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Abstract Bevacizumab (Avastin™, Genentech) is a mono-
clonal antibody that deactivates the vascular endothelial
growth factor leading to disruption of vital cancer signaling
pathways and inhibition of angiogenesis which results in its
anti-tumor activity. The use of bevacizumab in treating can-
cers has steadily increased since it was initially approved by
the Food and Drug Administration for metastatic colorectal
cancer. Clinical trials have revealed that bevacizumab has
serious side effects, including spontaneous bowel perforation,
which can occur in patients who have no involvement of the
gastrointestinal tract by cancer. Although risk factors for
bevacizumab-associated bowel perforation have been identi-
fied, it is still unclear which patients are specifically at risk for
this complication. The management of bevacizumab-induced

bowel perforation depends on the clinical presentation and the
goals of care set by the treating physicians and the patient.
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Introduction

One of themore significant complications from bevacizumab is
spontaneous bowel perforation, which may lead to peritonitis
requiring emergency operative intervention, fistula formation,
or intra-abdominal abscess. These consequences associated
with bowel perforation can prohibit further chemotherapy and
result in significant morbidity and mortality in cancer patients.
It appears that all patients receiving bevacizumab are at risk for
this complication, irrespective of tumor type [1–6••].

Herein, we review the literature that pertains to
bevacizumab-induced bowel perforation. This subject will
be explored with a focus on the incidence and risks associ-
ated with administering bevacizumab in patients with meta-
static disease. Additionally, the various aspects of this
complication management are addressed. The incidence of
bowel perforation in selected clinical trials where bevacizu-
mab was utilized is summarized in Table 1.

Metastatic Colorectal Cancers

Bevacizumab combined with 5-FU based chemotherapy
regimens is FDA approved and widely used in the treatment
of metastatic colorectal cancer (mCRC). The use of bevaci-
zumab in this setting stems from randomized clinical trials
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that have shown survival benefit from adding bevacizumab
to cytotoxic chemotherapies [7–10]. Promising results were
also reported when adding bevacizumab to neoadjuvant
chemotherapy regimens for locally advanced rectal cancer
[11, 12]. Despite these benefits in patients with mCRC, it is
now well established that bevacizumab increases the risk of
serious complications, such as bowel perforation. It is note-
worthy to mention that bevacizumab-induced bowel perfo-
ration was described to occur indiscriminately along the GI
tract and not only in the primary tumor site [13].

The incidence of bowel perforation in patients with mCRC
attributed to the use of bevacizumab ranges from 1 to 4 % [7,
13–15]. Hurwitz et al., in a phase III trial of mCRC where
patients were randomized to irinotecan, bolus 5-FU and leu-
covorin with or without bevacizumab, reported a bowel per-
foration incidence of 1.5 % in the bevacizumab group vs. 0 %
in the control group [7]. Hochster et al., in the TREE-2 trial
reported an incidence rate of bowel perforation in the range of

2 % [14]. A meta-analysis by Hapani et al., which included six
randomized clinical trials inmCRC, showed that the incidence
of bowel perforation from bevacizumab was 0.9 % (95 % CI
0.6–1.3) [16••].

Several clinical risk factors were postulated to increase
the risk of spontaneous bowel perforation from bevacizu-
mab in the setting of treatingmCRC. These include a history of
peptic ulcer disease, diverticulitis, colitis, intestinal obstruc-
tion, tumor necrosis, recent sigmoidoscopy or colonoscopy,
intact primary tumor, radiotherapy, higher cumulative dose of
bevacizumab, or emergent surgery while receiving bevacizu-
mab [16••, 17–19]. Variousmechanisms are thought to mediate
bevacizumab induced bowel perforation including disruption
of vascular regeneration and resultant bowel ischemia, en-
hanced chemotherapy delivery to the tumor leading to necro-
sis, or impaired wound healing [16••, 20–22]. In spite of the
accumulating knowledge of predisposing factors and proposed
mechanisms of bevacizumab-induced bowel perforation, there

