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ABSTRACT

Objective. We performed a meta-analysis on adverse
events seen with bevacizumab to combine the existing
evidence about its safety in patients with advanced
cancer.

Methods. A systematic literature search was con-
ducted to identify published, randomized controlled tri-
als of bevacizumab in cancer patients with data on
adverse events available. The primary endpoint was
“severe adverse event,” a composite of grade 3 and 4 ad-
verse events. Secondary endpoints for the exploratory

analysis were individual adverse events. We used ran-
dom-effects meta-analysis to combine data.

Results. Thirteen eligible publications were identified
and eight trials reported the primary endpoint. Com-
pared with the control group, the bevacizumab group
had a slightly higher risk for any severe adverse event
(pooled relative risk, 1.10; 95% confidence interval
[95% CI], 1.01–1.19). The pooled risk difference was
7% (95% CI, 1%–13%), with a number needed to harm
of 14 treated patients. Exploratory analyses showed a
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statistically significant higher risk for eight of the 15
evaluated secondary endpoints: bevacizumab was asso-
ciated with a fourfold higher risk for hypertension, ep-
istaxis, and gastrointestinal hemorrhage/perforation; a
threefold higher risk for any bleeding events; and a
lower, but elevated risk for proteinuria, leukopenia, di-
arrhea, and asthenia. No statistically significant differ-
ences were found for any thrombotic event (arterial or

venous), hemoptysis, cardiac event, thrombocytopenia,
neutropenia, impaired wound healing, or death related
to an adverse event.

Conclusion. Treatment with bevacizumab was associ-
ated with a slightly higher risk for any severe (grade 3 or
4) adverse event in patients with cancer. The result may
impact individual benefit–risk assessments and policy
guidelines. The Oncologist 2010;15:1179–1191

INTRODUCTION

The molecularly targeted agent bevacizumab is a human-
ized recombinant monoclonal antibody against vascular en-
dothelial growth factor (VEGF). Bevacizumab blocks the
binding of VEGF to its receptors on vascular endothelial
and other cells and was the first antiangiogenic agent ap-
proved by the U.S. Food and Drug Administration (in 2004)
and the European Medicines Agency (in 2005). Bevaci-
zumab treatment has led to longer survival times for pa-
tients with metastatic colon cancer when used in
combination with cytotoxic chemotherapy [1–3], and for
patients with non-small cell lung cancer [4], and it has led to
longer progression-free survival times for metastatic breast
cancer [5] and renal cell carcinoma [6] patients. The role of
bevacizumab is also being explored for other tumor types:
pancreatic cancer, ovarian cancer, hepatocellular carci-
noma, soft-tissue sarcoma, prostate cancer, melanoma, and
acute myelogenous leukemia [7–13].

In contrast to traditional cytotoxic chemotherapeutic
agents, bevacizumab is generally well tolerated. How-
ever, in some trials, bevacizumab was associated with a
higher risk for adverse events (AEs) as defined by the
Common Toxicity Criteria of the National Cancer Insti-
tute (NCI-CTC): grade 1 (mild AE) to grade 4 (life-
threatening AE) and grade 5 (death related to AE) [14].
Across all oncologic clinical trials, the grade 3–5 AEs
were: gastrointestinal (GI) perforation, hemorrhage, and
arterial/venous thromboembolic events. The most fre-
quently observed AEs (overall incidence �10%) were
hypertension, proteinuria, asthenia, and diarrhea [15].
However, the significance of these summary findings is
controversial for two reasons: first, the assessment of
multiple safety endpoints complicates the interpretation
of the statistical significance of positive findings; and
second, single trials were not powered to assess rare AEs,
limiting the interpretation of negative findings. A meta-
analysis assessing proteinuria and hypertension found a
significant dose-dependent higher risk for these AEs
with bevacizumab [16]. A pooled analysis of individual-
level data from five randomized controlled trials showed

a higher risk for arterial thromboembolism with bevaci-
zumab [17]. Moreover, a recent meta-analysis concluded
that the use of bevacizumab was significantly associated
with a higher risk for developing venous thromboembo-
lism in cancer patients [18]. However, other clinically
relevant AEs such as GI perforation, bleeding, and leu-
kopenia have not yet been systematically evaluated.

Therefore, we performed a comprehensive systematic
meta-analysis on the safety of bevacizumab for the primary
composite endpoint of any severe (grade 3 or 4) AE and ex-
plored individual AEs as secondary endpoints.

METHODS

The Quality of Reporting of Meta-Analyses of Randomized
Controlled Trials statement was followed for reporting the
methods and results [19].

Endpoint Definition
The primary endpoint of our meta-analysis was “any grade
3 or 4 AE.” The secondary endpoints were analyzed sepa-
rately and were individual AEs of grade �1 such as pro-
teinuria, hypertension, cardiac events, any thrombotic
events, any bleeding events, GI perforation or hemorrhage,
hemoptysis, epistaxis, leukopenia, neutropenia, thrombo-
cytopenia, diarrhea, impaired wound healing, and asthenia,
or death related to an AE (grade 5). Individual AEs were
chosen because either: (a) they had been reported previ-
ously as the most serious AEs (high incidence of grades
3–5) leading to treatment discontinuation, additional treat-
ment, or death or (b) they were observed in �10% of all
patients across oncologic clinical trials with bevacizumab
[15, 20].

