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Risk of cardiac ischemia and arterial thromboembolic events
with the angiogenesis inhibitor bevacizumab in cancer patients:
A meta-analysis of randomized controlled trials
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Abstract

Background. The risk of cardiovascular toxicities is a serious concern with the increased application of angiogenesis
inhibitors in current cancer therapy. Arterial thromboembolic events (ATE) were associated with bevacizumab, an anti-
body against vascular endothelial growth factor. To determine the risk of ATE including cardiac ischemia and stroke, a
systematic review and meta-analysis of published randomized controlled trials (RCTs) was performed. Methods. We
searched the databases of PubMed, Web of Science, and American Society of Clinical Oncology conferences to identify
relevant clinical trials up to May, 2009. Eligible studies included prospective RCTs in which bevacizumab was compared
to a control concurrently in combination with standard anti-neoplastic therapy. Summary incidence rates, relative risks
(RRs), and 95% confidence intervals (Cls) were calculated using random-effects or fixed-effects models. Resulzs. A total
of 12 617 patients with a variety of advanced solid tumors from 20 RCTs were included for analysis. The incidences of
all-grade and high-grade ATE in patients receiving bevacizumab were 3.3% (95% CI, 2.0-5.6%) and 2.0% (95% CI,
1.7-2.5) respectively. Patients treated with bevacizumab had a significantly increased risk of ATE with an RR of 1.44
(95% CI, 1.08-1.91; p=0.013) compared with controls. The risk similarly increased for bevacizumab at 2.5 and 5 mg/
kg/week; in addition, significantly increased risks were observed in patients with renal cell cancer (RR, 3.72, 95% CI,
1.15-12.04; p=0.029) and colorectal cancer (RR, 1.89, 95% CI, 1.28-2.80, p=0.001). Notably, the risk of high-grade
cardiac ischemia with bevacizumab was significantly higher than controls with an RR of 2.14 (95% CI, 1.12-4.08,
p=0.021); however, the risk of ischemic stroke with bevacizumab was not significantly different from controls (RR, 1.37,
95% CI, 0.67-2.79, p=0.39). Discussion. Treatment with bevacizumab may significantly increase the risk of cardiac
ischemic events in cancer patients.

Angiogenesis plays important role in tumor progres-
sion and metastasis, and is a focal topic in the field of
cancer research [1-3]. This process is mainly driven
by vascular endothelial growth factor (VEGF), and
hence to disrupt its signaling has become a major
approach in current cancer therapeutics [3,4].
Bevacizumab (Avastin, Genentech Inc, South San
Franscisco), a recombinant humanized monoclonal
antibody against VEGF, has been approved by the
Food and Drug administration of USA for the treat-
ment of many advanced solid tumors including
colorectal cancer (CRC), non-small cell lung cancer
(NSCLCQC), breast cancer, glioblastoma, and recently

renal cell cancer (RCC) [5]. Currently, the use of
bevacizumab in other advanced cancers as well as
neoadjuvant and adjuvant therapy in patients with
earlier stage diseases is also undergoing extensive
evaluation [6-9].

Bevacizumab treatment has been associated with
the occurrence of arterial thrombotic events (ATE)
[10]. In the pivotal placebo-controlled phase III trial
for metastatic CRC by Hurwitz and colleagues, 20
of 393 patients treated with bevacizumab developed
ATE as compared to five of 397 patients in controls
[11]. In 2007, a pooled analysis of five randomized
controlled trials (RCTs) that included a total of
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1 745 patients with metastatic CRC, breast, NSCLC
showed that increased risk of ATE was found in the
patients treated with bevacizumab in combination
with chemotherapy compared to chemotherapy alone
(risk ratio, 2.0; 95% CI, 1.05-3.75, p=0.031) [12].
The incidence of ATE events was 3.8% in bevaci-
zumab group as compared to 1.7% in chemotherapy
alone group.

However, this study is limited by a small number
of RCTs (only five trials) included for analysis. The
overall risk of ATE remains unclear for general
cancer patients with a variety of tumor types. Also,
the relationship between bevacizumab dose and the
risk of ATE needs to be defined. Because ATE
includes the involvement of several different arteries
such as such as coronary artery and cerebral artery,
questions remain regarding the effect of bevacizumab
on the risk of specific type of ATE such as cardiac
ischemia or stroke. In order to understand these
issues, we performed a systematic review and meta-
analysis of published RCTs to determine the impact
of bevacizumab on the occurrence of ATE in cancer
patients.

