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Abstract
Purpose—To describe the computed tomographic (CT) appearances and clinical consequences
of tumor fistulization as a complication of targeted therapy for cancer.

Methods—The committee on human research approved this Health Insurance Portability and
Accountability Act–compliant study and waived written informed consent. Based on the records
of the senior author and our multidisciplinary Tumor Boards, we retrospectively identified 4
patients (1 man and 3 women with a mean age of 55.25 years; range, 47 to 64 years) who
developed tumor fistulization while being treated with targeted therapy consisting of sunitinib (n =
2); bevacizumab (n = 1); and XL184, an investigational c-Met inhibitor (n = 1). All available
clinical, imaging, and histopathological records were reviewed, with particular emphasis on
treatment administered, CT findings, and clinical course.

Results—All 4 patients developed fistulae from large metastatic deposits in the abdomen (mean
size before treatment, 10.55 cm; range, 7.4–13.4 cm) to the gastrointestinal tract, and one patient
also developed fistulae from a lung metastasis of undetermined size to the bronchial tree. All
fistulae manifested as the appearance of air within a pre-existing tumor mass. At the time of fistula
detection, disease at other sites in the 4 patients showed signs of regression (n = 1), progression (n
= 2), or stability (n = 1). Currently, one patient is alive without evidence of disease, and the 3 other
patients are deceased.

Conclusions—Targeted therapy can be associated with tumor fistulization to the gastrointestinal
tract or tracheobronchial tree; familiarity with the CT findings should facilitate the diagnosis of
this complication, which seems to be of variable and patient-specific prognostic significance.
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Targeted therapy has substantially improved outcomes for many cancers. Notable success
stories include tyrosine kinase inhibitors (imatinib and sunitinib) for treatment of
gastrointestinal stromal tumors and antibodies to vascular endothelial growth factor (VEGF)
receptor (bevacizumab) or epidermal growth factor receptor (cetuximab) in metastatic
colorectal cancer.1 These agents may have specific effects, such as the rapid reduction of
increased 18F-fluorodeoxyglucose uptake in gastrointestinal stromal tumors treated with
imatinib,2 or result in specific complications, such as the development of pneumatosis in
patients receiving bevacizumab.3 These changes are often first seen at imaging performed
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for assessment of tumor response. As such, it is important for radiologists to be aware of the
spectrum of complications that may develop during therapy with these novel anticancer
antibodies. We describe 4 recent cases of tumor fistulization developing in patients receiving
targeted therapy, which was first recognized on surveillance computed tomography (CT).
The purpose of this study was to report these 4 cases to describe the CT appearances and
clinical consequences of tumor fistulization as a complication of targeted therapy.

MATERIALS AND METHODS
Patients

This was a retrospective single-institution study approved by our Committee on Human
Research (approval number 10-01837) and compliant with the requirements of the Health
Insurance Portability and Accountability Act. Patient consent was not required. Over a 16-
month period, based on the records of the senior author (F.V.C) and our regular
multidisciplinary Urologic Oncology and Gastrointestinal tumor boards, we retrospectively
identified 4 patients who developed tumor fistulization seen on CT while receiving cancer
immunotherapy. Tumor fistulization was defined as the development of a new
communication between a tumor mass and another organ such as the gastrointestinal tract or
bronchial tree, as manifested by direct visualization or indirect signs such as the otherwise
unexplained passage of air or oral contrast into a tumor mass. All available clinical, imaging,
and histopathological records were reviewed by the principal investigator (H.C.), with
particular emphasis on treatment regimens and clinical outcome.

CT Technique
All patients were scanned with a 64–row multidetector CT (LightSpeed, General Electric,
Milwaukee, Wis) using a 1.25-mm slice thickness. The peak tube voltage was set at 120
kilovolt (peak), and the current (mA) was automatically adjusted to maintain a noise index
of 12. All scans were obtained in the portal venous phase of enhancement (70-second scan
delay) after the power injection of 150-mL intravenous iohexol (Omnipaque 350, Nycomed
Amersham, Princeton, NJ) at a rate of 3 to 5 mL/s. Where appropriate, to better delineate
anatomic findings, multiplanar reformats were constructed.

