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Aim: Bevacizumab and ramucirumab are antiangiogenic monoclonal antibodies, which target 

vascular endothelial growth factor-A and vascular endothelial growth factor receptor-2, respec-

tively, used in various cancers. Bleeding events have been described with these two agents. We 

conducted an up-to-date meta-analysis to determine the relative risk (RR) associated with the 

use of antiangiogenic monoclonal antibodies, bevacizumab and ramucirumab. 

Methods: This meta-analysis of randomized controlled trials was performed after searching 

PubMed, American Society for Clinical Oncology Abstracts, European Society for Medical 

Oncology Abstracts, and the proceedings of major conferences for relevant clinical trials. RR 

and 95% CIs were calculated by random-effects or fixed-effects models for all-grade and high-

grade bleeding events related to the angiogenesis inhibitors.

Results: Eighty-five randomized controlled trials were selected for the meta-analysis, covering 

46,630 patients. The results showed that antiangiogenic monoclonal antibodies significantly 

increased the risk of all-grade (RR: 2.38, 95% CI: 2.09–2.71, p,0.00001) and high-grade 

(RR: 1.71, 95% CI: 1.48–1.97, p,0.00001) bleeding compared with control arms. In the sub-

group analysis, bevacizumab significantly increased the risk of all-grade (RR: 2.73, 95% CI: 

2.24–3.33, p,0.00001) and high-grade bleeding (RR: 1.98, 95% CI: 1.68–2.34, p,0.00001), 

but ramucirumab only increased the risk of all-grade bleeding (RR: 1.94, 95% CI: 1.76–2.13, 

p,0.00001) and no difference was observed for the risk of high-grade bleeding (RR: 1.04, 95% 

CI: 0.78–1.39, p=0.79) compared with the control group. For lung cancer patients, bevacizumab 

significantly increased the risk of all-grade (RR: 4.72, 95% CI: 1.99–11.19, p=0.0004) and 

high-grade pulmonary hemorrhage (RR: 3.97, 95% CI: 1.70–9.29, p=0.001), but no significant 

differences in the risk of all-grade (RR: 1.09, 95% CI: 0.76–1.57, p=0.64) and high-grade (RR: 

1.22, 95% CI: 0.35–4.21, p=0.75) pulmonary hemorrhage were observed for ramucirumab. The 

increased risk of all-grade and high-grade bleeding was also observed in colorectal cancer or 

non-colorectal tumors and low-dose or high-dose angiogenesis inhibitors.

Conclusion: Antiangiogenic monoclonal antibodies are associated with a significant increase in 

the risk of all-grade and high-grade bleeding. Ramucirumab may be different from bevacizumab 

in terms of the risk of high-grade bleeding and the risk of all-grade and high-grade pulmonary 

hemorrhage in lung cancer patients.
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Introduction
Angiogenesis is a complex biological process that plays an 

important role in sustaining growth, invasion, and the meta-

static potential of tumors, and this process is mainly driven 

by vascular endothelial growth factor (VEGF).1,2 One of the 

VEGF family members, VEGF-A (commonly referred to 

as VEGF), has been demonstrated to be important in angio-

genesis. Among all receptors, vascular endothelial growth 

factor receptor (VEGFR)-2 is widely thought to be princi-

pally linked to the stimuli of angiogenesis in malignancies. 

Blocking the function of VEGF-A or its receptor VEGFR-2 

has been the most important antiangiogenic strategy for 

cancer therapy.3

Bevacizumab and ramucirumab are the most impor-

tant antiangiogenic monoclonal antibodies, which target 

VEGF-A and its receptor VEGFR-2, respectively, used in 

various cancers. Bevacizumab is approved by the Food and 

Drug Administration (FDA) for the treatment of patients 

with metastatic colorectal cancer, advanced non-squamous 

non-small cell lung cancer (NSCLC), metastatic renal cell 

carcinoma, recurrent glioblastoma, advanced cervical cancer, 

and platinum-resistant ovarian cancer, and ramucirumab is 

approved by the FDA for the treatment of advanced gastric 

or gastroesophageal junction adenocarcinoma, metastatic 

NSCLC, and advanced colorectal cancer.