Methods
Data source

We performed a comprehensive search of citations
from PubMed between January, 1966, and May,
2009, using the keywords “bevacizumab”, “avastin”,
and “cancer”. The search was limited to randomized
clinical trials. The search strategy also used the text

2«

terms “arterial thrombosis”, “arterial thromboembo-
lic events”, “angiogenesis”, “thrombosis” and “vascu-
lar endothelial growth factor” to identify relevant
information. Abstracts and virtual meeting presenta-
tions from the American Society of Clinical Oncology
conferences held between January, 2000, and May,
2009, were also searched to identify relevant RCTs.
An independent search using the citation database
Web of Science was done to ensure that all relevant
clinical trials were included in the meta-analysis.

We also reviewed FDA submission documents,
the updated manufacturer’s package insert. The
reference lists of identified articles were examined for
additional publications. We reviewed each publica-
tion; when duplicate publications were identified,
only the most recent or complete report of clinical
trials was included. The safety data from the manu-
facturer’s updated package insert of bevacizumab
was also reviewed to identify relevant information,
and considered to be the most recent for our analysis.
Efforts were also made to contact the investigators
and the manufacturer of bevacizumab when relevant
data was not clear.

Study selection

The primary goal of this study was to determine
whether bevacizumab contributes to the develop-
ment of ATE in cancer patients. Therefore, we
selected only those RCTs that directly compared
patients with cancer treated with and without beva-
cizumab. Phase I and single-arm phase II trials were
excluded due to their lack of control groups. Spe-
cifically, clinical trials that met the following criteria
were included in the meta-analysis: prospective phase
II and III RCTs in patients with cancer; random
assignment of participants to bevacizumab treatment
or control (placebo or best supportive care) in addi-
tion to concurrent chemotherapy and/or biological
agent; and available data including event or incidence
of arterial thrombosis and sample size. Quality was
assessed using criteria including adequate blinding
of randomization, completeness of follow-up, and
objectivity of outcome measurements as described
previously [13].

Data extraction and clinical endpoints

We extracted details about the number of patients,
type of cancer being treated, treatment information,
grading criteria for adverse events, results, follow-up,
and funding or support from the included studies.
Data regarding the occurrence of ATE was obtained
from the safety profile of each study. Two authors
(VR and SW) extracted the data independently, and
any discrepancies between the authors were resolved
by consensus. As summarized in Table I, ATE in
these studies was assessed and recorded according to
the National Cancer Institute’s common terminol-
ogy criteria for adverse events (version 1, 2 or 3),
which has been widely used in cancer clinical trials
[14,15]. There is minor variation among these ver-
sions in grading ATE. It was graded from 1 to 4 in
version 1, and from 1 to 5 in versions 2 or 3; for the
study, we simply separated ATE into all grades and
high grades (grade 3 and above) for our analysis.
Most studies only reported high grade events.

Statistical analysis

Version 2 of the Comprehensive Meta-Analysis pro-
gram (Biostat, Englewood, NJ, USA) was used for
statistical analysis. We calculated the incidence by
using the number of patients with ATE and total
number of patients receiving bevacizumab. The pro-
portion of the patients with ATE and exact 95% CI
were derived from each study. To calculate relative
risk (RR), patients assigned to bevacizumab were
compared only with those assigned to the control
group in the same clinical trial. We explored a dose—
effect relationship by further dividing bevacizumab
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Table I. National Cancer Institute’s common terminology criteria versions 1-3 for arterial thromboembolic events.

Grade Version 1 Version 2 Version 3
1 Cardiac: non-specific T wave Cardiac: Non-specific T wave Cardiac: Asymptomatic. Arterial
flattening or changes flattening or changes, Troponin narrowing no ischemia, Troponin
CNS: none. >=0.03—<0.05 >=0.03—<0.05
Peripheral and visceral artery: CNS: none. CNS: none.
none. Peripheral and visceral artery: Peripheral and visceral artery: none.
none.
2 Cardiac: asymptomatic ST-T Cardiac: Asymptomatic ST-T Cardiac: Stable Angina Troponin
changes s/o ischemia changes s/o ischemia, Troponin >=0.05—<0.1
CNS: none >=0.05—<0.1 CNS: none.
Peripheral and visceral artery: CNS: none. Peripheral and visceral artery: brief
none. Peripheral and visceral artery: episode, no surgery
Brief episode, no surgery
3 Cardiac: angina without infarction = Cardiac: Angina without infarction, Cardiac: Unstable angina, Troponin
CNS: none Troponin >=0.1—-<0.2 >=0.1-<0.2
Peripheral and visceral artery: CNS: Transient ischemic attack CNS: transient ischemic attack (TIA)
none (TIA) Peripheral and visceral artery:
Peripheral and visceral artery: requires surgery
requires surgery
4 Cardiac: acute myocardial Cardiac: Acute MI, troponin Cardiac: Acute MI, troponin >or =0.2
infarction >or =0.2 CNS: Permanent Stroke
CNS: none CNS: Permanent Stroke Peripheral and visceral artery:
Peripheral and visceral artery: Peripheral and visceral artery: life — threatening or with permanent
none life — threatening or with functional deficit
permanent functional deficit
5 None Death Death