Literature Search
A systematic literature search of electronic databases (Em-
base, 1988 through August 2007; Medline, 1950 through
October 2007; ISI Web of Science, 1990 through June
2007) was performed. The last search update in Medline
was performed on May 12, 2008. The Medical Subject
Headings, Emtree terms, and text key words for the search
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strategy were: “bevacizumab,” “anti-VEGF antibody,”
“cancer,” “neoplasm,” and “clinical trial.” There were no
language restrictions. The full search strategy is available
upon request. We hand-searched the reference lists of re-
view articles and of included studies to identify additional
potentially eligible studies.

Inclusion Criteria
All randomized controlled trials comparing a treatment arm
containing bevacizumab with chemotherapy alone (or with
placebo) in patients with cancer were potentially eligible.
Trials published in abstract form only were excluded be-
cause of the lack of precise AE data available. Trials were
potentially eligible regardless of line of treatment and clinical
trial phase. All randomized clinical trials (RCTs) reporting the
primary endpoint or at least one of the secondary endpoints
were included. Assessment of eligibility criteria for inclusion
or exclusion was performed independently by two investiga-
tors (S.G.G., B.S.). Differences were resolved by consensus or
were arbitrated by a medical oncology expert (R.M.).

Data Extraction and Quality Assessment
Extraction of study characteristics and AE data from the
text, tables, and figures of included studies was performed
independently by two investigators (S.G.G., U.S.) and dif-
ferences were resolved by consensus. Study characteristics
(first author, journal, year of publication), trial design char-
acteristics (study design, outcome measures, type of cancer,
therapy regime for each arm), study population (mean age,
number of patients evaluated for efficacy and safety analy-
sis in each arm), and AE results (type and number of AEs in
the bevacizumab and control groups) were recorded. The
Jadad score was assessed to evaluate study quality features
for randomization, double blinding, and dropout rate/loss to
follow-up [21].

Statistical Methods
A series of meta-analyses was performed for any severe
(grade 3 or 4) AE (primary endpoint) and for individual
AEs (secondary endpoints). For each endpoint, the AE rel-
ative risk (RR) and risk difference (RD) with 95% confi-
dence interval (95% CI) for bevacizumab compared with
chemotherapy alone (or with placebo) were calculated. The
Q-test statistic was determined to examine heterogeneity
between trials (at a p � .1 level) [22]. In addition, the I2

value, representing the percentage of total variability attrib-
uted to between-study heterogeneity, was calculated [23].
As a result of substantial heterogeneity of effects on most
endpoints, a random-effects model was used to pool data
across RCTs for each endpoint reported by at least two stud-
ies. The Mantel-Haenszel approach, as recommended by

the Cochrane Collaboration for rare events and data from
small studies, was used [24]. On the basis of pooled RDs,
the number of patients treated with bevacizumab needed to
harm (NNH) one patient was calculated for each endpoint.
Funnel plots were visually assessed for the potential of pub-
lication bias. A funnel plot is a scatter plot of the interven-
tion effect estimates (RRs) from individual studies against a
measure of each study’s precision (standard errors). In the
absence of publication bias, the plot should approximately
resemble a symmetrical (inverted) funnel [24]. A subgroup
analysis was performed for the phase of clinical trial (phase
II versus phase III) and for the dosage of bevacizumab (high
dose versus low dose). The robustness of the result for the
primary endpoint was tested in sensitivity analyses by
reperforming the analyses using a fixed-effects model or by
leaving one study out. In addition, we performed a sensitiv-
ity analysis using a composite endpoint of any severe AE of
grade 3 or 4 or death related to an AE (grade 5). All statis-
tical analyses were performed with Review Manager 5
(Cochrane Collaboration) [25].

RESULTS

Systematic Literature Search
The literature search yielded 710 abstracts describing the
use of bevacizumab as an anticancer agent. One hundred
twenty-six articles were potentially eligible and the full-
text publications were retrieved for further evaluation.
One hundred thirteen publications did not meet all eligi-
bility criteria. The two primary reasons for exclusion
were: (a) not reporting a clinical trial (e.g., reviews) and

Figure 1. Flow chart of selection process.
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(b) the reported trial was not randomized and controlled.
Thirteen individual RCTs were finally included in the
meta-analysis. In total, 6,436 patients were investigated
in these trials and they had a variety of cancers: colorec-
tal cancer (six trials), non-small cell lung cancer (three
trials), breast cancer (two trials), and renal cell carci-
noma (two trials). All included trials evaluated only pa-
tients with advanced or recurrent cancer. The selection
process is summarized in Figure 1.