Bleeding events are a kind of major adverse events 

reported in clinical trials of bevacizumab and ramucirumab, 

which may cause severe outcomes that could be even life 

threatening.4 The main mechanism of bleeding is that angio-

genesis inhibitors disrupt tumor vasculature through inhibition 

of VEGF signaling and lead to thrombosis or bleeding.1,5 

However, the relative risk (RR) of bleeding events in 

patients with cancer treated with these two antiangiogenic 

monoclonal antibodies has yet to be defined. Therefore, we 

conducted an up-to-date meta-analysis of available clinical 

trials to determine the RR of bleeding in cancer patients 

treated with antiangiogenic monoclonal antibodies, bevaci-

zumab and ramucirumab.

Materials and methods
search strategy
This study was conducted in accordance with the guidelines 

of the Preferred Reporting Items for Systematic Reviews 

and Meta-Analyses statement6 (Supplementary material). 

We searched PubMed, American Society for Clinical Oncol-

ogy Abstracts, and European Society for Medical Oncology 

Abstracts for relevant trials till September 2017. Moreover, 

we also searched the clinical trial registration website (https://

www.ClinicalTrials.gov) to obtain information on registered 

randomized controlled trials (RCTs). Keywords used in the 

search were “bevacizumab,” “avastin,” “ramucirumab,” 

“IMC1121B,” “LY3009806,” and “randomized controlled tri-

als.” The search was limited to RCTs published in English.

selection of trials
Data abstraction and quality assessment were conducted inde-

pendently by two reviewers. Disagreements were resolved 

by discussion with an independent expert. The RCTs were 

eligible for inclusion in our meta-analysis: 1) prospective 

Phase II and Phase III RCTs in patients with cancer, 2) ran-

dom assignment of participants to these two antiangiogenic 

monoclonal antibodies treatment or control groups, 3) avail-

able data, including the event or incidence of bleeding and 

sample size for analysis. Phase I and single-arm phase II trials 

were excluded because of their lack of control groups.

Data extraction 
We extracted details on study characteristics, treatment 

information, results, and safety profiles from the selected 

trials. Clinical endpoints were obtained from the safety 

profile of each clinical trial. All-grade, high-grade bleeding 

and all-grade, high-grade pulmonary hemorrhage in lung 

cancers were recorded according to the version of National 

Cancer Institute-Common Terminology Criteria for Adverse 

Events used in each trial. 

statistical analysis
Data were calculated by Review Manager version 5.2 (The 

Nordic Cochrane Centre, Copenhagen, Denmark). For the 

outcomes, the RR was calculated for dichotomous data. Sta-

tistical heterogeneity in the results of the trials was assessed 

by the chi-square test, and expressed by the I2 index.7 When 

there was no statistically significant heterogeneity, a pooled 

effect was calculated with a fixed-effect model. When con-

siderable heterogeneity was found (p,0.1, or I2.50%), 

a random-effect model was employed. Subgroup analysis 

was conducted to examine whether the RRs of all-grade 

and high-grade bleeding varied by drug type, drug dosage, 

and cancer type.

Results
search results
We reviewed 2,045 potentially relevant articles from our 

initial search strategies. A total of 1,906 articles were 

excluded on screening abstracts and titles for the follow-

ing reasons: review articles, case reports, basic researches, 
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Phase I or single-arm Phase II studies, irrelevant topics, and 

duplicate reports. The remaining 139 articles were retrieved 

for full evaluation, and 54 articles were excluded for unavail-

able data for assessment of bleeding or antiangiogenic 

monoclonal antibodies in both treatment and control arms. 

Finally, 85 RCTs were included in this meta-analysis.8–92 The 

study search process is shown in a flow chart (Figure 1).