Table 1 The incidence of bowel perforation associated with the administration of bevacizumab and deaths related to this complication in selected
clinical trials in various tumor types

Tumor type Author (year) Patients treated with
bevacizumab (n)

Bowel perforation
(n, %)

Mortality from
perforation

Metastatic colorectal cancer Hochster et al. (2008) [14] 213 5 (2) Yes

Hurwitz et al. (2004) [7] 393 6 (2) Yes

Giantonio et al. (2007) [8] 529 6 (1) Yes

Kabbinavar et al. (2005) [15] 104 2 (2) Yes

Saltz et al. (2008) [10] 699 4 (1) Yes

Van Cutsem et al. (2009) [13] 1914 37 (2) Not available

Ovarian cancer Cannistra et al. (2007) [1] 44 5 (11) Yes

Perren et al. (2011) [23] 745 10 (1) Yes

Garcia et al. (2008) [25] 70 4 (6) Yes

Burger et al. (2007) [26] 62 0 (0) No

Burger et al. (2011) [27] 1215 33 (3) Not available

Konner et al. (2011) [33] 41 2 (5) Yes

Breast cancer Miller et al. (2007) [3] 365 2 (1) Not available

Brufsky et al. (2011) [35] 458 2 (<1) Not available

Miles et al. (2010) [36] 499 2 (<1) Yes

Robert et al. (2011) [37] 817 5 (1) Not available

Non-small cell lung cancer Sandler et al. (2006) [2] 427 0 (0) Not available

Herbst et al. (2007) [46] 78 1 (1) No

Johnson et al. (2004) [43] 67 0 (0) No

Reck et al. (2009) [41] 659 1 (<1) Not available

Malignant glioma Vredenburgh et al. (2007) [49] 35 0 (0) No

Reardon et al. (2011) [55] 40 3 (8) Yes

Friedman et al. (2009)81 [53] 79 2 (3) No

Stark-Vance (2005) [50] 21 1 (5) Yes

Renal cell carcinoma Yang et al. (2003) [67] 76 0 (0) No

Rini et al. (2008) [4] 366 2 (1) Not available

Escudier et al. (2008) [58] 337 5 (1) Yes
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is still no reliable method to accurately predict the occurrence
of this complication in mCRC patients. Such a prediction
model will be further complicated by the heterogeneity of
mCRC patients in terms of the predisposing condition for
colorectal cancer, the various chemotherapy regimens com-
bined with bevacizumab, various bevacizumab doses and
schedules, location and extent of the tumor, administration of
bevacizumab with the primary tumor in situ or removed and
patients’ comorbidities.

Ovarian Cancer

Bevacizumab has shown significant anti-tumor activity in
epithelial ovarian cancer [1, 23–27]. As a single agent, Monk
et al. reported in a case report on a heavily pretreated, recurrent
and refractory serous ovarian carcinoma patient who experi-
enced a durable response to bevacizumab [24]. Subsequently,
phase II trials have shown a response rate of around 20 %
prompting phase III trials to test bevacizumab in combination
with platinum-based chemotherapy regimens as first line ther-
apy in patients with advanced stage epithelial ovarian cancer
[1, 25, 26]. Two recently reported large phase III trials met
their primary end points of improving progression free sur-
vival with the addition of bevacizumab to carboplatin and
paclitaxel in the adjuvant treatment of advanced stage epithe-
lial ovarian cancer. In these trials, the addition of bevacizumab
improved progression free survival by 2–4 months, but also
appeared to be associated with a higher GI complication rate
when compared to conventional therapy [23, 27].

In addition to extending progression free survival, the use
of bevacizumab in treating patients with ovarian cancer
leads to better control of cancer associated symptoms. This
includes reducing ascites and pain, along with improving
gastrointestinal and respiratory symptoms precipitated by
advanced ovarian cancer which are often debilitating [1,
25, 26]. In preclinical studies, the level of VEGF expression
by ovarian cancer cells was directly associated with ascites
formation, which was averted by applying a VGEF inhibitor
[28, 29]. Various clinical reports suggested that bevacizu-
mab, whether administered IV or IP, might be effective in
managing malignant ascites for palliative reasons [30].

