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Abstract

Aim: To present the gastrointestinal (GI) complications
associated with bevacizumab therapy and their findings
on abdominal imaging studies.

Methods: A computerized search identified 11 patients
with GI complications of bevacizumab therapy on
abdominal CT (n = 11) and fluoroscopic GI contrast
studies (n = 4) who met our study criteria (including five
patients with ovarian cancer, five with colon cancer, and
one with cervical cancer). The medical records and
imaging studies were reviewed to determine the clinical
and radiographic findings in these patients.

Results: All 11 patients had findings of GI perforation on
CT, or CT and GI contrast studies. CT revealed a
localized extraluminal collection containing gas, fluid,
and/or contrast material in eight patients (73%) with
focal perforation, and free abdominal air and fluid in
three (27%) with free perforation The imaging studies
also revealed seven fistulas, including two colovaginal,
one rectovaginal, one enterocutaneous, one colocutane-
ous, one gastrocolic, and one colorectal fistula. Eight
(73%) of the 11 patients died within 1 year of the
development of GI perforation, and the perforation was
felt to be the cause of death in four patients (36%).
Conclusion: Abdominal CT and fluoroscopic GI contrast
studies are useful imaging tests for the diagnosis of
potentially life-threatening GI perforation as a compli-
cation of bevacizumab therapy. When GI perforation is
detected on abdominal imaging studies, treatment with
bevacizumab should immediately be discontinued.
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Vascular endothelial growth factor (VEGF) is a signal
protein produced by malignant neoplasms that acts on
endothelial cells to induce mitosis and enhance angio-
genesis, thereby enabling these tumors to grow faster [1].
Because of its ability to inhibit VEGF-mediated tumor
angiogenesis, bevacizumab (Avastin; Genentech), a
monoclonal antibody against VEGF, has been advocated
for treatment of malignant tumors [2, 3]. This agent was
initially approved for treatment of metastatic colon
cancer after a phase III clinical trial documented its
therapeutic efficacy [4]. Since that time, bevacizumab has
been shown to be effective for treatment of a variety of
malignancies, including colonic, ovarian, breast, cervical,
and small cell lung cancer, when administered in com-
bination with chemotherapy [5-7]. It is also effective as a
single agent for the treatment of ovarian cancer. Bev-
acizumab is administered as an IV infusion in doses of
5-15 mg/kg with a 2- or 3-week interval between treat-
ment cycles.

Unfortunately, bevacizumab therapy may be associ-
ated with serious side effects, particularly involving the
gastrointestinal (GI) tract. Colovaginal, rectovaginal,
colorectal, and colocutaneous fistulas have all been
reported in patients receiving this agent for treatment of
colonic and ovarian carcinoma [8—10]. Bowel necrosis
and perforation have also been reported as potentially
life-threatening complications of bevacizumab therapy,
leading to intra-abdominal abscesses, peritonitis, sepsis,
and death [4, 11-17]. In a review of the literature by
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Badgwell et al. [13], GI perforation occurred in 25 (1.7%)
of 1442 patients treated with bevacizumab. In another
study, GI perforation was reported in 8 (4%) of 223
patients with unresected primary tumors treated with
bevacizumab [4]. The perforation rate in patients with
ovarian cancer has been reported to be as high as 15%
[13, 16-19]. The risk of GI perforation may be even
higher in patients who have received concomitant radi-
ation therapy [11].

While GI perforation and fistula formation are well-
recognized complications of bevacizumab therapy, to the
best of our knowledge, this subject has not been ade-
quately addressed in the radiology literature. Neverthe-
less, it is important for radiologists to be aware of the
potentially life-threatening GI side effects of bev-
acizumab, so treatment with this agent can immediately
be stopped and aggressive management instituted when
serious GI complications are encountered on CT or
fluoroscopic GI contrast studies. The purpose of our
investigation is to present the GI complications associ-
ated with bevacizumab therapy and the findings on
abdominal imaging studies.