Abbreviations: CNS, central nervous system; MI, myocardial Infarction; n/a, not applicable

therapy into low dose (5 or 7 - 5 mg/kg per dose per
schedule, which is equivalent to 2 - 5 mg/kg per week)
and high dose (10 or 15 mg/kg per dose per schedule,
which is equivalent to 5 mg/kg per week). The low-
dose and high-dose designation was arbitrary. Our
previous studies have shown the dose-independent
risk of venous thromboembolism, dose-dependent
risk of hypertension or gastrointestinal perforation
with bevacizumab at these dose levels [16-18].

For the meta-analysis, we used a fixed-effects
(weighted with inverse variance) or random-effects
model based on the heterogeneity of included studies
[19]. For each meta-analysis, the Cochran’s Q statis-
tic and I statistics were first calculated to assess the
heterogeneity among the proportions of the included
trials. If the p-value was less than 0.10, the assump-
tion of homogeneity was deemed invalid, and the
random-effects model was reported after exploring
the causes of heterogeneity [20]. When results of the
two models were substantially different, the random-
effects model was presented. Otherwise, the fixed-
effects model was reported.

Results
Search results and study qualiry

Our search yielded 132 potentially relevant clinical
studies. After excluding ineligible studies, we selected
20 RCTs, including six phase II and 14 phase III

studies for the purpose of analysis (see Figure 1 for
selection process). Patients were enrolled according
to pre-specified eligibility criteria for each trial. Ran-
domized treatment allocation sequences were gener-
ated in all trials. Six trials were double-blinded and
placebo controlled [7,8,21-24]; five other trials had
placebo as controls [25—-29]; the rest of the trials had
active controls [6,30-37]. The data for three studies
[11,28,37] were obtained from the published pooled
analysis study [12].

ATE was assessed and recorded according to
NCI-CTC versions 1, 2 or 3. Version 1 was used only
in two trials [27,28], version 2 was used in eight tri-
als [11,29-31,34-37]; version 3 was used in six trials
[6,21-23,26,32]; the rest of the trials did not specify.
Follow-up time was not specified in three trials [23,
32,33]. The quality of all the trials was acceptable.

Publication bias

We used the Begg’s and Egger’s tests to determine the
presence of publication bias regarding our primary end-
point (relative risk of ATE). The two-tailed p-values
were 0.92 and 0.11 for Begg’s and Egger’s tests respec-
tively. Thus, no publication bias was detected.

Patients

A total of 12 617 patients from 20 RCTs were
included for analysis. The characteristics of patients
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132 Potentially relevant articles

A 4

86 Excluded

50 Phase Il trials, Single arm

2 Reviews

8 Phase | trials

4 Observational Studies

2 Commentaries

4 others (letters to editor,case series, pooled analysis)
6 retrospective studies

A

46 RCTS of bevacizumab therapy
retrieved and considered for exclusion

A 4

20 RCTslncluded in analysis
6 Phase Il
14 Phase Il

A

26 Excluded

Both Control and treatment groups received
bevacizumab

Figure 1. Selection process for randomized controlled trials (RCTs) included in the meta-analysis.

and studies are listed in Table II. The baseline East-
ern Cooperative Oncology Group (ECOG) perfor-
mance status for most patients was between 0 and 1.
Patients were required to have adequate hepatic,
renal, and hematologic function. If patients had sig-
nificant cardiovascular disease, peripheral vascular
disease, uncontrolled HTN, serious non-healing
wounds, major surgery within previous 28 days,
pre-existing bleeding diathesis, brain metastasis,
regular use of ASA (>325 mg/day) or non-steroidal
anti-inflammatory drugs, or were pregnant, breast
feeding, or were taking oral or parental anticoagu-
lants with the exception of prophylactic anticoagu-
lants to maintain patency of vascular device access,
they were excluded from the study. Underlying
malignancies included CRC (seven studies),
NSCLC (four studies), breast cancer (three stud-
ies), pancreatic cancer (two studies), RCC (three
studies) and malignant mesothelioma (one study).
In all trials, patients were randomly assigned to
either a control or bevacizumab group, with five

three arm studies each having two bevacizumab
treatment groups, in which patients received differ-
ent doses of bevacizumab or combination with
chemotherapeutic agents.