As noticed in mCRC, bowel perforation is associated
with the use of bevacizumab in epithelial ovarian cancers,
however the incidence seems to be higher (3–11 %) [1, 31].
In October 2005, the National Cancer Institute (NCI) issued
an action letter warning clinicians of the risk of GI perfora-
tion from bevacizumab in response to a phase II trial which
reported 5 (11.4 %) GI perforations, one of them fatal, in 44
ovarian cancer patients [1]. Another phase II study of bev-
acizumab and erlotinib reported two cases of fatal GI perfo-
rations [32]. A recent larger phase III trial reported 10 (1 %)
GI perforations in patients receiving bevacizumab compared

with 3 (<1 %) in the standard chemotherapy arm [23].
Another similar phase III trial comparing cytotoxic chemo-
therapy with or without bevacizumab showed that the inci-
dence of GI perforation was higher in patients treated with
bevacizumab (3 vs 1.2 %), but the difference was not
statistically different [27]. As noted, the more recent phase
III trials appear to demonstrate a lower incidence of bowel
perforation than what was observed in the earlier phase II
trials, which may be due to more stringent patient selection.

Certain ovarian cancer characteristics and management
features may increase the risk of bevacizumab-associated
bowel perforation. Diffuse peritoneal disease, a common
finding in ovarian cancer, potentially increases the risk of
bowel perforation [31]. Extensive peritoneal involvement
may necessitate more aggressive surgical cytoreduction
which in turn may increase the risk of bowel perforation.
Bowel obstruction also seems to increase the risk of perfo-
ration, and was actually associated with two deaths from
bowel perforation reported by Nimeiri et al. [32]. In the
phase II ORBIT trial of bevacizumab monotherapy for
platinum-resistant ovarian cancer, all five patients who had
bowel perforation had signs of radiographic bowel involve-
ment such as tumor involving the bowel, small bowel ob-
struction, bowel distension or bowel wall thickening [1]. It
is unclear if administering IV bevacizumab in chemotherapy
combinations that include intraperitoneal (IP) administration
of other drugs increases the risk of bowel perforation. A
phase II trial where IV bevacizumab was added to IP cis-
platin and paclitaxel resulted in one fatal bowel perforation
following rectosigmoid anastomotic dehiscence [33]. Inter-
estingly, the bowel dehiscence occurred during the fourth
treatment cycle, was limited to the anastomotic site, was
distant from the IP catheter and was not associated with
gross tumor involvement of the bowel [33].

In the authors opinion, in order to decrease the morbidity
associated with bevacizumab administered to patients with
ovarian cancer, implants along the GI tract noticed during
surgical intervention or by imaging should warrant close mon-
itoring and a heightened clinical suspicion for GI perforation in
patients with previous bowel resection and anastomosis. Al-
though GI involvement by cancer is not an absolute contrain-
dication to use bevacizumab, Simpkins et al. showed that
excluding patients with clinical or radiographic evidence
of bowel obstruction, rectosigmoid involvement by cancer
or refractory heavily pretreated disease resulted in no
bevacizumab-associated bowel perforations in 25 ovarian
cancer patients treated with bevacizumab [34].

Breast Cancer

Bevacizumab was first approved for the treatment of meta-
static breast cancer in 2008 following the results of the
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E2100 open label phase III trial that showed progression-
free survival benefit when bevacizumab was combined with
paclitaxel, compared to paclitaxel alone (11.3 vs 5.8 months,
respectively) [3]. Subsequently, the AVADO, RIBBON-1
and RIBBON-2 phase III clinical trials showed similar
results in regards to significant progression-free survival in
favor of bevacizumab. However, no overall survival benefit
was demonstrated which incited the FDA to withdraw bev-
acizumab approval for the treatment of metastatic breast
cancer [35–38].