Materials and methods
Patient population

A computerized search of the radiology database at our
university hospital was performed, using Pathology and
Radiology Enterprise Search Tool (PRESTO) to identify
patients with abdominal imaging studies who developed
GI complications after bevacizumab therapy for malig-
nant tumors during a 5-year period from January 2006 to
December 2010. Patients were included in our study only
if the dose and duration of bevacizumab therapy were
documented in their medical records and clinical follow-
up data and abdominal imaging studies were available for
review. Eleven patients fulfilled our selection criteria;
these 11 patients constituted our study group. All 11
(100%) were women. The mean patient age was 56.7 years
(range 40-71 years). All 11 patients (100%) had abdom-
inal CT scans and four (36%) also had GI contrast
studies, including two water-soluble contrast enemas, one
small bowel follow-through and one fistulogram.

Examination technique
Abdominal CT

The 11 CT scans were performed on multidetector helical
CT scanners according to an established protocol. All
but one of the 11 patients (91%) received positive oral
contrast material (30 mL of Gastrografin [diatrizoate
meglumine and diatrizoate sodium solution; Bracco
Diagnostics, Inc.] in 1000 mL of water) 30-60 min before
the scans. Eight patients (73%) also received 100 mL of
iodinated contrast material (iopamidol [Isoview; Bracco
Diagnostics]) IV. CT scans were obtained with the
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patient supine during full inspiration. Axial images were
obtained at 5- to 7-mm slice collimations (pitch; 1.3:1;
200-220 mAs) and reconstructed with a soft-tissue
algorithm. Coronal and sagittal reformatting of the
images was performed at the time of the scan.

Fluoroscopic GI contrast studies

Two water-soluble contrast enemas were performed by
administering water-soluble contrast material (diatrizo-
ate meglumine and diatrizoate sodium [Gastroview;
Mallinckrodt] diluted 1:1 with water) via a catheter
inserted into the rectum and obtaining fluoroscopic spot
images of the colon. A fistulogram was performed by
administering water-soluble contrast material (Gastro-
view) via a catheter inserted into an opening on the
anterior abdominal wall and obtaining fluoroscopic spot
images of the fistula. Finally, a small bowel follow-
through was performed by having the patient ingest four
16 oz cups of 60% w/v barium (Entrobar; E-Z-EM) and
obtaining spot images of the jejunum and ileum at 30-min
intervals. All of the contrast studies were performed with
digital fluoroscopy equipment (Sireskop SD; Siemens).

Study design

All of the imaging studies for these 11 patients were
reviewed to identify GI complications of bevacizumab
therapy. Medical records were also reviewed to deter-
mine the dose, duration, and timing of bevacizumab
therapy prior to the development of GI complications as
well as the clinical presentation, treatment, and sub-
sequent patient course.

Review of images

Abdominal CT scans and fluoroscopic GI contrast
studies for these 11 patients were reviewed retrospec-
tively at a computer workstation by a consensus of three
GI radiologists. The imaging studies were reviewed to
identify GI complications of bevacizumab therapy,
including the location and radiographic findings of bowel
perforation and fistula formation. In patients with pre-
vious GI tract surgery, all enteric anastomoses were
carefully assessed for radiologic signs of anastomotic
breakdown. The CT scans were also assessed for radio-
graphic signs of bowel wall thickening, intestinal pneu-
matosis, mesenteric edema, and pneumoperitoneum.
The findings of our retrospective review of the images
were compared with the original radiologic reports by
one author, and no major discrepancies were found.

Institutional review board approval

Our institutional review board approved all aspects of
this retrospective study and did not require informed
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consent from any patients whose radiographic images or
medical records were included in our study. This inves-
tigation was also compliant with the Health Insurance
Portability and Accountability Act (HIPAA).

Results
Cancer history and treatment

Our study group consisted of 11 patients with malignant
tumors who underwent bevacizumab therapy, including
five patients (45%) with ovarian cancer, five (45%) with
colorectal cancer, and one (9%) with cervical cancer. Four
patients (80%) with ovarian cancer had stage IIIC disease
and one (20%) had stage IV disease; all five patients
(100%) with colorectal cancer had stage IV disease; and
one patient with cervical cancer had stage I1IB disease.