Patients
A total of 85 studies and 46,630 patients were included for 

the analysis. Bevacizumab was investigated in 72 trials8–79 

and ramucirumab was investigated in 13 trials.80–92 All of 

the studies included 21 colorectal cancer,8–26,85,86 15 breast 

cancer,27–39,87,88 16 lung cancer,40–52,80–82 three renal cell 

cancer,53,54 two pancreatic cancer,55,56 five ovarian cancer,57–61 

six gastric or gastroesophageal junction adenocarcinoma,62–65, 

89–91 three glioblastoma,66–68 one lymphoma,69 one lym-

phocytic leukemia,70 two melanoma,71,72 two malignant 

mesothelioma,73,74 one prostate cancer,75 one cervical cancer,76 

one leiomyosarcoma,77 two urothelial carcinoma,83,84 two 

hepatocellular carcinoma,78,92 and one soft tissue sarcoma.79 

In addition, 35 trials9,10,12–20,22–26,46,49,52,55,58,62–65,72,78–84,87,88 were 

treated with low-dose drugs (28 trials for bevacizumab at 

2.5 mg/kg/week, seven trials for ramucirumab at 3.3 mg/kg/

week) and 46 trials11,21,27,28,30–39,41,42,44,45,47,48,50,51,53,54,56,57,59–61,66–71, 

73–77,85,86,89–92 were treated with high-dose drugs (40 trials for 

bevacizumab at 5 mg/kg/week, six trials for ramucirumab 

at 4 mg/kg/week). Other 4 three-arm trials8,29,40,43 were two 

arms of different dosage levels of bevacizumab and one arm 

of control. All of these RCTs were judged to be of adequate 

quality (Jadad score is 3–5). Baseline characteristics of the 

85 RCTs are provided in Table 1.

rr of all-grade bleeding
Forty-three RCTs were available to calculate the RR of all-

grade bleeding in patients assigned to angiogenesis inhibitors 

arms versus control arms. The results showed that antian-

giogenic monoclonal antibodies significantly increased the 

risk of all-grade (RR: 2.38, 95% CI: 2.09–2.71, p,0.00001) 

bleeding compared with control arms. There was statistically 

significant heterogeneity (I2=74%) across the trials; we incor-

porated it into a random-effects model (Figure 2).

rr of high-grade bleeding
The RR of high-grade ($grade 3) bleeding was determined 

in 82 RCTs. The results showed that antiangiogenic mono-

clonal antibodies significantly increased the risk of all-grade 

bleeding (RR: 1.71, 95% CI: 1.48–1.97, p,0.00001) with a 

fixed-effects models (I2=19%) (Figure 3).

rr according to drug type
As an exploratory analysis, patients were stratified accord-

ing to drug type. We found that bevacizumab significantly 

increased the risk of all-grade (RR: 2.73, 95% CI: 2.24–3.33, 

p,0.00001) and high-grade bleeding (RR: 1.98, 95% 

CI: 1.68–2.34, p,0.00001), but ramucirumab only increased 

Figure 1 Outline of the search flow diagram.
Abbreviation: rcTs, randomized controlled trials.
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the risk of all-grade bleeding (RR: 1.94, 95% CI: 1.76–2.13, 

p,0.00001) and no difference was observed for the risk of 

high-grade bleeding (RR: 1.04, 95% CI: 0.78–1.39, p=0.79) 

compared with the control group. RR of all-grade and high-

grade bleeding according to drug type is summarized in 

Tables 2 and 3, respectively. 

In addition, we further assessed the risk of pulmonary 

hemorrhage of bevacizumab and ramucirumab in all lung 

cancer patients. The results showed that bevacizumab sig-

nificantly increased the risk of all-grade (RR: 4.72, 95% CI: 

1.99–11.19, p=0.0004) and high-grade pulmonary hemor-

rhage (RR: 3.97, 95% CI: 1.70–9.29, p=0.001), but no 

significant differences in the risk of all-grade (RR: 1.09, 95% 

CI: 0.76–1.57, p=0.64) and high-grade (RR: 1.22, 95% CI: 

0.35–4.21, p=0.75) pulmonary hemorrhage were observed 

for ramucirumab. RR of all-grade and high-grade pulmonary 

hemorrhage is shown in Figures 4 and 5, respectively.

rr according to drug dosage
In the subgroup analysis by dosage, the increased risk of all-

grade and high-grade bleeding was observed in both low-dose 

and high-dose angiogenesis inhibitors.