The incidence of bevacizumab induced bowel perforation
in breast cancer is thought to be less than 1 %. In fact, in a
meta-analysis by Ranpura et al., the rate of serious adverse
events from bevacizumab in breast cancer patients was the
lowest among the other cancers included in that study (RR,
0.69; 95 % CI 0.30–1.62; incidence, 0.9 % vs 1.3 %) [6••].
Although this low rate of bowel perforation is not very sur-
prising given that involvement of the GI tract by breast cancer
is less common than in mCRC and ovarian cancer, it is
noteworthy to mention that most of the metastatic breast
cancer trials excluded patients with intra-abdominal abscess-
es, history of bowel perforation or recent abdominal fistulas.
The four major phase III metastatic breast cancer trials dis-
cussed above showed that the incidence rate of bevacizumab
associated bowel perforation is <1 %. In the AVADO and
ATHENA trialswhere bevacizumabwas discontinued6weeks
beforeminor or major elective surgeries, or started 28–60 days
(or following complete healing) after surgery, there was no
increased risk of bowel perforation [36, 39, 40].

Non-Small Cell Lung Cancer

Bevacizumab is approved as a first line treatment in a
combination regimen with carboplatin and paclitaxel for
advanced stage non-squamous non-small cell lung cancer
(NSCLC) [22]. This approval followed the results of the
phase III trial (ECOG 4599) which showed an overall sur-
vival improvement of 2 months for the patients on the
bevacizumab arm compared to carboplatin and paclitaxel
alone (12.3 vs 10.3 months, HR for death, 0.79; P00.003)
[2]. In the subsequent AVAiL trial in which advanced stage
NSCLC patients were randomized to cisplatin and gemcita-
bine with or without bevacizumab, there was an improve-
ment in progression-free survival that did not translate into
overall survival benefit [41, 42].

Bevacizumab use in NSCLC led to bowel perforation,
but also resulted in other unique toxicities that were rare in
other cancers [2, 43–45]. The incidence rate of bevacizumab-
associated bowel perforation in clinical trials is <1 % [41, 46].
Outside of clinical trials, two case reports described bowel
perforation in NSCLC patients treated with bevacizumab. In

one case there was full thickness involvement of the bowel by
NSCLC whereas in the other case the patient experienced a
colon perforation that was not involved by tumor [44, 45].
Spigel et al. reported on cases of tracheoesophageal fistulas in
small cell and NSCLC patients treated with bevacizumab in
clinical trials [47]. This complication seems to be unique to the
use of bevacizumab in NSCLC patients. Aside from bowel
perforation, bevacizumab has also been shown to be associated
with severe pulmonary hemorrhage in NSCLC. In the random-
ized phase II trial of carboplatin and paclitaxel with or without
bevacizumab, 6 of 67 patients experienced grade III/IV he-
moptysis/pulmonary hemorrhage which resulted in three
deaths attributed to this complication. In a subgroup analysis,
some of the characteristics that were associated in pulmonary
hemorrhage included squamous cell histology, proximity of
the tumor to major blood vessels, tumor necrosis, or cavitary
lesions [43]. This effectively led to excluding patients with
squamous cell histology from subsequent NSCLC clinical
trials, and a black box warning of pulmonary hemorrhage/
hemoptysis in the bevacizumab prescribing information [48].

Malignant Glioma

Bevacizumab was associated with encouraging response
rates in high grade gliomas [49]. So far, the available data
from phase II trials support the use of bevacizumab as a
single agent or in combination with irinotecan for recurrent/
progressive glioblastoma multiforme (GBM). Phase III trials
assessing survival benefit from integrating bevacizumab in
the treatment of GBM are ongoing [49–54].