All 11 patients (100%) had one or more operations for
their primary cancers. Four of the five patients with
ovarian cancer underwent a total abdominal hysterec-
tomy and bilateral salpingo-oophorectomy and two of
these patients also had a sigmoid resection with tumor
debulking and a diverting colostomy. The remaining
patient with ovarian cancer underwent a right hemicol-
ectomy and ileal resection with a primary ileocolic
anastomosis for metastatic disease involving the bowel.
Three of the five patients with colorectal cancer under-
went a right hemicolectomy, one had a sigmoid resection,
and one had a total colectomy with an end ileostomy.
The one patient with cervical cancer underwent a
diverting colostomy. Two (18%) of the 11 patients in our
study had a history of previous radiation therapy to the
pelvis 3 years and 8 months before developing rectosig-
moid perforation, respectively.

Ten patients (91%) underwent one or more chemo-
therapy regimens prior to treatment with bevacizumab,
including paclitaxel [Taxol; Bristol-Myers Squibb] with
carboplatin [Paraplatin; Bristol-Myers Squibb] (n = 5);
FOLFIRI (folinic acid, fluorouracil, and irinotecan
[Camptosar; Pfizer]) (n = 2); FOLFOX (folinic acid,
fluorouracil, and oxaliplatin [Eloxatin; Sanofi Aventis])
(n = 3); irinotecan (n = 2); oxaliplatin (» = 2); cape-
citabine [Xeloda; Roche] (n = 1); gemcitabine [Gemzar;
Lilly] (» = 1); etoposide [Etopophos; Bristol-Myers
Squibb] (n = 1); letrozole [Femara; Novartis Pharma-
ceuticals] (n = 1); and topotecan [Hycamtin; Glaxo-
SmithKline] with thalidomide [Thalomid; Celgene Corp]
(n = 1). All 11 patients (100%) were receiving concur-
rent chemotherapy while on treatment with bev-
acizumab, including cyclophosphamide [cytoxan;
Bristol-Myers Squibb] (n = 4); FOLFIRI (n = 2);
FOLFOX (n = 2); carboplatin with paclitaxel (n = 2);
and capecitabine (» = 1). The mean duration between
the most recent cycle of chemotherapy and documenta-
tion of GI complications in these 11 patients was 19 days
(range 1-90 days), excluding one outlier with a chronic
rectovaginal fistula.
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Bevacizumab treatment

The dose of bevacizumab for each treatment cycle was
15 mg/kg for three patients (60%) with ovarian cancer
and 10 mg/kg for two (40%); 5 mg/kg for all five patients
(100%) with colorectal cancer; and 15 mg/kg for the one
patient with cervical cancer. The mean number of cycles
of bevacizumab therapy these patients had received at
the time of clinical presentation was 5.3 (range 1-19
cycles). The mean duration between the most recent
treatment cycle with bevacizumab and clinical presenta-
tion was 9.6 days (range 1-26 days), excluding the one
outlier mentioned previously.

Clinical presentation

All 11 patients underwent abdominal CT or fluoroscopic
GI contrast studies for one or more clinical signs or
symptoms, including abdominal pain in nine patients
(82%), nausea and/or vomiting in five (45%), feculent
discharge from the vagina in three (27%), change in
bowel habits in three (27%), fever and chills in three
(27%), abdominal tenderness, guarding, and rebound in
two (18%) (both of these patients were found to have
peritonitis), draining cutaneous fistulas from the anterior
abdominal wall in two (18%), and vaginal bleeding in
one (9%). (One patient with peritonitis did not have
peritoneal signs or symptoms.) The mean duration of
symptoms at the time of presentation was 5.1 days
(range 1-14 days), excluding the one outlier with a
chronic rectovaginal fistula who had feculent discharge
from the vagina for 20 months before seeking medical
treatment.

