. 11.07 (6.08, 20.15) 21.02

Bennouna 2013 —.—i 1.44 (0.45, 4.56) 1121

Overall (I-squared = 40.9%, p = 0.095) <> 4.98/(3.07,8.09) 100.00

NOTE: Weights re fom random effects analysis :

T T
00395 1 253




Figure 7 Forest plats of meta-analysis: effect of bevacizumab on grade ≥ 3 bleeding.
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Figure 8 Forest plats of meta-analysis: effect of bevacizumab on grade ≥ 3 thrombosis.
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Figure 9 Forest plats of meta-analysis: effect of bevacizumab on gastrointestinal perforation.
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Figure 10 Assessment of publication bias: All studies were evenly distributed on both sides, thus, presenting basic symmetry, indicating that there was no publication bias in the 10 reports.
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