The use of bevacizumab in the treatment of GBM has
been described to result in bowel perforation in addition to
other complications that are more specific to the CNS [49,
53]. In a trial comparing bevacizumab with an irinotecan
combination in patients with malignant gliomas, there were
two treatment-related deaths, one of which was attributed to
bowel perforation [50]. In another single arm phase II trial
testing bevacizumab combined with irinotecan and carbo-
platin in 40 bevacizumab-naïve recurrent GBM patients,
there were three cases of bowel perforation, one of which
was fatal [55]. Friedman et al., in a phase II trial assigning
patients to bevacizumab alone or bevacizumab and irinotecan,
found 2 of 79 (3 %) patients in the combined arm had bowel
perforations. No bowel perforation ensued in the single agent
bevacizumab arm [53]. In a study combining bevacizumab
with brain radiation for recurrent GBM, 1 of 25 (4 %) patients
developed bowel perforation. Interestingly, this patient had the
perforation while on chronic dexamethasone, which probably
identifies another potential risk factor for bowel perforation in
this patient population where high dose steroids are common-
ly used [56]. Notably, the GI perforations that occurred when

280 Curr Oncol Rep (2012) 14:277–284



bevacizumab was administered in GBM patients ensued when
the drug was given in combination regimens.

Renal Cell Carcinoma

Bevacizumab is approved for the treatment of metastatic renal
cell carcinoma (RCC) in conjunction with interferon alpha
[48]. Randomized phase III trials in stage IVRCC have shown
a significant prolongation of progression-free survival, but not
overall survival, when bevacizumab was added to interferon
[57–59]. The inability to demonstrate significant overall sur-
vival benefit could be due to the subsequent treatment of the
bevacizumab trial patients with tyrosine kinase and mamma-
lian target of rapamycin (mTOR) inhibitors which are now
known to be effective in metastatic RCC [60–62].

Two key randomized phase III trials in metastatic RCC
showed an incidence rate of 0.02–1 % of bevacizumab-
associated bowel perforation [58, 59]. In the AVOREN
phase III trial, 5 of 337 (1 %) patients treated with bevaci-
zumab and interferon alpha experienced bowel perforation
[58]. One of the patients had a gastric perforation leading to
a grade V toxic event. There is an additional case report of a
stage IV RCC patient who died after experiencing a gastric
perforation and resultant gastropleural fistula which was
attributed to the use of bevacizumab [63]. CALGB 90206
is a phase III randomized trial of bevacizumab with or
without interferon alpha for patients with stage IV RCC.
In this study, there were two bowel perforations (n0366,
1 %) reported [59].

No definite risk factors have been associated with
bevacizumab-induced bowel perforation in metastatic
RCC. Notably, all patients in the AVOREN trial and more
than 85 % of the patients in CALGB 90206 underwent
nephrectomy before enrollment and all patients were treated
with interferon alpha [58, 59]. Although it is unclear if
cytokine administration increases the risk of perforation
from bevacizumab, IL-2 in previous studies was associated
with an increased risk of bowel perforation [64, 65].

Management of Bowel Perforation from Bevacizumab

As mentioned above, patients undergoing treatment with
bevacizumab and other cytotoxic chemotherapies represent
a group of patients at high risk for severe sequelae from
bowel perforation. Not only are patients being treated with
bevacizumab, which increases their risk for wound healing
and hemostasis complications, but they are also potentially
immunocompromised from chemotherapy. Therefore the
management of bowel perforation in these patients is com-
plex and should involve a multidisciplinary approach that

involves medical oncologists, surgeons, and interventional
radiologists.

Perforation may be asymptomatic in immunocompro-
mised patients and difficult to diagnose. Patients can present
with an acute abdomen due to peritoneal contamination, free
air in the abdomen, hemoperitoneum, or intra-abdominal
abscess. Postoperative patients or those being treated for
rectal cancer can also present with fistula formation or
anastomotic leak [17, 66].

The management of bowel perforation depends on the
timing of presentation, the overall condition of the patient
and the patients’ goals and wishes. Medical management
will often fail in patients with bowel perforation, unless they
have a contained perforation leading to abscess which can
be potentially managed with percutaneous drainage. More
likely, patients will require operative intervention and may
require bowel resection and potentially diversion. Special
circumstances in this population clearly exist, including
patients with incurable cancer or poor performance status.