Radiographic findings

All 11 patients had findings of GI perforation on
abdominal CT or fluoroscopic GI contrast studies, with a
focal, contained (i.e., sealed-off) perforation in eight
patients (73%) (Figs. 1, 2, 3) and free perforation into the
peritoneal cavity in three (27%) (Figs. 4, 5). The site of
perforation included the rectum in three patients (27%),
colon in three (27%) (sigmoid colon in two and trans-
verse colon in one) (Figs. 1, 2, 3), jejunum in two (18%)
(Fig. 5), colorectal anastomosis in one (9%), colocolic
anastomosis in one (9%) (Fig. 4), and ileocolic anasto-
mosis in one (9%). CT revealed a localized extraluminal
collection containing gas, fluid, and/or contrast material
at the site of perforation in eight patients with a con-
tained perforation (Fig. 3A). In contrast, CT revealed
free intraperitoneal air and fluid in the three patients
with free perforation into the peritoneal cavity (Figs. 4,
5). CT also revealed bowel wall thickening at or near the
site of perforation in nine (82%) of the 11 patients with
perforation (Fig. 3A, 5) and intramural pneumatosis in
two (18%).
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Bowel perforation was associated with a total of se-
ven fistulas in four patients, including two colovaginal,
one rectovaginal, one enterocutaneous, one colocutane-
ous, one gastrocolic, and one colorectal fistula. All but
one of the fistulas was manifested on CT by extraluminal
air, fluid, and/or contrast material within the fistulous
track (Figs. 1A, 3A). The one fistula (a colovaginal fis-
tula) not detected on CT was visualized on a water-
soluble contrast enema.

In two patients with colovaginal fistulas, water-solu-
ble contrast enemas revealed focal breakdown of the
rectosigmoid colon, with water-soluble contrast material

« Fig. 1.
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67-Year-old woman with colon cancer who pre-
sented with feculent vaginal discharge due to development of
colovaginal fistula after four cycles of bevacizumab. This
patient previously underwent sigmoid resection, total
abdominal hysterectomy, and bilateral salpingo-oophorec-
tomy. A Oral-enhanced sagittal CT scan shows soft-tissue
density (large white arrows) caused by metastatic tumor in the
pouch of Douglas. Also note gas in fistula (small black arrow)
extending from colon (large black arrow) to vagina (small
white arrows). B Left lateral spot image from water-soluble
contrast enema 4 weeks later shows narrowing of colorectal
anastomosis (small white arrow) with focal extravasation of
contrast material from colon proximal to anastomosis into
contained extraluminal collection (large white arrows) that
communicates anteriorly with vagina (large black arrows) via
fistula (small black arrows).

entering a contained extraluminal collection in the pelvis
that also communicated with the vagina (Figs. 1B, 2). In
one patient with a colocutaneous fistula, a fistulogram
revealed water-soluble contrast material entering the
transverse colon via the fistula, with a markedly irregular
colonic wall and contained extraluminal collections that
communicated with the lumen of the transverse colon
(Fig. 3B). Water-soluble contrast material was also seen
entering the stomach via a gastrocolic fistula (Fig. 3B).
In a final patient, a small bowel follow-through showed
focal extravasation of barium from a loop of jejunum
into a fistulous track that communicated with the ante-
rior abdominal wall, indicating the presence of an en-
terocutaneous fistula.

Treatment and patient course

Four patients (including the three with free perforation
and peritonitis) (36%) underwent emergent laparotomies
with lysis of adhesions, a segmental left colonic resection,
and a transverse loop colostomy in one; a segmental
jejunal resection in one; a partial colectomy with a
diverting colostomy and creation of a blind-ending
Hartmann pouch in one; and fulguration of an enterocu-
taneous fistula in one. The remaining seven patients (64%)
with bowel perforation underwent conservative medical
management because of the long half life of bevacizumab
(~20 days) and the greater risks of surgery in these patients
secondary to impaired wound and anastomotic healing for
28 days post dosing with bevacizumab.

Eight patients (73%) died within 1 year of the devel-
opment of GI perforation; the perforation itself was felt
to be the cause of death in four patients (36%) and
progression of tumor in the remaining four (36%). Two
patients (18%) were still alive 1 year after presentation
and one (9%) was still alive 3 years after presentation.

