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Abstract Background: Bevacizumab prolongs overall and progression-free survival when
added to fluorouracil-based chemotherapy in patients with metastatic colorectal cancer in ran-
domised controlled trials (RCTs). However, gastrointestinal perforation (GIP) occurs in 1–2%
of treated patients. We sought to describe the incidence, temporal pattern, outcomes and
potential risk factors for GIP in a large, community-based observational cohort study of
patients treated with bevacizumab.
Patients and methods: Baseline patient and tumour characteristics, including potential GIP
risk factors, were collected at study entry. Treatment, targeted adverse events, progression
events and survival data were recorded every 3 months. Detailed clinical information was col-
lected for all patients experiencing a GIP event. Effects of baseline risk factors on GIP risk
were investigated using Cox proportional hazards regression.
Results: Of 1953 evaluable patients followed for a median of 20.1 months, 37 (1.9%) experi-
enced GIP. Most GIP events were surgically managed with successful outcomes; four events
were fatal. The majority of GIP events (26/37) occurred 66 months after starting bevacizumab
(median, 3.35 months). Univariate and multivariate analyses showed that age P65 years was
significantly associated with lower GIP risk. In multivariate analyses, intact primary tumour
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and prior adjuvant radiotherapy were significantly associated with increased risk of GIP
within 6 months after starting bevacizumab. A regression analysis that assessed the risk of
GIP over time showed no cumulative risk associated with bevacizumab exposure.
Conclusion: The observed rate of GIP in this large, community-based experience was consis-
tent with rates reported in RCTs. Most events were successfully managed with surgical inter-
vention.

� 2012 Elsevier Ltd. All rights reserved.

1. Introduction

Bevacizumab (Avastin�, Genentech, Inc., South San
Francisco, CA), a recombinant humanised monoclonal
antibody targeting vascular endothelial growth factor,
is an antiangiogenic agent approved for the treatment
of multiple solid tumours. In the first- and second-line
treatment of metastatic colorectal cancer (mCRC), bev-
acizumab prolonged overall survival (OS) and progres-
sion-free survival when combined with fluorouracil
(FU)-based chemotherapy regimens.1–3 In two phase 3
trials of bevacizumab in mCRC, gastrointestinal perfo-
ration (GIP) was an uncommon but serious adverse
event occurring at rates of 1.5% and 1.1%.1,3

Because GIP events in these randomised controlled
trials (RCTs) were infrequent and patient follow-up
was not longitudinal, the risk of experiencing a GIP over
time with bevacizumab exposure and the contribution of
potential risk factors are not well characterised. More-
over, patients selected for clinical trials likely differ from
the general population of patients with mCRC.

BRiTE (Bevacizumab Regimens’ Investigation of
Treatment Effects), a prospective, observational cohort
study (OCS) initiated when the US Food and Drug
Administration approved bevacizumab for the first-line
treatment of mCRC, was designed to explore clinical
outcomes with bevacizumab-based therapy in a commu-
nity or ‘real-world’ cohort of patients, including the inci-
dence, clinical course and potential risk factors
associated with uncommon but serious adverse events,
such as GIP. Baseline patient characteristics and clinical
outcomes in BRiTE have been published previously.4,5

Here we report a protocol-specified analysis that exam-
ined risk factors and long-term outcomes associated
with GIP in BRiTE, including analyses of timing and
potential associations with known risk factors.

2. Patients and methods

2.1. Study design and patients

Details of the study design were reported previ-
ously.4,5 In brief, this prospective OCS followed patients
with metastatic or locally advanced and unresectable
colorectal cancer receiving bevacizumab with initial che-
motherapy. No other eligibility requirements were spec-
ified. Chemotherapy regimens, dose, duration of

bevacizumab treatment and any tumour assessments
were at the physician’s discretion.

2.2. Data collection

Patient data were recorded at baseline and then quar-
terly until study completion, patient death, withdrawal
of consent, loss to follow-up or study data cutoff (15th
October 2008), whichever occurred first. Prespecified
potential baseline risk factors for GIP, including intact
primary tumour, sigmoidoscopy or colonoscopy within
1 month preceding the start of bevacizumab administra-
tion, recent major surgery, prior adjuvant radiotherapy,
chronic use of aspirin or other non-steroidal anti-inflam-
matory drugs (NSAIDs) and a history of peptic ulcer
disease or diverticulosis were recorded. At follow-up,
sites were required to answer the following question with
a ‘yes’ or ‘no’: Has the patient experienced a GIP event?
If the response was ‘yes’, information on the event onset
and resolution dates, suspected cause, change in bev-
acizumab treatment and additional GIP risk factors
were collected. Potential GIP events, based on Common
Terminology Criteria for Adverse Events (v. 3.0),6 were
reviewed clinically to ensure identification of all events
and to distinguish multiple events from the continuation
of a single event.

2.3. Statistical analysis

All patients who received at least one dose of bev-
acizumab and for whom safety data were collected were
included in the analysis. Baseline patient and disease
characteristics were summarised using descriptive statis-
tics. The number and corresponding rate of GIP events
were determined for the overall BRiTE sample and for
patients with predisposing risk factors at baseline.

The effects of baseline risk factors on the length of
time to first GIP event were investigated using Cox pro-
portional hazards regression. Patients without a GIP
event were censored at the time of death, study discon-
tinuation, study data cutoff or 90 days after receiving
the last bevacizumab dose, whichever occurred first.
Risk factors examined included Eastern Cooperative
Oncology Group (ECOG) performance status, age,
chronic aspirin (>325 mg) or NSAID therapy, peptic
ulcer disease requiring medication, known diverticulosis,
intact primary tumour, sigmoidoscopy or colonoscopy
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