Incidences of ATE

A total of 1 853 patients receiving bevacizumab from
eight RCTs had data for all-grade ATE for analysis
(Table III). Using a random-effects model, the sum-
mary incidence of all-grade ATE was 3.3% (95% CI,
1.28-3.40).

A total of 5 558 patients from 15 RCTs who
received bevacizumab had data for high-grade ATE
for analysis (Table IV). The summary incidence of
high-grade ATE was 2.0% (95% CI, 1.7-2.5).

Grade 5 (fatal) ATE was rare. There were total
seven deaths related to bevacizumab among these
studies, with five due to cerebrovascular events from
two studies [22,35], and two due to myocardial
infarction from two studies [21,30].
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Table II. Characteristics of randomized controlled trials included in the meta-analysis.
Duration of
Follow-up, Bevacizumab
Trial No. for Median Underlying Concurrent Dose, mg/kg CTC
Study Name phase No. Enrolled Analysis (Range), mo malignancy Treatment per wk(b) version
Allegra et al. [6], 3 21710 21710 22.4 (NA) Colorectal Fluorouracil, 2.5 3
2008 cancer oxaliplatin, and
leucovorin
Escudier et al. 3 649 641 13.3 (0-25.6) Renal Cell Interferon Alfa 5 3
[21], 2007 Carcinoma
Giantonio 3 829 572 28 (NA) Colorectal Oxaliplatin, 5 2
et al. [31], 2007 cancer fluorouracil, and
leucovorin
Herbst et al. 2 122 81 15.8 (NA) NSCLC Docetaxel or 5 2
[36], 2007 pemetrexed
Hurwitz et al. 3 813 790 18.0 (NA) Colorectal Irinotecan, bolus 2.5 2
[11], 2004 cancer fluorouracil, and
leucovorin
Johnson et al. 2 99 98 14.7 (NA) NSCLC Docetaxel or 2.50r5 1
[28], 2004 pemetrexed
Kabbinavar 2 104 102 17.6 (NA) Colorectal Fluorouracil and 250r5 1
et al. [27], 2003 cancer leucovorin
Kabbinavar 2 209 204 14.8 (NA) Colorectal Bolus 2.5 2
et al. [30], 2005 cancer fluorouracil and
leucovorin
Karrison et al. 2 115 108 15.1 (NA) Mesothelioma  Cisplatin and 5 NA
[7], 2007 gemcitabine
Kindler et al. 3 602 523 11.3 (NA) Pancreatic Gemcitabine 5 NA
[8], 2007 cancer
Miles et al. 3 736 736 10.2 (0-17.5) Breast cancer  Docetaxel 250r5 NA
[24], 2008
Miller et al. [37], 3 462 445 14.8 (NA) Breast cancer  Capecitabine 5 2
2005
Miller et al. [34], 3 722 711 25.9 (NA) Breast cancer  Paclitaxel 5 2
2007
Price et al. [33], 3 400 400 NA Colorectal Capecitabine or 2.5 NA
2008 cancer mitomycin
Reck et al. [23], 3 1043 986 NA NSCLC Cisplatin and 250r5 3
Jco, 2009 gemcitabine
Rini et al. [32], 3 732 715 NA Renal Cell Interferon Alfa 5 3
2008 Carcinoma
Saltz et al. [26], 3 1401 1 369 27.6 (NA) Colorectal Oxaliplatin, 2.5 3
2008 cancer fluorouracil, and
leucovorin or
capecitabine
and oxaliplatin
Sandler et al. 3 878 868 19.0 (NA) NSCLC Paclitaxel and 5 2
[35], 2006 carboplatin
Van Cutsem 3 607 583 6.7 (NA) Pancreatic Gemcitabine and 2.5 3
et al. [22], 2009 cancer erlotinib
Yang et al. [29], 2 116 116 27 Renal Cell None 250r5 2.0
2003 Carcinoma

Abbreviations and notes: NA, data not available; NSCLC, non-small cell lung carcinoma.

(a) Funding sources: Seven trials were sponsored by Genentech [11,27,28,30,34,36,37]. Five trials were sponsored by Hoffman-I.aRoche
[21-24,26]. Seven trials were supported by National Cancer Institute and National Institute of Health [6,8,29,31,32,34,35]. One trial was
supported by Mesothelioma Applied Research Foundation [7]. One trial was supported by Australian Gastrointestinal Trials Group [33].

(b) The dose schedule was converted from mg/kg per schedule.