Study Characteristics
The 13 included RCTs were performed in 1998 –2005
and the results were published in 2003–2008. The Jadad
score ranged from two (poor) to five (excellent), with a
median of three (good). Only five trials were explicitly

double blinded. Sample sizes were in the range of 99 –
1,400 patients, with six trials including �500 patients
each. The median follow-up time was in the range of
15.8 –28 months for the five studies reporting this param-
eter. Five trials were phase II studies and eight were
phase III studies. Six trials used overall survival as the
primary endpoint; for the remaining trials, progression-
free survival was the primary endpoint. Trial treatment
regimens varied by tumor type, and the bevacizumab
dose was in the range of 3–15 mg/kg. The mean age of
study participants was in the range of 51.5–71 years
(some studies only reported the median age). Table 1 re-
ports the study and patient characteristics for the in-
cluded trials.

Table 1. Characteristics of randomized controlled trials of bevacizumab included in meta-analysis

Study Study design Disease
Therapy regime (BV-based
therapy versus control)

Enrollment
period

Total (median)
follow-up time
(mos)

Yang et al.
(2003) [40]

RCT, phase II, double-blind mRCC High-dose BV (10 mg/kg) versus
low-dose BV (3 mg/kg) versus
placebo

October 1998 to
September 2001

(27)

Kabbinavar et al.
(2003) [2]

RCT, phase II, not double-
blind

mCRC FU/LV � low-dose BV (5 mg/
kg) versus FU/LV � high-dose
BV (10 mg/kg) versus FU/LV
alone

June 1998 to
November 1998

NR

Hurwitz et al.
(2004) [1]

RCT, phase III, double-blind mCRC IFL � BV (5 mg/kg) versus
IFL � placebo

September 2000
to May 2002

NR

Johnson et al.
(2004) [41]

RCT, phase II, not double-
blind

Previously untreated
locally advanced or
metastatic NSCLC

Carboplatin–paclitaxel � low-
dose BV (7.5 mg/kg) versus
carboplatin–paclitaxel � high-
dose BV (15 mg/kg) versus
carboplatin–paclitaxel alone

NR NR

Kabbinavar et al.
(2005) [3]

RCT, phase II, double-blind mCRC FU/LV � BV (5 mg/kg) versus
FU/LV � placebo

August 2000 to
July 2002

NR

Hurwitz et al.
(2005) [26]

RCT, phase III, not double-
blind (part of a larger phase
III RCT)

mCRC FU/LV � BV (5 mg/kg)a versus
IFL � placebo (first-line therapy)

NR NR

Miller et al.
(2005) [42]

RCT, phase III, not double-
blind

Previously treated mBC Capecitabine � BV (15 mg/kg)
versus capecitabine alone

November 2000
to March 2002

NR

Sandler et al.
(2006) [4]

RCT, phase III, not double-
blind

Recurrent or advanced
NSCLC

Carboplatin–paclitaxel � BV
(15 mg/kg) versus carboplatin–
paclitaxel alone

July 2001 to
April 2004

(19)

Giantonio et al.
(2007) [43]

RCT, phase III, not double-
blind

Previously treated
mCRC

FOLFOX4 � BV (10 mg/kg)
versus BV alone (10 mg/kg)
versus FOLFOX4 alone

November 2001
to April 2003

(28)

Herbst et al.
(2007) [44]

RCT, phase II, not double-
blind

Recurrent or refractory
NSCLC

Docetaxel or pemetrexed � BV
(15 mg/kg) versus erlotinib � BV
(15 mg/kg) versus docetaxel or
pemetrexed � placebo

October 2004 to
November 2005

(15.8)

Miller et al.
(2007) [5]

RCT, phase III, open-label mBC Paclitaxel � BV (10 mg/kg)
versus paclitaxel alone

December 2001
to May 2004

NR

Escudier et al.
(2007) [6]

RCT, phase III, double-blind mRCC Interferon-�2a � BV (10 mg/kg)
versus interferon-�2a � placebo

June 2004 to
October 2005

NR

Saltz et al. (2008)
[45]

Randomized trial with 2�2
factorial design, phase III,
double-blind

mCRC XELOX or FOLFOX4 � BV (7.5
mg/kg or 5 mg/kg) versus
XELOX or FOLFOX4 � placebo
(first-line therapy)

February 2004
to February
2005

(27.6)

(continued)
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AEs Reported in Trials
Reported individual AEs and grade 3 (severe) and 4 (life-
threatening) AEs differed among studies (Table 2). In ad-
dition, we found considerable differences in the
completeness of toxicity reporting among studies: only
eight studies reported the primary endpoint of “any grade 3
or 4 AE.” AE data were available for hypertension, any
thrombotic event, and bleeding events in all 13 studies,
whereas only 12 studies reported data for proteinuria and 11
studies reported grade 5 events (death related to an AE).
Nine studies described GI hemorrhage or perforation, seven
studies reported data for epistaxis and diarrhea, and six

studies described data for leukopenia and thrombocytope-
nia. Fewer than six studies provided data on neutropenia,
hemoptysis, and cardiac events, with impaired wound heal-
ing reported in three studies and asthenia reported in two
studies.