RESULTS
The clinical and imaging characteristics of the 4 patients are summarized in Table 1 and
illustrated in Figures 1 to 4. The primary sites of malignancy were colonic adenocarcinoma,
lower extremity cutaneous melanoma, gastric gastrointestinal stromal tumor, and renal cell
carcinoma. All 4 patients developed a fistula between a tumor deposit in the abdomen and
the gastrointestinal tract while being treated with sunitinib (n = 2), bevacizumab (n = 1), or
XL184, an investigational c-Met inhibitor (n = 1). The patient with metastatic melanoma
also developed a second fistula between a pulmonary metastasis and the tracheobronchial
tree.

DISCUSSION
This small case series suggests that tumor fistulization may be an underrecognized
complication of targeted therapy. More sweeping conclusions regarding the mechanism or
clinical importance of this complication are difficult to establish in a study of only 4
patients, but we would tentatively suggest 2 inferences. First, whereas the development of a
tumor fistula to the gastrointestinal tract or tracheobronchial tree could simply reflect tumor
necrosis as a treatment response “un-masking” previously unapparent connection to or
invasion of these structures, we suspect that this is only part of the pathophysiological
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process and that impaired tissue healing due to antiangiogenesis contributes to the double
whammy leading to fistula formation. Inhibition of angiogenesis, often through targeting of
VEGF and its associated ligands and receptors, is intended to limit or reverse the growth of
susceptible tumors by regulating the chemical factors related to angiogenesis.4 These
systemic treatments also inhibit angiogenesis in healthy tissues and accordingly can cause
impaired wound healing, wound dehiscence, gastrointestinal perforation, and decreased
capillary density of the intestinal villi.5 Our supposition that this mechanism contributed to
tumor fistulization in our study patients is supported by the commonality of antiangiogenic
activity between the 3 agents implicated in this report. Bevacizumab is a monoclonal
antibody targeting VEGF.5 Sunitinib is an oral small-molecule tyrosine kinase inhibitor that
interacts with several angiogenesis receptors including platelet-derived growth factor
receptors and the VEGF receptors. It is currently approved for use in patients with imatinib-
resistant or intolerant gastrointestinal stromal tumor and advanced renal cell carcinoma.6,7

XL184 is an experimental drug that inhibits Vascular Endothelial Growth Factor Receptor 2,
Met hepatocyte growth factor receptor, and kinases. It is currently in a phase 1 dose
escalation study for safety and pharmacokinetics in patients with advanced malignancies.8

Second, the development of a tumor fistula does not seem to have a clear prognostic
consequence. Although the fistula itself might be regarded as a morbid complication, it
could equally be regarded as a marker of disease response. Although 3 of our patients died
of their disease, the fistula only seems to have contributed to the cause of death in one case,
and one patient is alive without evidence of disease, although the fistula persists. As such,
the clinical consequence seems variable and should be assessed on a case-by-case basis.

Tumor fistulization has not been previously reported as a complication of targeted therapy
with antiangiogenic agents in a general sense, although fistula formation (gastrointestinal,
enterocutaneous, tracheoesophageal, bronchopleural, biliary, vaginal, renal, and bladder)
and gastrointestinal perforation are described complications of treatment with bevacizumab.
In the pivotal study regarding the effectiveness of bevacizumab as an adjuvant to FOLFIRI
( folinic acid, f luorouracil, and irinotecan), 6 patients receiving bevacizumab developed
gastrointestinal perforation (1.5%) compared to zero in the FOLFIRI group. Of these 6, one
died, 2 recovered and discontinued therapy, and 3 recovered and continued therapy.9 A
pooled analysis of the effect of the drug in older patients reported gastrointestinal
perforation in 14 patients (<1%).10 Gastrointestinal perforation has also been reported with
sunitinib. The phase 1 study of sunitinib involving 28 patients noted that at higher doses
(≥75 mg/d), tumor response included decreased tumor vascularization and central necrosis
that eventually resulted in organ perforation.11 However, neither the study that established
the role of sunitinib as second-line therapy for gastrointestinal stromal tumor involving 207
patients nor the study establishing sunitinib as an effective treatment of renal cell carcinoma
involving 375 patients reported any instances of gastrointestinal perforation or fistula.7,8 The
relationship between the experimental drug XL184 and gastrointestinal perforation or
fistulization is not yet known. As of this article’s publication, the phase 1 trial of XL184 is
ongoing and is expected to conclude in August of 2011.9