Relative risk of ATE

The observed incidence of ATE associated with bev-
acizumab may be attributable to known or potential risk
factors such as hypertension, diabetes, hyperlipidemia,

chemotherapy, or malignancy. In order to determine
the particular contribution of bevacizumab to the
occurrence of ATE, and to exclude the influence of
confounding factors, we calculated overall relative
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Table III. Incidence and relative risk (RR) of all-grade arterial thromboembolic events (ATE) with bevacizumab according to tumor

types.
All-Grade ATE All-Grade ATE

No. of (No./Total No.) (No./Total No.) Incidence

Studies Bevacizumab Control (95% CI), % RR (95% CI)
Overall 8 58/1 853 23/1 720 3.3 (2.0-5.6) 2.08 (1.28-3.40)
Colorectal cancer 3 33/560 11/536 6.1 (4.4-8.5) 2.79 (1.42-5.49)
Breast cancer 2 8/594 1/561 1.6 (0.8-3.2) 3.49 (0.48-25.49)
Renal Cell Carcinoma 1 5/337 2/304 1.5 (0.6-3.5) 2.26 (0.44-11.54)
NSCLC 1 3/66 1/32 4.5 (1.5-13.2) 1.46 (0.16-13.44)
Pancreatic Cancer 1 9/296 8/287 3.0 (1.6-5.7) 1.09 (0.43-2.79)

Abbreviations and notes: CI, confidence interval; NSCLC, non-small cell lung carcinoma. The incidence and RR were calculated from
the trials included in this study by meta-analysis as described in the “Methods” section.

risk of ATE from these RCTs, in which a direct com-
parison was made between bevacizumab and a con-
trol with concurrent standard chemotherapy or
biological therapy.

We combined the data of all-grade or high-grade
ATE (if data for all grade not available) from each
RCT, and performed a meta-analysis to calculate the
overall RR associated with bevacizumab in compari-
son with controls. No heterogeneity was found among
these studies included in the analysis despite clear
disparity in tumor type and related treatment
(Figure 2). Using a fixed-effect model, the summary
overall RR for bevacizumab versus control was 1.44
(95% CI 1.08-1.91, p=0.013). Thus, there was a
significantly increased risk of developing ATE in
patients treated with bevacizumab. The overall risk
of ATE in patients receiving bevacizumab was 44%
greater than control treatment.

Also, we calculated summary RRs of all-grade
and high-grade ATE with bevacizumab versus con-
trols separately. As shown in Table III, the summary
RR of all grade ATE was 2.08 (95% CI 1.28-3.40,
p=0.003) from eight RCTs, suggesting that bevaci-

zumab significantly increased the risk of all-grade
ATE by 108% when compared to a control. As shown
in Table IV, the summary RR of high-grade ATE was
1.29 (95% CI 0.86-1.94, p = 0.21) from 15 RCTs,
suggesting that bevacizumab might not increase the
risk of high grade ATE significantly.

Influence of bevacizumab dose on the risk of ATE

We explored the relationship between the dose of
bevacizumab and RR of ATE to further understand
the role of bevacizumab in the development of ATE.
A meta-analysis was performed to calculate the
relative risk associated with bevacizumab at 2.5 or
5 mg/kg/week when compared to controls. The RR
of ATE for bevacizumab at 2.5 mg/kg/week was 1.52
(95% CI 1.10-2.09) from nine RCTs including 7
116 patients (bevacizumab 3 581, controls 3 535).
The RR of ATE at 5 mg/kg/week was 1.50 (95% CI
0.84-2.69) from 13 RCTs including 5 061 patients
(bevacizumab 3 027, controls 2 934). Therefore,
both high and low doses of bevacizumab increased
the risk of ATE at a similar level.

Table IV. Incidence and relative risk (RR) of high-grade arterial thromboembolic events (ATE) with bevacizumab according to tumor

types.
High-Grade ATE High-Grade ATE
No. of (No./Total No.) (No./Total No.) Incidence
Studies Bevacizumab Control 95% CI), % RR (95% CI)
Overall 15 98/5 558 60/4 812 2.0 (1.7-2.5) 1.29 (0.86-1.94)
Colorectal Cancer 5 47/2 531 27/2 472 1.9 (1.4-2.5) 1.57 (0.98-2.53)
Colorectal Cancer- 4 22/1 205 8/1 151 1.9 (1.2-2.8) 2.18 (0.99-4.80)
metastatic
Renal cell cancer 3 16/779 2/693 2.2 (1.4-3.6) 5.14 (1.35-19.64)
NSCLC 3 20/1 125 16/809 11.3 (4.7-24.8) 0.64 (0.34-1.22)
Pancreatic Cancer 2 14/573 14/550 2.5 (1.5-4.1) 0.96 (0.46-2.0)
Breast Cancer 1 0/497 1/233 1.0 (0-1.6) 0.18 (0.01-3.83)
Malignant 1 1/53 0/55 1.9 (0.3-12.2) 3.11 (0.13-74.72)
Mesothelioma

Abbreviations and notes: CI, confidence interval; NSCLC, non-small cell lung carcinoma.
the trials included in this study by meta-analysis as described in the “Methods” section.