In a retrospective study, Badgwell et al. reported a series of
24 patientswho experienced a bowel perforationwithin 7weeks
of receiving bevacizumab. The patients had tumors in multiple
sites including pancreas (n07, 29 %), colorectal (n06, 25 %),
renal cell (n04, 17 %), and ovarian cancer (n03, 13 %). This
was a highly heterogeneous group of patients presenting with
different types of complications including two patients with
perforated diverticulitis and two with perforated appendicitis.
Thirty-day mortality was 12.5 % (3/24 patients). Four patients
(19 %) went immediately for operative intervention. Of the 20
patients initially selected for non-operative management, only
one patient eventually required an operation. The 19 remaining
patients were successfully managed non-operatively with treat-
ments such as antibiotics, bowel rest, placement of a nasogastric
tube, total parenteral nutrition, and in 7 patients interventional
radiology placed percutaneous catheters [19]. Clearly these
patients are well-selected and each patient presenting with this
potentially lethal complication should be individually assessed
as a candidates for conservative management.

The long half-life of bevacizumab, which ranges from 11 to
50 days [48], increases the risk of unplanned, urgent surgical
procedures. There are strict recommendations regarding the
timing of surgery for patients being treated with bevacizumab.
Per the bevacizumab prescribing information insert, patients
should not undergo surgery for at least 28 days following their
last treatment due to the risk for poor wound healing and
hemostasis [48]. Operations should ideally be delayed
at least 4–6 weeks to assure complete metabolism of the drug.
Earlier interventions, if necessary, may increase the risk of
bevacizumab-associated complications. The addition of bev-
acizumab to chemotherapy 28–60 days after surgery did not
seem to increase the risk of perforation in one study [22].
These recommendations are generally followed for elective
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surgery and are believed to decrease the risk of bevacizumab
induced perforation, delayed wound healing, anastomotic de-
hiscence and other complications.

The risk of bevacizumab-related postoperative complica-
tions is higher when urgent surgical interventions are needed.
In patients with near-obstructed bowel but minimally symp-
tomatic tumors, the benefit of adding bevacizumab should be
weighed against the potential need for surgical intervention
during the early course of therapy. Scappaticci et al. showed
that cancer patients who undergo emergency surgery while on
bevacizumab are at higher risk for wound healing complica-
tions such as fascial dehiscence, cellulitis, intra-abdominal
and cutaneous fistulae, anastomotic leak, intra-abdominal
bleeding, hemothorax and bowel perforation [22].

Although the literature to date on how to manage
bevacizumab-induced bowel perforation is largely depen-
dent on case series, it should be noted that it will be hard
to generate a common approach for this patient population
because of the large heterogeneity of the underlying malig-
nancy, treatment goals, and clinical presentation.

Conclusion

Bowel perforation is a serious complication of bevacizumab
therapy that is seen across various cancers. The risk of this
complication is higher in cancers that involve the GI tract,
especially mCRC and epithelial ovarian cancer. However,
perforation can also occur without GI involvement by tumor
as demonstrated in malignant glioma. As outlined above,
there are several pre-existing medical conditions and cancer-
related treatments that may increase the risk of bevacizumab-
induced bowel perforation. There is no well-established
scoring system to predict which patients are at risk for bowel
perforation in the setting of bevacizumab use; however,
careful patient selection may help reduce the incidence of
complications from this drug. For instance, if possible,
bevacizumab use should be avoided in patients who may
require early surgical intervention. Early recognition of bowel
perforation is also of paramount importance.

Since multiple clinical trials have shown that the addition
of bevacizumab to standard chemotherapy improves survival
in metastatic cancer, the risk to benefit ratio of bevacizumab
use should be communicated clearly with the patient. The
patient should be also made aware of the risk of bowel
perforation and be educated about the presenting symptoms
of such a complication. The management of this complication
should be individualized for each patient as well as the clinical
presentation and the patient’s wishes and goals. Bevacizumab
should be discontinued permanently if bowel perforation
occurs. Future studies should focus on producing better predic-
tive tools to identify the patients at higher risk for bevacizumab-
induced bowel perforation.
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