Discussion

Despite its effectiveness in the treatment of malignant
tumors, bevacizumab is associated with a variety of
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Fig. 2. 63-Year-old woman with ovarian cancer who pre-
sented with feculent vaginal discharge due to development of
colovaginal fistula after three cycles of bevacizumab. She
previously underwent total abdominal hysterectomy, bilateral
salpingo-oophorectomy, and diverting colostomy. Left pos-
terior oblique spot image from water-soluble contrast enema
shows irregular narrowing of rectosigmoid colon (small white
arrow) due to encasement by metastatic tumor. There is also
focal extravasation of contrast material from sigmoid colon
into a contained extraluminal collection (large white arrows)
that communicates inferiorly with vagina (black arrows).
(Residual contrast material is present in bladder from previ-
ous CT.)

serious complications. Like other angiogenesis inhibi-
tors, bevacizumab may cause hypertension and protein-
uria [4]. Patients receiving this agent are also at increased
risk for arterial thromboembolic events [20, 21], which
can be catastrophic. These patients may also have sub-
stantially delayed wound healing [22]. Patients who
receive bevacizumab in combination with radiation to
the thorax are predisposed to the development of tra-
cheoesophageal fistulas [23, 24], whereas patients who
receive bevacizumab for colonic and ovarian carcinomas
are at increased risk for developing a variety of GI fis-
tulas, particularly colovaginal or rectovaginal fistulas,
even in the absence of radiation therapy [8—10].

GI perforation is a well-documented and potentially
life-threatening complication of bevacizumab therapy
[11-19], which, to the best our knowledge, has not been
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adequately addressed in the radiology literature. In our
study, 8 (73%) of 11 patients with bevacizumab-related GI
perforation died within 1 year, and GI perforation was
thought to be the cause of death in four patients (36%).
The devastating consequences of GI perforation in this
clinical setting were recognized in a recent meta-analysis of
12, 294 patients treated with bevacizumab, in which the
mortality rate from GI perforation was 21.7% [16].

As in our study, GI perforation and fistula formation
have typically developed in patients receiving bev-
acizumab infusions in doses of 5 mg/kg for colonic car-
cinoma and 10-15 mg/kg for ovarian carcinoma [14, 15,
17]. With the exception of one patient who developed a
chronic rectovaginal fistula, all of the patients in our
study had signs and symptoms of GI perforation within
1-26 days of their most recent dose of bevacizumab, and
the mean duration between the last treatment dose and
clinical presentation was 9.6 days. In the review of the
literature by Badgwell et al. [13], GI perforation occurred
within 2-49 days of treatment with bevacizumab. This
complication therefore can develop as early as 1-2 days
after the last treatment dose. Others have found that GI
perforation almost always develops within the first
6 months after treatment with bevacizumab [25]. Simi-
larly, fistula formation has been reported to develop as
early as 2-5 weeks after bevacizumab therapy for rectal
cancer [26]. It therefore is important to recognize that GI
perforation or fistula formation can occur within days to
weeks of bevacizumab therapy, so these devastating
complications may develop rapidly after treatment with
this agent.

In our study, CT revealed gas, fluid, and/or contrast
material in contained extraluminal collections or fistulas
in eight (73%) of the 11 patients with GI perforation after
bevacizumab therapy (Fig. 3A). The remaining three
patients (27%) developed free perforation with air and
fluid in the peritoneal cavity and peritonitis, a life-
threatening condition (Figs. 4, 5). Three (27%) of the
perforations occurred at the site of a bowel anastomosis
(Fig. 4), so enteric anastomoses may be particularly
vulnerable to the deleterious effects of bevacizumab.
Whatever the site of breakdown, it is important to be
aware of the association between treatment with bev-
acizumab and the development of GI perforation or
fistulas, so treatment with this agent can immediately be
discontinued.

CT revealed focal bowel wall thickening in close
proximity to the site of perforation in nine (82%) of the
11 patients (100%) with GI perforation (Figs. 3A, 5) and
intramural pneumatosis in two (18%). These findings
were most likely secondary to varying degrees of bowel
ischemia and necrosis at or near the site of perforation.
Localized bowel wall thickening and pneumatosis there-
fore may be an early indicator on CT of an increased risk
for impending bowel perforation in patients treated with
bevacizumab.
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Fig. 3. 64-Year-old woman with ovarian cancer who pre-
sented with abdominal pain and draining anterior abdominal
wall wound due to development of colocutaneous and gas-
trocolic fistulas after one cycle of bevacizumab. She previ-
ously underwent total abdominal hysterectomy, bilateral