Heterogeneity
There was significant heterogeneity (Q-test p � .0008) for
the primary endpoint “any grade 3 or 4 AE,” with an I2

value of 72%, indicating large differences in the RR among
trials. In addition, there was substantial and statistically sig-
nificant heterogeneity (I2 �50%; Q-test p � .1) across stud-

Table 1. (Continued)

Study

Mean
(median)
age (yrs)

n of patients for efficacy
assessment

Primary
endpoint(s) Data analysis

Description of
withdrawals
and dropouts

n of patients for
safety analysis

Yang et al.
(2003) [40]

(53) Total, 116; high-dose BV, 39;
low-dose BV, 37; placebo, 40

Time to progression,
overall response rate

ITT Yes Total, 116; BV, 76;
control, 40

Kabbinavar et al.
(2003) [2]

NR Total, 104; high-dose BV, 33;
low-dose BV, 35; FU/LV
alone, 36

Time to progression,
response rate

NR Yes Total, 102; BV, 67;
control, 35

Hurwitz et al.
(2004) [1]

59.3 Total, 813; BV, 402; IFL �
placebo, 411

Overall survival ITT No Total, 790; BV, 393;
control, 397

Johnson et al.
(2004) [41]

NR Total, 99; high-dose BV, 35;
low-dose BV, 32; carboplatin–
paclitaxel alone, 32

Time to progression,
response rate

ITT Yes Total, 98; BV, 66;
control, 32

Kabbinavar et al.
(2005) [3]

71 Total, 209; BV, 104; FU/LV
� placebo, 105

Overall survival ITT No Total, 204; BV, 100;
control, 104

Hurwitz et al.
(2005) [26]

60 Total, 210; BV, 110; IFL �
placebo, 100

Overall survival ITT No Total, 207; BV, 109;
control, 98

Miller et al.
(2005) [42]

51.5 Total, 462; BV, 232;
capecitabine � placebo, 230

Progression-free
survival

ITT Yes Total, 444; BV, 229;
control, 215

Sandler et al.
(2006) [4]

NR Total, 850; BV, 433;
carboplatin–paclitaxel alone,
417

Overall survival ITT as a secondary
analysis

Yes Total, 867; BV, 427;
control, 440

Giantonio et al.
(2007) [43]

(60.8) Total, 820; FOLFOX4 � BV,
286; BV alone, 243;
FOLFOX4 alone, 291

Overall survival ITT Yes Total, 806; BV, 521;
control, 285

Herbst et al.
(2007) [44]

(65) Total, 120; BV, 40; BV �
erlotinib, 39; docetaxel or
pemetrexed � placebo, 41

Progression-free
survival

No ITT Yes Total, 81; BV, 39;
control, 42b

Miller et al.
(2007) [5]

(55.5) Total, 673; BV, 347;
paclitaxel alone, 326

Progression-free
survival

ITT Yes Total, 711; BV, 365;
control, 346

Escudier et al.
(2007) [6]

60.5 Total, 649; BV, 327;
interferon � placebo, 322

Overall survival ITT Yes Total, 641; BV, 337;
control, 304

Saltz et al. (2008)
[45]

(60.0) Total, 1,400; BV, 699;
XELOX or FOLFOX4 �
placebo, 701

Progression-free
survival

ITT Yes Total, 1,369; BV, 694;
control, 675

aIFL–placebo arm already included in Hurwitz et al. (2004).
bThe bevacizumab plus erlotinib arm was not used for the meta-analysis.
Abbreviations: BV, bevacizumab; FOLFOX4, oxaliplatin � FU � LV; FU, fluorouracil; IFL, irinotecan � LV � FU; ITT,
intention-to-treat analysis; LV, leucovorin; mBC, metastatic breast cancer; mCRC, metastatic colorectal cancer; mRCC,
metastatic renal cell carcinoma; NR, not reported; NSCLC, non-small cell lung cancer; RCT, randomized controlled trial;
XELOX, capecitabine � oxaliplatin.
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ies for the individual AEs of proteinuria, hypertension,
neutropenia, and diarrhea. Based on this evidence of heter-
ogeneity, random-effects models were employed for the
meta-analysis.

Pooled Effects
Compared with controls, bevacizumab was associated
with a slightly higher risk for any grade 3 or 4 AE (Fig.
2). The pooled RR was 1.10 (95% confidence interval
[CI], 1.01–1.19) and the pooled RD was 7% (95% CI,
1%–13%). Therefore, for every 14 patients treated with
bevacizumab, one is harmed by a grade 3 or 4 AE
(NNH � 14). An exploratory analysis showed that bev-
acizumab was associated with a fourfold higher risk for
hypertension (RR, 4.30; 95% CI, 2.97– 6.21), epistaxis
(RR, 4.31; 95% CI, 2.85– 6.52), and GI hemorrhage or
perforation (RR, 4.01; 95% CI, 1.78 –9.05). In addition,
bevacizumab was associated with a threefold higher risk
for any bleeding event (RR, 3.07; 95% CI, 2.34 – 4.03).
Furthermore, bevacizumab was associated with a higher