The incidence and RR were calculated from
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RR of All Arterial Thromboembolic Events

Model Study name Statistics foreach study Events /Total Riskratio and 95% CI
Risk Lower Upper
ratio limit limit p-Value Bevacizumab Control

Allegra 1311 0725 2369 0370 25/1326 19/1321 E 3

Escudier 2255 0441 11539 0329 5/337 2/304 -

Giantanio 3972 0447 35.321 0216  4/287 1/285

Herbst 0358 0015 8544 0526 0/39 1/42

Hurwitz 4041 1532 10.659 0.005 20/393 5/397 —il—

Johnson 1455 0157 13.439 0741 3/ 66 1/32

Kabbinavar03 1567 0.169 14.516  0.692 3/67 1/35

Kabbinavar05 2080 0737 5872 0.167 10/100 5/104 —i—

Karrison 3111 0130 74.715 0484 1/53 0/55

Kindler 0949 0310 2907 0928 6/277 6/263 ——

Miles 0157 0006 3830 0256 0/497 1/233

Miller05 0939 0059 14916 0964  1/229 1/215

Miller07 14221 0815 248.063 0069  7/365 0/346

Price 8943 0486 164722 0.141  4/157 0/156

Reck 0595 0304 1166 0131 18/659  15/327 e

Rini 9536 1227 74100 0.031 10/366 1/349 —_—

Saltz 1.667 0660 4.210 0279 12/694 71675 —i—

Sandler 5152 0248 106998 0290  2/427 0/440

Van Cutsem 1091 0427 2788 0856 9/296 8/287 —F—

Yang 2662 0.131 54.154 0524 2/76 0/40
Fixed 1435 1078 1.909 0013 142/6711 74/5906 |<>

0.01 041 1 10 100

Test of heterogeneity: Q=24.627, p=0.173, 2=22.848 Control Bevacizumab

Figure 2. Relative risk (RR) of arterial thromboembolic events (ATE) associated with bevacizumab versus controls. Overall summary RR
of ATE was calculated using a fixed-effects model. RR for each study is displayed numerically on the left and graphically on the right.
Total events and sample sizes are also displayed for each study. For study name, the first author’s name was used to represent each trial.
If the same first author was involved in two trials, then the publication year was also included to identify the trial. For each trial the position
of the square denoted incidence, horizontal lines represent 95% CI, and diamond plot represents overall results of the included trials.
The size of the squares is directly proportional to the amount of data in each trial.

Risk of ATE and tumor type

In order to investigate the relationship between
ATE and tumor type, we determined the risk of ATE
with bevacizumab according to tumor histology.
The incidence and RR of all-grade ATE varied with
different tumors (Table III). The highest incidence
of all-grade ATE was found in patients with CRC
(6.1%, 95% CI, 4.4-8.5). Bevacizumab was also
found to significantly increase the risk of all-grade
ATE in patients with CRC (RR, 2.79,95% CI 1.42—
5.49, p=0.001) compared with controls.

The risk of high-grade ATE also varied with dif-
ferent tumors. Higher incidences of high-grade ATE
were observed in patients with NSCLC, pancreatic
cancer, and RCC (Table IV). Bevacizumab was

found to significantly increase the risk of high-grade
ATE in patients with RCC (RR, 5.14, 95% CI
1.35-19.64, p=0.029) in comparison with controls.

Risk of cardiac ischemia and stroke

We also determined the risk of ATE separately accord-
ing to anatomic sites of arteries (Table V). Cardiac
ischemia and stroke were the two main events for
ATE. Five studies were available for analysis to cal-
culate incidence and RR of cardiac events and stroke
(Figure 3). The summary incidence of high-grade
cardiac ischemia was 1.5% (95% CI, 1.0-2.1%)
among 2 322 patients receiving bevacizumab [29].
The summary RR of developing high-grade cardiac

Table V. Incidence and Relative Risk (RR) of arterial thromboembolic events (ATE) with bevacizumab according to organs.