Our study has several limitations. First, this is a small retrospective case series with potential
sample selection bias. Second, cases were not collected systematically, and the absolute or
relative frequency of tumor fistulization related to bevacizumab, sunitinib, or XL184 cannot
be assessed. Third, no histopathological specimens were obtained for any of the tumor
fistulas in the study, so the potential mechanism of fistulization remains speculative. Fourth,
whereas we believe the association of tumor fistulization with novel targeted therapy agents
is more than coincidental, the evidence remains circumstantial.

Chow et al. Page 3

J Comput Assist Tomogr. Author manuscript; available in PMC 2013 June 06.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



In conclusion, targeted therapy can be associated with tumor fistulization to the
gastrointestinal tract or tracheobronchial tree; familiarity with the CT findings should
facilitate the diagnosis of this complication, which seems to be of variable and patient-
specific prognostic significance.
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FIGURE 1.
A, Axial contrast-enhanced CT image in a 47-year-old woman showing a large pelvic
sidewall recurrence (asterisk) of colonic adenocarcinoma. B, Sagittal reformatted contrast-
enhanced CT image after treatment with 16 cycles of FOLFIRI (folinic acid, 5-fluorouracil,
and irinotecan) and bevacizumab shows a fistula (arrow) between the shrunken tumor mass
and the colon (C).
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FIGURE 2.
A, Axial contrast-enhanced CT image in a 50-year-old woman with metastatic melanoma
showing a pelvic tumor deposit (arrow). B, Coronal reformatted contrast-enhanced CT
image after treatment with 2 cycles of XL184 shows a wide-mouth fistula (arrow) between a
loop of small bowel in the pelvis and the tumor mass, which is now largely cystic and fluid-
filled. C, Axial contrast-enhanced CT image obtained at the same time as A shows 2
pulmonary metastases (arrows) in the left lower lobe. D, Axial contrast-enhanced CT image
obtained at the same time as B shows new air foci (arrow) in the anterior metastasis,
consistent with development of a fistula between the tumor and the tracheobronchial tree.
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FIGURE 3.
A, Axial contrast-enhanced CT image in a 60-year-old woman with gastric gastrointestinal
stromal tumor shows an upper abdominal tumor deposit (arrow). B, Axial contrast-enhanced
CT image after treatment with 2 weeks of 25 mg sunitinib and 9 weeks of 37.5 mg sunitinib
qD shows new air foci (arrow) in upper abdominal implant, which extended to the transverse
colon on other images (not shown) consistent with tumor fistulization. C, Coronal
reformatted contrast-enhanced CT image demonstrates gas bubbles within a fistulous track
(arrow) connecting the colon (C) to the tumor mass (asterisk).
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FIGURE 4.
A, Axial contrast-enhanced CT image in a 61-year-old man with a large locally recurrent
renal cell carcinoma in right nephrectomy bed. B, Axial contrast-enhanced CT image after
treatment with 3 cycles of 50 mg sunitinib daily (4 weeks on, 2 weeks off the drug) shows a
new fistula between tumor and bowel, as demonstrated by the passage of air and oral
contrast (arrow) into the mass. C, Coronal reformatted contrast-enhanced CT image
demonstrates several contrast-filled bowel loops (arrows) in near the contrast within the
tumor mass, suggesting this was the site of fistulous communication, although the
underlying fistula track could not be directly visualized.
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