risk for proteinuria (RR, 2.43; 95% CI, 1.61–3.68), leu-
kopenia (RR, 1.23; 95% CI, 1.04 –1.46), diarrhea (RR,
1.27; 95% CI, 1.04 –1.55), and asthenia (RR, 1.27; 95%
CI, 1.04 –1.54). No statistically significant differences
were found for any thrombotic event (arterial or venous),
hemoptysis, cardiac events, thrombocytopenia, neutro-
penia, impaired wound healing, or death related to an
AE. The pooled RR for each AE and NNH are summa-
rized in Table 3. In summary, an exploratory analysis
showed a statistically significant higher risk for eight of
the 15 evaluated individual secondary endpoints. Figure
3 provides an overview of the pooled RRs (sorted by p-
value) and 95% CIs from the random-effects model
meta-analyses.

Publication Bias
The funnel plot of the RR for “any grade 3 or 4 AE” (Fig.
4) was symmetric. Therefore, there is no evidence for
publication bias. Similarly, most funnel plots for secondary
endpoints did not indicate publication bias (data not shown).

Table 2. Primary and secondary safety endpoints reported in trials included in meta-analysis (n of adverse events)
Primary
endpoint

Secondary
endpoints

Studya Renal function Prior chemotherapy
n of patients for
safety analysis

Any grade 3 or 4
adverse event (n)

Proteinuria
(n)

Yang et al. (2003) [40] Cr �2.0 mg/dl 21.6% (prior interleukin-2
therapy: 93.1%)

BV, 76; C, 40 NR BV, 40; C,
15

Kabbinavar et al. (2003) [2] Adequate 19% (adjuvant chemotherapy) BV, 67; C, 35 BV, 51; C, 19 BV, 17; C,
4

Hurwitz et al. (2004) [1] Adequate 26% (adjuvant chemotherapy) BV, 393; C, 397 BV, 334; C, 294 BV, 104; C,
86

Johnson et al. (2004) [41] Cr �1.8 mg/dl 33.3% BV, 66; C, 32 NR BV, 21; C,
2

Kabbinavar et al. (2005) [3] No proteinuria or
impairment at baseline

20% (adjuvant chemotherapy) BV, 100; C, 104 BV, 87; C, 74 BV, 38; C,
20

Hurwitz et al. (2005) [26] Adequate NR BV, 109; C, 98 BV, 84; C, 80 BV, 38; C,
25

Miller et al. (2005) [42] Adequate 84.4 % BV, 229; C, 215 NR BV, 51; C,
16

Sandler et al. (2006) [4] Adequate No BV, 427; C, 440 NR BV, 13; C,
0

Giantonio et al. (2007) [43] Baseline urinanalysis–
protein �500 mg/24-
hour urine

NR BV, 521; C, 285 BV, 300; C, 174 BV, 2; C, 0

Herbst et al. (2007) [44] Adequate NR BV, 39;b C, 42 BV, 26; C, 30 NR

Miller et al. (2007) [5] Adequate 56% (adjuvant chemotherapy) BV, 365; C, 346 NR BV, 13; C,
0

Escudier et al. (2007) [6] Normal No BV, 337; C, 304 BV, 203; C, 137 BV, 59; C,
8

Saltz et al. (2008) [45] Adequate 24.3% BV, 694; C, 675 BV, 555; C, 505 BV, 4; C, 0

(continued)
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Subgroup and Sensitivity Analyses
A subgroup analysis showed more severe AEs in both phase
II trials (RR, 1.17; 95% CI, 0.97–1.42) and phase III trials
(RR, 1.08; 95% CI, 0.98–1.8). However, the subgroup re-
sults were not statistically significant. The subgroup analy-
sis for bevacizumab dose showed very similar results, and
therefore heterogeneity cannot be explained by the bevaci-
zumab dose. The pooled RR from studies with low-dose be-
vacizumab (�10 mg/kg) was 1.10 (95% CI, 1.02–1.20),
whereas the pooled RR from studies with high-dose bevaci-
zumab (10–15 mg/kg) was 1.13 (95% CI, 0.89–1.42).

We performed a sensitivity analysis for “any grade 3 or
4 AE,” excluding the publication of Hurwitz and colleagues
[26] because their study included a control arm that was
also used by another study included in our meta-analysis
[1]. The sensitivity analysis excluding that study yielded a
pooled RR of 1.12 (95% CI, 1.03–1.23), which was similar
to the primary result. In an additional sensitivity analysis,
the primary endpoint analysis was repeated using a fixed-
effects model. The pooled result from the fixed-effects
model (RR, 1.10; 95% CI, 1.05–1.14) was similar to the re-

sult from the random-effects model (Table 3). In our sensi-
tivity analysis for the composite endpoint of “any severe
AE of grade 3 or 4 or death related to an AE (grade 5),” only
six studies could be included because of insufficient report-
ing of grade 5 events. This sensitivity analysis showed a
pooled RR (1.14; 95% CI, 1.07–1.23) similar to that of our
main analysis.