salpingo-oophorectomy, and small bowel and sigmoid
resections. A Oral-enhanced axial CT scan shows irregular
thickening (large white arrows) of transverse colon with gas
and contrast material in a contained extraluminal collection
anteriorly (small white arrows). Gas is also seen entering
track (small black arrow) that communicates with gas-filled
collection (large black arrow) in anterior abdominal wall. B
Injection of anterior abdominal wound 2 weeks later shows
water-soluble contrast material filing a grossly irregular
transverse colon (small white arrows) with focal extravasation
of contrast material into two contained extraluminal collec-
tions (large white arrows) abutting inferior aspect of trans-
verse colon. Also note contrast material entering thin track
(small black arrows) that extends superiorly from transverse
colon into stomach. (Large black arrow denotes contrast
material in balloon of percutaneous gastrostomy tube.)
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Fig. 4. 59-Year-old woman with ovarian cancer who pre-
sented with fever, chills, and abdominal pain due to perfora-
tion of descending colon at site of anastomosis and peritonitis
after six cycles of bevacizumab. She previously underwent
total abdominal hysterectomy, bilateral salpingo-oophorec-
tomy, and partial left colectomy. IV- and oral-enhanced axial
CT scan shows extensive pneumoperitoneum (small black
arrows) secondary to free perforation from left colon at site of
colocolic anastomosis, denoted by staple line (small white
arrow). Note gas and stool in left colon (large black arrows)
with extraluminal fluid laterally and posteriorly (large white
arrows) near site of perforation.

Four patients (36%) who were treated with bev-
acizumab also developed a variety of fistulas, including
colovaginal, rectovaginal, enterocutaneous, colocutane-
ous, gastrocolic, and colorectal fistulas that were visu-
alized on CT or fluoroscopic contrast studies (Figs. 1, 2,
3). These fistulas may be acute or chronic, persisting for
as long as a year or more, as in one of our patients with a
long-standing rectovaginal fistula. The development of
GI fistulas in patients who have been treated for ovarian
or colonic carcinoma therefore should prompt the radi-
ologist to inquire about a prior history of bevacizumab
therapy.

The etiology of GI perforation in patients treated
with bevacizumab is uncertain. It has been suggested that
inhibition of tumor angiogenesis not only may cause
tumor necrosis, but also necrosis and perforation of the
adjacent bowel [27, 28]. Bevacizumab therapy may also
lead to arterial microthromboembolic phenomena with
associated ischemia and perforation [29]. Alternatively, it
has been postulated that bevacizumab may cause GI
ulceration as a precursor to localized perforation [30].
Finally, VEGF is thought to play a role in repairing
injured GI mucosa [27, 28], so inhibition of VEGF by
bevacizumab may render injured bowel more susceptible
to perforation.
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Fig. 5. 45-Year-old woman with colon cancer who pre-
sented with fever, chills, and abdominal pain due to perfora-
tion of small bowel and peritonitis after 14 cycles of
bevacizumab. She previously underwent right hemicolectomy
with ileocolic anastomosis. V- and oral-enhanced axial CT
scan shows pneumoperitoneum (white arrows) in anterior
abdomen. Also note thickening of wall (black arrows) in sev-
eral loops of small bowel and engorgement of adjacent
mesentery. This patient was found to have jejunal necrosis
and perforation at laparotomy later that day.

Two (18%) of the 11 patients in our study had a
history of previous radiation therapy to the pelvis before
developing a rectosigmoid perforation. As suggested by
others, treatment with bevacizumab therefore could
potentiate radiation-induced bowel injury, causing these
patients to be at even greater risk for GI perforation
[11].

Our investigation has the inherent limitations of a
retrospective study, including selection bias and inter-
pretation bias, though there were no major discrepancies
between our retrospective image review and the original
radiology reports. Also, all of the patients in our study
group were women, possibly because of sample bias
related to the small size of our study group and the high
frequency of malignant gynecologic tumors, which were
present in 6 (55%) of our 11 patients.

In conclusion, it is important for radiologists to be
aware of the association between bevacizumab therapy
and the development of potentially life-threatening GI
perforation. Abdominal CT and fluoroscopic GI con-
trast studies are useful imaging tests for showing focal or
free GI perforation as well as associated fistula forma-
tion. When GI perforation is detected on abdominal
imaging studies, treatment with bevacizumab should
immediately be discontinued.
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