All-Grade thrombosis

All-Grade thrombosis

No. of (No./Total No.) (No./Total No.) Incidence
ATE Studies Bevacizumab Control (95% CI), % RR (95% CI)
Cardiac 5 33/2 322 12/2 151 1.5 (1-2.1) 2.14 (1.12-4.08)
CNS (Stroke) 20/2 288 13/2 253 1.2 (0.8-1.9) 1.37 (0.67-2.79)
Extremities 1 0/1 326 3/1 321 0 (0-0.6) 0.14 (0.01-2.75)
(Peripheral)
Viscera 1 1/67 0/35 0.4 (0.1-2.1) 3.71 (0.20-69.79)

Abbreviations and notes: CI, confidence interval; RR, relative risk, N/A: not applicable, NSCLC, non-small cell lung carcinoma. The
incidence and RR were calculated from the trials included in this study by meta-analysis as described in the “Methods” section.
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A RR of Cardiac Ischemic Events

Model Study name Statistics for each study

Events /Total

Riskratio and 95% CI

Risk Lower Upper
ratio  limit limit p-Value Bevacizumab Control
Allegra 1811 0871 3765 0112 20/1326 11/1321 H-
Giantanio 1.986 0.181 21780 0574 2/ 287 1/285
Price 5272 0286 97278 0.264 4/ 267 0/156
Rini 10490 0582 189.014 0.111 5/ 366 0/349
Yang 2662 0131 54.154 0524 2/76 0/40
Fixed 2136 1.119 4080 0.021 33/2322 12 /2151 <>
0.01 0.1 1 10 100
Test of heterogeneity: Q=1.752,p=0.781,1?<0.001
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Figure 3. Relative risk (RR) of cardiac ischemia or stroke associated with bevacizumab versus controls. Overall summary RRs of high
grade cardiac ischemic events (A) or stroke (B) were calculated using a fixed-effects model. RR for each study is displayed numerically
on the left and graphically on the right. Total events and sample sizes are also displayed for each study. For study name, the first author’s
name was used to represent each trial. If the same first author was involved in two trials, then the publication year was also included to
identify the trial. For each trial the position of the square denoted incidence, horizontal lines represent 95% CI, and diamond plot represents
overall results of the included trials. The size of the squares is directly proportional to the amount of data in each trial.

ischemia with bevacizumab versus controls was 2.14
(95% CI, 1.12-4.08, p=0.021, Figure 3A), suggest-
ing that bevacizumab significantly increased the risk
of high-grade cardiac ischemia by 114%.

The summary incidence of ischemic stroke was
1.2% (95% CI: 0.8-1.9%) among 2 288 patients
receiving bevacizumab from five RCTs, with the
highest being 6.3% in one study [27]. The summary
RR of developing stroke with bevacizumab was 1.37
(95% CI 0.67-2.79, p=0.391) compared with con-
trols (Figure 3B), suggesting no significant difference
between bevacizumab and controls in the risk of
stroke.

Discussion

This study showed that bevacizumab significantly
increased the risk of developing ATE (RR: 1.58, 95%
CI 1.09-2.28) in patients with a wide variety of
advanced solid tumors from a meta-analysis of 20
RCTs, consistent with a previous pooled analysis of five
RCTs [12]. In addition, we showed that bevacizumab
significantly increased the risk of cardiac ischemic
events (RR: 2.14, 95% CI, 1.12-4.08, p=0.021).

As bevacizumab is used extensively in routine cancer
treatment and clinical trials, it is important for physi-
cians to recognize the risk of ATE including cardiac
ischemia associated with bevacizumab therapy, par-
ticularly in patients with pre-existing coronary car-
diac disease. Further studies are recommended to
determine risk factors and underlying mechanisms
for risk reduction.

The role of bevacizumab in the development of
ATE is not clear. The hallmark behind any ATE is
the instability of atherosclerotic plaque and the asso-
ciated activation of platelets. Bevacizumab may
decrease an anti-inflammatory effect of chronic
VEGF exposure, thus increasing the inflammation
and atherosclerotic instability, leading to plaque rup-
ture, platelet activation, and in situ thrombus forma-
tion [38,39]. Also, VEGF is important for the repair
of endothelial cells and nitrous oxide (NO) produc-
tion [40]; the anti-VEGF effect of bevacizumab
decreases endothelial cell renewal capacity, exposes
pro-coagulant subendothelial tissue, decreases pro-
duction of nitrous oxide, which is associated with
vasoconstriction and increased platelet aggregation
and adhesion to vascular endothelium [41-43].



Additional mechanism may include a direct activa-
tion of platelets by bevacizumab through forming
complexes with VEGF on platelets, as shown by
Meyer et al. in transgenic mice [44]. Finally, bevaci-
zumab may interfere with the development of col-
lateral circulation, a compensatory mechanism for
obstructive arterial disease [45].

Our study demonstrated that the risk of ATE
associated with bevacizumab varies with tumor type,
with a high risk seen in patients with RCC (RR, 5.14;
95% CI, 1.35-19.64, Table IV). This variation may
be related to multiple factors such as patient charac-
teristics, tumor biology, and concurrent treatment.
One possible explanation is that various ATE effects
of bevacizumab may be affected by pretreatment
VEGTF levels in such patients; a higher level of VEGF
may increase intra-plaque angiogenesis and thus pre-
dispose atherosclerotic plaque more dependent on
VEGTF for its stability. It was shown that the level of
VEGF was highest in patients with RCC in com-
parison with other cancers [46]. Another study dem-
onstrated very high levels of VEGF among RCC
patients.[47]. In contrast, a very low level of VEGF
was observed in patients with breast cancer [48].