DISCUSSION

Although randomized controlled trials investigating the ad-
dition of bevacizumab to chemotherapy demonstrated
longer overall survival times in colorectal and non-small
cell lung cancer [1–4] patients and longer progression-free
survival times in breast cancer [5] and renal cell carcinoma
[6] patients, the results of our meta-analysis suggest that,
compared with controls, bevacizumab was also associated
with a slightly higher risk for any grade 3 or 4 AE. In addi-
tion, our exploratory analysis suggested a likely elevated
risk for several individual AEs: bleeding, epistaxis, GI per-
foration or hemorrhage, hypertension, proteinuria, leuko-
penia, asthenia, and diarrhea. In the following, some of

Table 2. (Continued)

Secondary endpoints

Studya
Hypertension
(n)

Cardiac
events (n)

Any
thrombotic
event (venous
or arterial) (n) Diarrhea (n)

Any bleeding
event (n) Epistaxis (n)

GI
hemorrhage/
perforation
(n)

Hemoptysis
(n)

Yang et al. (2003) [40] BV, 15; C, 2 NR BV, 0; C, 1 NR BV, 21; C, 3 BV, 13; C, 1 NR BV, 2; C, 2

Kabbinavar et al. (2003) [2] BV, 13; C, 1 NR BV, 13; C, 3 BV, 56; C, 29 BV, 40; C, 4 BV, 33; C, 4 BV, 7; C, 0 NR

Hurwitz et al. (2004) [1] BV, 88; C, 33 NR BV, 76; C, 64 BV, 128; C,
98

BV, 12; C, 10 NR BV, 6; C, 0 NR

Johnson et al. (2004) [41] BV, 11; C, 1 NR BV, 10; C, 3 BV, 23; C, 6 BV, 42; C, 4 BV, 25; C, 2 NR BV, 13; C, 2

Kabbinavar et al. (2005) [3] BV, 32; C, 5 NR BV, 18; C, 19 BV, 39; C, 42 BV, 5; C, 3 NR BV, 2; C, 0 NR

Hurwitz et al. (2005) [26] BV, 37; C, 14 NR BV, 30; C, 32 BV, 41; C, 25 BV, 7; C, 1 BV, 35; C, 10 NR NR

Miller et al. (2005) [42] BV, 54; C, 5 BV, 7; C, 2 BV, 17; C, 12 NR BV, 66; C, 24 BV, 36; C, 3 NR NR

Sandler et al. (2006) [4] BV, 30; C, 3 NR BV, 3; C, 0 NR BV, 19; C, 3 BV, 3; C, 1 BV, 4; C, 2 BV, 8; C, 1

Giantonio et al. (2007) [43] BV, 35; C, 5 BV, 2; C, 0 BV, 13; C, 7 NR BV, 15; C, 1 NR BV, 6; C, 0 NR

Herbst et al. (2007) [44] BV, 6; C, 0 NR BV, 1; C, 5 BV, 17; C, 7 BV, 12; C, 4 BV, 9; C, 3 BV, 2; C, 0 BV, 2; C, 0

Miller et al. (2007) [5] BV, 54; C, 0 BV, 3; C, 1 BV, 15; C, 5 NR BV, 2; C, 0 NR BV, 2; C, 0 NR

Escudier et al. (2007) [6] BV, 88; C, 28 BV, 1; C, 1 BV, 15; C, 5 BV, 69; C, 47 BV, 112; C, 28 NR BV, 5; C, 0 NR

Saltz et al. (2008) [45] BV, 26; C, 8 NR BV, 66; C, 40 NR BV, 13; C, 8 NR BV, 4; C, 2 NR

(continued)
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these findings are described in detail and are compared with
previously published results.

Although we identified 126 publications on our topic of
interest, only 13 studies met the inclusion criteria. We con-
sider it a strength of our study that we excluded nonrandom-

ized studies, because in such studies confounding cannot be
excluded. Our meta-analysis of studies across different in-
dications indicated the potential for a higher risk for bleed-
ing events of all grades for patients treated with
bevacizumab than for controls. This finding is consistent

Figure 2. Forest plot for “any grade 3 or 4 adverse event,” with relative risk (random-effects model).
Abbreviations: CI, confidence interval; M-H, Mantel Haenszel.

Table 2. (Continued)

Secondary endpoints

Studya
Neutropenia
(n)

Leukopenia
(n)

Thrombocytopenia
(n)

Impaired wound
healing/wound
dehiscence (n) Asthenia (n)

Death related to
adverse event
(grade 5) (n)

Yang et al. (2003) [40] NR NR NR NR NR BV, 0; C, 0

Kabbinavar et al. (2003) [2] NR BV, 5; C, 1 NR NR NR BV, 2; C, 1

Hurwitz et al. (2004) [1] NR BV, 146; C,
124

NR NR NR BV, 11; C, 12

Johnson et al. (2004) [41] NR BV, 34; C, 10 BV, 9; C, 5 NR NR BV, 8; C, 1

Kabbinavar et al. (2005) [3] NR BV, 5; C, 7 NR NR NR BV, 4; C, 8

Hurwitz et al. (2005) [26] BV, 12; C, 53 NR NR NR NR NR

Miller et al. (2005) [42] NR BV, 21; C, 16 BV, 8; C, 3 NR BV, 75; C, 49 BV, 0; C, 2