The risks of all-grade bleeding were comparable between 

patients with low-dose angiogenesis inhibitors (RR: 2.46, 

95% CI: 1.95–3.11) and high-dose angiogenesis inhibitors 

(RR: 2.34, 95% CI: 2.00–2.73) (Table 2). The risk of high-

grade bleeding was more frequently observed in patients 

with high-dose angiogenesis inhibitors (RR: 2.17, 95% CI: 

1.79–2.64) than in those with low-dose angiogenesis inhibi-

tors (RR: 1.31, 95% CI: 1.06–1.60) (Table 3). 

rr according to tumor type
Studies were further stratified according to tumor type 

(colorectal cancer vs non-colorectal tumors). Increased 

risk of all-grade and high-grade bleeding was observed in 

both the colorectal cancer arm and non-colorectal tumors 

arm. The risks of all-grade (RRs for colorectal cancer 

and non-colorectal tumors were 2.24, 95% CI: 1.58–3.19 

and 2.42, 95% CI: 2.09–2.80, respectively) (Table 2) 

and high-grade bleeding (RRs for colorectal cancer and 

non-colorectal tumors were 1.52, 95% CI: 1.13–2.03 and 

1.77, 95% CI: 1.50–2.09, respectively) (Table 3) were 

comparable between patients with colorectal cancer and 

non-colorectal tumors. 

Publication bias 
To minimize publication bias, we selected papers strictly 

according to the inclusion criteria. Furthermore, a funnel plot 
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risk of bleeding associated with bevacizumab and ramucirumab

Figure 2 rr of all-grade bleeding.
Abbreviations: M–h, Mantel–haenszel; rr, relative risk.
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was used to detect publication bias and no apparent bias was 

found according to it for all-grade and high-grade bleeding.

Discussion
To the best of our knowledge, this is the first and the largest 

meta-analysis to assess the risk of bleeding associated with 

antiangiogenic monoclonal antibodies bevacizumab and 

ramucirumab. The results of our meta-analysis showed a 

significant 2.38-fold increased all-grade bleeding risk and 

a 1.71-fold increased high-grade bleeding risk with these 

agents. A similar risk of bleeding is also associated with 

other VEGF receptor tyrosine kinase inhibitors.93

In order to identify potential risk factors, we performed 

subgroup analysis according to drug types. The results 
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Figure 3 rr of high-grade bleeding.
Abbreviations: M–h, Mantel–haenszel; rr, relative risk.

χ

showed that ramucirumab differed from bevacizumab 

in terms of the risk of high-grade bleeding and the risk 

of all-grade and high-grade pulmonary hemorrhage in 

lung cancer patients. The mechanisms underlying these 

differences remained unclear. A possible explanation was 

that bevacizumab, as an anti-VEGF-A agent, specified both 

VEGFR-1 and VEGFR-2, whereas ramucirumab was only 

specified for VEGFR-2. VEGFR-2 was the major mediator 
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Table 2 rr of all-grade bleeding associated with angiogenesis inhibitors in the subgroup analysis

Bleeding No. of 
trials

No. of events/total (%) RR, 95% CI

Treatment Control

Type of drug
Bevacizumab 30 1,934/6,738 (28.7) 679/6,586 (10.3) 2.73, 2.24–3.33
ramucirumab 13 1,268/3,403 (37.3) 552/2,904 (19.0) 1.94, 1.76–2.13
Drug dosage
low dose 22 1,452/5,220 (27.8) 508/4,863 (10.4) 2.46, 1.95–3.11
high dose 21 1,750/4,921 (35.6) 723/4,627 (15.6) 2.34, 2.00–2.73
Tumor types
colorectal cancer 10 387/1,552 (24.9) 184/1,563 (11.8) 2.24, 1.58–3.19
non-colorectal cancer 33 2,815/8,589 (32.8) 1,047/7,927 (13.2) 2.42, 2.09–2.80

Abbreviation: rr, relative risk.