Our study showed that the risk of ATE did not
vary with the dose of bevacizumab; RRs were 1.52
(95% CI, 1.10-2.09) and 1.50 (95% CI, 0.84-2.69)
for bevacizumab at 2.5 and 5.0 mg/kg/week respec-
tively. A lack of dose-effect relationship suggests that
the low dose bevacizumab may be already reaching
the saturation level to induce ATE; alternatively, the
difference in effect may be too small to be detected.
Interestingly, there was also no relationship between
bevacizumab dose and the risk of venous thromboem-
bolism, as shown by us previously [17], suggesting
that a similar mechanism involving anti-VEGF effect
might exist underlying both arterial and venous throm-
boembolic events associated with bevacizumab.

This study showed that bevacizumab may increase
the risk of ATE differentially according to the ana-
tomic location of arteries. Based on the available data
from five RCTs (Figure 3), bevacizumab was associ-
ated with significantly increased risk of cardiac
ischemia with an RR of 2.14 (95% CI, 1.12-4.08,
p=0.021), but not stroke with an RR of 1.37 (95%
CI, 0.67-2.79, p=0.39). This result suggests a pos-
sibility that bevacizumab may preferentially increase
the risk of cardiac ischemic events. This could be the
result of more prevalent atherosclerotic diseases in
coronary arteries than in cerebral arteries; alterna-
tively, coronary arteries may be more dependent on
VEGTF than cerebral arteries in maintaining vascular
integrity, thus more prone to anti-VEGF treatment.

ATE may be a class-effect of angiogenesis inhib-
itors. Thalidomide, a potent anti- angiogenic agent
blocking the action of VEGF and basic fibroblast
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growth factor, is associated with the occurrence of
ATE, as reported in many case series [49-51].
Sorafenib, an inhibitor of VEGF receptor (VEGFR),
is associated with increased incidence of myocardial
infarction compared to placebo in patients with hepatic
cellular cancer or RCC [52,53]. Cardiovascular
toxicity including acute coronary syndrome was also
observed in patients treated with sunitinib, another
inhibitor of VEGFR [54]. Caution should be taken
for an increased risk of ATE when these angiogen-
esis inhibitors are combined to enhance anti-tumor
activity.

Prevention of ATE should be considered in high-
risk patients receiving bevacizumab, including age
old than 65 and a history of prior ATE [12], or
patients with CRC or RCC according to our study.
The use of ASA, which did not significantly increase
the risk of bleeding [12], should be considered in
these patients if they do not have contraindications.

Our study has several limitations. Firstly, three
versions of NCI-CTC were used to grade adverse
events, and may have inconsistency in reported
events of ATE. However, 18 of 20 studies used ver-
sions 2 and 3, which are very similar. In addition, the
significance of low-grade events (grade 1-2) is not
clear, and baseline cardiovascular condition was not
specified. Secondly, all the studies were conducted at
various institutions, and the ability to detect an ATE
can vary among the institutions, which could result
in potential bias of recording adverse events. How-
ever, the reported incidences of ATE are relatively
similar across these studies; in addition, the calcula-
tion of RRs may reduce inherent bias within each
study, and RRs reported by all of the studies were
remarkably non-heterogenous. Thirdly, these studies
were conducted at academic centers and major
research institutions, and patients in these clinical
trials had adequate major organ function, which may
not reflect general patient population in a commu-
nity or patients with organ dysfunctions. Fourthly,
there could be a potential observation time bias
because bevacizumab is often associated with pro-
longed progression-free survival. However, most
ATE events occurred in the early phase of treatment;
the median time to the first event was 2.6 months
in the bevacizumab-treated group versus 2.1 months
in the control group [12]. Finally, this is a meta-
analysis at the study level, so confounding factors
and specific risk factors at the patient level cannot be
assessed, and incorporated into the analysis.

In conclusion, the addition of the commonly used
angiogenesis inhibitor bevacizumab to standard anti-
neoplastic therapy significantly increased the risk of
ATE particularly cardiac ischemia in cancer patients.
The risk is similarly increased in patients receiving
both low and high doses of bevacizumab, and may
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vary with tumor type, with higher risks being associ-
ated with RCC or CRC. It is important for physi-
cians and patients to recognize the cardiovascular
side effect with bevacizumab. Future studies are rec-
ommended to investigate risk reduction.
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