Sandler et al. (2006) [4] BV, 109; C,
74

NR BV, 7; C, 1 NR NR BV, 15; C, 2

Giantonio et al. (2007) [43] NR NR NR NR NR NR

Herbst et al. (2007) [44] BV, 12; C, 10 BV, 6; C, 4 BV, 7; C, 1 BV, 1; C, 0 NR BV, 3; C, 2

Miller et al. (2007) [5] BV, 3; C, 1 NR BV, 0; C, 1 NR NR BV, 0; C, 0

Escudier et al. (2007) [6] BV, 24; C, 20 NR BV, 21; C, 12 BV, 5; C, 3 BV, 109; C, 84 BV, 8; C, 7

Saltz et al. (2008) [45] NR NR NR BV, 1; C, 2 NR BV, 14; C, 10

aYear of publication.
bThe bevacizumab plus erlotinib arm was not used for the meta-analysis.
Abbreviations: BV, bevacizumab; C, control; GI, gastrointestinal; NR, not reported.
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with those of prior reviews on this topic, which were largely
qualitative and focused on colorectal cancer patients [27–
30]. Although none of the nine individual studies included
in the meta-analysis reported a statistically significant dif-
ference for GI perforation or hemorrhage, our meta-analy-
ses found a fourfold higher risk for these AEs in patients
treated with bevacizumab. This result extends previous
findings for GI perforation in colorectal cancer patients by
evaluating bevacizumab for all tumor types [31]. Our anal-

ysis also increased the precision of the estimated risk for he-
matological events. Whereas six RCTs reported a
statistically nonsignificant RR for leukopenia, our meta-
analysis suggested a slightly higher risk. To our knowledge,
this finding has not been reported previously. We con-
firmed previous findings of a higher risk for hypertension
and proteinuria [16] by including six additional studies in
our meta-analysis. A recent analysis of pooled data from
five RCTs found that combination treatment with bevaci-

Table 3. Relative risks with 95% confidence intervals and number needed to harm for all considered adverse events

Adverse event

n of
studies
included Heterogeneity

Statistical
method
(M-H) RR (95% CI) p-Value

NNH
(� 1/RD)

Any grade 3 or 4 adverse
event

8 p � .0008; I2 � 72% REM 1.10 (1.01–1.19) .03 14

FEM 1.10 (1.05–1.14) � .00001 17

Proteinuria 12 p � .0001; I2 � 74% REM 2.43 (1.61–3.68) � .00001 13

FEM 1.99 (1.70–2.33) � .00001 17

Hypertension 13 p � .010; I2 � 54% REM 4.30 (2.97–6.21) � .00001 7

FEM 4.14 (3.38–5.06) � .00001 9

Cardiac events 4 p � .88; I2 � 0% REM 2.54 (0.86–7.54) .09 0

FEM 2.59 (0.89–7.53) .08 100

Any thrombotic event
(venous or arterial)

13 p � .13; I2 � 32% REM 1.29 (1.00–1.65) .05 50

FEM 1.29 (1.09–1.53) .003 50

Any bleeding event 13 p � .26; I2 � 18% REM 3.07 (2.34–4.03) � .00001 9

FEM 3.23 (2.60–4.01) � .00001 14

Epistaxis 7 p � .61; I2 � 0% REM 4.31 (2.85–6.52) � .00001 5

FEM 4.80 (3.17–7.25) � .00001 9

Gastrointestinal hemorrhage
or perforation

9 p � .94; I2 � 0% REM 4.01 (1.78–9.05) .0008 100

FEM 4.76 (2.15–10.49) .0001 100

Hemoptysis 4 p � .24; I2 � 29% REM 2.65 (0.82–8.59) .10 33

FEM 3.03 (1.27–7.24) .01 50

Neutropenia 5 p � .00001; I2 � 90% REM 0.92 (0.39–2.17) .84 –

FEM 1.00 (0.82–1.22) .99 0

Leukopenia 6 p � .76; I2 � 0% REM 1.23 (1.04–1.46) .02 33

FEM 1.23 (1.04–1.47) .02 20

Thrombocytopenia 6 p �.21; I2 � 30% REM 1.82 (0.93–3.54) .08 50

FEM 1.87 (1.17–2.97) .008 50

Diarrhea 7 p � .03; I2 � 57% REM 1.27 (1.04–1.55) .02 13

FEM 1.29 (1.13–1.46) .0001 14

Impaired wound healing/
wound dehiscence

3 p � .61; I2 � 0% REM 1.29 (0.41–4.03) .67 0

FEM 1.29 (0.43–3.84) .65 0

Asthenia 2 p � .30; I2 � 6% REM 1.27 (1.04–1.54) .02 14

FEM 1.27 (1.05–1.53) .01 14

Death related to adverse
event (grade 5)

11 p � .16; I2�32% REM 1.26 (0.74–2.14) .39 0

FEM 1.33 (0.91–1.95) .13 100

Abbreviations: CI, confidence interval; FEM, fixed-effects model; M-H, Mantel-Haenszel approach; NNH, number needed
to harm; RD, risk difference; REM, random-effects model; RR, relative risk.
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zumab in patients with metastatic carcinoma was associated
with a higher risk for arterial thromboembolism, but not ve-

nous thromboembolism [17], and a recent meta-analysis as-
sessing venous thromboembolism found a significantly

Figure 3. Overview plot of pooled RRs (95% CIs) of the primary and all secondary endpoints (each line represents a meta-
analysis of an adverse event).