Table 3 rr of high-grade bleeding associated with angiogenesis inhibitors in the subgroup analysis

Bleeding No. of 
trials

No. of events/total (%) RR, 95% CI

Treatment Control

Type of drug
Bevacizumab 70 432/20,731 (2.1) 194/19,000 (1.0) 1.98, 1.68–2.34
ramucirumab 12 94/3,351 (2.8) 82/2,855 (2.9) 1.04, 0.78–1.39
Drug dosage
low dose 37 203/10,569 (1.9) 149/10,089 (1.5) 1.31, 1.06–1.60
high dose 49 323/13,513 (2.4) 135/12,391 (1.1) 2.17, 1.79–2.64
Tumor types
colorectal cancer 18 111/5,868 (1.9) 71/5,747 (1.2) 1.52, 1.13–2.03
non-colorectal cancer 64 415/18,214 (2.3) 205/16,108 (1.3) 1.77, 1.50–2.09

Abbreviation: rr, relative risk.

of VEGF-driven responses in endothelial cells. The precise 

function of VEGFR-1 was not entirely established and some 

studies showed that VEGFR-1 could also regulate prolifera-

tion and survival of endothelial cells.94–97 Increased level of 

tumor VEGFR-1 expression has been shown to be associated 

with high tumor angiogenesis.96 VEGF/VEGFR-1 signaling-

mediated tumor cell monocyte chemoattractant protein-1 

expression could represent a mechanism responsible for 

the tumor angiogenic switch.97 Therefore, bevacizumab 

increased the risk of bleeding by inhibiting both VEGFR-1 

and VEGFR-2. Squamous cell tumors are more frequently 

centrally located and have a greater tendency to cavitate as 

compared to adenocarcinoma, which is the main risk factor 

of pulmonary hemorrhage.98 The difference in the risk of 

pulmonary hemorrhage caused bevacizumab to be used only 

for non-squamous NSCLC and ramucirumab to be used for 

any tumor histology of NSCLC.

Our study also demonstrated that both low-dose and 

high-dose angiogenesis inhibitors increased the risk of bleed-

ing. The risk of high-grade bleeding was more frequently 

observed in patients with high-dose angiogenesis inhibitors, 

suggesting that the risk may be dose-dependent and close 

supervision and careful management should be emphasized 

especially in patients with high dosage.

In a meta-analysis of bevacizumab, patients with 

colorectal cancer were found to have the highest risk of 

bleeding compared to other tumors.99 For colorectal cancer 

patients, high-grade bleeding such as perforation was com-

monly fatal and life threatening.100 Therefore, we performed 

a subgroup analysis according to colorectal cancer and 

non-colorectal tumors in order to identify the potential 

risk factors. Results showed that the risk of all-grade and 

high-grade bleeding was comparable between patients with 

colorectal cancer and non-colorectal tumors, suggesting 

that the increased risk of bleeding is associated with many 

tumor types.

Limitations
There are several limitations in this meta-analysis. First, we 

performed stratification analysis only for colorectal cancer 

and non-colorectal tumor types because too many tumor 

types were included in the analysis and assessment was 

difficult. Second, we did not evaluate the risk of pulmonary 

hemorrhage between bevacizumab and ramucirumab in 
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Figure 4 rr of all-grade pulmonary hemorrhage.
Abbreviations: M–h, Mantel–haenszel; rr, relative risk.

Figure 5 rr of high-grade pulmonary hemorrhage.
Abbreviations: M–h, Mantel–haenszel; rr, relative risk.
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lung squamous cell carcinoma patients due to the small 

sample size or absence of original data. Finally, our literature 

search was limited to articles published in English leading 

to some selection bias.

Conclusion 
Despite the limitations of our meta-analysis, we conclude that 

antiangiogenic monoclonal antibodies are associated with a 

significant increase in the risk of all-grade and high-grade 

bleeding. Ramucirumab may be different from bevacizumab 

in terms of the risk of high-grade bleeding and the risk of 

all-grade and high-grade pulmonary hemorrhage in lung 

cancer patients. Clinicians should be aware of this adverse 

effect and ensure close monitoring, especially in patients at 

high risk.
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risk of bias in individual 
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Discussion 
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for future research. 

10,11

Funding 
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