Abbreviations: AE, adverse event; CI, confidence interval; GI, gastrointestinal; RR, relative risk.

Figure 4. Funnel plot for the primary endpoint “any grade 3 or 4 adverse event.”
Abbreviations: RR, relative risk; SE, standard error.
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higher risk for this AE with bevacizumab treatment in can-
cer patients [18]. Our meta-analysis including aggre-
gated data from all 13 RCTs for the composite endpoint
“any thrombotic event” (including arterial and venous
thrombotic events) resulted in a slightly higher risk in the
bevacizumab group, with borderline statistical signifi-
cance (p � .05).

Our meta-analysis differs in several aspects from prior
studies. We analyzed a broader spectrum of AEs and, by us-
ing data from all published studies, we were able to include
more studies than those analyses using pooled patient-level
data [17, 32–34]. Furthermore, we assessed pooled RDs in
order to calculate: (a) absolute rather than only relative fig-
ures and (b) NNH, a useful measure in clinical practice. Fi-
nally, we systematically assessed heterogeneity and
publication bias.

Our study has several important limitations. First, our
search was restricted to aggregated data from published
studies. Therefore, AE categories were broad. For example,
arterial and venous thromboembolic events had to be com-
bined. Second, there was considerable variability in the
type and extent of AE reporting among trials. Therefore, we
used a composite endpoint that captured the most clinically
important AEs: all NCI-CTC grade 3 or 4 AEs [15, 34].
Third, our analyses were based on trials primarily designed
to demonstrate efficacy. Therefore, the sample size and
time horizon of individual RCTs may not have been suffi-
cient to detect rare AEs. By combining the best available
evidence, we aimed to address at least the sample size lim-
itation of individual trials to provide more precise risk esti-
mates. Fourth, each patient may have contributed to
multiple exploratory analyses of individual secondary end-
points. Therefore, these exploratory results are merely hy-
pothesis generating rather than statistically testing
hypotheses. However, it must be noted that eight of the 15
endpoints were statistically significant, exceeding the num-
ber that would be expected to occur by chance alone. Fifth,
our meta-analysis pooled trials with heterogeneous cancer
types; for example, intestinal perforation is more likely to
occur in patients who have had abdominal surgery for colo-
rectal cancer, whereas hemoptysis is more likely to occur in
patients with lung cancer. We also pooled different patient
populations, bevacizumab doses, treatment regimes, and
clinical trial stages. To consider this heterogeneity in our
analysis, we used random-effects models for all endpoints.
In addition, we performed subgroup and sensitivity analy-
ses for key differences. Finally, as in all meta-analyses, our
results may be biased as a result of potential publication
bias. However, a funnel plot evaluation for the primary end-
point did not indicate publication bias.

Our meta-analysis of bevacizumab AEs highlights a

number of areas for further research. First, uniform and
comprehensive reporting of safety data, even in phase II tri-
als, would aid future meta-analyses of AEs. Second, de-
tailed AE data are important to further palliative treatment
goals in advanced cancer. A recently published health tech-
nology assessment [35] evaluated the relative clinical effec-
tiveness of bevacizumab in terms of overall survival and
also in terms of health-related quality of life, compared with
current standard therapies. Because of the lack of quality-
of-life data for bevacizumab therapy, the authors concluded
that further RCTs should include assessments of the impact
of treatment with bevacizumab on health-related quality of
life. Although our analysis does not provide quality-of-life
values, it provides the currently best available estimates for
AE risks, which can be integrated with the positive quality-
of-life effects of bevacizumab treatment. In addition, our
results provide the most comprehensive and precise AE rel-
ative frequencies, which can be used to evaluate the net
quality-of-life effect of bevacizumab as well as the trade-
off among overall and progression-free survival, AEs, and
cost-effectiveness for existing and future indications for be-
vacizumab [36–39].

CONCLUSION

This meta-analysis suggests that cancer therapy with bev-
acizumab is associated with a slightly elevated risk for de-
veloping any serious AE. The individual AE results provide
comprehensive information for clinicians about the safety
profile of bevacizumab and underline the importance of in-
dividual benefit–risk assessments and personalized deci-
sion making. The higher risk for AEs in patients treated
with bevacizumab should be weighed against its benefits
and be considered in clinical guidelines, bedside decision
tools, and health technology assessments of bevacizumab-
based cancer treatment. Future studies should be conducted
to investigate the prevention and management of severe
AEs resulting from bevacizumab treatment in cancer
patients.
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